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Abstract 
 

Introduction: Age-related hyperkyphosis has been linked to impaired balance, 

increased falls and fear of falling. However, the mechanisms of how back shape 

and posture influence balance, falling and fear of falling are unclear. Exercise-

based interventions have been developed to reduce hyperkyphosis together 

with any associated complications. However, limited studies have paid attention 

to improving falls, fear of falling, together with any satisfaction with educational 

booklets. Furthermore, very little is understood about subjects’ experiences of 

living with hyperkyphosis and taking part in a hyperkyphosis-specific exercise 

programme.  

Aim: The overall aim of this thesis was to explore the effects of back shape and 

posture on balance, falling, and a fear of falling in older adults with 

hyperkyphosis.  

Methods: Firstly, a systematic review was conducted to evaluate the 

relationship between back shape and posture with balance, falling, and fear of 

falling. Secondly, a cross-sectional primary study was undertaken to investigate 

the relationship between 3D back shape and posture with balance, falling, and 

fear of falling. Thirdly, a second systematic review was then conducted to 

determine the effects of exercise programmes on back shape and posture, 

balance, falling, and fear of falling in older people with hyperkyphosis. Finally, 

an empirical study was conducted to test the effect of a 16-week 

hyperkyphosis-specific exercise on falling, fear of falling, and satisfaction with 

an educational booklet. In addition, the study also explored the subjects’ 

experiences of living with hyperkyphosis as well as participating in the exercise 

programme.  

Results: The first systematic review identified that the existing evidence was 

limited and at a relatively high risk of bias indicating that older women with 

hyperkyphosis had greater postural sway and a greater number of falls than 

older women without kyphosis. Subsequently, the results of the second 
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systematic review identified a significant research gap created by a lack of 

evidence for the effects of exercise interventions on back shape and posture, 

postural sway, the limits of stability, falling, and fear of falling in older people 

with hyperkyphosis. No primary papers were found, and this resulted in an 

empty review. 

The results of the cross-sectional study revealed that 3D back shape and 

posture were related to postural sway, the limits of stability, history of falls, and 

fear of falling. Furthermore, in the intervention study, there was no statistically 

significant interaction between group (exercise group and control group) and 

time (before-intervention versus post-intervention) on the history of falls and the 

fear of falling. However, the effect size of the interaction effect was large. This 

means there was a probability that significance improve in the history of falls 

and the fear of falling would be observed with a larger sample size. 

Hyperkyphosis-specific exercises were found to have significant benefits for 

older adults in terms of improved body awareness, back shape and posture, as 

well as improved lifestyles. In the participants’ experience, severe 

hyperkyphosis did not affect their activities of daily living.  

Discussion: An investigation into the relationship between different types of 

hyperkyphosis (upper, mid, and lower thoracic) with balance, falling and fear of 

falling needs to be conducted in future studies. This knowledge would help 

health professionals understand which type of hyperkyphosis will affect balance 

and falls. Furthermore, a larger RCT is needed to confirm the effects of the 

exercise programme in reducing the number of falls, fear of falling, back posture 

and balance.  
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Glossary of Terminology 
 
The information in the glossary of terminology refers to the frequent use of the 

terms in the PhD study.  

Angle of trunk rotation The angle of trunk rotation with the trunk flexed at 90° 

at the hips, the angle between the horizontal planes 

and another plane across the posterior spine at the 

greatest elevation of a rib or lumbar prominence as 

measured on a scoliometer (the Scoliosis Research 

Society). 

Anterior  The front portion of the vertebral body. It may also 

indicate the position of one structure relative to 

another (the Scoliosis Research Society). 

Balance This is defined as “the ability to control the centre of 

mass in relation to the base of support” (Shumway-

Cook and Woollacott, 2017). 

Base of support  The anteroposterior length of the foot and the 

mediolateral width of stance (Shumway-Cook and 

Woollacott, 2017).  

Berg Balance scale 

(BBS) 

  

A clinical balance test consists of 14 items that assess 

the performance of functional tasks, especially in older 

people such as standing, sitting unsupported, picking 

up an object from the floor, etc. (Godi et al., 2013).  

Centre of gravity  

(COG) 

The point in a body in which the body mass is centred 

(the Scoliosis Research Society).  

Centre of mass  

(COM) 

This is a point equivalent of the total body mass in the 

global reference system and is the weighted average 

of the centre of mass of each body segment in 3D 

space (Winter, 1995). 
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Centre of pressure 

(COP) 

This is defined as the point location of the vertical 

ground reaction force vector. It represents a weighted 

average of pressures distributed over the surface of 

the area when the feet are in contact with the ground 

(Winter, 1995).  

Cobb angle (for 

kyphosis) 

Angle is calculated by drawing a line at the upper 

border of the vertebral body, marking the beginning of 

the thoracic curve (commonly T4), and at the inferior 

border of the vertebral body, representing the interface 

between the thoracic and lumbar curves (commonly 

T12). Perpendicular lines are drawn from these 2 

lines, and the angle of their intersection is the Cobb 

angle (Kado, Prenovost, & Crandall, 2007) 

Compression force This is defined as a “compressive loading in which 

load is applied toward the surface of the structure and 

compressive stress and strain results inside the 

structure” (Nordin and Frankel, 2012). 

Core stability The ability of the neuromuscular system to control the 

position and motion of the trunk over the pelvis and 

leg to allow optimum production, transfer and control 

of force and motion to the terminal segment in 

integrated kinetic chain activities (Kibler, Press, and 

Sciascia, 2006). 

Disc degeneration  The loss of the fluid content, structure, and functional 

integrity of the disc. 

Facet  A posterior structure of a vertebra articulates with a 

facet of an adjacent vertebra to form a facet joint that 

allows motion in the spinal column. Each vertebra has 

two superior and two inferior facets. This is frequently 

where arthritic spurs can cause compression of nerve 

roots or canal stenosis (the Scoliosis Research 

Society). 

Fall-related self-

efficacy 

The degree of confidence in performing activities of 

daily living without falling and can be measured by the 

Falls Efficacy Scale (Tinetti, Mendes, Doucette et al., 
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1994). 

Fear of falling  This is defined as a patient concern about falling that 

limits their ability to perform daily activities and 

function (Tinetti and Powell, 1993). 

Frontal plane A vertical plane from head to foot and parallel to the 

shoulders (the Scoliosis Research Society). 

Hyperkyphosis  This is defined as an increase in the anterior curvature 

thoracic spine when a kyphosis angle is greater than 

40° using the Cobb method (Katzman et al., 2010; 

Voutsinas and Macewen, 1986). 

Kyphoscoliosis  Structural scoliosis is associated with increased 

kyphosis (round back) (the Scoliosis Research 

Society). 

Kyphosis  The normal forward curvature of the thoracic spine. A 

posterior convex angulation of the spine is evaluated 

from the side (round back). In contrast to lordosis (the 

Scoliosis Research Society). 

Limits of stability  This is defined as the maximum range in which the 

centre of gravity can move safely without moving the 

feet and without falling (Alexander, 1994).  

Posterior  Located behind a structure, such as relating to the 

back side of the body (the Scoliosis Research 

Society). 

Postural control  involves controlling the body’s position in space for 

enabling stability and orientation, and is active in all 

positions (supine, sitting, and standing), and activities 

of daily living through keeping the centre of gravity 

within the base of support. 
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Postural sway  can be defined as the body’s ability to shift when 

standing upright. Small forward and backwards and 

side-to-side motion of the body is termed postural 

sway; the magnitude or velocity of which is a measure 

of balance performance (Horak, 2006).  

Sagittal plane A vertical plane through the body and perpendicular to 

the shoulders (the Scoliosis Research Society). 

Scoliometer A proprietary name for an inclinometer used in 

measuring trunk rotation (the Scoliosis Research 

Society). 

Shear force This is defined as a “shear loading in which a load is 

applied parallel to the surface of the structure, and 

shear stress and strain results inside the structure 

(Nordin and Frankel, 2012). 

Transverse plane A horizontal plane to the body, parallel to the ground 

when standing (the Scoliosis Research Society). 
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1.1  Introduction 

This chapter aims to describe the background of the research undertaken by the 

author and presented in this thesis. The chapter starts with a brief description of 

the normal spine, age-related hyperkyphosis, and biomechanics of 

hyperkyphosis. Next, a description of the measuring instruments, including back 

shape and posture, balance, falling, and fear of falling are introduced. This is 

followed by the rationale for a hyperkyphosis-specific exercise. The chapter 

closes with the aims and objectives of the research, followed by a brief outline 

of the structure of the thesis.  

1.2  Background  

Age-related hyperkyphosis is the most prevalent spinal deformity in older 

adults. It is characterised by excessive upper forward curvature of the thoracic 

spine or the back in the sagittal plane (from the side) (Kado, Prenovost, & 

Crandall, 2007). The clinical consequences of thoracic hyperkyphosis are varied 

but can include impaired physical function (Ryan & Fried, 1997), decreased 

balance (Kado, Huang, Nguyen, Barrett-Connor, & Greendale, 2007), increased 

risk of falls (Katzman, Wanek, Shepherd, & Sellmeyer, 2010; McDaniels-

Davidson et al., 2018), increased fear of falling (de Groot, van der Jagt-Willems, 

van Campen, Lems, & Beijnen, 2014; Sinaki, Brey, Hughes, Larson, & 

Kaufman, 2005a) and also increased mortality rate (Kado, Huang, Karlamangla, 

Barrett‐Connor, & Greendale, 2004).  

One-third of individuals aged 65 and above fall at least once a year, with the 

figure rising to 50% for those over 80 (National Institute for Health and Care 

Excellence [NICE], 2013; Public Health England, 2017). According to age UK, 

injuries from falls are the main cause of accident-related death among the 

elderly. Following a fall, 50% of older people experience serious mobility 

impairments and there is a 10% probability of dying within a year (Age UK, 

2013; NHS RightCare). Furthermore, NICE (2013) estimates that falls cost the 

NHS more than £2.3 billion in annual health care costs.  



Chapter 1: Introduction 

4 
 

Multifactorial falls risk assessment reduces falls by 24% and should be offered 

to all older people who have fallen or are at risk of falling (NHS RightCare; 

NICE 2013; Public Health England 2017).  

Multifactorial falls risk assessment includes identification of the falls history, 

assessment of gait, balance, and mobility, muscle weakness, assessment of 

osteoporosis risk, assessment of the older person's perceived functional ability 

and fear relating to falling, assessment of visual impairment, assessment of 

cognitive impairment and neurological examination, assessment of urinary 

incontinence, assessment of home hazards, cardiovascular examination, as 

well as medication review (NICE, 2013). However, routine assessment of back 

shape and posture is generally not included in the multifactorial falls risk 

assessment.  

Hyperkyphosis has been linked to poor balance, falling, and fear of falling 

(Lynn, Sinaki, & Westerlind, 1997). Increased thoracic kyphosis shifts the centre 

of mass of the trunk and brings the body closer to the edge of the base of 

support. Consequently, body changes result in a decreased ability to control 

body balance, subsequently increasing the likelihood of falls (Danis, Krebs, Gill-

Body, & Sahrmann, 1998; Lynn et al., 1997). Furthermore, there are 

inconclusive and controversial results observed in the relationship between 

thoracic hyperkyphosis and balance, falls, and fear of falling (Greig, Bennell, 

Briggs, Wark, & Hodges, 2007; Ishikawa, Miyakoshi, Kasukawa, Hongo, & 

Shimada, 2009; Lynn et al., 1997; Regolin & Carvalho, 2010; Sinaki et al., 

2005a). This evidence, therefore, suggests that there is a large gap in the 

current literature regarding the impact of back shape and posture on balance, 

falls, and fear of falling.  

Physiotherapy and exercise management of older adults with hyperkyphosis 

aims to improve their thoracic hyperkyphosis, delay its progression, and 

alleviate the resultant accompanying complications due to hyperkyphosis in 

older people (Ailon, Shaffrey, Lenke, Harrop, & Smith, 2015). Negrini et al. 
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(2005) proposed that specific exercises together with an individual exercise 

programme have been suggested in the treatment of patients with 

hyperkyphosis. A hyperkyphosis-specific exercise programme is an exercise 

therapy that has been accepted and widely used to treat thoracic 

hyperkyphosis. The treatment programme consists of spinal correction 

exercises that teach postural balance and special breathing techniques, 

focusing on increasing expansion in the collapsed areas, especially the anterior 

chest (Berdishevsky, 2016), and aiming to increase the patient’s vital capacity 

(Bezalel, Carmeli, Levi, and Kalichman, 2019). 

However, there is a dearth of evidence on the effectiveness of hyperkyphosis-

specific exercise on falls and fear of falling in older adults with thoracic 

hyperkyphosis. To the best of the author’s knowledge, the literature is non-

existent as there are currently no studies that have examined the effects of a 

hyperkyphosis-specific exercise programme on falls and fear of falling in older 

adults. 

Therefore, this thesis explores the effects of back shape and posture on 

balance, falling, and fear of falling in older adults with hyperkyphosis. It also 

enables healthcare professionals to benefit from new knowledge in developing 

3D back shape and posture screening tools and appropriate interventions to 

reduce or prevent balance problems and the risk of falls in the elderly 

population. 

In addition, an understanding of the mechanisms of how back shape and 

posture influence balance, falling, and fear of falling needs to be investigated by 

also studying the spinal anatomical planes and normal values of the spine in the 

next section.  
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1.3 The normal spine 

1.3.1 Anatomical planes 

The human body can be divided into three planes: the sagittal, frontal, and 

transverse planes, as shown in Figure 1.1 (page 6). The definitions of three 

anatomical planes are defined as the sagittal plane that divides the body into 

left and right halves. The frontal (coronal) plane divides the body into the front 

(anterior) and back (posterior) sections. The transverse (horizontal) plane 

transects the body into the top (superior) and bottom (inferior) parts (Behnke, 

2012; Cartwright & Peer, 2018; Patel & Pinto, 2014). 

 

 
Figure 1.1 The anatomical planes 

(source: Accessed at 
https://wtcs.pressbooks.pub/app/uploads/sites/30/2020/03/image5-1.jpg) 

https://wtcs.pressbooks.pub/app/uploads/sites/30/2020/03/image5-1.jpg
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1.3.2 Anatomy of a human spine  

Basic knowledge of the anatomy of the human spine is important in 

understanding spinal deformities and exercise interventions for thoracic 

hyperkyphosis. The role of the spine has three main functions: 1) upright body 

posture support, 2) spinal cord and spinal nerve root protection, and 3) trunk 

movement (Cramer & Darby, 2005). The vertebral column has the ideal 

structure to carry out all these functions simultaneously (Putz & Müller‐Gerbl, 

1996).  

The anatomy of the vertebrae consists of five parts: cervical (C1 to C7), thoracic 

(T1 to T12), lumbar (L1 to L5), the sacrum, and the coccyx. Curvatures with an 

anterior concavity in the sagittal plane are called kyphosis, whilst curves with a 

posterior concavity are called lordosis (Roussouly & Pinheiro-Franco, 2011).  

The spine, or vertebral column, comprises 33 stacked bones called vertebrae 

that run from the head to the pelvis, forming the skeleton of the neck and 

posterior aspect of the trunk. Seven cervical vertebrae (C1-C7) connect the 

head to the trunk. C1 is in contact with the cranium and C7 to the thorax. C7 is 

characterized by the existence of a long and prominent posterior spinous 

process that can be easily palpated on the surface of the back, more commonly 

described as vertebral prominence. Twelve thoracic vertebrae (T1 to T12), 

occupy the thoracic region of the trunk with each associated with a pair of ribs. 

T1 is closest to the cervical vertebrae forming a joint with C7, whereas T12 is 

closest to the L1 lumbar vertebrae. The lumbar section of the spine comprises 

five vertebrae, designated L1 to L5. L5 is closest to the pelvis. The sacrum and 

coccyx vertebrae are normally fused as rigid regions of the spinal column and 

form part of the pelvic skeleton (Figure 1.2, page 8) (Cramer & Darby, 2005; 

Netter, 2018; Standring, 2020).  
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Figure 1.2 A normal of the human spinal column 
(source: Accessed at https://www.nysora.com/wp-content/uploads/2018/09/22x01.jpg) 

https://www.nysora.com/wp-content/uploads/2018/09/22x01.jpg
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1.3.3 Normal values of the spine 

Good posture or spinal alignment is defined as “that state of muscular and 

skeletal balance which protects the supporting structures of the body against 

injury or progressive deformity irrespective of the attitude (sitting, lying erect) in 

which these structures are working or resting” (Kendall, 2005). To identify 

abnormal posture, normative data must first be obtained. Normative values of 

back shape and posture values are essential for determining spinal deformities 

and assessing clinical effectiveness in order to restore the spine to a theoretical 

‘normal position’ (Harrison, Troyanovich, Harrison, Janik, & Murphy, 1996).  

The geometry of the sagittal plane of the spine is complex and can be divided 

into three curves: cervical lordosis, thoracic kyphosis, and lumbar lordosis (Ball, 

Cagle, Johnson, Lucasey, & Lukert, 2009). The reported normal values of 

segments of the spine for the sagittal plane vary in the literature.  

Hardacker, Shuford, Capicotto, and Pryor (1997) studied x-ray radiographs of 

the cervical alignment of 100 asymptomatic adults aged 20 - 70 years. They 

reported that the normal range of cervical lordosis (occiput - C7) is supposed to 

be 40° ± 9.7°. Similarly, using the C1 through C7 Cobb angles. Yochum and 

Rowe (2004) reported the average normal lordosis is to be 40° (range of 35° to 

45°). However, a study by Gore, Sepic, and Gardner (1986) using the posterior 

tangent method (the angle is estimated by measuring the angle between the 

posterior bodies of C-2 and C-7) from C2 through C7 vertebrae demonstrated 

an average lordosis of 21.3° in 200 asymptomatic subjects.  

The generally normal range of thoracic kyphosis has been reported to be from 

20° to 40° (Bradford, Moe, Montalvo, & Winter, 1974; Fon et al., 1980; Roaf, 

1960; Schneider, Muhlen, Barrett-Connor, & Sartoris, 2004; Stagnara et al., 

1982). These values are supported by the Scoliosis Research Society, who 

reported that the normal range of kyphosis is from 20° to 40° on radiography 

(Bettany, Forbes, Edgar, & Harrison, 1992; Greendale, Nili, Huang, Seeger, & 

Karlamangla, 2011). Other studies by Takemitsu et al. (1977), Bernhardt and 
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Bridwell (1989), and Boseker, Moe, Winter, and Koop (2000) have reported a 

range of kyphosis from 20° to 50° in adolescents and young adults. There is a 

wide range of so-called “normal”, which makes it more difficult to interpret due 

to differences in the thoracic levels measured. However, a range of thoracic 

kyphosis between 20° and 40° appears to be more widely accepted and used 

by both clinicians and researchers (Katzman et al., 2010; Roghani, Zavieh, 

Manshadi, King, & Katzman, 2017).  

The normal range of lumbar lordosis ranges from 31° to 79° in normal 

situations, depending on the lumbar levels chosen to measure it (Propst-Proctor 

& Bleck, 1983; Stagnara et al., 1982). Likewise, a study by Betz (2004) 

suggested that the normal range for lumbar lordosis on X-ray is between 20° 

and 60°. In addition, Bettany-Saltikov et al. (2017) demonstrated a mean lumbar 

lordosis angle on surface topography measurements of 37.7 degrees in young 

asymptomatic adults, whereas Propst-Proctor and Bleck (1983) reported mean 

values for lumbar lordosis on X-ray were calculated to be 55 degrees.  

Apart from the sagittal plane, in the frontal view, the normal spine is defined as 

the spine and pelvis is straightforward and vertical with a median axis that 

passes through the middle of the sacrum and the pubic symphysis (Figure 1.3, 

page 11). In 100 healthy young asymptomatic adults, Bettany-Saltikov et al. 

(2017) conducted a study to identify the limits of normality and 

symmetry/asymmetry of back shape and posture and reported a mean frontal 

thoracic angle of ± 2.38 degrees and a mean frontal lumbar angle of ± 1.65 

degrees. Furthermore, Stolinski et al. (2013) conducted a study of 421 children 

to examine the symmetry of the anterior trunk in the frontal plane and reported 

that the mean anterior trunk symmetry value was 24.3 ± 12.7 (girls: 24.4 ± 12.1 

and boys: 24.0 ± 13.5). 
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Figure 1.3 The gravity line on the anteroposterior view 
[Obtained from Harrison, Harrison, Troyanovich, and Harmon, 2000]. 

 

The differences in the reported angles for each spinal plane between different 

papers may be due to different measurement techniques, measurement 

devices, and areas of spinal curvature. For instance, X-rays measure the 

curvature of the spine through its bony elements, while skin-surface devices 

use the superficial aspect of the body. In addition, differences in normative data 

in thoracic kyphosis may be attributed to unclear visualization of T1–T4 

vertebrae in lateral spinal radiography and various methods of thoracic 

measurements such as T1–T12, T2–T12, or T4–T12 (Ghandhari, Hesarikia, 
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Ameri, & Noori, 2013). Furthermore, Heary and Albert (2006) reported that the 

values of the spinal angles also vary with age and gender.  

1.4 Age-related hyperkyphosis 

The Scoliosis Research Society defined “Kyphosis as the normal forward 

curvature of the thoracic spine”. A posterior convex angulation of the spine as 

evaluated from the side (round back)”. Katzman et al. (2010) reported that 

normal kyphosis angles range between 20° and 40°. Conversely, the same 

authors suggested hyperkyphotic posture is an abnormal condition that refers to 

an increase in the forward curvature of the thoracic spine greater than 40° 

(Katzman et al., 2010).  

Hyperkyphosis is caused by osteoporosis and vertebral compression fractures  

(Goh, Price, Leedman, & Singer, 1999; Lundon, Li, & Bibershtein, 1998; Milne & 

Williamson, 1983). Osteoporosis, a metabolic bone disease, is characterised by 

low bone mass and structural deterioration of bone tissue, with a consequent 

increase in bone fragility and susceptibility to fracture. Vertebral compression 

fractures with anterior wedge fractures are the most common osteoporotic 

fractures (Wilkins, 2007). These factors, together with the inability to effectively 

counteract the gravitational force that pulls the body into a forward-bent 

posture, can lead to further increased kyphosis. 

However, Schneider et al. (2004) have reported that vertebral fractures are 

present in only a third of patients with severe hyperkyphosis confirmed by 

radiograph. Kado (2009) also demonstrated that older adults with 

hyperkyphosis have no evidence of underlying vertebral fractures or 

osteoporosis. The abovementioned evidence suggests that other factors 

contribute to hyperkyphosis that have not been well defined. The definition, 

aetiology, prevalence, and complications of thoracic hyperkyphosis are 

discussed in detail in Chapter 2. 
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Hyperkyphosis develops when the balance between the load-bearing capacity 

of the anterior and posterior elements of the spine is disrupted (White, Panjabi, 

& Thomas, 1977). Increased thoracic kyphosis may be associated with greater 

spinal loads and trunk muscle force during physical activities in an upright 

posture, which may accelerate the degenerative process (Briggs et al., 2007).  

Clinical signs of thoracic hyperkyphosis are an increase in the thoracic 

curvature in the sagittal plane, recognized as the “dowager’s hump”, forward 

head posture, and a decrease in height (Balzini et al., 2003; Ensrud et al., 

1997). Moreover, in the frontal plane, hyperkyphosis also alters the shape of the 

thoracic cage, whilst increasing the anteroposterior diameter of the thorax and 

reducing   the distances between the xiphisternum and pubis, which alters the 

position of the thoracic cage, causing the spinal and thoracic cage deformities 

to decrease rib mobility and impair the mechanics of the respiratory system 

(Frownfelter & Dean, 2014).  

Hyperkyphosis is also associated with changes in the whole-body posture 

which include a forward head posture, rounded shoulders, flexed or extended 

hips and flexed or extended knees, and increased or decreased lumbar lordosis 

(Boyle, Milne, & Singer, 2002; Itoi, 1991; Nicholas & Wilson, 1963). More details 

are presented in Chapter 1 section 1.5 biomechanics of thoracic hyperkyphosis. 

1.5 Biomechanics of thoracic hyperkyphosis 

Alterations in the physiological spinal curvatures of hyperkyphosis have been 

recognized in older adults. The basic function of the spine is to efficiently 

support the upper body throughout all activities by transferring compressive and 

shear forces to the lower body (Berkson, Nachemson, & Schultz, 1979). 

Excessive thoracic kyphosis alters the vertebral column alignment in the sagittal 

curve of the spine, which leads to an increase in mechanical loading, flexion 

moments, compression, and shear force on the spine (Balzini et al., 2003; Mika, 

Unnithan, & Mika, 2005; Pearsaii & Reid, 1992). Increased spinal loading on 

vertebral endplates over time might lead them to become wedge-shaped, 
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causing the kyphotic curvature to worsen (Hart, Merlin, Harisiades, & Grottkau, 

2010). In addition, an increase in thoracic kyphosis may be linked to 

considerably greater spinal loads and trunk muscle force in an upright posture, 

which may accelerate the degenerative process and lead to dysfunction and 

pain (Briggs et al., 2007).  

Furthermore, Bruno, Anderson, D'Agostino, and Bouxsein (2012) and Sinaki  

(2004) suggested that increased spinal kyphosis shifts the centre of mass 

(COM) of the trunk in the sagittal plane closer to the boundary of the base of 

support, leading to an increased risk for falls. Deformity in one area of the spine 

requires compensation in one or more other aspect parts of the spine to 

maintain a stable COM and horizontal eye gaze (Bruno et al., 2012; Carlson, 

2003a, 2003b; Roussouly and Nnadi, 2010). Thoracic kyphosis is compensated 

by the deformation of the whole body. These deformations include a forward 

head posture, rounded shoulders, reduced or increased lumbar lordosis, 

protuberant abdomen, flexed or extended hips, and flexed or extended knees 

and plantar flexion of the ankles (Figure 1.4, page 15). All postural 

compensations act to counter the forward shift of the body COM relative to the 

base of support (Boyle et al., 2002; Itoi, 1991; Nicholas & Wilson, 1963). Bot, 

Caspers, Van Royen, Toussaint, and  Kingma (1999) suggested that 

compensations may become insufficient due to the progression of 

hyperkyphosis, resulting in a permanent displacement of the trunk COM.   

The next section presents a description of the measuring instruments including 

back shape and posture, balance, falling, and fear of falling. 
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Figure 1.4 Compensatory mechanism 

[Obtained from Barrey, Roussouly, Perrin & Le Huec, 2011] 
 
 

1.6  Measuring instruments 

1.6.1 Posture and back shape  

Spinal curvatures are three-dimensional components of the spinal column that 

exist in three planes: sagittal, frontal, and transverse planes (Claus, Hides, 

Moseley, & Hodges, 2009; O'Sullivan et al., 2002). The spinal deformity in 

spinal posture changes in different aspects of the spine (Ailon et al., 2015). The 

deformity can involve any combination of the sagittal, frontal, and transverse 

planes (Smith et al., 2013). The evaluation of body posture is commonly 

assessed to help guide the diagnosis and plan of treatment in musculoskeletal 

conditions (Sahrmann, 2002).  
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Several 3D non-invasive, skin-surface methods have been developed and 

adopted for clinical use including 3D ultrasound, the Microscribe 3DX 3-D 

digitizer, Integrated Shape Imaging System 1 and 2 (ISIS 1 and 2), 

Posturometer-S, Moiré topographic methods, Vicon Motion Analysis, and ST 

scanners (DIERS Formetric, Diers Medical Systems, Chicago, IL) are used to 

assess back shape and body posture (Berryman, Pynsent, Fairbank, & Disney, 

2008; Goldberg, Kaliszer, Moore, Fogarty, & Dowling, 2001; Kandasamy, 

Bettany-Saltikov, & Van Schaik, 2020; Knott et al., 2016; Pazos, Cheriet, Song, 

Labelle, & Dansereau, 2005; Stachoń, Burdukiewicz, Andrzejewska, & 

Pietraszewska, 2012; Warren, Bettany-Saltikov, Van Schaik, & Papastefanou, 

2002; Zabjek, Leroux, Coillard, Rivard, & Prince, 2005). However, most of these 

systems are both expensive and time-consuming for the assessment of the 

whole spine and body. Most have limited portability and are technically 

complex. They also require specially trained clinicians or technicians to operate 

the system, and the processing of data analysis can be complex.  

The Structure SensorTM (Occipital Inc., Boulder, CO) is an IPad-based three-

dimensional mobile scanning tool and is used to assess whole-body posture 

and back shape surface measurement. It weighs 95 grams, its dimensions are 

119.2 mm in length, 28 mm breadth, and 19 mm in height (Figure 1.5, page 17), 

and can be attached to an iPhone or iPad (Li et al., 2020). The sensor also 

consists of a laser-emitting diode, an infrared radiation range projector, and an 

infrared sensor, as well as the iPad’s RGB (Red, Green, Blue) sensor that 

captures depth data and sends data to a system on a chip for processing 

(Occipital 2021) (Figure 1.6, page 17).  
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Figure 1.5 Dimension of Structure SensorTM 

(Source: Accessed at https://3dscanexpert.com/wp-content/uploads/structure-
sensor-mark-ii-2-size-comparison.png) 
 

 

Figure 1.6 The Structure SensorTM 

The mobile surface topography system has demonstrated good to excellent 

intra-rater reliability (ICC = 0.60 - 0.94) and good to moderate inter-rater 

reliability (ICC = 0.56 - 0.79) for whole-body posture and back shape 

measurements (Kandasamy, 2018). Furthermore, Kandasamy (2018) 

conducted a validity study of the mobile surface topography system. The author 

reported that the estimation of measuring both the sagittal and frontal plane 

postural variables (lumbar lordosis, thoracic kyphosis, shoulder elevation, 

lateral pelvic tilt, and front knee angle) by the MSTS was as good as the Vicon 

system. 

119.2mm 

IR project IR sensor RGB camera on mobile 

https://3dscanexpert.com/wp-content/uploads/structure-sensor-mark-ii-2-size-comparison.png
https://3dscanexpert.com/wp-content/uploads/structure-sensor-mark-ii-2-size-comparison.png
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The Structure SensorTM was selected as the measurement tool for the current 

study because it is simple, portable, low-cost, easy to use, less time-

consuming, and has good to excellent reliability and validity. Furthermore, the 

Structure SensorTM enables quantitative analysis of the whole-body alignment. 

Yanagawa, Maitland, Burgess, Young, andHanley (2012) suggest that 

instruments used to assess the spinal angles must be viewed in terms of their 

accuracy, reliability, practicality, and cost. 

1.6.2  Balance  

1.6.2.1 Balance performance 

Postural balance can be defined as the ability to maintain the body’s centre of 

gravity within the base of support (Horak, 1997). Postural balance can be 

divided into static balance and dynamic balance (Ragnarsdottir, 1996). Static 

balance refers to the ability to maintain the centre of mass of the body over the 

base of support in a quiet upright posture. Dynamic balance is defined as the 

ability to maintain an upright position while the centre of gravity and the base of 

support is moving or the centre of gravity is moving outside the base of support 

(Woollacott & Tang, 1997; Yim-Chiplis & Talbot, 2000).  

The assessment of static balance and dynamic balance in a laboratory setting 

can be assessed by postural sway and the limits of stability. Postural sway is 

the ability to maintain posture as motionless as possible (Yim-Chiplis & Talbot, 

2000) and the limits of stability are the maximum distance in which the centre of 

body mass can be moved safely without changing the base of support, losing 

balance, and taking a step (Alexander, 1994; Shumway-Cook & Woollacott, 

2017).  

Postural control is the inherent capacity to maintain the position of the whole 

body with respect to an external reference frame (or the environment) and 

internal stimuli (the body itself) (Hadders-Algra, 2010; Horak, 2006). The 

purpose of postural control consists of two main functions which are postural 
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orientation and postural equilibrium (Horak, 2006). Postural orientation is 

related to the interaction between the positioning of one's body and vision, 

gravity, support surfaces, and internal references (Horak, 2006). Postural 

equilibrium is associated with the coordination of sensorimotor strategies to 

stabilize the body’s centre of mass during both self-initiated and externally 

triggered disturbances (Horak, 2006). Postural control requires the central 

nervous system (CNS) to integrate information from the somatosensory, visual, 

and vestibular components (Peterka, 2002; Winter, Patla, & Frank, 1990). The 

somatosensory system including proprioceptive, cutaneous, and joint inputs 

provides information regarding the external environment through physical touch 

and feedback about our physical position in space (Marieb & Hoehn, 2019). 

Proprioception is important for balance, locomotion, and posture (Miyakoshi, 

Itoi, Kobayashi, & Kodama, 2003). Visual information is useful in maintaining 

postural control. Visual information about the environment allows us to plan and 

avoid obstacles (Winter, 1995). Finally, the vestibular system provides 

information regarding linear and angular information orientation (Winter, 1995). 

These systems decline with advancing age and may contribute to balance 

problems common in the elderly (Jeong, Park, Choi, Lee, & Kim, 2011; Melzer, 

Kurz, & Oddsson, 2010).  

1.6.2.2 Age-related physiological changes and balance in older 
people with thoracic hyperkyphosis 

Deterioration of postural control with increasing age is widely acknowledged as 

an important risk factor for falls in older people (Berg, 1989). Old age may be 

attributed to the visual, vestibular, somatosensory, musculoskeletal, and central 

nervous system changes, all of which can potentially affect postural control in 

older adults (Alexander, 1994).  

Somatosensory information refers to input from muscle spindle activity, joint 

receptor activity located specifically in the lower extremity, and the cutaneous 

mechanoreceptors located in the soles of the feet which all influence postural 

control (Alexander, 1994; Kavounoudias, Roll, & Roll, 2001; Roll, 
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Kavounoudias, & Roll, 2002). With advancing age, somatosensory impairments 

such as loss in specialised receptors are related to falls and postural 

instabilities (Alexander, 1994; Lord, Clark, & Webster, 1991; Meyer, Oddsson, & 

De Luca, 2004). Posture is also influenced by joint position sense (Sinaki, 2017; 

Sinaki, Wollan, Scott, & Gelczer, 1996).  

Furthermore, proprioceptive information from joints, muscles, tendons and 

ligaments provides vital information regarding awareness of the relative 

orientation of the functional units of the spine at rest and in motion, which is 

important to control the posture and balance (Moreira et al., 2014; Sinaki, 2017; 

Sinaki et al., 1996). A decline in proprioception might place an older adult at risk 

for poor postural control and falls. This occurs with the proprioceptors located in 

the back muscles will present reduced sensitivity to the perception of 

straightening of the trunk, leading to an increase in fall risk (Moreira et al., 

2014).  

Aagaard, Suetta, Caserotti, Magnusson, and Kjær (2010) and Keller and 

Engelhardt (2013) stated that the ageing process causes the loss of spinal α-

motor neurons, which reduces the number of muscle fibres and their size, 

resulting in a reduction in the cross-section area, volume, and muscle strength. 

Muscle strength of the lower limbs is important for maintaining optimal postural 

balance control (Lord et al., 1991). Decreased muscle strength of the lower 

limbs with ageing appears to occur especially in the lower extremities and 

increases the risk factor for falls (Granacher, Zahner, & Gollhofer, 2008; 

Horlings, Engelen, Allum, & Bloem, 2008; Orr, 2010). Maximal muscle strength 

of the lower limbs is important for maintaining optimal postural balance control 

(Lord, Clark, & Webster, 1991). Moreover, a decline in spinal muscle extensor 

and lower extremity muscle strength also played an important role in increasing 

body sway, gait unsteadiness, and risk of falls in women with osteoporosis-

related thoracic hyperkyphosis (Sinaki et al., 2005a).  
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Increased hyperkyphosis may also interfere with the body sway, making static 

standing balance more difficult and leading to postural instability. This is 

because hyperkyphosis displaces the centre of mass (COM) to the anterior 

direction and is located out of the limit of stability (LOS) in standing posture, 

thereby reducing postural balance and falls (Lynn et al., 1997; Ostrowska, 

Giemza, Wojna, & Skrzek, 2008; Sinaki et al., 2005a).  

Furthermore, reduction in joint range of motion and flexibility with advancing 

age have been observed for the spine (Board et al., 2006; Einkauf, Gohdes, 

Jensen, & Jewell, 1987) and ankle joint (Vandervoort et al., 1992).  

1.6.2.3 The TekScan MatScan® system 

1.6.2.3.1 The TekScan MatScan® system 

Force platforms are considered to be the gold standard measure for postural 

control (Nichols, Glenn, & Hutchinson, 1995) and have been used to widely 

validate novel postural control assessment devices (Clark et al., 2009; Nomura 

et al., 2009; Teel & Slobounov, 2015). A force platform allows for the 

measurement of changes in postural control by recording the ground-reaction 

force projected by the individual standing on it (Browne & O'Hare, 2000). It uses 

the centre of gravity and shifting of the vertical component of the ground 

reaction force to calculate force and COP information (Goetschius, Feger, 

Hertel, & Hart, 2018). However, there are disadvantages of force platforms as 

they cannot be used everywhere, are operationally complex, time-consuming, 

and requires training to use them.  

The TekScan MatScan® model 3150 (TekScan Inc, South Boston, USA) was 

used. It is a portable plantar pressure system and measures the forces applied 

to the mat’s sensory elements (sensels). These are automatically calculated as 

the centre of force by the system’s software. In research presented in the 

current thesis, the centre of force was equivalent to the centre of pressure 

(COP). The various parameters based on the centre of pressure were 
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calculated using the raw data supplied by the system. The sensing pressure 

provided graphic and numerical output regarding timing, location, and relative 

amount of pressure applied to the sensor. The calibration process was 

conducted according to the manufacturer’s directions (details on the TekScan 

MatScan® are presented in Chapter 3). 

1.6.2.3.2 Factors affecting balance  

Several factors can affect the reliability and validity of balance measurement. 

1.6.2.3.2.1 Number of trials 

There is considerable debate regarding the number of trials of data collection 

during balance tests. Le Clair and Riach (1996) and Tarantola, Nardone, 

Tacchini, and Schieppati (1997) suggested that a single measure of COP 

should be used because of the learning effects involved in several trials. 

However, a single measure may skew the true measure of postural control 

through recording a fall or momentary loss of balance, and therefore not allow 

for an accurate measure. Pinsault and Vuillerme (2008) suggested that three 

trials of 30 seconds are sufficient to ensure excellent test-retest reliability in 

healthy participants. Therefore, it was deemed appropriate to use three trials of 

measurement for the COP in the current study. 

1.6.2.3.2.2 Trial length  

There is evidence suggesting that trial lengths in balance tests ranged from 15 

to 30 seconds (Goldie, Bach, & Evans, 1989; Le Clair & Riach, 1996; Pinsault & 

Vuillerme, 2008; Prieto, Myklebust, Hoffmann, Lovett, & Myklebust, 1996). 

Pinsault and Vuillerme (2008) reported that a 30-second trial length with over 

three trials provided excellent test-retest reliability (ICC = 0.82). However, Doyle 

et al. (2006) postulated that when performing a balance test during quiet stance 

five trials with 60 seconds may be too long for elderly people to complete the 

test and may lead to fatigue. This may result in the variability of measurement 

data. Therefore, a trial length of 30 seconds was used in the current thesis.  
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1.6.2.3.2.3  Foot positioning  

Foot placement is known to influence measures of postural sway during bipedal 

stance postural stability (Kirby et al., 1987; McIlroy & Maki, 1997). Several 

techniques have been used for the standardisation of foot placement during 

bipedal standing. These vary from simple to complex methods (Chiari, Rocchi, 

& Cappello, 2002; Hatton, Dixon, Martin, & Rome, 2009; Krewer, Bergmann, 

Gräfrath, & Jahn, 2018; McIlroy & Maki, 1997). For example, self-selected foot 

position, feet shoulder-width apart in a natural stance, T- shaped separator, foot 

template. Although various methods have been assessed, they offer the 

possibility of positioning the subject in an unnatural stance. Krewer et al. (2018) 

suggested that performing balance measurements by using a self-selected foot 

position represents a more natural and individually optimized stance. In the 

current thesis, participants were asked to stand in their natural posture with feet 

in a comfortable position (Juras, Słomka, Fredyk, Sobota, & Bacik, 2008; 

Krewer et al., 2018) on the TekScan pressure mat with two black lines as 

references for the foot placement (Chapter 3).  

1.6.2.3.2.4 Head position  

Head movements during balance tests performing disturb postural sway in 

healthy adults (Buckley, Anand, Scally, & Elliott, 2005; Paloski et al., 2006; 

Patel, Fransson, Karlberg, Malmstrom, & Magnusson, 2010). Buckley et al. 

(2005) demonstrated a head tilt (flexed or extended to 45º) from the upright 

position perturbed postural stability in healthy older adults during quiet standing. 

In addition, the extended head has been shown to increase postural sway in the 

anteroposterior direction when standing with eyes closed (Paloski et al., 2006). 

An increase in the mean COP velocity, as well as the COP sway in both the 

anteroposterior and mediolateral directions, were also found (Vuillerme & 

Rougier, 2005). This may occur as the utricular otoliths, which are the vestibular 

organs that provide the sense of body balance and motion, tilt out of their 

optimal working range, contributing to impairment of sensory perception and 
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integration to control balance (Brandt, Krafczyk, & Malsbenden, 1981; Vuillerme 

& Rougier, 2005). Therefore, in the current thesis, head position was 

standardised using a visual target by asking all participants to focus on a black 

circle positioned directly in front of the pressure mat at each participant’s eye 

level. 

1.6.3 Falls 

Falls in the older population are a major public health problem with numerous 

serious physical and psychosocial consequences that can lower people’s 

quality of life (WHO, 2008). Falls are defined by the World Health Organization 

as “an event which results in a person coming to rest inadvertently on the 

ground or floor or other lower level, excluding intentional change in position to 

rest in furniture, wall or other objects.” (WHO, 2007). Approximately 28-35% of 

people aged 65 and over fall each year (Blake et al., 1988; Campbell, Reinken, 

Allan, & Martinez, 1981; Prudham & Evans, 1981). Falls resulting in injury are a 

leading cause of mortality (NICE, 2013), hospitalization, disability, and loss of 

independence in the elderly (Tinetti & Williams, 1997).  

A history of falls is a good predictor of future falls. It is important to specifically 

ask all patients if they have fallen in the past year (Panel on Prevention of Falls 

in Older Persons & Society, 2011). Panel on Prevention of Falls in Older 

Persons and Society (2011) has recommended that all older individuals should 

be asked if they fell in the past year. The history of falls needs to include a 

detailed description of the circumstances of the fall(s), frequency, symptoms at 

the time of fall, injuries, and other consequences. 

1.6.4 Fear of falling 

Fear of falling is a common phenomenon and is consequently a psychosocial 

health problem in community-dwelling older adults. There is a high percentage 

of prevalence of fear of falling, with a range from 3% to 85% (Scheffer, 

Schuurmans, van Dijk, van der Hooft, & de Rooij, 2008). Fear of falling has 
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negative adverse effects includingdecreased mobility, decreased quality of life, 

and restriction of physical activities, loss of independence and, decreased 

social participation. In addition, restriction of physical activities may lead to 

deconditioning, muscle atrophy, and poor balance, contributing to future falls 

and fall-related injuries (Delbaere, Crombez, Van Den Noortgate, Willems, & 

Cambier, 2006; Dias et al., 2011; Scheffer et al., 2008; Zijlstra et al., 2009).  

Fear of falling can be defined in several ways. The definitions of fear of falling 

are as follows:  

Author Definitions 

Bhala, O'Donnell, 
and Thoppil (1982) 

Fear of falling was first defined as “ptophobia” or a phobic 
reaction to standing or walking.  

Murphy and Isaacs 
(1982) 

Describe a fear of falling as a “post-fall syndrome”. 

Tideiksaar (1996) Explains the fear of falling refers to the “fearful anticipation of 
a fall”.  

Maki, Holliday, and 
Topper (1991) 

Describe a fear of falling as “a loss of confidence in the ability 
to maintain balance”.  

Tinetti, Richman, 
and Powell (1990) 

explain the fear of falling as “low perceived self-efficacy 
about one’s confidence in carrying out activities without 
falling or losing balance”. 

Bruce, Devine, and 
Prince (2002). 

Fear of falling refers to “a psychological barrier to performing 
activities of daily living and participating in physical activities”  

In the context of this research, fear of falling is defined as “a lasting concern 

about falling that leads to an individual avoiding activities that he/she remains 

capable of performing” (Tinetti & Powell, 1993). Hyperkyphosis has been linked 

to increased falls and fear of falling due to poor body balance (Lynn et al., 

1997). Moreover, Ryan and Fried, (1997) have demonstrated that 

hyperkyphosis is associated with functional limitations that affect the activities of 

daily living (i.e.difficulty reaching overhead and performing heavy housework). 
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1.6.4.1 Measuring fear of falling 

Fear of falling is often used interchangeably with falls self-efficacy (Zijlstra et al., 

2007). Falls self-efficacy is used as a fear of falling measure and is defined as 

“the degree of confidence a person has in performing common activities of daily 

living without falling”. More recently, falls self-efficacy has been measured as a 

person’s level of concern about falling in the context of carrying out various 

activities, not confidence in performing activities without falling (Kempen et al., 

2007; Yardley et al., 2005).  

The Falls Efficacy Scale International (FES-I) is a patient’s self-reported 

questionnaire, which was developed by members of the Prevention of Falls 

Network Europe (ProFaNE) committee (Kempen et al., 2007). The FES-I was 

used to evaluate the level of concern relating to falls in the elderly during 16 

activities of daily living, ranging from basic to more demanding activities, 

including social activities that may contribute to the quality of life. The level of 

concern for each item was scored on a four-point scale (1 = not at all 

concerned, 4 = very concerned) within a total score range of 16-64, the higher 

score, the more fear of falling (Gunn, Creanor, Haas, Marsden, & Freeman, 

2013; Kalron, Dvir, & Achiron, 2010). Details of the FES-I questionnaire are 

presented in Appendix 1. 

1.7  Hyperkyphosis-specific exercise and physiotherapy 

There are no standardised management guidelines for treating age-related 

hyperkyphosis (Bansal, Katzman, & Giangregorio, 2014; Lewiecki, 2009). The 

available treatments that are currently in use include surgery, bracing, and 

exercise therapy (Bansal et al., 2014; Greig, Bennell, Briggs, & Hodges, 2008; 

Perriman et al., 2012; Pfeifer, Kohlwey, Begerow, & Minne, 2011; Vogt, 

Hübscher, Brettmann, Banzer, & Fink, 2008). 

Exercise therapy is a common method to treat hyperkyphosis (Bansal et al., 

2014; Katzman et al., 2010). The goals of exercises and rehabilitation 
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programmes are to decrease the value of the thoracic kyphosis angle, increase 

the mobility and flexibility of the thoracic spine, improve back muscle strength, 

improve trunk extensor muscles’ endurance, facilitate muscular retractions, and 

promote postural re-education to maintain the corrected posture while people 

who exercise perform activities of daily living (Bansal et al., 2014; Kado, 2009; 

Zaina et al., 2009).  

There are various exercise methods for treating age-related hyperkyphosis. A 

corrective exercise programme (a combination of spinal mobility exercises, 

trunk extensor strengthening exercises, stretching exercises, postural correction 

training, and breathing exercises), posture correction exercise programme  (a 

combination of trunk extensor strengthening exercises, stretching exercises, 

and self-mobilisation), multimodal spine strengthening exercise intervention 

(strengthening trunk muscles, postural stability training, range of motion 

exercises, diaphragmatic breathing, and postural correction training) have been 

widely used (Jang, Hughes, Oh, and Kim, 2019; Katzman et al., 2016; Vaughn 

and Brown, 2007).   

Ailon et al. (2015) and Kado (2009) postulated that research and clinical 

practice have shown some efficacy across approaches but no one approach 

has shown superior. 

Jang et al. (2019) carried out a double-blind, matched group design to 

investigate the effects of an 8-week corrective exercise programme in crook-

lying, prone, sitting, and standing positions (thoracic rotation, trunk extension, 

rib cage expansion, scapular retraction) on thoracic kyphosis angle , the Short 

Physical Performance Battery (SPPB; a geriatric balance assessment tool, 

consist of timed chair stands, timed balance tests, and a 4-meter timed walk) 

and the limits of stability in older women. The findings suggested that corrective 

exercise can improve thoracic kyphosis angle (p < 0.01), the SPPB (p < 0.05), 

and the limits of stability (p < 0.05) in older adults with hyperkyphosis. A study 

by Naderi, Rezvani, Shaabani, and Bagheri (2019) found that a 12-week of 

kyphosis corrective exercises programme (spinal mobility, occipital muscle 
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stretch, chest muscle stretch, cervical flexor strengthening, and shoulder 

retractor strengthening) improved thoracic kyphosis angle (p = 0.02) and quiet 

standing balance with eyes open (p = 0.02) but did not improve quiet standing 

balance with eyes closed. However, the authors did not explain why quiet 

standing balance with eyes closed did not improve after the exercise 

programme. Furthermore, Sinaki et al. (2005b) conducted a study to investigate 

the effectiveness of spinal proprioceptive extension exercise dynamic 

programmes (back extension exercises and proprioceptive exercises) combined 

with gait training and spinal orthosis. The authors demonstrated that fear of 

falling improved after a 4-week exercise programme and spinal orthosis (p < 

0.001). Nonetheless, in previous studies, not much attention has been paid to 

the reduction of the fear of falling and the number of falls while treating 

hyperkyphosis. Those exercise programmes involved prone lying, which is 

difficult to tolerate due to the collapse of the anterior chest and limited rib cage 

expansion. Therefore, adapting prone-lying exercises to sitting and standing 

exercises may be more easily performed by older adults with hyperkyphosis 

(Bettany, Turnbull, Ng, and Webb, 2017). 

Apart from the mentioned exercise programmes, hyperkyphosis-specific 

exercise programme has been used to address thoracic hyperkyphosis. The 

key features of the exercises are performed in sitting and standing positions, 

which consist of the physio-logic exercises (improving the mobility of the lumbar 

lordosis and thoracic kyphosis), three-dimensional trunk correction (primarily 

focusing on the sagittal plane), isometric muscle tension (posture correction 

with isometric muscle tension), and corrective breathing techniques (focusing 

on improving the collapsed areas, especially the anterior chest). Participants 

are also trained to maintain the corrected posture while performing their daily 

living activities (Weiss & Klein, 2006). However, there is a lack of evidence on 

the effectiveness of hyperkyphosis-specific exercises in older adults with 

hyperkyphosis. 
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Therefore, in this thesis, a hyperkyphosis-specific exercise programme was 

used to explore the effects of the exercise programme on falls, and the fear of 

falling.  

1.8 Aims and objectives of the thesis 

The main aim of the research reported in this thesis was to investigate the 

relationship between back shape and posture with balance, falling, and fear of 

falling in older people with hyperkyphosis. A further aim was to evaluate the 

effectiveness of a hyperkyphosis-specific exercise programme on falling, fear of 

falling and exercise experiences in older people with hyperkyphosis. The 

current four studies start with a comprehensive systematic review to assess and 

synthesize published and unpublished literature on the relationship between 

back shape and posture, balance, falling, and fear of falling in older people with 

hyperkyphosis.  

In addition, a systematic literature review was conducted. This thesis also 

conducted literature of systematic review to evaluate and synthesize both 

published and unpublished literature on the effectiveness of a diverse range of 

exercise programmes on back shape and posture, balance, falling, and fear of 

falling in older people with hyperkyphosis. A literature review of instruments and 

questionnaires for evaluating the outcomes of back shape and posture, 

balance, falls, and fear of falling is also provided in the thesis. 

Then, a cross-sectional study was undertaken to investigate the relationships 

between back shape and posture with balance, falling, and fear of falling in 

older adults with hyperkyphosis. Finally, based on the results of systematic 

reviews and a cross-sectional study, a study of the effectiveness of a 

hyperkyphosis-specific exercise programme on falling, fear of falling, 

satisfaction with an educational booklet, experiences of living with 

hyperkyphosis, and experiences of taking part in the exercise programme in 

older people with hyperkyphosis was conducted.  
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1.8.1 The objectives of this thesis 

The objectives of the four phases of the thesis were as follows: 

Phase 1. Evaluation of the relationship between back shape and posture, 

balance, fallings, and fear of falling in older adults with hyperkyphosis: A 

systematic review 

Objective 1: To assess and synthesize published and unpublished literature on 

the relationship between back shape and posture, balance, falling, and fear of 

falling in older people with hyperkyphosis. 

Phase 2. The relationship between back shape and posture with balance, 
fallings, and fear of falling in older adults with hyperkyphosis: A cross-
sectional study  

Objective 2.1: To measure back shape and posture, postural sway, the limits of 

stability, falling, and fear of falling in all three planes 

Objective 2.2: To explore the relationships between 3D back shape and posture 

with: 

I. postural sway 

II. the limits of stability 

III. history of falls 

IV. fear of falling 

Objective 2.3: To investigate if back shape and posture in the sagittal plane 

predict balance, falls, and fear of falling in older people with hyperkyphosis. 

Phase 3. Exercise interventions to improve back shape and posture, 

balance, falling, and fear of falling in older people with hyperkyphosis: A 

systematic review  

Objective 3: To evaluate and synthesize both published and unpublished 

literature on the effectiveness of a diverse range of exercise programmes on 

back shape and posture, balance, falling, and fear of falling in older people with 

hyperkyphosis. 



Chapter 1: Introduction 

31 
 

Phase 4 The effect of a hyperkyphosis-specific exercise programme on 
falling, fear of falling, and experiences of exercise programme in older 
people  

Objective 4: To provide preliminary evidence of the effect of a 16-week 

hyperkyphosis-specific exercise on falling, fear of falling, satisfaction with an 

educational booklet, experiences of living with hyperkyphosis, and experiences 

of the exercise programme in older people with hyperkyphosis. 

1.9 Thesis structure  

The present thesis consists of 6 chapters which are (1) the introduction of the 

thesis, including two systematic reviews (2 and 3) together with a review of 

related literature, and two individual research chapters (4 and 5) as well as a (6) 

general discussion and conclusion. Figure 1.7 (page 32) depicts the flow chart 

of the whole thesis provided in this chapter. A brief description for each chapter 

is provided below: 

Chapter 1: The current chapter presents a literature review of the normal 

features of the vertebral column, and thoracic hyperkyphosis in older people 

together with different methods and technologies used for the measurement of 

back shape and posture, balance, falling and fear of falling. The individual aims 

of the research studies and thesis structure are also presented in this thesis. 

Chapter 2: Study 1 is titled “Evaluation of the relationship between back shape 

and posture, balance, falling, and fear of falling in older people with 

hyperkyphosis: A systematic review”. This is a comprehensive review of the 

literature. 

Chapter 3: Study 2 is titled “The relationship between 3D back shape and 

posture with balance, falling and fear of falling in older people with 

hyperkyphosis: A cross-sectional study”. This empirical study explores the 

relationship between back shape and posture, balance, falling, and fear of 

falling in 76 older people with hyperkyphosis. Chapter 3 also provides 

background information,method, results,discussion, and conclusion for Study 2. 
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Chapter 4: Study 3 is titled “Exercise interventions to improve back shape and 

posture, balance, falling, and fear of falling in older people with hyperkyphosis: 

A systematic review”. This is a review of literature quantifying the effects of 

exercise interventions on back shape and posture, balance, falling, and fear of 

falling in older persons with hyperkyphosis. 

Chapter 5: Study 4 is titled “The effect of a hyperkyphosis-specific exercise 

programme on falling, and fear of falling and participants’ experiences in older 

people”. This is an empirical study of the effects of a hyperkyphosis-specific 

exercise programme. 

Chapter 6: discusses the overall findings from all the research studies. A 

summary of each research study is presented. In addition, research and clinical 

implications, limitations, and recommendations for future research along with 

overall conclusions are presented. 

Figure 1.7 presents the flow chart of the whole thesis 
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2.1 Introduction 

This review presents a systematic review following the Preferred Reporting 

Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines 

(Moher et al., 2009). The systematic review of the literature was also 

prospectively registered with PROSPERO (registration number: 

CRD42018088268). The title of this review has also been published in the 

Campbell Systematic Reviews.  

2.2 Background   

2.2.1  The problem, condition or issue 

2.2.1.1 Definition of hyperkyphosis 

Thoracic hyperkyphosis is mostly observed in older people and is defined 

as an excessive anterior curvature of the thoracic spine > 40° when 

measured radiographically (Fon et al., 1980; Roghani et al., 2017). After 40 

years old, the thoracic kyphosis angle increases (Ensrud et al., 1997; Fon 

et al., 1980). The kyphosis angle further gradually increases with age 

(Milne & Lauder, 1974) and affects both genders (Katzman et al., 2010; 

Roghani et al., 2017). The mean hyperkyphosis angle ranges from 53 

degrees in 60 to 74 years old to 66 degrees in participants older than 75 

years old (Boyle et al., 2002). 

Excessive forward curvature of the thoracic spine alters the physiological 

spinal curvature. The thoracic spinal components are insufficient to 

respond to the flexion moment on the vertebral column alignment in the 

sagittal curve of the spine. This leads to an increase in mechanical loading, 

spinal compression, and shear forces on the spine (Balzini et al., 2003; 

Mika et al., 2005; Pearsaii & Reid, 1992). These changes in spinal posture 

disturb the maintenance of the body's equilibrium (Lynn et al., 1997), 

activities of daily living (Ryan & Fried, 1997), quality of life of older people 

(Horie et al., 2009) and can also result in increased mortality (Kado et al., 

2004). 
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2.2.1.2 Aetiology of hyperkyphosis 

The causation of hyperkyphosis in older people is not well understood. 

Thoracic hyperkyphosis can result from osteoporosis, vertebral fractures, 

degeneration of intervertebral disc and intervertebral ligaments, spinal 

extensor muscles weakness, as well as genetic causes such as 

Scheuermann's disease and cystic fibrosis (Kado, Prenovost, & Crandall, 

2007; Katzman et al., 2010; Roghani et al., 2017). 

Vertebral fractures are a common feature in osteoporotic disease. In 

activities of daily living, the stress loading on the osteoporotic spine can 

gradually affect vertebral wedging which results in compression fractures 

(Bouxsein et al., 2006). Furthermore, Klotzbuecher, Ross, Landsman, 

Abbott III, and Berger (2000) revealed that elderly people with previous 

vertebral fractures will experience an increase in their risk of spinal 

fractures. 

The structural morphology of both the intervertebral bodies as well as the 

intervertebral discs plays an important role in maintaining the normal 

curvature of the thoracic spine (Goh et al., 1999). A study by Manns, 

Haddaway, McCall, Cassar Pullicino, and Davie (1996) revealed that 

anterior disc height is associated with the thoracic kyphosis angle; the 

study demonstrated that the anterior disc height decreased, as the angle of 

the thoracic kyphosis increased. In addition, the degeneration of the 

intervertebral ligaments has been found to affect the ability of the spine to 

control normal postural alignment (Drzał-Grabiec, Snela, Rykała, 

Podgórska, & Banaś, 2013; Kado, Prenovost, & Crandall, 2007; Katzman 

et al., 2010; Roghani et al., 2017).  

Furthermore, a number of studies have demonstrated that there is a 

negative correlation between the kyphosis angle and spinal muscle 

weakness in adolescents as well as older people (Dastmanesh, Eskandari, 

& Shafiee, 2013; Granito et al., 2012; Hirano et al., 2013; Mika et al., 

2005). 
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Moreover, Katzman et al. (2012) demonstrated that a decrease in back 

extensor muscle density is correlated with thoracic hyperkyphosis in 

healthy older people. This is thought to be caused by a reduction in the 

spinal muscle density that may disturb the ability of spinal muscles to 

function and maintain an upright posture and stabilize the spine. This leads 

to an increase in the level of thoracic kyphosis (Sinaki, Itoi, Rogers, 

Bergstralh, & Wahner, 1996). 

Numerous authors believe that hyperkyphosis may be inherited genetically. 

Genetic conditions include Marfan's syndrome, Ehlers Danlos syndrome, 

Scheuermann's disease, and cystic fibrosis. Kado, Prenovost, & Crandall, 

(2007) and Ailon et al. (2015) reviewed the causes of hyperkyphosis in 

older people and found that older persons who had a family history of 

hyperkyphosis were statistically more likely to present a greater kyphosis 

than those without such a family history. 

2.2.1.3 Prevalence of hyperkyphosis in older people 

The prevalence rates for thoracic hyperkyphosis in older people are not 

well established but the estimated value has been reported to be between 

10% to 45% of people aged over 50 years old (Melton et al., 1993), ranging 

from 20% - 40% of the older adult population aged over 60 years (Kado, 

Huang, Barrett-Connor, & Greendale, 2005; Takahashi et al., 2005). 

The incidence of thoracic hyperkyphosis increases approximately 6 -11% 

for every 10 years of advancing age (Huang, Barrett‐Connor, Greendale, & 

Kado, 2006). Furthermore, the thoracic kyphosis angle is believed to 

increase by 3° every 10 years in healthy males and females aged 50 years 

or older (Kobayashi, Atsuta, Matsuno, & Takeda, 2004). Moreover, Kado,  

Prenovost, and Crandall (2007) reported a mean thoracic kyphosis angle of 

26° in persons in their 20s, 53° in those 60 – 74 years of age, and 66° in 

those older than 75 years of age. 



 
 
 

Chapter 2: systematic review 1 

 

38 
 

2.2.1.4 Complications of hyperkyphosis in older people 

The consequences of thoracic hyperkyphosis have deleterious effects on 

physical, psychological, and emotional well-being of an individual. These 

include impaired respiratory function, physical function limitation, risk of 

falls, increased risk of osteoporotic spinal fractures, diminished quality of 

life, and increased rate of mortality (Kado, Prenovost, & Crandall, 2007; 

Katzman et al., 2010; Roghani et al., 2017). 

Excessive thoracic kyphosis changes the anatomy of the thoracic cage, 

which increases the anteroposterior diameter of the thorax, and reduces 

the distances between the xiphisternum and pubis, resulting in limited 

movement of the ribs (Frownfelter & Dean, 2014). These changes can 

affect the normal function of the respiratory system and can also lead to 

impaired pulmonary function (Dajah & Muthusamy, 2015; Lee et al., 2015). 

Additionally, the severity of hyperkyphosis correlates with the degree of 

respiratory insufficiency (Lee et al., 2015). Thoracic hyperkyphosis can also 

disturb physical function tasks (Kado et al., 2005; Katzman, Huang, Lane, 

Ensrud, & Kado, 2013). Moreover, Takahashi et al. (2005) demonstrated 

that older people with hyperkyphosis reported having many limitations 

during daily activities and less satisfaction with life in general. Furthermore, 

severe thoracic kyphosis alters the centre of body mass (centre of gravity), 

which can lead to impaired balance and increased risk of falling (Kado et 

al., 2009; Lynn et al., 1997). Kado et al. (2009) also demonstrated that 

women with both hyperkyphosis and vertebral fractures had a greater 

mortality rate than women affected by either hyperkyphosis or vertebral 

fractures alone. 

2.2.2 Association between hyperkyphosis and balance in 
elderly people  

Balance is the ability to maintain the position of the body within the base of 

support in order to prevent falls (Tinetti & Kumar, 2010). The amount of 

movement required by the body to maintain balance in a quiet standing 

position is referred to as “postural sway”. If the maintenance of balance is 
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negatively impacted by a significantly increased spinal curvature, such as 

having a thoracic hyperkyphosis, then it is likely that this will increase the 

postural sway of the body resulting in an increased fall risk (Ishikawa, 

Miyakoshi, Kasukawa, Hongo, & Shimada, 2013; Lynn et al., 1997; Regolin 

& Carvalho, 2010). 

Findings regarding the association between thoracic hyperkyphosis and 

balance are inconclusive and inconsistent (van der Jagt-Willems, 2014). 

They have been found the relationship between thoracic hyperkyphosis 

and balance (Lynn et al., 1997; Regolin & Carvalho, 2010; Sinaki et al., 

2005a). However, a group of researchers has failed to find an association 

between thoracic hyperkyphosis and balance (Eum et al., 2013; Greig et 

al., 2007; Ishikawa et al., 2009)  

Lynn et al. (1997) detailed those older adults with hyperkyphosis and 

osteoporosis (n = 6) had greater postural sway than participants with 

osteoporosis alone (n = 10), or older people without hyperkyphosis and 

osteoporosis (n = 5). It is important to consider, however, the limitations of 

Lynn et al. ’s study (1997)  as only a small number of participants were 

included, which limits the generalisability of the results of this study. 

Furthermore, Regolin and Carvalho (2010) reported that elderly women 

with thoracic hyperkyphosis and low bone mineral density increased 

postural sway in the anteroposterior (AP) direction compared to the control 

group (participants without osteoporosis and hyperkyphosis). The authors 

explained the results by stating that older adults with hyperkyphosis and 

low bone mineral density rely on hip strategy to maintain balance than the 

control group. This may cause greater body sway in the AP direction. 

However, the authors only assessed older women, the results, therefore 

cannot be generalised  to older men. 

In contrast to the above studies, Eum et al. (2013) determined the 

relationship between an increased kyphosis (evaluated using the flexicurve 

ruler) and the Berg Balance Score among 620 community-living older 

adults. They indicated that there was no relationship between an increased 
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kyphosis angle and the Berg Balance Score in older people. The authors 

reported contradictory results regarding differences in balance measures.  

Further, Greig et al. (2007) examined the effect of vertebral fracture and 

thoracic kyphosis on postural sway in 22 older adults with osteoporosis. 

The authors found no significant correlation between thoracic kyphosis and 

postural sway in older people. However, the sample size of this study was 

very small, which may have led to a type 2 error. 

2.2.3 Association between back shape and posture with 

history of falls, and fear of falling in elderly people with 

hyperkyphosis 

The ability to regulate the relationship between the centre of pressure 

(COP) and the base of support (BOS), usually the area between the 

outside edges of the feet, is critical to maintaining balance. Consequently, 

anything interfering with this relationship will increase the risk of having a 

fall (Granacher, Gollhofer, Hortobágyi, Kressig, & Muehlbauer, 2013). Over 

a third of individuals over the age of 65 sustain a fall each year, and the 

history of falls increases with age (Tinetti, Speechley, & Ginter, 1988). Falls 

result in substantial costs, the direct and indirect costs of falls estimated 

costs in the UK NHS are over £2.3 billion per year (Stanmore et al., 2019), 

not only financially through medical and nursing care but also physically 

and emotionally. This is because falls in older persons can result in a loss 

of independence, either through physical incapacity or from the fear of falls, 

both of which impact upon the person’s ability to perform routine activities 

(World Health Organization, 2008). 

There is a dearth of studies that have examined the correlation between 

increased kyphosis, falls and fear of falling (Arnold, Busch, Schachter, 

Harrison, & Olszynski, 2005; Kado et al., 2007; Tominaga et al., 2016; van 

der Jagt-Willems, de Groot, van Campen, Lamoth, & Lems, 2015). 

However, to date, there remains uncertainty on the relationship between 

increased thoracic kyphosis and falls. 
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Koelé et al. (2022) investigated the relationship between hyperkyphosis 

and the number of falls over a period of 2 years in older adults. The authors 

indicated that hyperkyphosis (Cobb angle) was associated with the number 

of falls in the oldest quartile, aged 77 and older (incident rate ratio = 1.12, 

95% CI = 1.10-2.12, p = 0.012). Furthermore, Tominaga et al. (2016) 

evaluated the association between kyphotic posture using the wall-occiput 

test and falls in community-dwelling adults. The wall-occiput test is a 

clinical test for forward head posture and thoracic kyphosis that measures 

the distance between the occiput and the wall was measured by tape while 

the participant was standing with both heel and sacrum against the wall. 

The researchers reported that there was a significant association between 

severe kyphotic posture and falls in men (odds ratio = 2.14, 95% 

confidence interval = 1.01 – 4.57, p = 0.048). Nonetheless, the wall-occiput 

test measures both kyphosis and cervical curvatures.  

Arnold et al. (2005) suggested that there was a significant positive 

correlation between a recent history of falls and the kyphosis angle 

measured using the flexicurve ruler (r = 0.29, p < .05). In a prospective 

study, van der Jagt-Willems et al. (2015) found a significant correlation 

between thoracic hyperkyphosis (Cobb angle) and fall incidents within the 

past 12 months (Odds ratio = 2.13; 95% CI = 1.10-4.51, p = 0.04).  

Conversely, researchers such as Demarteau et al. (2019)  and Kasukawa 

et al. (2010) found no association between thoracic kyphosis and falls in 

the previous year. Kasukawa et al. (2010) investigated the relationship 

between spinal curvature (thoracic kyphosis and lumbar kyphosis) and falls 

in 92 older adults. The researchers demonstrated that elderly people with 

lumbar kyphosis (but not thoracic kyphosis) were associated with falls. The 

authors postulated that thoracic kyphosis can be compensated by 

increased lumbar kyphosis in order to maintain an upright posture. An 

increased lumbar kyphosis shifts the centre of gravity, increasing postural 

instability and leading to an increased risk of falling. 

Demarteau et al. (2019) investigated the relationship between thoracic 

kyphosis (SpinalMouse® method) and falls within the previous 6 months in 
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40 (aged ≥ 65 years) elderly participants. They found no significant 

correlation between thoracic kyphosis and the number of falls within the 

previous 6 months. The authors posited that there was no significant 

correlation between thoracic kyphosis and the number of falls due to the 

small sample size. 

However, the results of the above studies have been conflicting, perhaps 

due to differences in the method of back shape and posture measurement. 

Numerous methods including general observations, simple surface 

measuring tools, and three-dimensional posture analysis systems are 

currently used to assess back shape and posture in clinical and research 

settings. Therefore, the method chosen to evaluate back shape and 

posture may change the association reported between back shape and 

posture, history of falls, and fear of falling in elderly people with 

hyperkyphosis. 

2.2.4 Why it is important to do this review   

A scoping literature review identified four narrative reviews (Ailon et al., 

2015; Kado, Prenovost, & Crandall, 2007; Koelé, Lems, & Willems, 2020; 

Roghani et al., 2017) that discussed the terminology, aetiology, adverse 

health consequences, as well as the treatment of hyperkyphosis in older 

people as follows.  

Katzman et al. (2010) reviewed the evidence with regards to the definition, 

prevalence, aetiology, assessment of thoracic kyphosis, clinical 

consequences, risk factors, as well as treatment of thoracic hyperkyphosis.  

Furthermore, Ailon et al. (2015) discussed the pathogenesis together with 

the evaluation, and treatment of thoracic hyperkyphosis in older people. 

Kado, Prenovost, and Crandall (2007) reported the definition, potential 

causes, adverse health consequences, the measurement of thoracic 

kyphosis, as well as the management of thoracic hyperkyphosis. In 

addition, Roghani et al. (2017) analysed the definition, contributing factors, 

and health implications of age-related hyperkyphosis. 
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A narrative review by Koelé, Lems, and Willems (2020) reported that 

conflicting results regarding the association between hyperkyphosis and 

falls were found. They also found that one included study found a 

correlation between hyperkyphosis and falls but this study had a small 

sample size. While 3 included studies found no correlation between 

hyperkyphosis and falls.  

Unfortunately, the narrative reviews were not performed systematically and 

did not assess the methodological quality of the research studies. 

Assessment of study quality is important in order to assess whether the 

included studies are robust enough to guide treatment, prevention, 

diagnostic or policy decisions.  

Fernandes, Ribeiro, Fernandes, and Menezes (2018) conducted a 

systematic review to determine whether postural changes increased fall 

risk and/or balance in adults aged 60 years and older. The authors 

concluded that postural changes (thoracic hyperkyphosis, loss of lumbar 

kyphosis, as well as decreased plantar arch) appeared to contribute to the 

increased falls risk and/or decreased balance in adults. However, their 

review did not focus only on older people with hyperkyphosis and had  a 

high variation of methods used to measure back posture and balance.  

In addition, a systematic review by Zahari, Zainudin, and Justine (2020) 

focused on evaluating the relationship between posture abnormalities and 

falls in older adults with low back pain. The authors found that only six 

included studies explicitly aimed to investigate the relationship between 

these outcomes. The authors also found that five included studies, 

demonstrated a significant correlation between posture and falls in older 

adults with low back pain, whereas one study from the six found no 

correlation between posture and falls. Nonetheless, the authors did not 

focus on older adults with hyperkyphosis. 

However, to the best of the authors’ knowledge, there is no systematic 

review focusing on the relationship between the back shape and posture 

(thoracic hyperkyphosis and lumbar lordosis) with balance (postural sway 
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and the limits of stability), falling, and fear of falling in older people with 

hyperkyphosis. This review contributed towards an increased 

understanding of the relationship between back shape and posture with 

balance, falling, and fear of falling in older people. A systematic review of 

this topic is urgently needed. 

2.3 Objectives   

The objective of this systematic review was to assess and synthesize 

published and unpublished literature on the relationship between back 

shape and posture with balance, falling, and fear of falling in older people 

with hyperkyphosis. This review used the PEO (Population of interest, 

exposure, outcomes) framework to formulate the research question. The 

following research question of this review was as follows: 

"Is there a relationship between back shape and posture (O) with balance 

(O) (postural sway and the limits of stability), falling, and fear of falling (O) 

in older people (P) with thoracic hyperkyphosis (E)?" 

2.4 Methods  

2.4.1 Criteria for considering studies for this review   

2.4.1.1. Types of studies   

This review included any available full-text quantitative research studies 

including cross-sectional studies, cohort studies and case-control studies. 

The researcher excluded randomized controlled trial studies (RCT), quasi-

experimental studies, and qualitative studies. 

2.4.1.2 Types of participants   

This thesis author included female or male older people, aged 50 years or 

older, and participants who had been diagnosed or identified as having a 

thoracic hyperkyphosis (hyperkyphosis is defined as an excessive anterior 

curvature of the thoracic spine, a kyphosis angle > 40° when measured 

with the Cobb method (Katzman et al., 2010). 
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This thesis author also excluded studies on participants who were adults 

who are aged 49 years and under or children as well as adolescents. In 

addition, studies whose participants had other spinal deformities such as 

scoliosis, kyphoscoliosis, Scheuermann's kyphosis, and congenital 

kyphosis were excluded. 

2.4.1.3 Types of outcome measure   

This review included studies that measured the following outcomes.  

1. Measurement of back shape/posture:  

i. Measures using several methods such as the lateral spine radiographs, 

a computerized measurement device for surface curvature 

(SpinalMouse®), Debrunner's kyphometer, manual inclinometer, digital 

inclinometer, goniometer.  Further, electrogoniometry, photogrammetry, 

microscribe digitizer, 3D body scanner, Integrated Shape Imaging 

System (ISIS), six-camera motion analysis system and flexicurve ruler 

method were included in this review. 

ii.Measures in degrees such as Cobb angle in degrees (absolute values),  

SpinalMouse® method in degrees (absolute values), Flexicurve method 

in degrees (absolute values). 

iii. Measures in the sagittal plane such as cervical lordosis in degrees 

(absolute values), thoracic kyphosis in degrees (absolute values), and 

lumbar lordosis in degrees (absolute values). 

Studies were excluded if they do not measure back shape, and posture in 

degrees. For example, the blocks method, the occiput-wall distance 

method, and so forth. 

2. The measurement of balance needed to include the measurement of 

postural sway, together with the limits of stability. 

i. Postural sway is defined as the movement of the centre of mass in 

quiet standing and can be measured as anteroposterior and 

mediolateral displacement.  
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ii. The limits of stability are defined as the maximum range in which the 

centre of gravity can move safely without the subject either moving 

their feet or without falling (Alexander, 1994). 

Studies were excluded if they measured for functional balance 

measurements (e.g., Berg Balance Scale, Timed up and go, single-leg 

stance time, and so forth). It is characterized by the tests which objectively 

measure a person performing a balance or walking task; however, these 

tests do not quantify postural sway. 

3. Falls are defined as a 'history of falls' with at least one fall in the past 

year. A fall is defined as an unexpected event in which the participant 

comes to rest on the ground, floor, or lower level (Lamb et al., 2005). The 

history of falls or falls (number of falls/year) is measured by asking the 

participants the number of falls, that they have had in the past 6  months, 

12 months. 

4. Fear of falling is identified as older people who lose their confidence 

when participating in activities of daily living. Older people are concerned 

about the risk of falling that both limits their daily activities as well as 

physical functioning (Tinetti & Powell, 1993). 

2.4.1.4 Types of setting 

This review included studies from any geographical area and included 

studies that were conducted in any communities setting, physiotherapy 

laboratory setting, healthcare setting, or home-based setting.  

2.4.2 Search methods for the identification of studies   

The search to identify eligible studies was initially carried out in December 

2017, and then a repeated search was conducted in August 2021.  

2.4.2.1 Electronic database searches   

An electronic search was undertaken using the following electronic 

databases to identify potential studies: MEDLINE (1950 to August 2021), 
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AMED (1985 to August 2021), CINAHL (1982 to August 2021), EMBASE 

(1974 to August 2021), Science direct (1993 to August 2021), Scopus 

(1995 to August 2021), PEDro (1929 to August 2021). 

2.4.2.2 Search strategy  

All databases mentioned above were searched. A librarian with specific 

knowledge in performing systematic review searches helped to create a 

search strategy. Terms and keywords specific to the Participant (P), the 

Exposure (E), and the Outcome (O) were used to generate relevant 

articles. The strategy was modified according to the indexing systems of 

each database. The search strategy employed for the electronic database 

searches is shown in Table 2.1.  

Table 2.1 Search strategy 

Search ID Search terms 

S1 (MH "Frail Elderly") OR "older adults" 

S2 (MH "Aging") 

S3 (MH "Aged") OR "elderly" 

S4 "geriatric" 

S5 "older" 

     S6 (P) S1 OR S2 OR S3 OR S4 OR S5 

S7 (MH "Spinal Curvatures") OR (MH "Kyphosis") 

S8 "spinal posture" OR (MH "Posture") 

S9 "thoracic kypho*" 

S10 "spinal deformity" 

S11 "trunk deformity" 

S12 "spinal sagittal alignment" 

S13 "spinal alignment" 

S14 "spinal malalignment" 

S15 "hyperkyphosis" 

S16 "kyphotic posture" 

S17 "age-related hyperkyphosis" 

     S18 (E) S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 
OR S17 

S19 "postural sway" OR (MH "Postural Balance") 

S20 "postural control" 
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S21 "equilibrium" 

S22 "postural equilibrium" 

S23 "balance" 

S24 "postural" 

S25 "limits of stability" 

S26 "postural stability" 

S27 "body sway" 

S28 "centre of pressure" 

S29 "center of pressure" 

S30 "centre of gravity" 

S31 "center of gravity" 

      S32 (O) S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 OR S27 OR 
S28 OR S29 OR S30 OR S31 

S33 (MH "Accidental Falls") OR "risk of falls" 

S34 "fall*" 

S35 "fall risk" 

S36 "falling" 

S37 "fear of falling" 

      S38 (O) S33 OR S34 OR S35 OR S36 OR S37 

S39 "spinal angle" 

S40 "kyphosis angle" 

S41 "cobb angle" 

S42 "degree of kyphosis" 

S43 "degree of malalignment" 

      S44 (O) S39 OR S40 OR S41 OR S42 OR S43 

S45 S6 AND S18 AND S30 AND S32 AND S44 

 

2.3.2.3 Searching other resources   

This review also searched the reference lists of all included papers and 

other reviews on the topic. This review searched the main electronic 

sources of ongoing studies and the grey literature including dissertations 

theses and conference proceedings. The researcher also contacted 

leading authors for information on unpublished or ongoing studies. 
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2.4.3 Data collection and analysis   

2.4.3.1 Selection of studies   

Results of the database searches were stored and managed using 

Covidence software (a web-based software platform that streamlines the 

production of systematic reviews) and Endnote X9. The search results 

were imported from individual databases to Endnote X9 and duplicates 

were removed. Then search results were imported from Endnote to 

Covidence for screening. A data selection form (Appendix 2) was first 

developed based on the inclusion criteria and then piloted and tested 

before being used by the researcher and the lead supervisor (JBS). The 

title and abstracts were independently screened by the researcher and the 

lead supervisor (JBS). Full-text articles were subsequently evaluated by 

both researchers. If there were any disagreement between review authors, 

a third reviewer author (PvS or GK) were contacted to solve a 

disagreement. 

2.4.3.2 Data extraction and management 

The researcher used a standard data extraction form (Appendix 3) to 

extract data from each included paper. This was developed by the author 

and piloted before use. The following information was extracted: authors, 

publication year, journal title, study design, the purpose of study, 

demographics of participants, outcome measures, results, and author's 

conclusion. 

2.4.3.3 Assessment of the methodological quality 

A rigorous methodological quality assessment is a necessary step in 

systematic review methodology because an inadequate risk of bias 

assessment can significantly affect systematic review findings and 

presumably misleading recommendations and guidelines (Igelström, 

Campbell, Craig, and Katikireddi, 2021). Methodological quality indicates 

internal validity and is recommended as the risk of bias (RoB) by the 

Cochrane Collaboration (Higgins and Green, 2011). 
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A variety of tools are available for the quality assessment, depending on 

the study design. Differences in types of research designs require different 

methodological quality assessment tools (Zeng et al., 2015). Non-

randomised studies can be divided into non-randomised interventional 

studies and observational studies (Zeng et al., 2015). The present study 

focused on a non-randomised observational study. A number of tools for 

assessing the risk of bias for non-randomised observational studies (cohort 

study, case-control study, and cross-sectional study) have been developed 
such as the Newcastle-Ottawa Scale (NOS), the Joanna Briggs Institute 

(JBI) critical appraisal checklist, the Critical Appraisal Skills Programme 

(CASP) checklist, the National Institutes of Health (NIH) quality assessment 

tool, the Appraisal tool for Cross-Sectional Studies (AXIS) tool and the Risk 

of Bias Assessment Tool for Non-randomized Studies (RoBANS). However, 

methodological quality assessment tools for assessing the risk of bias in 

non-randomised studies are no gold standard tool exists (Farrah et al., 

2019). 

Considering all the above-mentioned tools, RoBANS tool was selected for 

assessing the risk of bias. This is because RoBANS tool provides a rating 

for the risk of bias and is compatible with the Cochrane Risk of Bias tool. 

The tool itself consists of 6 domains: selection of participants, confounding 

variables, measurement of exposure, blinding of outcome assessment, 

incomplete outcome data, and selective outcome reporting (Kim et al., 

2013; Valente et al., 2021). Six domains were assessed for the risk of bias 

and were classified as either low risk of bias, high risk of bias or unclear 

risk of bias (Appendix 4). 

2.4.3.4 Data synthesis 

The results from the included studies would have been described 

qualitatively in the text. A qualitative synthesis of the included study 

findings was conducted based on the study population, exposure, and type 

of outcome measures. Statistical meta-analysis was not possible because 

of the two included studies and the heterogeneity of methods.  
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2.5 Results 

2.5.1 Results of the search 

The electronic databases search yielded 385 records. A search of 

additional records including google scholar and hand-searching references 

yielded 133 records. After duplicates were removed, a total of 449 records 

were retained for screening, of which 397 were excluded based on the title 

or abstract. A total of 52 studies were assessed for eligibility into the 

review, 50 studies were excluded because they did not meet the inclusion 

criteria, this review identified 6 full-text studies that were not primary 

studies (systematic reviews, narrative reviews, and a book chapter). The 

outcome measures of 44 full-text studies did not meet all inclusion criteria. 

Finally, 2 full-text studies were included that met the inclusion criteria and 

were selected for qualitative synthesis. Figure 2.1 depicts the flow of 

studies through the systematic review process.  

Figure 2.1 Study flow diagram 
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2.5.2 Overview of included studies  

A total of 2 studies were included in this review: a cross-section study 

design (Burke et al., 2010) and a case-control study (Sinaki et al., 2005a). 

They involved a total of 58 participants with age-related hyperkyphosis 

combined with osteoporosis and 33 controls or comparison group of 

healthy older participants. Both included studies that investigated the 

influence of hyperkyphosis with osteoporosis on back shape and posture, 

postural balance, falls, and fear of falling in elderly women. The 

characteristics of included studies for each study are summarised in Table 

2.2 (page 55).  

2.5.2.1 Participant characteristics 
 
All subjects in the two included studies were women with hyperkyphosis 

and osteoporosis whose ages range from 71 to 76.5 years. No men were 

included. Burke et al. (2010) included participants from an outpatient clinic 

in the university while Sinaki et al. (2005a) included participants from the 

institution and surrounding communities.  

Burke et al. (2010) reported the sample size calculation together with an 

appropriate sample size (calculated 66 participants). However, Sinaki et al. 

(2005a) did not report a sample size calculation and the sample size was 

relatively small (n=26), increasing the risk of type II errors. Studies were 

conducted in Brazil (Burke et al., 2010) and the United States of America 

(Sinaki et al., 2005a). 

2.5.2.2 Outcome measures 
 
Outcomes were reported as follows. 
 

2.5.2.2.1 Back shape and posture 
 
The two included studies assessed thoracic kyphosis angle using different 

instruments with the flexicurve ruler and the lateral radiograph. Burke et al. 

(2010) assessed thoracic kyphosis using the flexicurve ruler. Test-retest 

reliability in this method was high (intraclass correlation = 0.906), in 
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comparison with kyphosis measurements using Cobb’s method. Thoracic 

hyperkyphosis is defined as the kyphosis angles being greater than 50° 

(Willner, 1981).  

While Sinaki et al. (2005a) measured the thoracic kyphosis angle using a 

lateral radiograph (the Cobb method was measured between the 2nd to the 

12th thoracic vertebrae). Hyperkyphosis angle was defined as a Cobb angle 

of 50°- 65° measured on radiographs of the spine (Lynn et al., 1997; Itoi, 

1991).  

2.5.2.2.2 Balance 
 
The included studies have used different methods to evaluate static and 

dynamic balance. Burke et al. (2010) measured postural sway using a force 

platform (model: NeuroCom Balance Master) with the Modified Clinical Test 

Sensory Interaction and Balance (CTSIBm) and the Limits of Stability test. 

The CTSIBm is a balance test that evaluates a person’s ability to use 

sensory inputs for balance. This test consists of 4 sensory conditions: 1) 

standing with eyes open on a stable surface; 2) standing with eyes closed 

on a stable surface; 3) standing with eyes open on an unstable surface and 

4) standing with eyes closed on an unstable surface. Each condition was 

repeated three times, for 10 seconds. The average value was used in 

statistical analysis. For the limits of stability test (LOS), the participants 

were asked to reach out to touch 8 different targets in different directions 

without losing balance and without moving their feet. The greatest distance 

leaning towards the targets at any point is defined as the maximum 

excursion and expressed as the percentage of the LOS. 

Sinaki et al. (2005a) measured body postural sway using computerized 

dynamic posturography. Participants were asked to stand still on a force 

platform with eyes open and eyes closed. This equipment reported an 

equilibrium score (an anterior-posterior sway envelope area), of which 100 

indicates no sway, and a score of 0 indicates a fall. A score of 68 or higher 

is considered normal sway for older adults aged 60 years and over. 
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2.5.2.2.3 Falling and fear of falling 
 
A different self-reported fall questionnaire was used in both studies. Burke 

et al. (2010) evaluated falls using the history of falls questionnaire, which 

asks about the number of falls in the past year. Falls were defined as the 

unintentional contact of hands, arms, chest, or hips with the floor after 

losing balance. Sinaki et al. (2005a) assessed a participant’s propensity to 

fall using the fall-efficacy scale. The fall-efficacy scale consists of 10 

questions about the activities of daily living of participants. The score was 

based on the participant’s confidence, and each question is scored from 1 

to 10; 1 = extremely confident, 10 = no confidence. Therefore, a total score 

of 10 means that they have no fear of falling whereas a total score of more 

than 10 means that they either have a great fear of falling or have already 

fallen. 

2.5.3 Excluded studies 

Of the 52 studies, 50 full-text studies were evaluated and excluded, as they 

did not meet the eligibility criteria for inclusion. Table 2.3 (page 56) 

presents the characteristics of the 50 excluded studies.
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Table 2.2 Characteristics of included studies 

Study (author, 
year,country) 

Study design Participants Exposure Outcomes Main findings 

Burke,2010, 
Brazil 

Cross-
sectional 

Older women  
• The osteoporosis group:  

n = 46, 73.0 (4.2) years. 
 

• The control group (normal 
bone mineral density): n = 
20, 71.9 (3.2) years 

 
 

Osteoporosis 
with thoracic 
hyperkyphosis  
 
(hyperkyphosis is 
defined as the 
angles of thoracic 
were greater than 
50º) 

• Thoracic kyphosis was measured using 
the flexicurve ruler.  

• Postural sway was measured using a 
force platform. 

• The history of falls was measured by 
asking participants to report the number 
of falls they had in the past 12 months. 
 

• Osteoporosis group reported 
significantly more falls (p = 0.036) and 
kyphosis degrees (p = 0.05) than the 
control group.  

• Osteoporosis patients showed higher 
sway velocities tested by the modified 
clinical test of sensory interaction on 
balance (balance test is designed to 
assess the sensory contribution to 
postural control) in a stable surface with 
opened eyes condition (p = 0.038), the 
higher amplitude of displacement tested 
by the limit of stability test in the AP 
direction (p= 0.003). COP position 
(degrees) was a significant less than 
control group (p = 0.045).  

Sinaki, 2005a, 
USA 

Case-control 
study 

Older women 
• The osteoporosis-

kyphosis group: n = 12, 
76.5 (5) years. 
 

• The control group 
(healthy persons 
without osteoporosis or 
hyperkyphosis): n = 13, 
71 (5) years. 

Osteoporosis 
with thoracic 
hyperkyphosis 
 
(hyperkyphosis is 
defined as the 
degree of 
thoracic kyphosis 
is 50 - 65º) 

• Thoracic kyphosis was examined by 
lateral radiograph between T2 and T12  

• Postural sway was measured by 
computerized dynamic posturography. 

• Fear of falls was measured using the 
Fall-efficacy scale. This scale is a 
subjective test based on different 
activities of daily living. Each question is 
scored from 1 to 10 based on 
participants confidence (1 = extreme 
confidence, 10 = no confidence). 

• Older adults with osteoporosis with the 
hyperkyphosis group had greater fall 
efficacy scores than the control group 
(34.4 vs 10.0; p < 0.01).  

• Composite computerized dynamic 
posturography scores in older adults 
with osteoporosis with hyperkyphosis 
group were lower than the control group 
(58.8 vs 73.0; p = 0.002).  
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Table 2.3 Characteristics of excluded studies and reason for exclusion 

Author, year Title of Article Reason for exclusion 

1.   Abreu, 2010 The association between osteoporosis and quiet  balance in elderly 
women 

Outcome measures did not meet all inclusion criteria.                

2.    Acar, 2010 Investigating the relationships between full spinal curvatures and falls in 
the ageing population.  

Outcome measures did not meet all inclusion criteria                 

3. Ailon, 2015 Progressive spinal kyphosis in the ageing population Not a primary study                 

4. Alin, 2016 The association between spinal curvature and balance in elderly women 
at high risk of osteoporotic fractures in primary health care 

Outcome measures did not meet all inclusion criteria                 

5. Arnold, 2005 The relationship of intrinsic fall risk factors to a recent history of falling in 
older women with osteoporosis 

Outcome measures did not meet all inclusion criteria                 

6. Bansal, 2014 Exercise for improving age-related hyperkyphotic posture: a systematic 
review 

Not a primary study                 

7. Boulet, 2016 Relationships between each part of the spinal curves and upright posture 
using Multiple stepwise linear regression analysis 

Outcome measures did not meet all inclusion criteria                 

8. Brocklehurst, 1982 Skeletal deformities in the elderly and their effect on postural sway  Outcome measures did not meet all inclusion criteria                 
9. Chow, 2004 Relationship of thoracic kyphosis to functional reach and lower-extremity 

joint range of motion and muscle length in women with osteoporosis or 
osteopenia: a pilot study 

Outcome measures did not meet all inclusion criteria                 

10. Cook, 2002 The relationship between posture and balance disturbances in women 
with osteoporosis 

Outcome measures did not meet all inclusion criteria                 

11. Danis, 1998 Relationship between standing posture and stability Outcome measures did not meet all inclusion criteria 
and the participants were not older adults with 
hyperkyphosis                

12. de Groot, 2014 A flexed posture in elderly patients is associated with impairments in 
postural control during walking 

Outcome measures did not meet all inclusion criteria                 

13. Drzał-Grabiec, 
2013 

Changes in the body posture of women occurring with age Outcome measures did not meet all inclusion criteria                 

14. De Smet, 1988 Spinal compression fractures in osteoporotic women: patterns and 
relationship to hyperkyphosis 

Outcome measures did not meet all inclusion criteria                 

15. Ensrud,1997 Correlates of kyphosis in older women Outcome measures did not meet all inclusion criteria                 
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Author, year Title of Article Reason for exclusion 

16. Eum, 2013 Is kyphosis related to mobility, balance, and disability? Outcome measures did not meet all inclusion criteria                 

17. Fernandes, 2018 Postural changes versus balance control and falls in community-living 
older adults: a systematic review 

Not a primary study                 

18. Fujita, 2005 Effect of age on body sway assessed by computerized posturography Outcome measures did not meet all inclusion criteria                 
19. Greig, 2007 Balance impairment is related to vertebral fracture rather than thoracic 

kyphosis in individuals with osteoporosis 
Outcome measures did not meet all inclusion criteria                 

20. Hu, 2014 Correlation of thoracic kyphosis angle with physical capacity in women 
with primary osteoporosis 

Outcome measures did not meet all inclusion criteria                 

21. Huang, 2006 Hyperkyphotic posture and risk of future osteoporotic fractures: the 
Rancho Bernardo study 

Outcome measures did not meet all inclusion criteria                 

22. Ishikawa, 2009 Spinal curvature and postural balance in patients with osteoporosis Outcome measures did not meet all inclusion criteria                 
23. Ishikawa, 2013 Spinal sagittal contour affecting falls: Cut-off value of the lumbar spine for 

falls. 
Outcome measures did not meet all inclusion criteria                 

24. Kado, 2005 Hyperkyphotic posture and poor physical functional ability in older 
community-dwelling men and women: the Rancho Bernardo study 

Outcome measures did not meet all inclusion criteria                 

25. Kado, 2007 Hyperkyphotic posture and risk of injurious falls in older persons: the 
Rancho Bernardo Study 

Outcome measures did not meet all inclusion criteria                 

26. Kasukawa, 2017 Age-related changes in muscle strength and spinal kyphosis angles in an 
elderly Japanese population 

Outcome measures did not meet all inclusion criteria                 

27. Kasukawa,2010  Relationships between falls, spinal curvature, spinal mobility, and back 
extensor strength in elderly people 

Outcome measures did not meet all inclusion criteria                 

28. Katzman, 2013 Kyphosis and decline in physical function over 15 years in older 
community-dwelling women: The study of osteoporotic fractures 

Outcome measures did not meet all inclusion criteria                 

29. Katzman, 2011 Increasing kyphosis predicts worsening mobility in older community-
dwelling women: a prospective cohort study 

Outcome measures did not meet all inclusion criteria                 

30. Katzman, 2011 Age-related hyperkyphosis, independent of spinal osteoporosis, is 
associated with impaired mobility in older community-dwelling women 

Outcome measures did not meet all inclusion criteria                 

31. Katzman, 2010 Age-related hyperkyphosis: its causes, consequences, and management Not a primary study                 
32. Laughton, 2003 Aging, muscle activity, and balance control: physiologic changes 

associated with balance impairment 
Outcome measures did not meet all inclusion criteria                 

33. Lorbergs, 2017 Thoracic Kyphosis and Physical Function: The Framingham Study Outcome measures did not meet all inclusion criteria                 

34. Lynn, 1997 Balance characteristics of persons with osteoporosis Outcome measures did not meet all inclusion criteria                 
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Author, year Title of Article Reason for exclusion 

35. MacIntyre, 2014 Inclinometer-based measures of standing posture in older adults with low 
bone mass are reliable and associated with self-reported, but not 
performance-based, physical function 

Outcome measures did not meet all inclusion criteria                 

36. Maejima, 2004 The relationship between postural deformation and standing balance in 
the elderly person 

Outcome measures did not meet all inclusion criteria                 

37. McDaniels-
Davidson, 2018 

Kyphosis and incident falls among community-dwelling older adults Outcome measures did not meet all inclusion criteria                 

38. McDaniels-
Davidson, 2016 

Kyphosis, balance dynamics, and incident falls in community-dwelling 
older adults 

Outcome measures did not meet all inclusion criteria                 

39. Choi, 2011 Does the kyphotic change decrease the risk of fall? Outcome measures did not meet all inclusion criteria                 
40. Muramoto,2016 Spinal sagittal balance substantially influences locomotive syndrome and 

physical performance in community-living middle-aged and elderly 
women  

Outcome measures did not meet all inclusion criteria                 

41. O'Brien, 1997 Balance and skeletal alignment in a group of elderly female fallers and 
non-fallers 

Outcome measures did not meet all inclusion criteria                 

42. Ostrowska, 2008 Postural stability and body posture in older women: comparison between 
fallers and non-fallers. 

Outcome measures did not meet all inclusion criteria                 

43. Regolin, 2010 Relationship between thoracic kyphosis, bone mineral density, and 
postural control in elderly women 

Outcome measures did not meet all inclusion criteria                 

44. Roghani, 2017 Age-related hyperkyphosis: update of its potential causes and clinical 
impacts-a narrative review. 

Not a primary study                 

45. Ryan, 1997 The impact of kyphosis on daily functioning  Outcome measures did not meet all inclusion criteria                 

46. Saint, 2016 The effects of thoracic kyphosis on dynamic balance in older women with 
osteoporosis  

Outcome measures did not meet all inclusion criteria                 

47. Sangtarash, 2015 The relationship of thoracic kyphosis to gait performance and quality of 
life in women with osteoporosis 

Outcome measures did not meet all inclusion criteria                 

48. Sinaki, 2017 Postural changes in osteoporosis Not a primary study                 

49. Singla, 2017 Association between forward head, rounded shoulders, and increased 
thoracic kyphosis: a review of the literature 

Not a primary study                 

50. Tominaga, 2016 Relationship between kyphotic posture and falls in community-dwelling 
men and women: the locomotive syndrome and health outcome in Aizu 
cohort study 

Outcome measures did not meet all inclusion criteria                 
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2.5.4 Overview of assessment of methodological quality in 

included studies 

 
Two studies (Burke, 2010; Sinaki, 2005a) were included in this review. The 

RoBANS tool was used to assess the risk of bias in two included studies. 

Between the 2 included studies, 1 study was a cross-sectional study design 

(Burke, 2010) and the other study was a case-control study design (Sinaki, 

2005a). Two included studies had a high risk of bias in at least one domain, 

thus the overall risk of bias was high in both studies. This was mainly due to a 

lack of reported confounding variables (both studies), incompleted (Burke, 

2010), and lack (Sinaki, 2005a) of reported blinding outcome assessment as 

well as the absence of the experimental protocol to allow assessment of 

selective outcome reporting (both studies). The risk of bias was low for the 

selection of participants and the exposure measurement in both included 

studies. The summary of the results of the risk of bias in included studies is 

presented in Figure 2.2 . 

 

(A) 

 D1 D2 D3 D4 D5 D6 

Burke et al. (2010)       

Sinaki et al. (2005a)       

D1: selection of participants (selection bias); D2: confounding variables (selection bias); D3: 

exposure measurement (performance bias); D4: blinding outcome assessment (detection bias); 

D5: incomplete outcome data (attrition bias); D6: selective outcome reporting (reporting bias) 

 

Judgement:            high risk of bias;          unclear risk of bias;            low risk of bias 

 

 

 

 

 

+ ? 
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(B) 

 

Figure 2.2 Risk of bias judgment for individual studies using RoBANS. (A) review of 
the researcher’s judgment about each risk of bias item for each included study; (B) 
review of the researcher’s judgment about each risk of bias item presented as 
percentages in all included studies 

 

2.6 Discussion 

2.6.1 Summary of main findings 

To the author’s knowledge, this is indeed the first systematic review to identify 

the literature on the relationship between the back shape/posture and balance, 

falling, and fear of falling in older adults with hyperkyphosis. Despite a 

comprehensive search of published and unpublished studies, this review found 

only two studies that met the inclusion criteria. The findings of this review 

demonstrated that women with hyperkyphosis and osteoporosis have higher 

postural sway and a greater number of falls than elderly women without 

hyperkyphosis and osteoporosis. However, the available evidence was limited 

and was considered a high risk of bias overall. Regarding the results of included 

studies, it is difficult to draw firm conclusions because of the small number of 

included studies and the low quality of included studies. 

0% 25% 50% 75% 100%

Selective outcome reporting (reporting bias)

Incomplete outcome data (attrition bias)

Blinding outcome assessment (detection bias)

Exposure measurement (performance bias)

Confounding variables (selection bias)

Selection of participants (selection bias)

High risk of bias Unclear risk of bias Low risk of bias
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As mentioned above, two studies were identified as eligible for the review 

based on a full-text reading and were reported according to the exposure and 

outcomes identified across the two studies. 

2.6.1.1 Back shape and posture 
 
Thoracic hyperkyphosis is commonly defined as a Cobb angle of kyphosis 

greater than 40° (Fon et al., 1980; Roghani et al., 2017). Two studies have 

been conducted the studies using different definitions of hyperkyphosis. Burke 

et al. (2010) used the definition of hyperkyphosis by Wilner (Willner, 1981) 

“thoracic hyperkyphosis refers to kyphosis angle greater than 50°”. While Sinaki 

et al. (2005a) defined thoracic hyperkyphosis as a Cobb kyphosis angle of 50°- 

65°. Although both studies used a different definition of thoracic hyperkyphosis, 

all participants in both studies presented thoracic hyperkyphosis curves. 

 

Regarding methods for thoracic kyphosis angle evaluation, the Cobb angle is 

the gold standard method to measure a thoracic angle (Roghani et al., 2017). 

Two included studies measured thoracic kyphosis angle using different 

methods. Burke et al. (2010) measured thoracic kyphosis angle using a 

Flexicurve ruler. While Sinaki et al. (2005a) measured thoracic kyphosis angle 

using the Cobb method in the x-ray. Therefore, one must be careful when 

interpreting the results of their studies. 

 

2.6.1.2 Balance 
 
Postural sway outcomes were investigated by two studies using different 

methods.  Burke et al. (2010) investigated postural sway using a force platform, 

while Sinaki et al. (2005a) assessed postural sway using computerized dynamic 

posturography. Both studies (Burke et al., 2010 and Sinaki et al., 2005a) 

demonstrated that older adults with hyperkyphosis combined with osteoporosis 

had a greater postural sway when compared to healthy older adults. Due to the 

small number of studies available, no substantive conclusions can be drawn. 
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2.6.1.3 Falling and fear of falling 
 
The risk of falling outcomes (a history of falls over the past year and a falls-

efficacy scale) were represented by Burke et al. (2010) and Sinaki et al. 

(2005a). Burke et al. (2010) reported that older adults with hyperkyphosis 

combined with osteoporosis had more history of falls compared to healthy older 

adults. Furthermore, Sinaki et al. (2005a) indicated that older adults with 

hyperkyphosis combined with osteoporosis had higher fall-efficacy scores 

(propensity to fall) than healthy older adults. Due to the small number of studies 

and differences in the type of outcomes, no conclusion can be drawn. 

 

2.6.2 Overall completeness and applicability of evidence 

According to the evidence included in this review, all subjects were women with 

osteoporosis with hyperkyphosis and no men were included. Consequently, this 

evidence is only applicable to the impact of osteoporosis-hyperkyphosis on 

back shape, balance, falls, and fear of falling in older women and cannot be 

generalised to the other population such as the young or men population.  

This review found that only two included studies met the inclusion criteria 

investigated the impact of osteoporosis-hyperkyphosis on back shape, balance, 

falling, and fear of falling in older adults and the study design of the two 

selected studies included a cross-sectional study (Burke et al., 2010) and a 

case-control study (Sinaki et al., 2005a). However, there were no included 

studies that examined the relationship between back shape and posture with 

balance, falling and fear of falling in older adults with hyperkyphosis. Thus, 

there is a lack of evidence and a resulting gap of knowledge to support the back 

shape and posture are related to balance, falling, and fear of falling in older with 

hyperkyphosis. 
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2.6.3 Quality of included studies 

The risk of bias assessment of the two included studies demonstrated that they 

were at a high risk of bias in at least one domain. This systematic review was 

limited by the paucity of the number of included studies and high-quality studies 

supporting the relationship between back shape and posture with balance, falls, 

and fear of falling in older adults with hyperkyphosis. It is important to note 

the methodological limitations of the studies included in this review.  

The high risk of bias for the cross-sectional study (Burke et al., 2010) 

demonstrated weaknesses in research methods including the absence of 

consideration given to possible confounding variables, incompleted reported 

blinding outcome assessment (reported only one outcome measure) as well as 

lack of the experimental protocol to allow assessment of selective outcome 

reporting.   

The high risk of bias for the case-control study (Sinaki et al., 2005a) indicated 

failed research methods in several areas including lack of information about the 

consideration of confounding variables, lack of reported data for blinding of 

outcome assessment, and non-availability of the experimental protocol.   

Overall, there is a need for more studies with a low risk of bias in this research 

area. Due to the limited number of included studies (only 2 studies), the 

diversity of methods of back shape and posture measurement, balance 

measurement, as well as falls and fear of falling measurement, meta-analysis 

was not possible for this systematic review. 

2.6.4 Limitations and potential biases in the review process 

Primary research published regarding the relationship between hyperkyphosis, 

postural sway, and fear of falling is minimal. As a result, the number of studies 

included in this review was small. The findings of this systematic review need to 

be interpreted within the limitations of this review. The included studies within 
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this review involved elderly women with osteoporosis and hyperkyphosis. The 

results are therefore a limited generalisation of other populations. Furthermore, 

both included studies did not undertake a correlation design to examine the 

relationships between variables. 

 2.7 Conclusion  

The findings of this systematic review strongly suggest that women with 

hyperkyphosis and osteoporosis have higher postural sway and a greater 

number of falls than elderly women without osteoporosis and hyperkyphosis. 

However, based on the quality appraisal of the small number of studies 

identified, one can safely conclude that evidence is lacking and are of poor 

quality with a high risk of bias. These findings suggest that there are gaps in the 

literature, which the current study needs to address. 

2.7.1 Implications to practice 

This systematic review examined the evidence and assessed the quality of two 

relevant studies on the association between thoracic hyperkyphosis with 

balance, falling, and fear of falling in older adults. The conclusion is limited by 

the low number of small studies included in this review. However, the findings of 

this review (2 studies) were judged to have a high risk of bias that thoracic 

hyperkyphosis affected postural sway, falls, and fear of falling in older adults.  

Results from this systematic review are important for clinicians and researchers 

and the reason why thoracic hyperkyphosis should be considered as a risk 

factor for falls in older adults and included in comprehensive fall risk 

assessment. Thus, being beneficial in both preventing and lowering the risk of 

falls in older adults.  

2.7.2 Implications to research 

More correlational studies are needed to clarify the impact of hyperkyphosis on 

balance, falls, and fear of falling in older adults to be of high methodological 
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quality. In addition, further research is needed to improve the knowledge of the 

relationship between back shape and posture with balance, falls, and fear of 

falling in older adults with hyperkyphosis that would be beneficial for patients, 

clinicians, and researchers.  

Due to the limited evidence on the relationship between back shape and 

posture with balance, falling, and fear of falling, the current research aimed to 

bridge the previous limitation to investigate these relationships. The next 

chapter presents a cross-sectional primary study regarding the relationship 

between 3D back shape and posture with balance, falling, and fear of falling in 

older adults with thoracic hyperkyphosis. 
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3.1 Introduction 

This chapter describes an investigation into the relationship between back 

shape and posture with balance, falling, and fear of falling in older people with 

hyperkyphosis. The chapter begins with the background, the study aims, and 

the objectives of the research study. This is followed by the research methods, 

outcome measures, and data analyses. Finally, the research findings, 

discussion, and conclusion of the study are presented. 

 

3.2 Background  

The ageing process is characterised by degenerative changes to the 

musculoskeletal system, involving the skeletal muscle, tendons, ligaments, 

bone, and articular cartilage. These changes may disturb the structural and 

functional properties of the musculoskeletal system that are responsible for the 

control of body posture (Frontera, 2017). An excessive thoracic spinal curvature 

> 40º is defined as an age-related hyperkyphosis (Katzman et al., 2010). It 

affects approximately 20% - 40 % of the older adult population aged over 60 

years (Kado et al., 2004; Katzman, Sellmeyer, Stewart, Wanek, & Hamel, 2007; 

Takahashi et al., 2005). Hyperkyphosis disturbs the performance of activities of 

daily living (Ryan & Fried, 1997; Takahashi et al., 2005) and balance (Kado, 

Prenovost, & Crandall, 2007; Sinaki et al., 2005a) as well as the individual’s 

quality of life (Takahashi et al., 2005).  

The spinal curvatures of individual parts of the spine are highly related to each 

other (Drzał-Grabiec et al., 2014). For deviations in the thoracic region, 

compensatory mechanisms to correct thoracic hyperkyphosis are observed in 

the spine, the pelvis and/or the lower extremities. This prevents the head, 

shoulders, and body from bending forward and downward. These 

compensatory mechanisms include cervical hyperlordosis, forward head 

posture, rounded shoulders, backward tilting of the pelvis, hip extension, knee 

flexion and ankle dorsiflexion while standing (Le Huec, Saddiki, Franke, Rigal, 
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and Aunoble, 2011; Roussouly & Nnadi, 2010). Therefore, based on the above 

studies, it is clear that there is a need to evaluate the posture of the whole body.  

Postural control is an important ability to maintain, achieve or restore a state of 

balance during any posture or activity (Pollock, Durward, Rowe, and Paul, 

2000). Balance is defined as the ability to maintain the centre of mass within the 

base of support with minimal postural sway (Horak, 1997). In general, balance 

can be divided, according to static and dynamic balance (Ragnarsdottir, 1996). 

The amount of movement required by the body to maintain balance in a quiet 

standing position is referred to as ‘postural sway’. This is used for the 

evaluation of static balance (Ragnarsdottir, 1996). Dynamic balance is defined 

as the ability to maintain an upright position while the centre of gravity and the 

base of support is moving or the centre of gravity is moving outside the base of 

support (Woollacott & Tang, 1997; Yim-Chiplis & Talbot, 2000). The limits of 

stability are one of the dynamic balance tests that are used in clinical and 

research settings (Clark and Rose, 2001). This can be defined as how far an 

individual is willing to extend their COP relative to their base of support without 

stepping, slipping, or falling (Juras et al., 2008). Therefore, the evaluation of 

balance should be considered for both types of balance. If the maintenance of 

balance is negatively impacted by a significantly increased spinal curvature 

such as hyperkyphosis, then it is likely that this will result in impaired balance 

together with an increased fall risk (Ishikawa et al., 2013; Lynn et al., 1997; 

Regolin & Carvalho, 2010). 

There are conflicting and inconclusive results regarding the association 

between thoracic kyphosis with balance, falls and fear of falling in elderly 

people with hyperkyphosis (Arnold et al., 2005; Greig et al., 2007; Kado et al., 

2007; Lynn et al., 1997; Regolin & Carvalho, 2010; Sinaki et al., 2005a; 

Tominaga et al., 2016; Ünlüsoy et al., 2011; van der Jagt-Willems et al., 2015).  

Regolin and Carvalho (2010) conducted a cross-sectional study to evaluate the 

relationship between thoracic kyphosis, low bone mineral density, and postural 
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sway in older adults. The authors demonstrated that thoracic hyperkyphosis 

combined with low bone mineral density increased postural sway in the 

anteroposterior direction in older adults with mean ages of 67.2 ± 5.01 years. 

However, Regolin and Carvalho (2010) only assessed older women and 

therefore the results cannot be generalised to older men and other populations. 

Furthermore, Arnold et al. (2005) conducted a cross-sectional (CS) study to 

determine the relationships between the history of recent falls and thoracic 

kyphosis in older women with osteoporosis. The authors documented a 

significant positive correlation between the history of falls in the past 6 months 

and the thoracic kyphosis angle using the Flexicurve ruler (r = 0.29; p < 0.05). 

However, this study only assessed older women aged over 60 (68.9 ± 5.7 

years), thereby limiting the generalisability of the findings. Additionally, the 

Flexicurve method required the participants to maintain their standing positions 

while the ruler was applied, which was difficult for older participants. Therefore, 

errors in measurements may have been due to the participants having difficulty 

maintaining a standing position, resulting in the change of the ruler’s shape 

when removed from the spine.  

In addition, Ünlüsoy et al. (2011) conducted a CS study to determine postural 

dynamic balance using the Biodex Stability System (Biodex, Inc, Shirley, New 

York) among older people with hyperkyphosis combined with osteoporosis (a 

Cobb angle of 40° or greater) (n = 30; aged 64.5 ± 3 years), older people with 

osteoporosis only (n = 50; 64.9 ± 3 years), and older healthy women (n = 30; 

64.8 ± 5 years). In this study, the authors reported that the older people with 

hyperkyphosis combined with osteoporosis and open - eyes had higher postural 

sway variables (postural sway in the anteroposterior, the mediolateral 

directions, as well as postural sway combined in both directions) compared to 

the older people with osteoporosis as well as with the older healthy women. 

With eyes closed condition, the older people with hyperkyphosis combined with 

osteoporosis had significantly higher postural sway in the anteroposterior 

direction compared to the older people with osteoporosis as well as the older 
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healthy women. Although, the authors did not explain why the older people with 

hyperkyphosis combined with osteoporosis had higher postural sway in the 

anteroposterior direction only. 

In contrast to the above studies, Eum et al. (2013) demonstrated that there was 

no relationship between an increased kyphosis index (KI) score (is defined as 

the height of the thoracic curve divided by the spinal length multiplied by 100, 

with a higher KI indicating a greater kyphosis as evaluated by the Flexicurve 

ruler among community-living older women and men) and the Berg balance 

score in older people.  

The Berg balance scale is a simple and easy test that measures functional 

balance (is defined as a test that objectively measures a person performing 

balance or walking tasks) (Langley and Mackintosh, 2007). Based on 14 items 

common to daily life activities such as sitting to standing, standing unsupported, 

reaching forward with an outstretched arm, turning 360°, and alternate stepping 

in succession onto an 8-inch platform (Godi et al., 2013). The Berg balance 

scale has shown excellent inter-rater (ICC = 0.98) and intra-rater reliability (ICC 

= 0.98) in an elderly population (Berg, Wood-Dauphine, Williams, & Gayton, 

1989; Berg, Wood-Dauphinee, & Williams, 1995; Berg, Maki, Williams, Holliday, 

& Wood-Dauphinee, 1992).  

Nevertheless, it has been suggested that this test does not quantify postural 

sway characteristics (Berg et al., 1995; Berg, Wood-Dauphinee, et al., 1992). 

Furthermore, the authors did not measure thoracic kyphosis in the angle unit, 

so it is difficult to compare the results to others.  

Further, Greig et al. (2007) conducted a study to examine the effects of having 

a vertebral fracture together with a thoracic kyphosis on postural sway 

measured using a force-plate in osteoporotic people. The researchers found 

that having a vertebral fracture in the spine is associated with impaired balance 

in participants with osteoporosis but not thoracic kyphosis. Nonetheless, the 

findings of this study resulted in limited generalisation due to the small sample 
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size (n = 22). The authors have explained the reasons for the discrepancy 

between their findings and previous studies about the relationship between 

thoracic kyphosis and balance impairment. This could be due to the variations 

in the range and magnitude of thoracic kyphosis within the sample populations. 

As there is variability in the literature with regards to the methods and tools 

used to measure thoracic kyphosis, comparison between thoracic kyphosis 

measures is different and limited. 

Back shape and posture equipment 

Existing non-invasive methods currently used to assess back shape and 

posture include the Spinal Mouse® (Mannion, Knecht, Balaban, Dvorak, & Grob, 

2004), Debrunner Kyphometer (Ohlén, Spangfort, & Tingvall, 1989; Tran et al., 

2016), Flexicurve ruler (Azadinia, Kamyab, Behtash, Ganjavian, & Javaheri, 

2014; Tran et al., 2016), as well as the inclinometer (Azadinia et al., 2014) have 

been developed and are currently used in both the clinical as well as the 

research setting. However, these techniques measure thoracic kyphosis in only 

one or two planes (sagittal plane and frontal plane). Spinal curvatures are three-

dimensional in nature and exist in three planes: sagittal, frontal, and transverse 

planes (Claus et al., 2009; O'Sullivan et al., 2002). The three-dimensional back 

shape measurement provides significantly more information than any previously 

used methods (Van Schaik, Bettany-Saltikov, & Warren, 2002), as the two other 

planes may affect balance control in older people.  

Numerous three-dimensional posture and back shape measurements such as 

the Microscribe 3DX 3-D digitizer, Integrated Shape Imaging System 1 and 2 

(ISIS 1 and 2), Posturometer-S, Moiré topographic methods, Vicon Motion 

Analysis, and Surface topography scanners (DIERS Formetric, Diers Medical 

Systems, Chicago, IL) that tend to be used at orthopaedic centres are used to 

assess back shape and body posture (Berryman et al., 2008; Rosário, 2014; 

Goldberg et al., 2001; Kandasamy et al., 2020; Knott et al., 2016; Nault et al., 

2002; Pazos et al., 2005; Stachoń et al., 2012; Warren et al., 2002; Zabjek et 
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al., 2005). However, these systems are both expensive and time-consuming for 

the assessment of the whole spine and body, have limited portability, and 

require specially trained clinicians to operate the system.  

The mobile surface topography system, a 3D mobile scanner, has been used to 

capture the three-dimensional back shape and whole-body posture (Xia et al., 

2019). This device is low cost, portable, and easy to use with excellent intra-

rater reliability (ICC = 0.87) (Daoud, Cheriet, Beauséjour, Debanné, & Labelle, 

2020; Kandasamy, 2018; Rosicky, Grygar, Chapcak, Bouma, & Rosicky, 2016). 

However, very few studies have used the mobile surface topography system for 

measuring back shape and body posture (Kandasamy, 2018; Rosicky et al., 

2016). 

A PhD study by Kandasamy (2018) conducted an RCT to evaluate the effect of 

a personalised educational intervention (Electronic-booklet: E-booklet) and was 

compared to a standard booklet (paper booklet) in adult patients with low-back 

pain. The E-booklet contained a 3D model of the patient's back and body that 

were captured using the mobile surface topography system to give visual 

feedback to patients. The results demonstrated that the personalised 

educational e-booklet was effective in treating pain, disability, as well as fear-

avoidance behaviour at work in patients with low back pain. However, no 

research studies to date have used this tool for the 3D measurement of back 

shape as well as the whole body in older people with hyperkyphosis.  

3.3 Study aim and objectives  

This study aimed to investigate the relationship between 3D back shape and 

posture with balance (postural sway and limits of stability), falling, and fear of 

falling in older people with thoracic hyperkyphosis.  

Objectives of the study: 

a.  To measure back shape and posture, postural sway, the limits of 

stability,  
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 falling, and fear of falling in all three planes 

b. To explore the relationships between 3D back shape and posture with: 

I. postural sway 

II. limits of stability 

III. falling 

IV. fear of falling 

c. To investigate if the spinal curvatures in the sagittal plane were able to 

predict balance, falls, and fear of falling in older people with 

hyperkyphosis. 

The spinal curvatures in the sagittal plane were chosen to predict balance, falls, 

and fear of falling. The reason for choosing the sagittal plane is that the spinal 

curvatures in the sagittal plane play an important role in maintaining an upright 

posture in a bipedal position. In addition, the spinal curvatures in the sagittal 

plane are closely related to postural instability and the risk of falls (Kim et al., 

2017). 

The hypotheses are as follows: 

Objective: a and b 

H1: There will be a relationship between back posture and shape with balance, 

falling, and fear of falling in older people with hyperkyphosis.   

H0: There will be no relationship found between back posture and shape with 

balance, falling, and fear of falling in older people with hyperkyphosis 

objective: c 

H1: Back posture and shape in the sagittal plane will predict balance, falling, 

and fear of falling in older people with hyperkyphosis.   

H0: Back posture and shape in the sagittal plane will not predict balance, falling, 

and fear of falling in older people with hyperkyphosis. 
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3.4 Methods 

3.4.1 Study design 

A cross-sectional design was used to examine the relationship between back 

shape and posture with balance, falling, and fear of falling in older people with 

hyperkyphosis. 

3.4.2 Ethics Approval 

This study was approved by the Teesside University, School of Health and Life 

Sciences Ethics Committee (Appendix 5). A participant information sheet (PIS) 

(Appendix 6) detailing the aims and procedures of the current research study 

was provided to each individual and informed consent (Appendix 7) was gained 

before testing. 

3.4.3 Participants 

A convenience sample of 116 volunteers screened for eligibility was recruited. 

Forty participants were excluded from the study: of these eight participants 

were excluded due to a history of surgery on either the spine or lower 

extremities and thirty-two participants had a thoracic hyperkyphosis < 40° (n = 32).  

Therefore, seventy-six participants (Male = 25, and female = 51) were recruited 

into the current study. The sample size estimation was based on data 

presented by a prospective study by Ishikawa et al. (2009). Using the 

programme G*power version 3.1.9.2 (Faul, Erdfelder, Buchner, & Lang, 2009), 

a power analysis was conducted for a correlation, the conditions specified were 

a test power of 80 %, a significance of 5%, and Pearson correlation coefficient 

(r) was 0.33, calculating a sample size of 69. To adjust for a dropout rate of 

10%, the total required sample size was 76. 

The mean, standard deviation, minimum, and maximum for each variable are 

reported in Table 3.1. 
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Table 3.1 Characteristics of study participants (n=76) 

 Mean SD Min-Max 

Age (years) 66.82    8.94 51 - 85 

Weight (kg) 64.18 12.63 43 - 115 

Height (cm) 160.09 9.31 147.00 – 197.50 

Body mass index (kg/m2) 24.89 3.23 18.37 – 32.68 

Male: Female (n) 25:51   

 

3.4.4 Recruitment 

Participants were recruited to this study through poster advertisements 

(Appendix 8) that were placed at Teesside University campus, cafés, shops, 

libraries, community centres, church halls in Middlesbrough and Stockton-on-

Tees. The posters were also emailed to all students and staff at the university. 

Non-probability sampling (convenience/volunteers), as well as snowballing 

sampling, was used to recruit participants into the study. The researcher used 

the following inclusion and exclusion criteria to identify participants. For the 

inclusion criteria, participants needed to meet the following criteria (Table 3.2). 

Furthermore, for the exclusion criteria, participants were excluded from the 

study if they met any of the following criteria (Table 3.3). 

Table 3.2 Inclusion criteria 

Inclusion criteria 

• Aged 50 years or older, of either gender 

• Have a thoracic hyperkyphosis ≥ of 40° (as measured with the bubble 

inclinometer) 

• Healthy and free from any medical conditions affecting balance and 

the ability to stand independently 

• Able to walk independently without any gait aid 
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Table 3.3 Exclusion criteria 

Exclusion criteria 

• Peripheral neuropathy (verified by self-report) 

• Vestibular problem and complaint of vertigo (verified by self-report) 

• Visual impairment (i.e., unable to read large print and verified by self-report) 

• Any neurological and/or musculoskeletal disorder that affected their balance 

(verified by self-report) 

• Receiving drugs known to affect the central nervous system or equilibrium 
such as sedatives and anxiolytics (verified by self-report) 

• History of spinal or lower extremities surgery (verified by self-report) 

• Consumed alcohol in the preceding 24 hours or other recreational drugs in 
the last week 

• Had an allergy to sticking tape 

 

3.4.5 Instrumentation 

The instruments used were as follows. 

1. Falls were assessed by asking the number of falls (history of falls) in the 

past 12 months. 

2. Fear of falling was measured using the Falls-Efficacy Scale-International 

questionnaire (FES-I).  

3. Balance measurements, in particular postural sway and the limits of 

stability, were evaluated by the TekScan MatScan® system. 

4. Back shape and posture outcomes were measured using the mobile 

surface topography system 

The details of each instrument are as follows. 
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3.4.5.1 Falls were evaluated using the history of falls 
questionnaires 

A fall is defined as “an unexpected event in which the participant comes to rest 

on the ground, floor or lower level” (Lamb et al., 2005). The history of falls was 

assessed by asking the following questions “Did you have any falls in the past 

12 months?” (yes/no); and if they answered yes then ask them, “How many 

times did you fall in the past year?” Participants were asked about the results 

from any falls that included (1) a broken or fractured bone; (2) a blow to the 

head; (3) sprain or stain (4) bruises; (5) bleeding; (6) other injuries; and (7) no 

injury (Kado et al., 2007). The results from any falls were recorded. 

3.4.5.2 The fear of falling was evaluated using the Falls Efficacy 
Scale – International (FES-I) 

Fear of falling was assessed using the Falls Efficacy Scale – International, 

which was developed by the Prevention of Falls Network Europe (ProFaNE) in 

2011. The Falls Efficacy Scale was used to evaluate the degree of confidence 

in performing activities of daily living without falling (Tinetti, Mendes de Leon, 

Doucette, & Baker, 1994; Tinetti & Powell, 1993; Tinetti et al., 1990). The FES-I 

is a 16-item questionnaire of falls-related self-efficacy (self-perceived 

confidence in performing daily physical activities) based on the Falls Efficacy 

Scale (10 items). The 16 items of the FES-I are rated on a 4-point Likert scale 

for 16 different activities according to “how concerned you are about the 

possibility of falling”, using the following responses (score in parentheses): not 

at all (1), somewhat (2), fairly (3), and very concerned (4) (Appendix 1).  

Thus, the total score can range from a minimum of 16 to a maximum of 64 

points. Higher values indicate less fall-related self-efficacy. Participants were 

classified as having ‘low’ (FES-I score 16-19), ‘moderate’ (FES-I score 20-27), 

or ‘high’ (FES-I score 28-64) fear of falling. Test-retest reliability of the FES-I 

has ranged from 0.79 to 0.96 in older adult populations (Delbaere et al., 2010). 

The FES-I has also demonstrated excellent internal validity (Cronbach’s alpha = 

0.96) as well as excellent validity and reliability of the measurement tool) 
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(Yardley et al., 2005). The reason for selecting the FES-I questionnaire was due 

to the suitability of this test for ambulatory older participants. 

3.4.5.3 The TekScan MatScan® system for assessing postural 
sway and the limits of stability 

Balance measurement was assessed using the variables of postural sway and 

limits of stability (LOS). Postural sway data and the LOS were obtained from the 

TekScan MatScan® pressure mat model 3150 (TekScan Inc, South Boston, 

USA). The system consists of a 5 mm thick floor mat (432 × 368 mm), 

comprising of 2288 resistive sensors (1.4 sensors/cm2), and sampling data at a 

frequency of 40 Hertz (Figure 3.1, page 80). Brenton-Rule et al. (2012) 

demonstrated that the test-retest reliability of this system in older people with 

rheumatoid arthritis showed good to excellent reliability for both anteroposterior 

and mediolateral postural sway (ICCs 0.84 to 0.92). The TekScan MatScan® 

was chosen for this research study because it is lightweight, low-profile, easily 

transportable, clinically appropriate, and user-friendly.  

The TekScan MatScan® provided the centre of pressure (COP) data. The 

centre of pressure (COP) is defined as the point location of the vertical ground 

reaction force vector. It represents a weighted average of pressures distributed 

over the surface of the area when the feet are in contact with the ground 

(Winter, 1995). The COP is commonly referred to as postural sway. 

In the current study, postural sway was measured using the sway area of the 

COP (mm2), the distance of the COP (mm), variability of the COP (mm), the 

COP excursion in the anterior-posterior (A-P Exc; mm) (front-back) and the 

medial-lateral (M-L Exc; mm) (right-left) directions. The Sway Analysis Module 

(SAMTM) software was used in conjunction with the TekScan MatScan® to 

analyze the sway data. The postural sway parameters are described in Table 

3.4 (page 80). 
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Figure 3.1 TekScan Pressure Mat 

Table 3.4  The meaning of postural sway parameters and the limits of stability 
measured from the TekScan MatScan® System 

Parameter Meaning 

Postural sway  

Area (mm2)  The elliptical region in which the centre of pressure (COP) 

spent 95% of its time during the recording (Figure 3.2, page 81) 

Dist (Distance) (mm) The length of the path travelled by the COP during the 

recording (Figure 3.2, page 81) 

Var (Variability) (mm) The standard deviation of the individual movements of the COP 

from frame to frame during the recording 

A-P Exc (mm) The anterior-posterior (front-back) excursion or distance 

(length) travelled (swayed) by the COP during the recording 

(Figure 3.3, page 82) 

M-L Exc (mm) The medial-lateral (left-right) excursion or distance (length) 

travelled (swayed) by the COP during the recording (Figure 3.4, 

page 82) 

Limits of stability  

Pressure mat 
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Parameter Meaning 

Leaning forward Maximum centre of pressure excursion in leaning in a forward 

direction 

Leaning to the left Maximum centre of pressure excursion in leaning to the left-

side direction (medial) 

Leaning to the right Maximum centre of pressure excursion in leaning to the right-

side direction (lateral) 

 
 
 

 
Figure 3.2 The COP of distance and sway area 

 
 

The elliptical region travelled 
by the COP represents sway 
area 

Each point (blue dot) along the 
COP represents distance of the 
COP 
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Figure 3.3 The anterior-posterior distance travelled by the COP during recording. The 
blue hashed upper and lower lines represent the 95% confidence interval within which 
the COP travelled (or swayed) anterior to posterior 

 

 

Figure 3.4 The medial-lateral excursion or distance travelled by the COP during 
recording. The blue hashed upper and lower lines represent the 95% confidence 
interval within which the COP travelled (or swayed) right to left 

95% Confidence Interval lines The COP traveled left to right 
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3.4.5.4 The mobile surface topography system (Structure 
SensorTM and software) 

A commercially available iPad-based 3D mobile scanning tool called Structure 

SensorTM, was used to capture the shape of the back as well as the 

participant’s whole body surface. Structure Sensor is a 3D sensing accessory 

that uses an eye-safe infrared laser to project invisible structured infrared light 

onto an object and captures it with an infrared camera to produce a depth map 

(Figure 3.5). This equipment displays real-time anatomical landmarks and 

reconstructs the whole back and body shape using the triangulation method.  

 

 

 

Figure 3.5 The mobile surface-topography system 

 

 

 

IPad 

Structure SensorTM 
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The basic steps for using the mobile surface-topography system are as follows: 

(1) attach the sensor to an iPad; (2) open the scanner app called “itSeez3D” 

(Figure 3.6) and adjust the size of scan space represented as a cubic in the 

app; (3) start scanning participant’s whole body from the front view; (4) move 

the sensor up, down, and around participant’s whole body to capture all angles; 

and (5) the collected data (3D model) was then realigned and processed in 

open-source software called Netfabb BasicTM (Figure 3.7,  page 85).  

 

 

Figure 3.6 The scanner app “itSeez3D” 

https://itseez3d.com/wp-content/uploads/2014/06/logo_sq.png

https://itseez3d.com/wp-content/uploads/2014/06/logo_sq.png


Chapter 3: A cross-sectional study 

85 
 

 

 
 

Figure 3.7 Open-source software called Netfabb BasicTM 
https://en.taiwebs.com/windows/download-autodesk-netfabb-ultimate-4610.html
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Back shape and posture variables were measured as follows in Table 3.5. 

Table 3.5 Back shape and posture parameters 

Plane/angle (°) Description Picture 

Sagittal plane 

Cervical Lordotic 

Angle  

The angle is formed by lines drawn through C2 

and C4 and through C4 and C7.  

 

 

Figure 3.8 cervical lordotic 

Forward head 

posture  

 

The angle between the horizontal line passing 

through C7 and a line extending from the tragus 

of the ear to C7.  

 

Figure 3.9 forward head posture 

Thoracic Kyphosis 

angle  

The angle is formed by lines drawn through the 

upper end-vertebra of the curve (C7) to the apex 

of the kyphosis and the apex through the lower 

end-vertebra of the curve (T12).  

 

 

Figure 3.10 Thoracic Kyphosis 
angle 
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Table 3.5 Back shape and posture parameters (continued) 

Plane/angle (°) Description Picture 

Sagittal plane 

Lumbar lordosis angle  The angle is formed by lines drawn through 

the upper-end vertebrae of the curve to the 

apex of the lordosis and the apex through 

S1.  

 

 

 

Figure 3.11 Lumbar lordosis angle 

Sacral slope angle  

 

The angle between the vertical line and the 

line tangent to body contour at the sacral 

slope area. 

 

 

 

 

Figure 3.12 Sacral slope angle 
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Table 3.5 Back shape and posture parameters (continued) 

Plane/angle (°) Description Picture 

Sagittal plane 

Hip flexion angle 

(Right and left) 

 

The angle between the line extending from 

the lateral condyle of the knee to the greater 

trochanter of the hip and the line from the 

cranial center of mass to the greater 

trochanter of the hip.  

 

 

Figure 3.13 Hip flexion angle 

Knee flexion angle  

(Right and left) 

 

The angle between the line extending from 

the greater trochanter of the hip to the lateral 

condyle of the knee and the line from the 

lateral condyle of the knee to the lateral 

malleolus of the ankle. 

 

 

 

Figure 3.14 Knee flexion angle  

 



Chapter 3: A cross-sectional study 

89 
 

Table 3.5 Back shape and posture parameters (continued) 

Plane/angle (°) Description Picture 

Frontal plane 

Shoulder elevation 

(Right high, left high, 

and symmetry) 

The angle is formed by lines drawn 

between left and right acromion process 

markers, and the angle of this line to the 

horizontal. 

Shoulder symmetry is defined as the angle 

is less than 1° 

 

Figure 3.15 Shoulder elevation 

 

Trunk imbalance 

 

The trunk imbalance is defined as the 

lateral deviation of vertebra prominent from 

the middle of the dimple  

 

 

Figure 3.16 Trunk imbalance 

Lateral pelvic tilt  

(Right, left, and 

symmetry)  

The angle formed by the horizontal and by 

the line joining the two posterior superior 

iliac spine (PSIS) 

Lateral pelvic tilt symmetry is defined as 

the angle is less than 1° 

 

      

 

Figure 3.17 Lateral pelvic tilt 
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Table 3.5 Back shape and posture parameters (continued) 

Plane/angle (°) Description Picture 

Frontal plane 

Frontal knee angle 

(Right and Left)  

The angle of intersection from a line drawn 

between the anterior superior iliac spine 

(ASIS) and the mid pole of the patella and 

the talus 

 

Figure 3.18 Frontal knee angle 

 Transverse plane  

Scapular protraction 

(Right and Left)  

 

The angle formed by a line through the T8 

vertebrae of the curve to the apex of the 

scapula prominence and the lower end 

angle of the curve (midline to axilla) 

 

 

Figure 3.19 Scapular protraction 

The angle of trunk 

rotation  

When the trunk is flexed at 90° at the hips, 

the angle between the horizontal plane and 

another plane across the posterior spine at 

the greatest elevation of a rib or lumbar 

prominence is measured with a 

scoliometer.  
     

Figure 3.20 The angle of trunk 
rotation (Patias et al., 2010) 
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3.4.6 Procedure 

All testing was conducted in the Physiotherapy Research Laboratory at 

Teesside University. All subjects were given a full explanation of the testing 

procedure and were asked if they had further questions about the study. Any 

questions were answered by the researcher. All participants were asked to sign 

the informed consent documentation (Appendix 7).  

All participants were screened using the inclusion/exclusion criteria as well as 

the health screening check to assess their eligibility. Participants were initially 

screened before recruiting into the study by measuring the thoracic kyphosis 

angle (C7-T12) using a bubble inclinometer (Figure 3.21). If the thoracic 

kyphosis angle was ≥ 40°, then participants were referred to the study (Baseline 

bubble inclinometer, Fabrication Enterprises Inc., White Plains, New York, 

USA). This method was chosen for conducting screening tests due to its 

simplicity, being inexpensive, and quick as it does not require any data 

processing (Barrett, McCreesh, & Lewis, 2013; Van Blommestein, 2012). The 

bubble inclinometer has demonstrated excellent intra-rater [ICC (2,3) = 0.92]) 

and inter-rater reliability [ICC (3,1) = 0.90] (Barrett et al., 2013). 

 

 
Figure 3.21 The baseline bubble inclinometer 

https://www.physioparts.co.uk/bubble-inclinometer 

https://www.physioparts.co.uk/bubble-inclinometer
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3.4.6.1 Screening assessment 

Screening for thoracic kyphosis angle was assessed as described below: 

Participants were asked to wear underwear or swimwear to expose their backs 

to ensure accurate palpation of bony landmarks and proper positioning of the 

inclinometer. Participants were instructed to stand in their normal posture. The 

bony landmarks of C7 and T12 were palpated and marked. The spinous process 

of C7 was identified by asking participants to bend their head down and palpating 

the first prominence at the lower end of the neck; it was marked using a dry-

erase marker. The T12 spinous process was identified by palpating and 

counting 12 prominences on the spine caudally under C7 and marked using a 

dry-erase marker. A bubble inclinometer was placed on the mark already on the 

spinous process at T12 and was zeroed. It was then moved on to the second 

location, with the bubble inclinometer was placed on the mark made for the 

spinous process at C7 (Figure 3.22). The angle between the two positions was 

recorded. The measurement was taken three times to reduce any error of 

measurement. The average of three measurements was used for screening 

participants (MacIntyre, Lorbergs, & Adachi, 2014; Siminoski, Warshawski, Jen, 

& Lee, 2011). 

 

  a) inclinometer measurement at T12             b) inclinometer measurement at C7                       
Figure 3.22 A bubble inclinometer measurement 

bubble inclinometer 
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3.4.6.2 Falling and fear of falling assessment 

All participants were asked to complete two questionnaires: the history of falls in 

the past 12 months and the Fear of falling questionnaires (Appendix 1). 

3.4.6.3 Back shape and posture assessment  

For back shape and posture measurement, participants were asked to wear 

underwear or swimwear and to remove their socks and shoes. The reflective 

markers were placed on the left and right acromion process, inferior angle of 

the scapula, iliac crests, lateral malleolus of the ankle, lateral condyle of knee, 

greater trochanter of the hip, Anterior Superior Iliac Spine (ASIS), Posterior 

Superior Iliac Spine (PSIS), spinous process of C7, apical thoracic vertebrae, 

lumbar apical vertebra, and Sacral slope point of each participant. 

Participants were then instructed to stand with their weight equally distributed 

on both feet and were asked to stand in their normal posture with their arms 

hanging by their sides. The mobile surface topography system (The iPad with 

Structure SensorTM with the commercial app called “itSeez3D”) was used to 

capture the shape of the back as well as the participant’s whole body by moving 

around the body for a 3-dimensional image (Figure 3.23, page 94). After the 

three-dimensional images were taken, the image data was then realigned and 

processed in the Netfabb BasicTM programme (Figure 3.24, page 94). 
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Figure 3.23 Measurement of back shape and posture scan with Structure Sensor 

 
 

 

Figure 3.24 Body shape and posture calculations in Netfabb programme 
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3.4.6.4 Balance assessment 

Static balance test: Postural sway during quiet standing  

For the collection of the postural sway data, Participants were instructed to 

stand barefoot on the TekScan MatScan® pressure mat 

and a physiotherapy belt was fastened and tightened across the waist area to 

prevent falls. They were asked to stand as still as possible in their natural 

posture with eyes open and look straight ahead (looking at a 2-diameter black 

circle positioned 2 meters away from the participant on the wall in front of them 

positioned at eye level).  

Standing balance was recorded once the participant was comfortable, ready, 

and aligned their feet in a comfortable position and their arms by their sides. 

Participants were asked to remain in this position for 30 seconds while postural 

sway data was recorded. Data was recorded three times to obtain a mean 

value. Each participant was then asked to step forwards off the pressure mat 

and rest for 30 seconds between repetitions to avoid fatigue (Brenton-Rule et 

al., 2012).  

Dynamic balance test: Limits of stability test (LOS) 

After the static balance test, the participants undertook the limits of stability test. 

“Limits of stability” is defined as ‘the maximum range over which the participant 

can transfer their centre of gravity from a midline upright standing posture within 

their base of support without falling, stepping, or reaching for support. To 

measure the LOS, participants were asked to stand over the mat with their feet 

placed at shoulder width and arms at their sides. They were told to focus their 

eyes on a 2-diameter black circle marked on the wall 2 metres in front of them 

at the level of each person’s eyes.  

Participants were instructed to lean their bodies as much as possible in 3 

different directions: forward left, and right directions (Figure 3.25, page 96). For 

safety reasons, this study did not assess the limits of stability in the backward 

direction. They were then told to hold each position for 5 seconds, without 

bending the hips or lifting the heels or toes off the ground. The trials were 

repeated 3 times. The obtained data were averaged over 3 trials.  
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To ensure that foot position during testing was the same in each trial, 

participants were asked to assume and stand in their normal standing posture 

on the TekScan pressure mat with two black lines used as references for the 

foot placement which was attached to the mat at the X and Y-axis. The white 

markers were then marked at the midline of the feet (Figure 3.26, page 97). 

  
 

Figure 3.25 limits of stability in a forward direction 

 
 
 
 
 
 

The area of a cone indicating 
the limits of stability. 

 The body’s centre of 
mass (white dot) 

The projection of 
body’s centre of mass 
(white arrow) 
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3.4.7 Statistical analysis 

Data analysis was performed using the IBM SPSS statistics software (Version 

23.0 for Windows, SPSS Inc., NY, USA). The level of statistical significance for 

all tests was set at p < 0.05. 

Demographic data were first analysed descriptively by calculating the means, 

standard deviations, and range.  

Before conducting the inferential analysis, the distribution of all variables  was 

tested for normality. For a sample size larger than 50, such as in this study, the 

suitable test of normality would be the Kolmogorov-Smirnov test (Ghasemi and 

Zahediasl, 2012). Most of the variables were not normally distributed including 

all balance parameters, fear of falling variables, the history of falls variable, 

sacral slope, lumbar lordosis, lateral pelvic tilt, trunk imbalance, right scapular 

protraction, as well as the angle of trunk rotation in sitting and standing position. 

Therefore, non-parametric statistics were used for further analysis (Ghasemi 

and Zahediasl, 2012).   

Y-axis 

    X-axis 

A mat 

White markers 

Figure 3.26 Foot position on the TekScan MatScan 
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Assumptions were checked, where the data was not normally distributed, and a 

bootstrap 95% of the confidence interval was implemented as recommended for 

the analysis of data that violated any assumptions of regression (Field, 2017).  

The bootstrap is a computationally intensive statistical technique that allows the 

researcher to make inferences from data without making strong distributional 

assumptions about the data and was developed for nonparametric statistics 

(Efron, 1987; Haukoos & Lewis, 2005).  

The outcome variables including back shape and posture, balance, and fear of 

falling were continuous. Only the outcome variable falling was dichotomous into 

yes/no for any incident fall and any injurious fall. 

To test the hypothesis the relationship between back shape and posture with 

balance, falling, and fear of falling in older adults with hyperkyphosis, correlation 

analysis is used to describe the strength and direction of the linear relationship 

between two variables. Spearman’s rho correlation coefficient (rho), a non-

parametric , was chosen to evaluate the relationships between back shape and 

posture with balance (1), back shape and posture with falling (2), as well as 

back shape and posture with fear of falling (3). The strength of the correlations 

between the variables were estimated to be either weak (r = 0.1 to 0.29), 

moderate (r = 0.3 to 0.49), or strong (r = 0.5 to 1.00) (Pallant, 2020). 

Another hypothesis is that back posture and shape in the sagittal plane predict 

balance, falling, and fear of falling in older people with hyperkyphosis. Multiple 

linear regression can be used to identify the best set of predictor variables, a 

continuous variable of a group of independent variables, and one dependent 

variable. It can be used to test the predictive power of a set of variables and to 

assess the relative contribution of each individual variable (Pallant, 2020). 

Therefore,  multiple linear regression analyses were then performed to examine 

any potential predictors of balance and fear of falling. As mentioned above, the 

falling outcome was a dichotomous or category variable. Logistic regression is 

also used to predict a categorical or dichotomous variable from a set of 
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predictor variables (Pallant, 2020). In the current study, logistic regression, 

therefore, was used to assess any potential predictors for falls as the variable 

(falls) is a categorical or dichotomous variable.  

3.5 Results 

This chapter presents the results of the relationships between 1) back shape 

and posture with balance, 2) back shape and posture with falling, 3) back shape 

and posture with fear of falling in older people with hyperkyphosis. In addition, 

this current study also presents the results for predicting balance, falls, and fear 

of falling in older people from the spinal curvatures in the sagittal plane. 

3.5.1 Back shape and posture  

Table 3.6 (page 100) depicts the mean, standard deviations, and ranges for 

back shape and body posture in the sagittal plane, the frontal plane, as well as 

the transverse plane. 

The mean thoracic kyphosis angle was 38.26 ± 6.76° for the mobile surface 

topography system and 49.48 ± 7.25° for the bubble inclinometer method. 

Thoracic kyphosis angle using the mobile surface topography system averaged 

10° less than the inclinometer kyphosis angle. The angles from both methods 

are different because of differences in the measuring method. Body angles from 

the mobile surface topography system derived from photography. Angles from 

the bubble inclinometer were calculated using instrumentation applied directly 

to the back (Nair et al., 2017). 
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Table 3.6 Means, standard deviations and min-max for back shape and posture in 3D 
planes from the mobile surface topography system (n = 76)  

Variable (angle) Mean  SD  Min-Max 

Sagittal plane (°)    

Forward head posture (FHP) 33.92 6.75 17.68-47.51 

Cervical lordosis (CLA) 27.98 12.25 10.35-65.30 

Thoracic kyphosis (TKA) 38.26 6.76 29.51-60.97 

Thoracic kyphosis-Inclinometer (TKA) 49.58 7.25 40-75 

Lumbar lordosis (LLA)  17.94 8.82 2.89-47.04 

Sacral slope (SSA)  21.65 11.04 6.60-57.17 

Right Hip flexion (HFA)  8.54 4.17 0-22.86 

Left Hip flexion (HFA)  8.61 4.28 0-16.61 

Right Knee flexion (KFA)  8.52 4.31 0-27.87 

Left Knee flexion (KFA)  8.38 4.07 0-18.81 

Frontal plane (°)    

Right shoulder elevation angle (SEA)  3.45 1.46 1.17-7.04 

Left shoulder elevation angle (SEA) (n = 21) 3.81 1.30 1.24-6.33 

Shoulder symmetry (°) (n = 22) 0.54 0.14 0.28-0.81 

Right lateral pelvic tilt (LPT) (n=14) 5.16 1.70 2.9-8.45 

Left lateral pelvic tilt (LPT) (n=19) 5.74 2.26 3.29-11.45 

Lateral pelvic tilt symmetry (n=43) 0.65 0.20 0.26-0.98 

Right frontal knee angle (FKA)  9.60 4.48 0.45-19.81 

Left frontal knee angle (FKA)  8.85 3.47 1.73-16.25 

Trunk imbalance (TI) 1.43 1.03 0-5.38 

Transverse plane (°)    

Right scapular protraction (SP)  142.59 7.86 108.90-158.24 

Left scapular protraction (SP) 143.39 7.06 121.82-159.36 

Sitting forward bending position (°)    

Angle of trunk of rotation (ATR) at T4-T8  2.12 2.01 0-8 

Angle of trunk of rotation (ATR) at T12-L1  3.03 2.49 0-12.33 

Angle of trunk of rotation (ATR) at L3-L5  1.85 1.71 0-6 

Standing forward bending position (°)    

Angle of trunk of rotation (ATR) at T4-T8  1.51 1.64 0-7 

Angle of trunk of rotation (ATR) at T12-L1  2.30 2.26 0-12 

Angle of trunk of rotation (ATR) at L3-L5  1.57 1.59 0-6 

T4= thoracic vertebrae level 4, T8= thoracic vertebrae level 8, T12= thoracic vertebrae level 12, 
L1= lumbar vertebrae level 1, L3= lumbar vertebrae level 3, L5= lumbar vertebrae level 5 
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3.5.2 Balance measurements 

The mean, standard deviations, and minimum as well as maximum values for 

postural sway and the limits of stability are shown in Table 3.7. 

Table 3.7 Balance parameters: postural sway and the limits of stability 

 Mean SD Min-Max 

Quiet standing balance    

Area (mm2) 83.08 63.09 12.58-315.42 

Distance (mm) 411.81 239.94 196.30-1691.89 

Variability (mm) 0.27 0.14 0.10-0.71 

Antero-posterior Exc (mm) 17.76 5.79 7.89-33.19 

Medial-lateral Exc (mm) 8.87 4.23 3.56-26.13 

Limits of Stability     

Leaning forward    

Area (mm2)  110.30 153.51 14.58-1257.37 

Distance (mm) 106.37 54.60 44.84-315.03 

Variability (mm) 0.42 0.21 0.12-1.14 

Antero-posterior Exc (mm) 15.64 7.17 6.08-54.87 

Medial-lateral Exc (mm) 9.32 4.82 3.07-27.38 

Leaning to the left    

Area (mm2)  194.50 262.56 21.05-1736.80 

Distance (mm) 111.17 57.19 45.73-327.20 

Variability (mm) 0.42 0.21 0.16-1.22 

Antero-posterior Exc (mm) 13.97 5.63 5.05-36.43 

Medial-lateral Exc (mm) 16.70 12.43 4.55-84.97 

Leaning to the right    

Area (mm2)  139.28 118.68 18.08-809.83 

Distance (mm) 101.76 43.36 51.69-276.10 

Variability (mm) 0.39 0.17 0.13-1.11 

Antero-posterior Exc (mm) 13.66 5.18 4.96-41.25 

Medial-lateral Exc (mm) 13.76 6.06 5.15-37.98 

mm2 = square millimetre, mm = millimeter, Exc = excursion 
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3.5.3 History of falls and FES-I 

The frequency of non-fall, fall, and injurious falls is reported in Table 3.8. 

Twenty-one per cent of participants had at least one fall in the past year. Thirty-

one per cent of falls reported resulted in a bruise. 

 

Table 3.8 shows the frequency of no-falls, falls, and injurious falls (n = 76) 

 Frequency  Precent 

No-falls 60 78.95 

Falls 16 21.05 

Frequency of falls   

• 1 fall 13 81.25 

• 2 or more falls 3 18.75 

Injurious of falls   

• a broken or fractured bone 1 6 

• a blow to the head 1 6 

• sprain or stain 3 19 

• bruises 4 31 

• bleeding.  

 

3 19 

• no injury 3 19 

 

3.5.4 Fear of Falling 

The mean Fall efficacy scale-International score (FES-I) in this study was 23.25 

(SD = 8.40, range = 16-53), representing a moderate fear of falling (Yardley et 

al., 2005) (Table 3.9). 

Table 3.9 shows the mean, standard deviations, and minimum as well as 
maximum for the fear of falling (n =76) 

 Mean SD Min-Max 

The FES-I (scores) 23.25 8.40 16-53 
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The reliability of measurement scales: The FES-I 

The reliability of a scale was assessed using internal consistency. Internal 

consistency is the reliability measure that examines consistency across different 

items of the same construct. Cronbach’s coefficient alpha is the statistical 

method that is used to assess internal consistency and to also assess the 

degree to which all the items in the questionnaire are measuring the same 

construct. This reliability coefficient normally ranges between 0 and 1, with 

higher values indicating greater reliability (Pallant, 2020). Pallant (2020) and 

Tavakol and Dennick (2011) recommended that Cronbach’s alpha values > 0.7 

are acceptable; however, values greater than 0.8 are preferable. However, 

Briggs and Cheek (1986) suggested that the optimal mean inter-item correlation 

values should range from 0.2 to 0.4. 

Yardley et al. (2005) demonstrated that the internal consistency (Cronbach’s 

alpha) of the FES-I was 0.96. The inter-item correlation was found to be 0.55 

(range 0.29 to 0.79) in a community-dwelling population. Furthermore, Kempen 

et al. (2007) found the internal consistency (Cronbach’s alpha) of the FES-I was 

0.96 and the inter-item correlations were 0.64. 

In the current study, Cronbach’s alpha was 0.95, indicating excellent internal 

consistency reliability for the scale. The mean inter-item correlation was 0.54 

(range 0.17 to 0.79). 

3.5.5 The relationships between back shape and posture 
parameters with postural sway parameters during quiet 
standing  

Spearman's correlations were used to examine the relationships of the back 

shape and posture parameters with postural sway parameters during quiet 

standing. These relationships were evaluated in three different planes: sagittal, 

frontal, and transverse planes. 
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Sagittal plane 

The results of the relationships between the back shape and posture 

parameters in the sagittal plane with postural sway during quiet standing (the 

sway area of the COP, the distance of the COP, the variability of the COP, the 

COP excursion in the AP, and the ML directions) are summarised in Table 3.10 

(pages 105 - 106).  

This section provided an overview of statistically significant results. Only 

significant results are provided in the next sections (pages 108 -109). 

There was a significant association between the sacral slope angle (SSA) with 

the COP excursion in the AP direction, and the right knee flexion angle (KFA) 

with the COP excursion in the AP direction.  

In addition, there was a trend towards a significant association between the left 

hip flexion angle (HFA) with the COP excursion in the ML direction (p=0.061), 

and the right KFA with the sway area of the COP (p = 0.070).  

There was no significant relationship between any of the other back shape and 

posture parameters in the sagittal plane and postural sway parameters during 

quiet standing. 
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Table 3.10 Relationship of the back shape and posture parameters in the sagittal plane with postural sway parameters during quiet standing 

Back shape/posture  Quiet standing 

Sagittal plane (°) side Sway area Distance Variability A-P Exc M-L Exc 

Forward head posture 
(FHP)  

 

 

N/A 
r =.13 

(95% CI = -0.10, 0.34;  

p = 0.275)  

r =-.01 

(95% CI = -0.23, 0.22;  

p =0.946)  

r =.16 

(95% CI = -0.07, 0.37;  

p =0.169)  

r =.01 

(95% CI = -0.21, 0.24;  

p =0.915)  

r = .18 

(95% CI = -0.05, 0.39;  

p = 0.123)  

Cervical lordosis (CLA) 

 

 

 

N/A 

r =.08 

(95% CI = -0.15, 0.30;  

p =0.509)  

r =.02 

(95% CI = -0.21, 0.24;  

p = 0.889)  

r =-.11 

(95% CI = -0.33, 0.11;  

p =0.326)  

r =.02 

(95% CI = -0.21, 0.24;  

p = 0.867)  

r =.05 

(95% CI = -0.18, 0.27;  

p =0.660)  

Thoracic Kyphosis (TKA) 

 

 

 

N/A 

r =.14 

(95% CI = -0.09, 0.35; 

 p = 0.229)  

r =.19 

(95% CI = -0.04, 0.39;  

p =0.110)  

r =-.08 

(95% CI = -0.30, 0.15;  

p =0.495)  

r =.12 

(95% CI = -0.11, 0.33; 

 p = 0.322)  

r =.15 

(95% CI = -0.07, 0.37;  

p =0.184)  

Lumbar lordosis (LLA)

 

 
 
N/A r =.00 

(95% CI = -0.22, 0.23;  
p =0.979)  

r =.07 
(95% CI = -0.16, 0.29;  

p = 0.553)  

r =.05 
(95% CI = -0.18, 0.27;  

p =0.662)  

r =.02 
(95% CI = -0.20, 0.25;  

p =0.838)  

r =.06 
(95% CI = -0.17, 0.28,  

p =0.594)  

Data represent Spearman’s correlation coefficient (r); data in parentheses refer to the lower and upper bound of the 95% confidence interval, and p-value, A-P Exc = 
Maximum anterior to the posterior excursion, M-L Exc = Maximum medial to the lateral excursion.  
 



Chapter 3: A cross-sectional study 

106 
 

Table 3.10 Relationship of the back shape and posture parameters in the sagittal plane with postural sway parameters quiet standing (continued) 
Back shape/posture  quiet standing 

Sagittal plane (°) side Sway area Distance Variability A-P Exc M-L Exc 

Sacral slope (SSA) 

 

N/A 

r =.16 

(95% CI = -0.07, 

0.37; p =0.179)  

r =.04 

(95% CI = -0.19, 0.26; 

p = 0.717)  

r =-.02 

(95% CI = -0.24, 0.21; 

p =0.885)  

r = .24* 

(95% CI = 0.01, 0.44; 

p = 0.039) 

r =.10 

(95% CI = -0.13, 0.31; 

p =0.408)  

Hip flexion (HFA) 

 

 

R 

 

r =-.01 

(95% CI = -0.08, 

0.36; p = 0.936)  

 

r =-.11 

(95% CI = -0.22, 0.23; 

p =0.352)  

 

r =-.04 

(95% CI = -0.17, 0.28; 

p = 0.719)  

 

 

r =-.06 

(95% CI = -0.19, 0.26;  

p = 0.602)  

 

r =.05 

(95% CI = -0.02, 0.41; 

p =0.683)  

 

L 

 

r =.12 

(95% CI = -0.03, 

0.40; p =0.305)  

r =.06 

(95% CI = -0.12, 0.33; 

p =0.599)  

r =.12 

(95% CI = -0.10, 0.34; 

p =0.294)  

r =.04 

(95% CI = -0.16, 0.29;  

p =0.739)  

r =.22 

(95% CI = 0.08, 0.49;  

p =0.061)  

Knee flexion (KFA) 

 

 

 

R 

 

r =.21 

(95% CI = 0.07, 0.48; 

p =0.070)  

r =.17 

(95% CI = -0.02, 0.41; 

p =0.150)  

r =.12 

(95% CI = -0.16, 0.29; 

p =0.324)  

r = .25* 

(95% CI = 0.07, 0.48; 

p = 0.029) 

r =.16 

(95% CI = 0.02, 0.44;  

p =0.180)  

 

L 

 

r =.01 

(95% CI = -0.12, 

0.33; p = 0.928)  

r =.15 

(95% CI = -0.04, 0.39; 

p =0.205)  

r =.11 

(95% CI = -0.13, 0.31; 

p =0.333)  

r =.03 

(95% CI = -0.07, 0.37;  

p =0.817)  

r =.05 

(95% CI = -0.11, 0.33; 

p =0.686)  

Data represent Spearman’s correlation coefficient (rho); data in parentheses refer to lower and upper bound of 95% confidence interval, and p value, A-P 
Exc = Maximum anterior to posterior excursion, M-L Exc = Maximum medial to lateral excursion, R=right, L= left, * = p < 0.05 
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The SSA vs the COP in the AP direction 

SSA was significantly positively correlated with the COP excursion in the AP 

direction during quiet standing (r = 0.24, p = 0.039, 95% CI = 0.01 - 0.44) 

(Figure 3.27). This means that the higher SSA, the higher the COP excursion in 

the AP direction during quiet standing.  

 

 
Figure 3.27 Scatterplot of the COP excursion in the AP direction during quiet standing 
versus the SSA 

 

Right KFA vs the COP in the AP direction  

Right KFA was significantly positively correlated with the COP excursion in the 

AP direction during quiet standing (r = 0.25, p = 0.029, 95% CI = 0.07 - 0.48) 

(Figure 3.28, page 108). This means that the higher the right KFA the higher the 

COP excursion in the AP direction during quiet standing.  
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Figure 3.28 Scatterplot of the COP excursion in the AP direction during quiet standing versus 
right KFA 

Frontal plane 

The relationship of the back shape and posture parameters in the frontal plane 

with postural sway during quiet standing (the sway area of the COP, the 

distance of the COP, variability of the COP, the COP excursion in the AP, and 

the ML directions) are summarised in Table 3.11 (pages 109 – 110). 

This section provides an overview of statistically significant results. Only 

significant results are provided in the next sections (pages 111 – 113). 

There was a significant relationship between 

• the right frontal knee angle (FKA) vs the sway area of the COP  

• the right FKA vs the COP excursion in the AP direction 

• the right FKA vs the COP excursion in the ML direction 

In addition, there was a trend towards a significant association between the 

right shoulder elevation angle (SEA) with the sway area of the COP (p = 0.052), 

and the left FKA with the sway area of the COP (p = 0.097).  

No other back shape and posture parameters in the frontal plane were 

significantly associated with postural sway during quiet standing. 

0.00

10.00

20.00

30.00

40.00

0.00 5.00 10.00 15.00 20.00 25.00 30.00

A
n

te
ri

o
r-

p
o

st
e

ri
o

r 
e

xc
u

rs
io

n
 (

m
m

)

Right knee flexion (°)

r = 0.25, p = 0.029



Chapter 3: A cross-sectional study 

 

109 
 

Table 3.11 Relationship of the back shape and posture parameters in the frontal plane with postural sway parameters during quiet 
standing  

Back 

shape/posture 

 
Quiet standing  

Frontal plane (°)  Area Distance Variability A-P Exc M-L Exc 

Shoulder elevation 

(SEA) 

 

 

 

R 

r = -0.34 

(95% CI=-0.61,0.00; 

p = 0.052)  

r = -0.28 

(95% CI= -0.57,0.07; 

p = 0.113)  

r = -0.25 

(95% CI= -0.55,0.01; 

p = 0.157)  

r = -0.19 

(95% CI= -0.50,0.16; 

p = 0.282)  

r = -0.28 

(95% CI= -0.57,0.07; 

p = 0.111)  

 

 

L 

r =0.25 

(95% CI =-0.21,0.61; 

p = 0.284)  

r =-0.18 

(95% CI =-0.57,0.27; 

p = 0.430)  

r =-0.12 

(95% CI =-0.52,0.32; 

p = 0.618)  

r = 0.09 

(95% CI =-0.36,0.5; 

p = 0.708)  

r = 0.25 

(95% CI =-0.20,0.62; 

p = 0.273) 

 

 

S 

r = 0.02 

(95% CI= -0.49,0.50; 

p = 0.949)  

r = 0.08 

(95% CI= -0.44,0.58; 

p = 0.722)  

r = 0.02 

(95% CI= -0.41,0.48; 

p = 0.940)  

r = -0.12 

(95% CI= -0.57,0.37; 

p = 0.604)  

r = 0.12 

(95% CI= -0.41,0.61; 

p = 0.604)  

Lateral pelvic tilt 

(LPT) 

 

 

R 

r = 0.02 

(95% CI= -0.52,0.54 

p = 0.958)  

r = -0.39 

(95% CI = -0.76,0.18; 

p =0.175)  

r =-0.39 

(95% CI =-0.76,0.17; 

p = 0.164)  

r = 0.04 

(95% CI= -0.50,0.56; 

p = 0.887)  

r =-0.06 

(95% CI= -0.57,0.49; 

p = 0.852)  

     

 

L 

r =-.08 

(95% CI= -0.51,0.39; 

p = 0.759)  

r = 0.11 

(95% CI= -0.36,0.54; 

p = 0.642)  

r = 0.23 

(95% CI= -0.14,0.69; 

p = 0.336)  

r = 0.04 

(95% CI= 0.71,0.95; 

p = 0.881)  

r =-0.02 

(95% CI= 0.87,0.98; 

p = 0.949)  

 

S 

r = -0.20 

(95% CI= -0.62,0.29; 

p = 0.383)  

r = -0.31 

(95% CI= -0.70,0.19; 

p = 0.168)  

r = -0.17 

(95% CI= -0.65,0.36; 

p = 0.445)  

r = -0.25 

(95% CI= -0.59,0.20; 

p = 0. 256)  

r = -0.17 

(95% CI= -0.63,0.36; 

p = 0.445)  
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Back 

shape/posture 

 
Quiet standing  

Frontal plane (°)  Area Distance Variability A-P Exc M-L Exc 

Frontal knee (FKA) 

 

 

 

R 

 

r =-.31** 

(95% CI =-0.50, 0.09;  

p = 0.007) 

r =-.08 

(95% CI= -0.3, 0.15.  

p =0.485)  

r =-.04 

(95% CI= -0.27, 0.19;  

p = 0.724)  

r =-.31** 

(95% CI =-0.50, -0.09; 

 p = 0.007) 

r =-.25* 

(95% CI =-0.45, -0.03;  

p = 0.028) 

 

L 

 

r =-.19 

(95% CI -0.4, 0.03; 

p =0.097)  

r =-.04 

(95% CI -0.26,0.19; 

p =0.725)  

r =-.02 

(-95% CI= 0.24, 0.21; 

p =0.893)  

r =-.19 

(95% CI= -0.40, 0.04; 

p =0.106)  

r =-.14 

(95% CI -0.36, 0.09; 

p =0.218)  

Trunk imbalance (TI) 

 

 

 

 

N/A r =.08 

(95% CI= -0.15, 0.30; 

p =0.496)  

r =.13 

(95% CI= -0.10, 0.35; 

p =0.256)  

r =.05 

(95% CI -0.18, 0.27;  

 p = 0.673)  

r =.04 

(95% CI -0.19, 0.26; 

p =0.733)  

r =.03 

(95% CI -0.19, 0.26;  

p =0.771)  

Data represent Spearman’s correlation coefficient (rho); data in parentheses refer to lower and upper bound of 95% confidence interval, and p value, A-P Exc = 
Maximum anterior to posterior excursion, M-L Exc = Maximum medial to lateral excursion, R=right, L= left, S = symmetrical, * = p < 0.05, ** = p < 0.01,   
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The FKA vs the sway area of the COP  

The right FKA was significantly negatively correlated with the sway area of the 

COP during quiet standing (r = -0.31, p = 0.007, 95% CI = -0.31 - (-0.31) (Figure 

3.29). This means that an increased right KFA decreased the sway area of the 

COP during quiet standing.  

 

 
 

Figure 3.29 Scatterplot of the sway area of the COP during quiet standing versus the 
right FKA 

 
 

Right FKA vs the COP excursion in the AP direction 

The right FKA was significantly negatively correlated with the COP excursion in 

the AP direction during quiet standing (r = -0.31, p = 0.007, 95% CI = -0.50 - (-

0.09) (Figure 3.30, page 112). This means that an increased right FKA 

decreased the COP excursion in the AP direction during quiet standing.  
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Figure 3.30 Scatterplot of the AP direction during quiet standing versus the right FKA 

 

Right FKA vs the COP excursion in the ML direction 

The right FKA was significantly negatively correlated with the COP excursion in 

the ML direction during quiet standing (r = -0.25, p = 0.028, 95% CI = -0.45 - (-

0.03) (Figure 3.31).  This means that an increased right FKA decreased the 

COP excursion in the ML direction during quiet standing.  
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Figure 3.31 The scatterplot of the COP excursion in the ML direction during quiet 
standing versus right FKA 

Transverse plane 

The relationship of the back shape and posture variables in the transverse 

plane with postural sway during quiet standing (the sway area of the COP, the 

distance of the COP, variability of the COP, the COP excursion in the AP, and 

ML directions) are summarised in Table 3.12 (page 115). 

This section provided an overview of statistically significant results. Only 

significant results are provided in the next sections (pages 116 -119). 

ATR in standing forward bending position  

There was a relationship of the ATR at T4-T8 in standing with the sway area of 

the COP, the ATR at T4-T8 in standing with the COP excursion in the ML 

direction.  

In addition, there was a trend towards a significant association between the 

ATR at L3-L5 in standing with all postural sway variables during quiet standing.  
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ATR in sitting position forward bending position 

There was a relationship between the ATR at T4-T8 in sitting with the sway 

area of the COP, the ATR at T4-T8 in sitting with the COP excursion in the ML 

direction, the ATR at L3-L5 in sitting with the variability of the COP.  

In addition, there was a trend towards a significant association between the 

ATR T4-T8 in sitting with the COP excursion in the AP (p = 0.096), and the ATR 

T12-L1 in sitting with the COP excursion in the ML (p = 0.058).  

No significant correlations were observed between any of the other back shape 

and posture parameters in the transverse plane with postural sway during quiet 

standing. 
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Table 3.12 Relationship of the back shape and posture parameters in the transverse plane with postural sway during quiet standing  

Back shape/posture  Quiet standing  

Transverse plane (°)  Area Distance Variability A-P Exc M-L Exc 

Scapular protraction (SP) 

 

 

R r =.10 

(95% CI=-0.13, 0.31;  

p = 0.414)  

r =-.09 

(95% CI= -0.31, 0.14;  

p = 0.439)  

r =-.08 

(95% CI = -0.30, 0.15;  

p = 0.475)  

r =.19 

(95% CI= -0.04, 0.4;  

p = 0.100)  

r =-.03 

(95% CI =-0.25,0.20; 

p = 0.808) 

L 
r =.02 

(95% CI= -0.21, 0.25;  

p = 0.859)  

r =-.17 

(95% CI= -0.38, 0.06;  

p = 0.140)  

r =-.14 

(95% CI = -0.36, 0.09;  

p = 0.222)  

r =.15 

(95% CI= -0.08, 0.36;  

p = 0.189)  

r =-.11 

(95% CI =-0.32,0.12; 

p = 0.356)  

 

 

 

The angle of trunk rotation  

(ATR) 

 
 

Standing forward bending position 

T4-T8 r =.24* 

(95% CI = 0.02, 0.44;  

p = 0.034) 

r =.04 

(95% CI= -0.19, 0.26; 

 p = 0.720)  

r =-.01 

(95% CI = -0.22, 0.23;  

p = 0.945)  

r =.15 

(95% CI= 0.08, 0.36;  

p = 0.209)  

r =.27* 

(95% CI = 0.04, 0.46;  

p = 0.021) 

T12-L1 r =.09 

(95% CI -0.13, 0.31;  

p = 0.419)  

r =.09 

(95% CI= -0.13, 0.31;  

p = 0.420)  

r =-.03 

(95% CI = -0.25, 0.20;  

p = 0.813)  

r =.08 

(95% CI= -0.15, 0.30;  

p = 0.487)  

r =.11 

(95% CI= -0.12,0.32; 

p = 0.368)  

L3-L5 r =.20 

(95% CI= -0.03, 0.41;  

p = 0.085)  

r =.22 

(95% CI = -0.00, 0.43;  

p = 0.055)  

r =.19 

(95% CI = -0.03, 0.40;  

p = 0.097  

r =.20 

(95% CI= -0.03, 0.41;  

p = 0.081  

r =.20 

(95% CI= -0.02,0.41; 

p = 0.078  

Sitting forward bending position 

T4-T8 r=.29* 

(95% CI = 0.06, 0.48;  

p = 0.013) 

r =.17 

(95% CI= -0.05, 0.38;  

p = 0.134)  

r =.07 

(95% CI = -0.16, 0.29;  

p = 0.528  

r =.19 

(95% CI= -0.03, -0.4; 

p = 0.096  

r=.35** 

(95% CI = 0.13, 0.53; 

p = 0.002 

T12-L1 r =.17 

(95% CI= -0.06, 0.38;  

p = 0.140)  

r =.16 

(95% CI= -0.07, 0.37;  

p = 0.161)  

r =.09 

(95% CI = -0.13, 0.31;  

p = 0.471  

r =.10 

(95% CI =-0.13, 0.32;  

p = 0.383  

r =.29 

(95% CI= -0.007,0.42; 

p = 0.058)  

L3-L5 r =.18 

(95% CI= -0.05, 0.39;  

p = 0.124)  

r =.17 

(95% CI= -0.06, 0.38;  

p = 0.151)  

r=.25* 

(95% CI = 0.02, 0.45; 

p = 0.033 

r =.15 

(95% CI= -0.08, 0.36;  

p = 0.199  

r =.17 

(95% CI= -0.05,0.38; 

p = 0.134)  

Data represent Spearman’s correlation coefficient (r); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-P Exc = Maximum 
anterior to posterior excursion, M-L Exc = Maximum medial to lateral excursion, R=right, L= left, * = p < 0.05, ** = p < 0.01, T4=thoracic vertebrae level 4, T8=thoracic vertebrae 
level 8, T12=thoracic vertebrae level 12, L1= lumbar vertebrae level 1, L3= lumbar vertebrae level 3, L5= lumbar vertebrae level 5  
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ATR at T4-T8 in standing vs the sway area of the COP during 
quiet standing 

The ATR at T4-T8 in standing was significantly positively correlated with the 

sway area of the COP during quiet standing (r = 0.24, p = 0.034, 95% CI = 0.02 

- 0.44) (Figure 3.32). This means that an increased ATR at T4-T8 in standing 

increased the sway area of the COP during quiet standing.  

 

 
Figure 3.32 Scatterplot of the sway area during quiet standing versus the ATR at T4-
T8 in standing 

 

ATR at T4-T8 in standing vs the COP excursion in the ML 
direction during quiet standing 

The ATR at T4-T8 in standing was significantly positively correlated with the 

COP excursion in the ML direction during quiet standing (r = 0.27, p = 0.021, 

95% CI = 0.04 - 0.46) (Figure 3.33, page 117). This means that an increased 

ATR at T4-T8 in standing increased the COP excursion in the ML direction 

during quiet standing.  
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Figure 3.33 Scatterplot of the COP in the ML direction during quiet standing versus the 
ATR at T4-T8 in standing  

ATR at T4-T8 in sitting vs the sway area of the COP during quiet 
standing 

The ATR at T4-T8 in sitting was significantly positively correlated with the sway 

area of the COP during quiet standing (r = 0.29, p = 0.013, 95% CI = 0.06 - 

0.48) (Figure 3.34, page 117). This means that an increased ATR at the T4-T8 

in sitting increased the sway area of the COP during quiet standing.  
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Figure 3.34 Scatterplot of the sway area of the COP during quiet standing versus the 

ATR at T4-T8 in sitting 

 

ATR at T4-T8 in sitting vs the COP excursion in the ML 
direction during quiet standing 

The ATR at T4-T8 in sitting position was significantly positively correlated with 

the COP excursion in the ML direction during quiet standing (r = 0.35, p = 

0.002, 95% CI = 0.13 - 0.53) (Figure 3.35, page 119). This means that an 

increased ATR at the T4-T8 vertebral level in sitting increased the COP 

excursion in the ML direction during quiet standing.  
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Figure 3.35 Scatterplot of the COP in the ML excursion during quiet standing versus the ATR at 
T4-T8 in sitting position 

ATR at L3-L5 in sitting vs the variability of the COP during quiet 

standing 

The ATR at L3-L5 in sitting was significantly positively correlated with the 

variability of the COP during quiet standing (r = 0.25, p = 0.033, 95% CI = 0.02 - 

0.45) (Figure 3.36). This means that an increase in the ATR at L3-L5 in sitting 

increased the variability of the COP during quiet standing.  

 
Figure 3.36 Scatterplot of the variability of the COP in quiet standing versus the ATR at L3-L5 
in sitting 
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3.5.6 The relationship of the back shape and posture 
parameters vs the limits of stability 

Spearman's correlations were used to examine the relationships of the back 

shape and posture parameters with the limits of stability including leaning 

forward, leaning to the left, and leaning to the right. These relationships were 

evaluated in the three different planes. 

3.5.6.1 The relationship of the back shape and posture 
parameters with the limits of stability when leaning forward  

Sagittal plane  

Table 3.13 (pages 121 – 122) depicts the relationships of the back shape and 

posture parameters in the sagittal plane with the sway area of the COP, the 

distance of the COP, the variability of the COP, the COP excursion in the AP, 

and the ML directions when leaning forward. 

No significant correlations were observed between any of the other back shape 

and posture parameters in the sagittal plane and the limits of stability when 

leaning forward. 

 

However, there was a trend towards a significant association between the SSA 

with the COP excursion in the AP direction when leaning forward.  
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Table 3.13  Relationship of the back shape and posture parameters in the sagittal plane with balance variables when leaning forward  

Back shape/posture  Leaning forward 

Sagittal plane (°) Side Area Distance Variability A-P Exc M-L Exc 

FHP 

 

 
 

 
N/A 

 r =.10 
(95% CI = -0.13, 0.32; 

p=0.392)  

r =.02 
(95% CI = -0.21, 0.24; 

p=0.895)  

r =.17 
(95% CI = -0.05, 0.38; 

p=0.134)  

r =.04 
(95% CI = -0.19, 0.26; 

p=0.717)  

r =.13 
(95% CI = -0.10, 0.35; 

p=0.263)  

CLA 

 

 
 
 

N/A 
r =.02 

(95% CI = -0.21, 0.24; 
p=0.880)  

r =-.01 
(95% CI = -0.22, 0.23; 

p=0.959)  

r =-.10 
(95% CI = -0.32, 0.13; 

p=0.377)  

r =.08 
(95% CI = -0.14, 0.30; 

p=0.471)  

r =-.03 
(95% CI = -0.26, 0.19; 

p=0.775)  

TKA 

 

 
 
 
 

N/A 
r =-.02 

(95% CI = -0.24, 0.21; 
p=0.874)  

r =.15 
(95% CI = -0.07, 0.37; 

p=0.183)  

r =-.02 
(95% CI = -0.24, 0.21; 

p=0.876) 

r =.01 
(95% CI = -0.21, 0.24; 

p=0.907)  

r =.00 
(95% CI = -0.23, 0.23; 

p=0.997)  

LLA 

 

 
 

 
 

N/A 

r =.12 
(95% CI = -0.11, 0.33; 

p=0.311)  

r =.13 
(95% CI = -0.10, 0.35; 

p=0.255)  

 
r =.14 

(95% CI = -0.09, 0.36; 
p=0.217)  

 

r =.14 
(95% CI = -0.09, 0.35; 

p=0.236)  

r =.08 
(95% CI = -0.15, 0.30; 

p=0.475)  

Data represent Spearman’s correlation coefficient (rho); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-P Exc = Maximum anterior to 
posterior excursion, M-L Exc = Maximum medial (right) to lateral (left) excursion, R=right, L= left, * = p < 0.05, ** = p < 0.01,  
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Table 3.13 Relationship of the back shape and posture parameters in the sagittal plane with balance variables when leaning forward (continued) 
Back shape/posture  Leaning forward 

Sagittal plane (°) side Area Distance Variability A-P Exc M-L Exc 

SSA  

 

N/A 
r =.14 

(95% CI = -0.09, 0.36; 
p=0.218)  

r =.07 
(95% CI = -0.16, 0.29; 

p=0.560)  

r =.06 
(95% CI = -0.17, 0.28; 

p=0.627)  

r =.21 
(95% CI = -0.01, 0.42; 

p=0.063)  

r =.05 
(95% CI = -0.18, 0.27; 

p=0.670)  

HFA  

 

 
 

R 
 

r =.04 
(95% CI = -01, 0.35; 

p=0.699)  

 
r =.10 

(95% CI = -0.19, 0.26; 
p=0.410)  

 

r =-.00 
(95% CI = -0.14, 0.31; 

p=0.996)  

r =.02 
(95% CI = -0.12, 0.33; 

p=0.846)  

r =.09 
(95% CI = -0.05, 0.38; 

 p= 0.462)  

 
L 
 

r =.07 
(95% CI = -0.14, 0.31; 

p=0.543)  

r =.01 
(95% CI = -0.20, 0.25; 

p=0.917)  

r =.03 
(95% CI = -0.16, 0.28; 

p=0.788)  

r =.13 
(95% CI = -0.09, 0.35; 

p=0.275)  

r =.04 
(95% CI = -0.13, 0.31; 

p=0.709)  

KFA 

 

 
 

R 
 

r =.06 
(95% CI = -0.05, 0.39; 

p=0.583)  

r =.05 
(95% CI = -0.04, 0.40; 

p=0.684)  

r =-.02 
(95% CI = -0.11, 0.34; 

p=0.989)  

r =.09 
(95% CI = -0.03, 0.40; 

p=0.452)  

r =.02 
(95% CI = -0.11, 0.34; 

p=0.853)  

 
 

L 
 

r =.02 
(95% CI = -0.19, 0.26; 

p=0.894)  

r =.14 
(95% CI = -0.05, 0.39; 

p=0.228)  

r =.15 
(95% CI = -0.07, 0.37; 

p=0.192)  

r =.03 
(95% CI = -0.16, 0.29; 

p=0.830)  

r =.02 
(95% CI = -0.18, 0.27; 

 p= 0.901)  

Data represent Spearman’s correlation coefficient (r); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-P Exc = Maximum anterior to 
posterior excursion, M-L Exc = Maximum medial  to lateral excursion, R=right, L= left, * = p < 0.05, ** = p < 0.01 
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Frontal plane  

Table 3.14 (pages 124 – 125) shows the relationship between the back shape 

and posture parameters in the frontal plane with postural sway parameters (the 

sway area of the COP, the distance of the COP, the variability of the COP, the 

COP excursion in the AP, and the ML directions when leaning forward). 

 

The results also demonstrate the relationship between the right SEA and the 

COP excursion in the AP direction (page 126). 

 

In addition, there was a trend toward a significant association between the right 

SEA with the distance of the COP when leaning forward (p = 0.065).  

No significant correlations were observed between any of the other back shape 

and posture parameters in the frontal plane with the limits of stability when 

leaning forward. 
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Table 3.14 Relationship of the back shape and posture parameters in the frontal plane with balance variables when leaning forward 

Back 
shape/posture 

 Leaning forward 

Frontal Plane (°)  Area Distance Variability A-P Exc M-L Exc 

SEA 

 

 
 

R 

r =-0.29 
(95% CI = -0.58, 0.06;    

p=0.103)  

r =-0.33 
(95% CI = -0.60, 0.02; 

p=0.065)  

r =-0.26 
(95% CI = -0.56, 0.09;  

p= 0.142)  

r =-0.45* 
(95% CI = -0.69,- 0.13; 

p=0.008) 

r =-0.22 
(95% CI = -0.52, 0.13; 

p=0.221)  

 
 

L 
r =0.25 

(95% CI = -0.21, 0.61; 
p=0.281)  

r =0.06 
(95% CI = -0.38, 0.48; 

p=0.806)  

r =-0.02 
(95% CI = -0.45, 0.41; 

 p= 0.924)  

r =0.24 
(95% CI = -0.22, 0.61; 

p=0.305)  

r =0.21 
(95% CI = -0.24, 0.59; 

p=0.360)  

  
 
      S 

r =0.12 
(95% CI = -0.30, 0.52;    

p=0.597)  

r =0.26 
(95% CI = -0.21, 0.66;    

p=0.248)  

r =0.28 
(95% CI = -0.09, 0.57;    

p=0.214)  

r =0.15 
(95% CI = -0.29, 0.51;    

p=0.511)  

r =0.13 
(95% CI = -0.28, 0.52;    

p=0.562)  

LPT 
 

 
 

 
 
 

R 

r =0.17 
(95% CI = -0.40, 0.64; 

p=0.573)  

r =0.04 
(95% CI = -0.5, 0.56; 

p=0.887)  

r =-0.00 
(95% CI = -0.53, 0.53; 

p=0.994)  

r =0.34 
(95% CI = -0.23, 0.74; 

p=0.233)  

r =0.08 
(95% CI = -0.47, 0.58; 

p=0.794)  

 
 

 
L 

r =-0.02 
(95% CI = -0.47, 0.44; 

p=0.973)  

r =-0.06 
(95% CI = -0.50, 0.40; 

p=0.797)  

r =-0.08 
(95% CI = -0.52, 0.39; 

p=0.743)  

r =-0.11 
(95% CI = -0.54, 0.36; 

p=0.652)  

r =-0.09 
(95% CI = -0.53, 0.38; 

p=0.705)  

  
 
 

S 

r =-0.23 
(95% CI = -0.64, 0.24;    

p=0.296)  

r =-0.19 
(95% CI = -0.63, 0.33;    

p=0.400) 

r =-0.26 
(95% CI = -0.72, 0.25;    

p=0.237)  

r =-0.26 
(95% CI = -0.66, 0.24;    

p=0.250)  

r =-0.18 
(95% CI = -0.59, 0.31;    

p=0.418)  
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Back 
shape/posture 

 Leaning forward 

Frontal Plane (°)  Area Distance Variability A-P Exc M-L Exc 

FKA  

 
 

R 
 

r =-.05 
(95% CI = -0.27, 0.18; 

p=0.659)  

r =-.05 
(95% CI = -0.27, 0.18;  

p= 0.697)  

r =.10 
(95% CI = -0.13, 0.32,  

p= 0.399)  

r =-.03 
(95% CI = -0.25, 0.20; 

p=0.793)  

r =-.04 
(95% CI = -0.26, 0.19;  

p= 0.738)  

 
 
L 
 

r =-.00 
(95% CI = -0.23, 0.22; 

p=0.983)  

r =-.08 
(95% CI = -0.30, 0.15; 

p=0.521)  

r =.03 
(95% CI = -0.2, 0.25; 

p=0.826)  

r =.03 
(-95% CI = 0.19, 0.26; 

p=0.778)  

r =-.01 
(95% CI = -0.23, 0.22;  

p= 0.953)  

TI  

 
 

 
 
 
 
 

N/A 

r =-.15 
(95% CI = -0.36, 0.08; 

 p= 0.204)  

r =-.10 
(95% CI = -0.32, 0.13; 

p=0.403)  

r =-.16 
(95% CI = -0.37, 0.07; 

p=0.169)  

r =-.19 
(95% CI = -0.40, 0.04; 

p=0.102)  

r =-.09 
(95% CI = -0.31, 0.14; 

p=0.436)  

Data represent Spearman’s correlation coefficient (r); data in parentheses refer to lower and upper bound of 95% confidence interval, and p value, 
A-P Exc = Maximum anterior to posterior excursion, M-L Exc = Maximum medial to lateral excursion, R=right, L= left, S= symmetrical, * = p < 0.05, 
* = p < 0.05, ** = p < 0.01,  
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Right SEA vs the COP in the AP direction 

The right SEA was significantly negatively correlated with the COP in the AP 

direction when leaning forward (r = -0.45, p = 0.008, 95% CI = -0.69 - (-0.13) 

(Figure 3.37). This means that an increased right SEA was associated with a 

decreased COP in the AP direction when leaning forward.  

 

Figure 3.37 scatterplot of the COP in the AP direction when leaning forward versus the 
right SEA 

Transverse plane 

Table 3.15 (page 129) shows the relationships between the back shape and 

posture parameters in the transverse plane with the sway area of the COP, the 

distance of the COP, variability of the COP, the COP excursion in the AP, and 

the ML directions when leaning forward.  
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ATR in standing forward bending position  

ATR at T4-T8 

No significant association between the ATR at T4-T8 and the limits of stability 

when leaning forward was found. However, there was a trend towards a 

significant association between the ATR at T4-T8 in standing with the sway 

area of the COP when leaning forward (p = 0.053), the ATR at T4-T8 in 

standing with the COP excursion in the AP direction (p = 0.077), the ATR at T4-

T8 in standing with the COP excursion in the ML direction (p = 0.075). 

ATR at T12-L1 

No significant association between the ATR at T12-L1 and the limits of stability 

when leaning forward was found. However, there was a trend towards a 

significant association between the ATR at T12-L1 in standing with the COP 

excursion in the AP direction (p = 0.062). 

ATR at L3-L5 

This section provided an overview of statistically significant results. Only 

significant results are provided in the next sections (pages 130 – 132). 

There was a significant association between the ATR at level L3-L5 in standing 

with all the limits of stability variables except the COP excursion in the AP 

direction.  

ATR in sitting forward bending position  

This section provided an overview of statistically significant results. Only 

significant results are provided in the next sections (pages 132 – 139). 

ATR at T4-T8 

There was a significant relationship between: 

• ATR at T4-T8 in sitting vs the sway area of the COP 

• ATR at T4-T8 in sitting vs the COP excursion in the AP direction 
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ATR at level T12-L1 

There was a significant relationship between: 

• ATR at T12-L1 in sitting vs the distance of the COP  

• ATR at level T12-L1 in sitting vs the variability of the COP  

• ATR at level T12-L1 in sitting vs the COP excursion in the AP direction  

In addition, there was a trend toward a significant association between the ATR 

at T12-L1 with the sway area of the COP when leaning forward (p = 0.054). 

ATR at level L3-L5 

There was a significant relationship between the ATR at level L3-L5 in sitting 

with all the limits of stability variables except the COP excursion in the AP 

direction. 

No significant correlations were observed between any of the other back shape 

and posture parameters in the transverse plane and the limits of stability when 

leaning forward. 
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Table 3.15 Relationships between the back shape and posture in the transverse plane with balance variables when leaning forward  

Back shape/posture Leaning forward 

Transverse plane (°)  Area Distance Variability A-P Exc M-L Exc 

SP 
 

 

R r =.06 
(95% CI = -0.17, 0.28;  

p=0.640)  

r =-.00 
(95% CI = -0.23, 0.22; 

p=0.993)  

r =-.08 
(95% CI = -0.30, 0.15; 

p= 0.501) 

r =-.05 
(95% CI = -0.27, 0.18; 

p= 0.665)  

r =.11 
(95% CI = -0.12, 0.33; 

p=0.353)  
L 

r =.06 
(95% CI = -0.17, 0.28;  

p=0.619) 

r =-.03 
(95% CI = -0.26, 0.19, 

p=0.773)  

r =-.12 
(95% CI = -0.33, 0.11; 

p= 0.318)  

r =.05 
(95% CI = -0.18, 0.27; 

p=0.693)  

r =.03 
(95% CI = -0.19, 0.26; 

p=0.775)  

 
ATR 
 

 
 

Standing forward bending position 

T4-T8 r =.22 
(95% CI = 0.00, 0.43;  

p=0.053)  

r =.05 
(95% CI = -0.17, 0.28; 

p=0.646)  

r =.04 
(95% CI = -0.19, 0.26; 

p=0.723)  

r =.20 
(95% CI = -0.02, 0.41; 

p= 0.077)  

r =.21 
(95% CI = -0.02, 0.41; 

p=0.075)  
T12-L1 r =.11 

(95% CI = -0.12, 0.33;  
p=0.341)  

r =.11 
(95% CI = -0.11, 0.33; 

p=0.327)  

r =.03  
(95% CI = -0.20, 0.25; 

p=0.807)  

r =.22 
(95% CI = -0.01, 0.42; 

p= 0.062)  

r =.04 
(-95% CI = 0.18, 0.27; 

p=0.706)  

L3-L5 r =.25* 
(95% CI = 0.03, 0.45; 

p = 0.028) 

r =.40** 
(95% CI = 0.20, 0.58;  

p = 0.000) 

r =.40** 
(95% CI = 0.19, 0.57, 

 p = 0.000) 

r =.17 
(95% CI = -0.05, 0.38; 

p=0.134  

r =.28* 
(95% CI = 0.05, 0.47,  

p = 0.016) 
Sitting forward bending position 

T4-T8 r =.23* 
(95% CI = 0.01, 0.44;  

p = 0.043) 

r =.114 
(95% CI = -0.11, 0.33; 

p=0.326)  

r =.119 
(95% CI = -0.11, 0.34; 

p=0.304)  

r =.24* 
(95% CI = 0.02, 0.44;  

p =0.036) 

r =.18 
(95% CI = -0.04, 0.39; 

p= 0.112  
T12-L1 r =.22 

(95% CI = -0.00, 0.43; 
 p= 0.054)  

r =.29* 
(95% CI = 0.07, 0.48;  

p = 0.012) 

r =.25* 
(95% CI = 0.03, 0.45; 

 p = 0.029) 

r =.30** 
(95% CI = 0.08, 0.49; 

p = 0.009) 

 
r =.18 

(95% CI = -0.05, 0.39, 
p=0.126)  

L3-L5 r =.33** 
(95% CI = 0.11, 0.52;  

p =0.004) 

r =.26* 
(95% CI = 0.03, 0.46;  

p =0.026) 

r =.31** 
(95% CI = 0.09, 0.50;  

p =0.007) 

r =.162 
(95% CI = -0.07, 0.37; 

p=0.162)  

r =.37** 
(95% CI = 0.16, 0.55;  

p = 0.001) 

Data represent Spearman’s correlation coefficient (rho); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-P 
Exc = Maximum anterior to posterior excursion, M-L Exc = Maximum medial to lateral excursion, R=right, L= left, * = p < 0.05, ** = p < 0.01, T4=thoracic 
vertebrae level 4, T8=thoracic vertebrae level 8, T12=thoracic vertebrae level 12, L1= lumbar vertebrae level 1, L3= lumbar vertebrae level 3, L5= lumbar 
vertebrae level 5   
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The ATR at L3-L5 in standing vs the sway area of the COP when 
leaning forward 

The ATR at L3-L5 in standing was significantly positively correlated with the 

sway area of the COP (r = 0.25, p = 0.028, 95% CI = 0.03 - 0.45) (Figure 3.38). 

This means that an increase in the ATR at L3-L5 in standing increases the 

sway area of the COP when leaning forward.  

 
Figure 3.38 Scatterplot of the sway area of the COP when leaning forward versus the ATR at 
L3-L5 vertebral level during standing. 

 
 

The ATR at L3-L5 in standing vs the distance of the COP when 
leaning forward 

The ATR at L3-L5 in standing was significantly positively correlated with the 

distance of the COP (r = 0.40, p < 0.000, 95% CI = 0.20 - 0.58) (Figure 3.39, 

page 130). This means that an increase in the ATR at L3-L5 in standing 

increases the distance of the COP when leaning forward.  
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Figure 3.39 Scatterplot of the distance of the COP when leaning forward versus the 
ATR at L3-L5 in standing 

The ATR at L3-L5 in standing vs the variability of the COP when 
leaning forward 

The ATR at L3-L5 in standing was significantly positively correlated with the 

variability of the COP (r = 0.40, p < 0.001, 95% CI = 0.19 - 0.57) (Figures 3.40). 

This means that an increase in the ATR at L3-L5 in standing increases the 

variability of the COP when leaning forward.  

 
Figure 3.40 Scatterplot of the variability in leaning forward versus the ATR at L3-L5 in 
standing 
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The ATR at L3-L5 in standing vs the COP of excursion in the ML 

direction when leaning forward 

The ATR at L3-L5 in standing was significantly positively correlated with the 

COP excursion in the ML direction when leaning forward (r = 0.28, p = 0.016, 

95% CI = 0.05 - 0.47) (Figure 3.41). This means that an increase in the ATR at 

L3-L5 in standing increases the COP excursion in the ML direction when 

leaning forward.  

 

 

Figure 3.41 Scatterplot of the ML direction when leaning forward versus the ATR at 
level L3-L5 in standing 

 

The ATR at T4-T8 in sitting vs the sway area of the COP when 
leaning forward 

The ATR at T4-T8 in sitting was significantly positively correlated with the sway 

area of the COP when leaning forward (r = 0.23, p = 0.043, 95% CI = 0.008 - 

0.435) (Figure 3.42, page 133). This means that an increase in ATR at T4-T8 in 

sitting increases the sway area of the COP when leaning forward.  
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Figure 3.42 Scatterplot of the sway area when leaning forward versus the ATR at T4-
T8 in sitting 

ATR at T4-T8 in sitting vs the COP excursion in the AP direction 
when leaning forward 

The ATR at T4-T8 in sitting was significantly positively correlated with the COP 

excursion in the AP direction when leaning forward (r = 0.24, p = 0.036, 95% CI 

= 0.02 - 0.44) (Figure 3.43). This means that an increase in ATR at T4-T8 in 

sitting increases the COP excursion in the AP direction when leaning forward.  

 
Figure 3.43 Scatterplot of the AP direction when the leaning forward versus the ATR at 
T4-T8 in sitting 
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The ATR at T12 - L1 in sitting vs the distance of the COP when 
leaning forward 

The ATR at T12-L1 in sitting was significantly positively correlated with the 

distance of the COP (r = 0.29, p = 0.012, 95% CI = 0.07 - 0.48) (Figure 3.44). 

This means that an increase in the ATR at T12-L1 in sitting increases the 

distance of the COP when leaning forward. 

 
Figure 3.44 Scatterplot of the distance of the COP when leaning forward versus the 
ATR at T12-L1 in sitting 

The ATR at T12-L1 in sitting vs the variability of the COP when 
leaning forward 

The ATR at T12-L1 in sitting was significantly positively correlated with the 

variability of the COP when leaning forward (r = 0.25, p = 0.029, 95% CI = 0.03-

0.45) (Figure 3.45). This means that an increase in the ATR at T12-L1 in sitting 

increases the variability of the COP when leaning forward.  
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Figure 3.45 Scatterplot of the variability of the COP when leaning forward versus the 
ATR at T12-L1 in sitting 

 

The ATR at T12-L1 in sitting vs the COP excursion in the AP 
direction when leaning forward 

The ATR at T12-L1 in sitting was significantly positively correlated with the COP 

excursion in the AP direction when leaning forward (r = 0.30, p = 0.009, 95% CI 

= 0.08 - 0.49) (Figure 3.46, page 135). This means that an increase in the ATR 

at T12-L1 in sitting increases the COP excursion in the AP when leaning 

forward.  

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

V
a

ri
a

b
il

it
y
 i

n
 l

e
a

n
in

g
 f

o
rw

a
rd

 (
m

m
)

Angle of trunk rotaion at T12-L1 in sitting (°)

r = 0.25, p = 0.029 



Chapter 3: A cross-sectional study 

 

136 
 

 
Figure 3.46 Scatterplot of the COP excursion in the AP direction when leaning forward 
versus the ATR at T12-L1 in sitting 

 

The ATR at L3-L5 in sitting vs the sway area of the COP when 
leaning forward 

The ATR at L3-L5 in sitting was significantly positively correlated with the sway 

area of the COP when leaning forward (r = 0.33, p = 0.004, 95% CI = 0.11 - 

0.52) (Figure 3.47, page 136). This means that an increased ATR at L3-L5 in 

sitting increases the sway area of the COP when leaning forward. 
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Figure 3.47 Scatterplot of the sway area of the COP when leaning forward versus the 
ATR at L3-L5 in sitting 

 

The ATR at L3-L5 in sitting vs the distance of the COP when 
leaning forward 

The ATR at L3-L5 in sitting was significantly positively correlated with the 

distance of the COP when leaning forward (r = 0.26, p = 0.026, 95% CI = 0.03 - 

0.46) (Figure 3.48, page 137). This means that an increased angle of trunk 

rotation at L3-L5 in sitting increases the distance of the COP when leaning 

forward.  
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Figure 3.48 Scatterplot of the distance of the COP when leaning forward versus the 
ATR at L3-L5 in sitting 

 
The ATR at L3-L5 in sitting vs the variability of the COP when 
leaning forward 

The ATR at L3-L5 in sitting was significantly positively correlated with the 

variability of the COP when leaning forward (r = 0.31, p = 0.007, 95% CI= 0.09 - 

0.50) (Figure 3.49). This means that an increased ATR at L3-L5 in sitting 

increases the variability of the COP when leaning forward.  

 
Figure 3.49 Scatterplot of the variability of the COP when leaning forward versus the 
ATR at L3-L5 in sitting 
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The ATR at L3-L5 in sitting vs the COP excursion in the ML 
direction when leaning forward 

The ATR at L3-L5 in sitting was significantly positively correlated with the COP 

excursion in the ML direction when leaning forward (r = 0.37, p = 0.001, 95% CI 

= 0.16 - 0.55) (Figure 3.50). This means that an increased ATR at L3-L5 in 

sitting increases the COP excursion in the ML direction when leaning forward.  

 

 

Figure 3.50 Scatterplot of the COP excursion in the ML direction when leaning forward 
versus the ATR at L3-L5 in sitting 

 
 
 
 
 
 
 

0.00

10.00

20.00

30.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

M
e

d
ia

l-
L

a
te

ra
l 
e

x
c

u
rs

io
n

 i
n

  
le

a
n

in
g

 f
o

rw
a

rd
 (

m
m

)

Angle of trunk rotation at L3-L5 in sitting (°)

r = 0.37, p = 0.001 



Chapter 3: A cross-sectional study 

 

140 
 

3.5.6.2 The relationship of the back shape and posture 
parameters with the limits of stability when leaning to the left  

Sagittal plane  

Table 3.16 (pages 141 – 142) shows the relationships between each back 

shape and posture variable in the sagittal plane with the sway area of the COP, 

the distance of the COP, variability of the COP, the COP excursion in the AP, 

and the ML directions when leaning to the left. 

This section provided an overview of statistically significant results. Only 

significant results are provided in the next sections (pages 143 – 144). 

There was a significant association between the TKA with the COP excursion in 

the ML direction, and the right KFA with the COP excursion in the AP direction.  

 

No significant correlations were observed between any of the other back shape 

and posture parameters in the sagittal plane and leaning to the left. 
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Table 3.16 Relationship between the back shape and posture in the sagittal plane with balance variables when leaning to the left  

Data represent Spearman’s correlation coefficient (rho); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-
P Exc = Maximum anterior to posterior excursion, M-L Exc = Maximum medial to lateral excursion, R=right, L= left, * = p < 0.05, ** = p < 0.01,  

Back shape/posture  Leaning to the left 

Sagittal plane (°) side Area Distance Variability A-P Exc M-L Exc 

FHP  

 

 

 

 

N/A 

r =-.09 

(95% CI = -0.33, 0.14;  

p =0.424)  

r =.06 

(95% CI = -0.17, 0.28;  

p =0.637)  

r =.15 

(95% CI = -0.08, 0.36; p 

=0.210)  

r =-.09 

(95% CI = -0.31, 0.14, 

p =0.427)  

r =-.06 

(95% CI = -0.28, 0.17, 

 p = 0.599)  

CLA 

 

 

 

N/A 

r =.16 

(95% CI = -0.0, 0.37;  

p =0.172)  

r =.05 

(95% CI = -0.18, 0.2; 

 p =0.688)  

r =-.03 

(95% CI = -0.26, 0.19;  

p =0.776)  

r =.14 

(95% CI = -0.09, 0.36; 

p =0.224)  

r =.17 

(95% CI = -0.05, 0.38, 

 p =0.133)  

TKA  

 

 

 

N/A 
r =.16 

(95% CI = -0.063, 0.375; p 

=0.156)  

r =.18 

(95% CI = -0.051, 0.386; 

p =0.129)  

r =.04 

(95% CI = -0.188, 0.262; 

p =0.736)  

r =.09 

(95% CI = -0.141, 

0.306; p =0.454)  

r =.24* 

(95% CI = 0.011, 0.437;  

p = 0.041) 

LLA 

 

 

 

N/A 
r =.03 

(95% CI = -0.20, 0.25;  

p =0.792)  

r =.17 

(95% CI = -0.06, 0.38;  

p =0.138)  

r =.17 

(95% CI = -0.05, 0.38;  

p =0.132)  

r =.02 

(95% CI = -0.20, 0.25; 

p =0.844)  

r =.06 

(95% CI = -0.17, 0.28; 

 p =0.615)  
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Table 3.16 Relationship of the back shape and posture in the sagittal plane with balance variables when leaning to the left  

Back shape/posture  Leaning to the left 

Sagittal plane (°) side Area Distance Variability A-P Exc M-L Exc 

SSA  

 

 
 

N/A 
 
 

r =.19 
(95% CI = -0.04,0.39; 

p =0.108)  

r =.15 
(95% CI = -0.08, 0.36; 

p =0.193)  

r =.09 
(95% CI = -0.14, 0.31; 

p =0.430)  

r =.19 
(95% CI = -0.04, 0.40; 

p =0.106)  

r =.14 
(95% CI = -0.09, 0.35;  

p = 0.234)  

HFA 

 

 
 

R 
 

r =.11 
(95% CI = 0.02, 0.45;  

p =0.353)  

r =-.07 
(95% CI = -0.14, 0.31; 

p =0.570)  

r =.03 
(-95% CI = 0.02, 0.41; 

p =0.794)  

r =.19 
(95% CI = 0.11, 0.51; 

p =0.107)  

 
r =.04 

(95% CI = -0.08, 0.36; 
 p = 0.710)  

 
 

L 
 

r =.08 
(95% CI = -0.06, 0.38;  

p = 0.519)  

r =.04 
(95% CI = -0.13, 0.31; 

p =0.758)  

r =.10 
(95% CI = -0.09, 0.35; 

p =0.371)  

r =.18 
(95% CI = 0.08, 0.49; 

p =0.114)  

r =-.03 
(95% CI = -0.16, 0.29;  

p =0.812)  

KFA 
 

 

 
 

R 
 

r =.09 
(95% CI = 0.02, 0.44;  

p =0.435)  

r =.05 
(95% CI = -0.01, 0.42; 

p = 0.701)  

r =.03 
(95% CI = -0.07, 0.37; 

p =0.774)  

r =.23** 
(95% CI = 0.14, 0.54; 

p=0.045) 

r =-.08 
(95% CI = -0.13, 0.32; 

 p =0.515)  

 
 

L 
r =-.03 

(95% CI = -0.24, 0.21; p 
= 0.795)  

r =.06 
(95% CI = -0.10, 0.34; 

p = 0.604)  

r =.09 
(95% CI = -0.12, 0.33; 

p =0.441)  

r =.09 
(95% CI = -0.13, 0.32; 

p = 0.453)  

r =-.14 
(95% CI = -0.34, 0.10;  

p =0.224)  

Data represent Spearman’s correlation coefficient (rho); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-P Exc = 
Maximum anterior to posterior excursion, M-L Exc = Maximum medial to lateral excursion, R=right, L= left, * = p < 0.05, ** = p < 0.01, 
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TKA vs the COP excursion in the ML when leaning to the left 

The TKA was significantly positively correlated with the COP excursion in the 

ML direction when leaning to the left (r = 0.24, p = 0.041, 95% CI = 0.01 - 0.44) 

(Figure 3.51). This means that an increased TKA increases the COP excursion 

in the ML direction when leaning to the left.  

Figure 3.51 Scatterplot of the ML direction when leaning to the left versus TKA 

 

KFA vs the COP excursion in the AP direction when leaning to 
the left 

The right KFA was significantly positively correlated with the COP excursion in 

the AP direction when leaning to the left (r=0.23, p= 0.045, 95% CI=0.14 - 0.54) 

(Figure 3.52, page 143). This means that an increased right KFA increases the 

COP excursion in the AP direction when leaning to the left.  
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Figure 3.52 Scatterplot of the COP in the AP direction when leaning to left versus the 
right KFA 

 

Frontal plane 

Table 3.17 (pages 145 – 146) shows the relationships of the back shape and 

posture variables in the frontal plane with the limits of stability when leaning to 

the left (the sway area of the COP, the distance of the COP, the variability of 

the COP, the COP excursion in the AP, and the ML directions). 

This section provided an overview of statistically significant results. Only 

significant results are provided in the next sections (pages 147 – 149). 

There was a significant relationship between the right SEA with all the limits of 

stability when leaning to the left except the COP excursion in the AP direction.  

In addition, there was a trend towards a significant association between the 

right SEA with the COP excursion in the AP (p = 0.095) and the right FKA with 

the COP excursion in the AP (p = 0.092).   

No other significant correlations were observed between any of the other back 

shape and posture parameters in the frontal plane when leaning to the left. 
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Table 3.17 Relationships between the back shape and posture in the frontal plane with balance variables when leaning to the left 

Back 

shape/posture 

 Leaning to the left 

Frontal Plane (°)  Area Distance Variability A-P Exc M-L Exc 

SEA 

 

 

R 

r = -0.38* 

(95% CI= -0.64, -0.04; 

p=0.032 

r = -0.39* 

(95% CI = -0.65, -0.06; 

p=0.023) 

r = -0.39* 

(95% CI =-0.64, -0.05; 

p=0.026) 

r = -0.296 

(95% CI= -0.58, 0.05; 

p=0.095)  

r = -0.37* 

(95% CI= -0.64,-0.04; 

p=0.032) 

 

L 
r =0.188 

(95% CI= -0.27, 0.57; 

p=0.414  

r = 0.021 

(95% CI =-0.41, 0.45; 

p=0.929)  

r = 0.078 

(95% CI =-0.45, 0.89; 

p=0.737)  

r = 0.196 

(95% CI= -0.26,0.58; 

p=0.394)  

r = 0.201 

(95% CI= -0.25, 0.58; 

p=0.382)  

  

B 

r =0.07 

(95% CI= -0.39, 0.47; 

p=0.751  

r =0.00 

(95% CI= -0.47, 0.45; 

p=0.996  

r =0.04 

(95% CI= -0.43, 0.47; 

p=0.847  

r =0.19 

(95% CI= -0.29, 0.59; 

p=0.396  

r =-0.017 

(95% CI= -0.42, 0.38; 

p=0.938 

LPT 

 

 

 

 

R 

r = -0.024 

(95% CI= -0.55, 0.51; 

 p= 0.935)  

r = -0.081 

(95% CI = -0.59, 0.47; 

p=0.782)  

r = -0.073 

(95% CI =-0.58, 0.48; 

p=0.805)  

r =-0.138 

(95% CI= -0.62, 0.42;  

p= 0.637)  

r = -0.002 

(95% CI= -0.53, 0.53; 

p=0.994)  

 

L r = -0.188 

(95% CI= -0.59, 0.29;  

p= 0.442)  

r = -0.163 

(95% CI =-0.58, 0.32; 

p=0.505)  

r = -0.104 

(95% CI =-0.53, 0.37; 

p=0.673)  

r = -0.049 

(95% CI= -0.49, 0.41;  

p= 0.842)  

r = -0.195 

(95% CI= 0.60, 0.28; 

p=0.424)  

  

B 

r =-0.26 

(95% CI= -0.66, 0.21; 

p=0.243  

r =-0.30 

(95% CI= -0.71, 0.15; 

p=0.169  

r =-0.17 

(95% CI= -0.67, 0.33; 

p=0.451  

r =-0.349 

(95% CI= -0.73, 0.09; 

p=0.111 

r =-0.183 

(95% CI= -0.58, 0.29; 

p=0.415  
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Back 

shape/posture 

 Leaning to the left 

Frontal Plane (°)  Area Distance Variability A-P Exc M-L Exc 

FKA 

 

 

 

R 

 

r =-.16 

(95% CI= -0.37, 0.06; 

p=0.160)  

r =-.14 

(95% CI= -0.36, 0.09; 

p=0.220)  

r =-.04 

(95% CI= -0.26, 0.19; 

p=0.717)  

r =-.19 

(95% CI= -0.40, 0.03; 

p=0.092)  

r =-.13 

(95% CI= -0.35, 0.10; 

p=0.261)  

 

 

L 

 

r =.03 

(95% CI= -0.20, 0.25; 

p=0.815)  

r =-.10 

(95% CI= -0.32, 0.13; 

p=0.400)  

r =.03 

(95% CI= -0.26, 0.19;  

p= 0.772)  

r =.01 

(95% CI= -0.24, 0.21; 

p=0.905)  

r =.01 

(95% CI= -0.21, 0.24; 

p=0.917)  

 TI 

 

 

 

 

 

N/A 
r =-.11 

(95% CI= -0.33, 0.12;  

p= 0.351)  

r =-.04 

(95% CI= -0.26, 0.19; 

p=0.761)  

r =-.06 

(95% CI= -0.28, 0.17; 

p=0.634)  

r =-.05 

(95% CI= -0.27, 0.18; 

p=0.689)  

r =-.18 

(95% CI= -0.39, 0.04;  

p= 0.114)  

Data represent Spearman’s correlation coefficient (rho); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-P Exc = 
Maximum anterior to posterior excursion, M-L Exc = Maximum medial to lateral excursion, R=right, L= left, S= symmetrical, * = p < 0.05 
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Right SEA vs the sway area of the COP when leaning to the left 

The right SEA was significantly negatively correlated with the sway area of the 

COP when leaning to the left (r = -0.38, p = 0.032, 95% CI = - 0.64 - (-0.02) 

(Figure 3.53). This means that an increased right SEA decreases the distance 

of the sway area of the COP when leaning to the left.  

 
Figure 3.53 Scatterplot of the sway area of the COP when leaning to the left versus 
the right SEA 

 

Right SEA vs the distance of the COP when leaning to the left 

Right SEA was significantly negatively correlated with the distance of the COP 

when leaning to the left (r = -0.39, p = 0.023, 95% CI = - 0.65- (-0.06) (Figure 

3.54, page 148). This means that an increased right SEA decreases the 

distance of the COP when leaning to the left.  
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Figure 3.54 Scatterplot of the distance of the COP when leaning to the left versus right 
SEA 

 

Right SEA vs the variability of the COP when leaning to the left 

The right SEA was significantly negatively correlated with the variability of the 

COP when leaning to the left (r = -0.39, p = 0.026, 95% CI = -0.64 - (-0.05) 

(Figure 3.55). This means that an increased right SEA decreases the variability 

of the COP when leaning to the left.  

 
Figure 3.55 Scatterplot of the variability of the COP when leaning to the left  
versus right SEA 
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Right SEA vs the COP in the ML direction when leaning to the 
left 

Right SEA was significantly negatively correlated with the COP in the ML 

direction when leaning to the left (r = -0.37, p = 0.032, 95% CI = -0.64 - (-0.04) 

(Figure 3.56). This means that an increased right SEA decreases the COP in 

the ML direction when leaning to the left.  

 

 
Figure 3.56 Scatterplot of the COP excursion in the ML when leaning to the left versus 
right SEA 
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Transverse plane 

Table 3.18 (page 152) depicts the relationships of the back shape and posture 

parameters in the transverse plane with the limits of stability when leaning to 

the left (the sway area of the COP, the distance of the COP, the variability of 

the COP, the COP excursion in the AP, and the ML directions).  

ATR in standing forward bending position 

This section provided an overview of statistically significant results. Only 

significant results are provided in the next sections (pages 153 – 160). 

There was a significant relationship between the ATR in standing with the limits 

of stability when leaning to the left (below).  

 

ATR at T4-T8 

The results demonstrated a significant relationship between the ATR at T4-T8 

in standing with the COP excursion in the AP direction.  

ATR at L3-L5 

The results demonstrated that the following relationships of the ATR at L3-L5 in 

standing with the sway area of the COP, ATR at L3-L5 in standing with the 

distance of the COP, ATR at L3-L5 in standing with the variability of the COP, 

the ATR at L3-L5 in standing with the COP excursion in the AP direction. 

In addition, there was a trend towards a significant association between the 

ATR at L3-L5 in standing with the COP excursion in the ML (p = 0.087). 
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ATR in sitting forward bending position 

ATR at T4-T8 

The results demonstrated the relationship of the ATR at T4-T8 in the sitting with 

the COP excursion in the AP direction.  

ATR at T12-L1 

No significant association between the ATR at T12-L1 in sitting with all the limits 

of stability variables when leaning to the left was found. However, there was a 

trend towards a significant association between the ATR at T12-L1 in standing 

with the COP excursion in the AP (p = 0.085). 

ATR at L3-L5 

The results demonstrated the following relationship of the ATR at L3-L5 in the 

sitting with the distance of the COP, the ATR at L3-L5 in the sitting with the 

variability of the COP, the ATR at L3-L5 in sitting with the COP excursion in the 

AP direction. 

No significant relationships were observed between any of the other back 

shapes and postures in the transverse plane with the limits of stability when 

leaning to the left. 
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Table 3.18 Relationship of the back shape and posture parameters in the transverse plane with balance variables when leaning to the left 

Back shape/posture  Leaning to the left 

Transverse plane (°)  Area Distance Variability A-P Exc M-L Exc 

SP R r =.01 
(95% CI= -0.22, 0.23; 

p=0.938)  

r =.00 
(95% CI= -0.22, 0.23;  

p= 0.975)  

r =-.04 
(95% CI= -0.26, 0.19; 

p=0.752)  

r =.08 
(95% CI= -0.15, 0.30; 

p=0.477)  

r =-.05 
(95% CI= -0.27, 0.23; 

p=0.178)  
L 

r =.03 
(95% CI= -0.2, 0.25; 

p=0.826)  

r =-.05 
(95% CI= -0.27, 0.18; 

p=0.690)  

r =-.08 
(95% CI= -0.30, 0.14;  

p= 0.469)  

r =.08 
(95% CI= -0.15, 0.3; 

p=0.493) 

r =-.02 
(95% CI= -0.24, 0.21; 

p=0.866)  

 
ATR 

 
 

Standing forward bending position 

T4-T8 r =.11 
(95% CI= -0.12, 0.32; 

p=0.360)  

r =-.02 
(95% CI= -0.24, 0.21;  

p= 0.866)  
 

r =-.02 
(95% CI= -0.25, 0.20; 

p=0.851)  

r =.24* 
(95% CI=0.02, 0.44; 

p= 0.035) 

r =.00 
(95% CI= -0.23, 0.23; 

p= 0.998)  

T12-L1 r =-.03 
(95% CI= -0.25, 0.20; 

p=0.793)  

r =-.08 
(95% CI= -0.30, 0.15; 

p=0.495)  
 

r =-.10 
(95% CI= -0.31, 0.13; 

p=0.411)  

r =.13 
(95% CI= -0.10, 0.34; 

p= 0.269)  

r =-.12 
(95% CI= -0.34, 0.11; 

p=0.295)  

L3-L5 r =.23* 
(95% CI =0.00, 0.43, 

p = 0.047) 

r =.41** 
(95% CI =0.20, 0.58;  

p = 0.000) 

r =.43** 
(95% CI =0.22, 0.59;  

p = 0.000) 

r =.25* 
(95% CI =0.03, 0.45; 

p = 0.029) 

r =.198 
(95% CI= -0.03, 0.41; 

p=0.087)  

Sitting forward bending position 

T4-T8 r =.17 
(95% CI= -0.06, 0.38; 

p=0.136)  

r =.07 
(95% CI= -0.16, 0.29; 

p=0.551) 

r =.05 
(95% CI= -0.18, 0.27; 

p=0.655)  

r =.23* 
(95% CI =0.00, 0.43; 

p = 0.048) 

r =.10 
(95% CI= -0.13, 0.32; 

p=0.403)  

T12-L1 r =.11 
(95% CI= -0.12, 0.33; 

0.355) 

r =.06 
(95% CI= -0.17, 0.28; 

p=0.592)  

r =.09 
(95% CI= -0.14, 0.30; 

p=0.467)  

r =.20 
(95% CI= -0.03, 0.41;  

p= 0.085)  

r =.05 
(95% CI= -0.18, 0.27; 

p=0.680) 

L3-L5 
r =.19 

(95% CI= -0.04, 0.40; 
p=0.105)  

r =.23* 
(95% CI =0.00, 0.43;  

p = 0.044) 

r =.27* 
(95% CI =0.05, 0.47;  

p = 0.017) 

r =.28* 
(95% CI =0.06, 0.48; 

p = 0.013) 

 
r =.11 

(95% CI= -0.12, 0.33; 
p= 0.343)  

Data represent Spearman’s correlation coefficient (rho); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-P 
Exc = Maximum anterior to posterior excursion, M-L Exc = Maximum medial to lateral excursion, R=right, L= left, * = p < 0.05,  
** = p < 0.01, T4=thoracic vertebrae level 4, T8=thoracic vertebrae level 8, T12=thoracic vertebrae level 12, L1= lumbar vertebrae level 1, L3= lumbar 
vertebrae level 3, L5= lumbar vertebrae level 5                                               
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The ATR at T4-T8 in standing vs the COP excursion in the AP 
direction when leaning to the left 

The ATR at T4-T8 in standing was significantly positively correlated with the 

COP excursion in the AP direction when leaning to the left (r = 0.24, p = 0.035, 

95% CI = 0.02 - 0.44) (Figure 3.57). This means that an increase in the ATR at 

T4-T8 in standing increases the COP excursion in the AP direction when 

leaning to the left.  

 
Figure 3.57 Scatterplot of the AP when leaning to the left versus ATR at T4-T8 in 
standing 

 

The ATR at L3-L5 in standing vs the sway area of the COP when 
leaning to the left 

The ATR at L3-L5 in standing was significantly positively correlated with the 

sway area of the COP when leaning to the left (r = 0.23, p = 0.047, 95% CI = 
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0.00 - 0.43) (Figure 3.58). This means that an increase in the ATR at L3-L5 in 

standing increases the sway area of the COP when leaning to the left.  

 
Figure 3.58 Scatterplot of the sway area when leaning to the left versus the ATR at L3-
L5 in standing 

 

The ATR at L3-L5 in standing vs the distance of the COP when 

leaning to the left 

The ATR at L3-L5 in standing was significantly positively correlated with the 

distance of the COP when leaning to the left (r = 0.41, p < 0.001, 95% CI = 0.20 

- 0.58) (Figure 3.59, page 155). This means that an increase in the ATR at L3-

L5 in standing increases the distance of the COP when leaning to the left.  
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Figure 3.59 Scatterplot of the distance of the COP when leaning to the left versus the 
ATR at L3-L5 in standing 

 

The ATR at L3-L5 in standing vs the variability of the COP when 
leaning to the left 

The ATR at L3-L5 in standing was significantly positively correlated with the 

variability of the COP when leaning to the left (r = 0.43, p < 0.001, 95% CI = 

0.22 - 0.59) (Figure 3.60, page 156). This means that an increase in the ATR at 

L3-L5 in standing increases the variability of the COP when leaning to the left.  
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Figure 3.60 Scatterplot of the variability of the COP when leaning to the left versus the 
ATR at L3-L5 in standing 

 

 

The ATR at L3-L5 in standing vs the COP excursion in the AP 
direction when leaning to the left 

The ATR at L3-L5 in standing was significantly positively correlated with the 

COP excursion in the AP direction when leaning to the left (r = 0.25, p = 0.029, 

95% CI = 0.03 - 0.45) (Figure 3.61, page 157). This means that an increase in 

the ATR at L3-L5 in standing increases the COP excursion in the AP direction 

when leaning to the left.  
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Figure 3.61 Scatterplot of the COP excursion in the AP direction when leaning to the 
left versus the ATR at L3-L5 in standing 

 

The ATR at T4-T8 in sitting vs the COP excursion in the AP 
direction when leaning to the left 

The ATR at T4-T8 in sitting was significantly positively correlated with the COP 

excursion in the AP direction when leaning to the left (r = 0.23, p = 0.048, 95% 

CI = 0.00 - 0.43) (Figure 3.62, page 158). This means that an increased ATR at 

T4-T8 in sitting increases the COP excursion in the AP direction when leaning 

to the left.  
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Figure 3.62 Scatterplot of the AP direction when leaning to the left versus the ATR at T4-T8 in 
sitting 

 

The ATR at L3-L5 vs the distance of the COP when leaning to 
the left 

The ATR at L3-L5 in sitting was significantly positively correlated with the 

distance of the COP when leaning to the left (r = 0.23, p = 0.044, 95% CI = 0.01 

- 0.43) (Figure 3.63). This means that an increase in the ATR at L3-L5 in sitting 

increases the distance of the COP when leaning to the left.  

 
Figure 3.63 Scatterplot of the distance when leaning to the left versus ATR at L3-L5 in 
sitting 
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The ATR at L3-L5 in sitting vs the variability of the COP when 
leaning to the left 

The ATR at L3-L5 in sitting was significantly positively correlated with the 

variability of the COP when leaning to the left (r = 0.27, p = 0.017, 95% CI = 

0.05 - 0.47) (Figure 3.64). This means that an increase in the ATR at L3-L5 in 

sitting increases the variability of the COP when leaning to the left.  

 

 
Figure 3.64 Scatterplot of the variability of the COP when leaning to the left versus the 
ATR at the L3-L5 in sitting 

 

The ATR at L3-L5 in sitting vs the COP excursion in the AP 
direction when leaning to the left 

The ATR at L3-L5 in sitting was significantly positively correlated with the COP 

excursion in the AP direction when leaning to the left (r = 0.28, p = 0.013, 95% 

CI= 0.06 - 0.48) (Figure 3.65, page 160). This means that an increase in the 
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ATR at L3-L5 in sitting increases the COP excursion in the AP direction when 

leaning to the left.  

 

Figure 3.65 Scatterplot of the AP when leaning to the left versus the ATR at the L3-L5 
in sitting 

 

3.5.6.3 The relationship of the back shape and posture 

parameters with the limits of stability when leaning to the right 

Sagittal plane  

Table 3.19 (pages 162 - 163) shows the relationships of the back shape and 

posture parameters in the sagittal plane with the limits of stability when leaning 

to the right (the sway area of the COP, the distance of the COP, the variability 

of the COP, the COP excursion in the AP, and the ML directions). 

This section provided an overview of statistically significant results. Only 

significant results are provided in the next sections (pages 164 - 166). 

There was a significant relationship between 

• the thoracic kyphosis angle vs the distance of the COP  

• the thoracic kyphosis angle vs the COP in the ML direction  
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• the sacral slope angle vs the COP excursion in the AP direction 

There was a trend towards a significant association between the sacral slope 

angle with the sway area of the COP (p = 0.057) and the sacral slope angle with 

the distance of the COP (p = 0.088).  

No other significant relationships were observed between any of the other back 

shape and posture parameters in the sagittal plane and the limits of stability 

when leaning to the right. 
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Table 3.19 Relationship of the back shape and posture parameters in the sagittal plane with balance variables when leaning to the right 

Back shape/posture  Leaning to the right 

Sagittal plane (°) side Area Distance Variability A-P Exc M-L Exc 

FHP 

 

 
 

 
N/A 

r =-.00 
(95% CI = -0.23, 0.22;  

p =0.966) 

r =.01 
(95% CI = -0.21, 0.24;  

p =0.916)  

r=.16 
(95% CI = -0.06, 0.38;  

p =0.156)  

r=.02 
(95% CI = -0.21, 0.24; 

p =0.895)  

r=-.01 
(95% CI = -0.24, 0.21;  

p = 0.919)  

CLA 

 

 
 

N/A r =.09 
(95% CI = -0.14, 0.31;  

p =0.425)  

r =.11 
(95% CI = -0.12, 0.33;  

p =0.344)  

r=-.02 
(95% CI = -0.25, 0.21;  

p =0.854)  

r=.14 
(95% CI = -0.09, 0.35; 

p =0.237)  

r=.06 
(95% CI = -0.17, 0.28;  

p =0.635)  

TKA 

 
 

 
 

N/A 
r =.18 

(95% CI = -0.04, 0.39;  
p =0.111)  

 

r = .25* 
(95% CI = 0.03, 0.45; 

 p = 0.027) 
 

 
r=.02 

(95% CI = -0.20, 0.25; 
p =0.840)  

  

 
r=.14 

(95% CI = -0.08, 0.36; 
p =0.216)  

 

 

r =.23* 
(95% CI = 0.00, 0.43;  

p = 0.049) 
 

LLA 

 

 
 
N/A 

r =.09 
(95% CI = -0.13, 0.31;  

p =0.421)  

r=.14 
(95% CI = -0.09, 0.35; 

 p =0.235)  

r =.14 
(95% CI = -0.09, 0.35;  

p =0.237)  

r =-.05 
(95% CI = -0.27, 0.18; 

p =0.693)  

r =.13 
(95% CI = -0.10, 0.35;  

p =0.261)  

Data represent Spearman’s correlation coefficient (r); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-P Exc = 
Maximum anterior to posterior excursion, M-L Exc = Maximum medial to lateral excursion, R=right, L= left, * = p < 0.05,  
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Table 3.19 Relationship of the back shape and posture parameters in the sagittal plane with balance variables when leaning to 
the right (continued) 
Back shape/posture  Leaning to the right 

Sagittal plane (°) side Area Distance Variability A-P Exc M-L Exc 

SSA 

 

N/A 
r =.22 

(95% CI = -0.01, 0.42; 
p=0.057)  

r =.20 
(95% CI = -0.03, 0.40; 

p=0.088)  

r =.13 
(95% CI = -0.10, 0.34; 

p=0.281)  

r = .30** 
(95% CI = 0.08, 0.49; 

p= 0.009) 

r =.14 
(95% CI = -0.09, 0.35; 

p=0.242)  

HFA 

 

 
R 
 

r =-.17 
(95% CI = -0.26, 0.19; 

p=0.132)  

r =-.17 
(95% CI = -0.26, 0.19; 

p=0.150)  

r =-.02 
(95% CI = -0.12, 0.33; 

p=0.836)  

r =-.09 
(95% CI = -0.20,0.25; 

p=0.432)  

r =-.19 
(95% CI = -0.29, 0.16; 

p=0.102)  

 
 

L 
 

r =-.11 
(95% CI = -0.23, 0.23; 

p=0.327)  

r =-.08 
(95% CI = -0.22, 0.23; 

p=0.474)  

r =0.06 
(95% CI = -0.14, 0.31; 

p=0.628)  

r =-.07 
(95% CI = -0.16,0.29; 

p=0.578)  

r =-.14 
(95% CI = -0.26, 0.19; 

p= 0.247)  

KFA 

 

 
 

R 
 

r =.03 
(95% CI = -0.10, 0.35; 

p=0.786)  

r =.02 
(95% CI = -0.07, 0.37; 

p=0.845)  

r =.03 
(95% CI = -0.13, 0.32; 

p=0.795)  

r =.13 
(95% CI = 0.03, 0.45; 

p=0.247)  

r =-.10 
(95% CI = -0.16, 0.29; 

p=0.399)  

 
 

L 
 

r =.02 
(95% CI = -0.22, 0.23; 

p=0.842)  

r =.07 
(95% CI = -0.14, 0.31; 

p=0.554)  

r =.07 
(95% CI = -0.14, 0.31; 

p=0.552)  

r =.09 
(95% CI = -0.10,0.34; 

p=0.420)  

r =-.02 
(95% CI = -0.25, 0.20; 

p=0.894)  

Data represent Spearman’s correlation coefficient (r); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-P Exc = 
Maximum anterior to posterior excursion, M-L Exc = Maximum medial to lateral excursion, R=right, L= left, * = p < 0.05, ** = p < 0.01  
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TKA vs the distance of the COP when leaning to the right 

TKA was significantly positively correlated with the distance of the COP when 

leaning to the right (r = 0.25, p = 0.027, 95% CI = 0.03 - 0.45) (Figure 3.66). 

This means that an increased TKA increases the distance of COP when leaning 

to the right.  

 

 
Figure 3.66 Scatterplot of the distance of the COP when leaning to the right versus the TKA 

 
 

TKA vs the COP excursion in the ML direction when leaning to 
the right 

The TKA was significantly positively correlated with the COP excursion in the 

ML direction when leaning to the right (r = 0.23, p = 0.049, 95% CI = 0.00 - 

0.43) (Figure 3.67, page 165). This means that an increased TKA increases the 

COP excursion in the ML direction when leaning to the right.  
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 Figure 3.67 Scatterplot of the COP excursion in the ML direction when leaning to the 
right versus the thoracic kyphosis angle 

 
SSA vs the COP excursion in the AP direction when leaning to 
the right 
The SSA was also significantly positively correlated with the COP excursion on 

the AP direction when leaning to the right (r = 0.30, p = 0.009; 95% CI = 0.08 - 

0.49) (Figure 3.68, page 166). This means that an increased SSA increases the 

COP excursion in the AP direction when leaning to the right.  
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Figure 3.68 Scatterplot of the COP excursion in the AP direction when leaning 
to the right versus the SSA 

 

Frontal plane  

Table 3.20 (pages 167 – 168) shows the relationships between the back shape 

and posture parameters in the frontal plane with the limits of stability when 

leaning to the right (the sway area of the COP, the distance of the COP, the 

variability of the COP, the COP excursion in the AP, and the ML directions). 

This section provided an overview of statistically significant results. Only 

significant results are provided in the next sections (pages 169 – 171). 

There was a correlation between the right shoulder elevation angle with all 

limits of stability parameters except the COP excursion in the AP direction.  

No other significant correlations were observed between any of the other back 

shapes and posture in the frontal plane and the limits of stability parameters 

when leaning to the right. 
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Table 3.20 Relationship of the back shape and posture parameters in the frontal plane with balance variables when leaning to the right 

Back shape/posture Leaning to the right 

Frontal plane (°)  Area Distance Variability A-P Exc M-L Exc 

SEA 
 

 

 
R 

r = -0.35* 
(95% CI= -0.62,-0.00; 

 p= 0.048) 

r =-0.39* 
(95% CI= -0.65,-0.06; 

p=0.024) 

r = -0.40* 
(95% CI = -0.65,-0.07;  

p= 0.021) 

r = -0.26 
(95% CI = -0.55, 0.10; 

p=0.148)  

r =-0.35* 
(95% CI = -0.62,-0.01;  

p= 0.044) 

 
L r = 0.21 

(95% CI= -0.24, 0.59;  
p= 0.360)  

r = 0.09 
(95% CI= -0.36, 0.50; 

p=0.703)  

r = 0.08 
(95% CI = -0.36, 0.50;  

p= 0.702)  

r = 0.17 
(95% CI = -0.28, 0.56; 

p=0.468)  

r = 0.14 
(95% CI = -0.31, 0.54; 

 p= 0.556)  

  
 

B 

r = 0.12 
(95% CI= -0.41, 0.55;  

p= 0.610)  

 
r = 0.03 

(95% CI= -0.44, 0.46;  
p= 0.903)  

 
r = 0.02 

(95% CI= -0.44, 0.42;  
p= 0.919)  

 
r = 0.16 

(95% CI= -0.38, 0.61;  
p= 0.488)  

 
r = 0.15 

(95% CI= -0.31, 0.53;  
p= 0.509)  

LPT  
 

 

 
 
 

R r = 0.23 
(95% CI= -0.34, 0.68; 

 p= 0.427)  

r = -0.13 
(95% CI= -0.62, 0.43; 

p=0.648)  

r =-0.22 
(95% CI = -0.67, 0.35; 

 p= 0.446)  

r = 0.17 
(95% CI = -0.40, 0.64; 

p=0.573) 

r = 0.18 
(95% CI = -0.39, 0.65;  

p= 0.543)  

  
 
 

L 

r = -0.11 
(95% CI= -0.54, 0.36;  

p= 0.652)  

r = -0.04 
(95% CI= -0.48, 0.42; 

p=0.881)  

r = -0.01 
(95% CI = -0.46, 0.45; 

 p= 0.960)  

r = 0.12 
(95% CI = -0.35, 0.55; 

p=0.616)  

r = -0.20 
(95% CI = -0.60, 0.28;  

p= 0.424)  

  
 
 
 

B 

r = 0.02 
(95% CI= -0.40, 0.43;  

p= 0.912)  

r = -0.20 
(95% CI= -0.63, 0.26;  

p= 0.372)  

r = -0.18 
(95% CI= -0.66, 0.32;  

p= 0.416)  

r = 0.10 
(95% CI= -0.33, 0.50;  

p= 0.653)  

r = -0.07 
(95% CI= -0.46, 0.37;  

p= 0.768)  
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Back shape/posture Leaning to the right 

Frontal plane (°)  Area Distance Variability A-P Exc M-L Exc 

 FKA  

 
 

 
R r =-.17 

(95% CI= -0.38, 0.06; 
p=0.142)  

r =-.14 
(95% CI= -0.36, 0.09; 

 p= 0.225)  

r =-.07 
(95% CI = -0.29, 0.16; 

p=0.536)  

r =-.18 
(95% CI = -0.39, 0.05; 

p=0.126)  

r =-.15 
(95% CI = -0.36, 0.08;  

p= 0.203)  

 
 

L r =-.12 
(95% CI =-0.33, 0.11;  

p= 0.314)  

r =-.03 
(95% CI= -0.26, 0.19;  

p= 0.781)  

r =.04 
(95% CI = -0.18, 0.27; 

p=0.706)  

r =-.05 
(95% CI = -0.28, 0.17; 

p=0.643)  

r =-.11 
(95% CI = -0.33, 0.11; 

p=0.329)  

TI  

 
 

 
 
 
 

N/A r =.06 
 

(95% CI= -0.17, 0.29; 
p=0.593)  

r =.00 
 

(95% CI= -0.22, 0.23; 
p=0.956)  

r =-.04 
 

(95% CI = -0.26, 0.19; 
p=0.763)  

r =.03 
 

(95% CI = -0.2, 0.25;  
p= 0.827)  

r =.04 
 

(95% CI = -0.18, 0.27; 
p=0.708)  

Data represent Spearman’s correlation coefficient (r); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-P Exc = 
Maximum anterior to posterior excursion, M-L Exc = Maximum medial to lateral excursion, R=right, L= left, * = p < 0
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Right SEA vs the sway area of the COP when leaning to the 
right 

The right SEA was significantly negatively correlated with the sway area of the 

COP when leaning to the right (r = -0.35, p = 0.048, 95% CI = -0.62 - (-0.00) 

(Figure 3.69). This means that an increased right SEA the sway area of the 

COP when leaning to the right.  

 

 
Figure 3.69 Scatterplot of the sway area of the COP versus the right SEA 

 

 

Right SEA vs the distance of the COP when leaning to the right 

The right SEA was significantly negatively correlated with the distance of the 

COP when leaning to the right (r = - 0.39, p = 0.024, 95% CI = -0.65 - (-0.06) 

(Figure 3.70, page 170). This means that an increased right SEA decreases the 

distance of the COP when leaning to the right.  
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Figure 3.70 Scatterplot of the distance of the COP when leaning to the right versus the 
right SEA 

Right SEA vs the variability of the COP when leaning to the 

right 

The right SEA was significantly negatively correlated with the variability of the 

COP when leaning to the right (r = - 0.40, p = 0.021, 95% CI = -0.65- (-0.06) 

(Figure 3.71). This means that an increased right SEA decreases the variability 

of the COP when leaning to the right.  

 
Figure 3.71 Scatterplot of the variability of the COP when leaning to the right versus 
the right SEA 
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Right SEA vs the COP excursion in the ML direction when 

leaning to the right 

The right SEA was significantly negatively correlated with the COP excursion in 

the ML direction when leaning to the right (r = - 0.35, p = 0.044, 95% CI = -0.62 

- (-0.01) (Figure 3.72). This means that an increased right SEA decreases the 

COP excursion in the ML direction when leaning to the right.  

 

 

 
Figure 3.72 Scatterplot of the COP excursion in the ML direction when leaning to the 
right versus the right SEA 
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Transverse plane 

Table 3.21 (page 173) shows the relationships of the back shape and posture 

parameters in the transverse plane with the limits of stability when leaning to 

the right (the sway area of the COP, the distance of the COP, the variability of 

the COP, the COP excursion in the AP, and the ML directions). 

This section provided an overview of statistically significant results. Only 

significant results are provided in the next sections (pages 174 – 177). 

There was a significant relationship of the ATR at L3-L5 in standing with all the 

limits of stability parameters except the COP excursion in the AP direction.  

There was a trend towards a significant association between the ATR at L3-L5 

in standing with the variability of the COP (p = 0.069).   

No other significant correlations were observed between any of the other back 

shape and posture parameters in the transverse plane and the limits of stability 

parameters when leaning to the right. 
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Table 3.21 Relationship of the back shape and posture parameters in the transverse plane with balance variables when leaning to the right  

 
Data represent Spearman’s correlation coefficient (r); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-P Exc = Maximum 
anterior to posterior excursion, M-L Exc = Maximum medial  to lateral excursion, R=right, L= left, * = p < 0.05, ** = p < 0.01, T4=thoracic vertebrae level 4, T8=thoracic vertebrae 
level 8, T12=thoracic vertebrae level 12, L1= lumbar vertebrae level 1, L3= lumbar vertebrae level 3, L5= lumbar vertebrae level 5  

Back shape/posture  Leaning to the right 

Transverse plane (°)  Area Distance Variability A-P Exc M-L Exc 

SP 
 

 

R r =.07 
(95% CI = -0.16, 0.29;  

p = 0.548) 

r =-.12 
(95% CI = -0.33, 0.11;  

p = 0.318)  

r = -.10 
(95% CI = -0.32, 0.13;  

p = 0.389)  

r = .02 
(95% CI = -0.20, 0.25;  

p = 0.839)  

r =.04 
(95% CI = -0.18, 0.27;  

p = 0.703) 

L 
r =.05 

(95% CI = -0.18, 0.27;  
p = 0.684)  

r =-.12 
(95% CI = -0.33, 0.11; 

 p = 0.318)  

r =-.16 
(95% CI = -0.37, 0.07; 

 p = 0.163)  

r =.03 
(95% CI = -0.20, 0.25;  

p = 0.830)  

r =.01 
(95% CI = -0.22, 0.23;  

p = 0.946)  

ATR  
 

 

Standing forward bending position 

T4-T8 r =.01 
(95% CI = -0.21, 0.24; 

 p = 0.911)  

r =.07 
(95% CI = -0.16, 0.29; 

 p = 0.554)  

r =.08 
(95% CI = -0.15, 0.30;  

p = 0.480)  

r =.15 
(95% CI = -0.08, 0.36; 

 p = 0.203)  

r =-.03 
(95% CI = -0.25, 0.20;  

p = 0.816)  

T12-
L1 

r =-.11 
(95% CI = -0.32, 0.12;  

p = 0.356)  

r =.00 
(95% CI = -0.23, 0.23; 

 p =0.998)  

r =-.05 
(95% CI = -0.27, 0.18;  

p =0.692) 

r =-.03 
(95% CI = -0.25, 0.20;  

p =0.829)  

r =-.12 
(95% CI = -0.34, 0.10;  

p =0.287)  

L3-L5 r =.25* 
(95% CI = 0.03, 0.45; 

p=0.027) 

r =.27* 
(95% CI = 0.04, 0.46; 

p=0.020) 

r =.25* 
(95% CI = 0.03, 0.45; 

p=0.027) 

r =.16 
(95% CI = -0.07, 0.37; p 

= 0.183  

r =.28* 
(95% CI = 0.06, 0.48; 

p=0.013) 

Sitting forward bending position 

T4-T8 r =.02 
(95% CI = -0.21, 0.24;  

p = 0.873)  
 

r =.09 
(95% CI = -0.14, 0.31;  

p = 0.460)  

r =.11 
(95% CI = -0.12, 0.33;  

p = 0.335)  

r =.07 
(95% CI = -0.16, 0.29;  

p = 0.533) 

r =.03 
(95% CI = -0.20, 0.25; 

 p = 0.829)  

T12-
L1 

r =.07 
(95% CI = -0.16, 0.29; 

 p = 0.545)  

r =.17 
(95% CI = -0.06, 0.38;  

p = 0.150)  

r =.14 
(95% CI = -0.09, 0.35; 

 p = 0.244) 

r =.07 
(95% CI = -0.16, 0.29; 

 p = 0.529)  

r =.07 
(95% CI = -0.16, 0.29;  

p = 0.549) 

L3-L5 r =.17 
(95% CI = -0.06, 0.38;  

p = 0.152)  

r =.13 
(95% CI = -0.10, 0.35;  

p = 0.262) 
 

r =.21 
(95% CI = -0.02, 0.42; 

 p = 0.069)  

r =.10 
(95% CI = -0.13, 0.32;  

p = 0.381)  

r =.16 
(95% CI = -0.07, 0.37;  

p = 0.178)  



Chapter 3: A cross-sectional study 

 

174 
 

ATR at L3-L5 in standing vs the sway area of the COP when 
leaning to the right 

The ATR at L3-L5 in standing was significantly positively correlated with the 

sway area of the COP when leaning to the right (r = 0.25, p = 0.027, 95% CI = 

0.03 - 0.45) (Figure 3.73). This means that an increased ATR at L3-L5 in 

standing increases the sway area of the COP when leaning to the right.  

 

 

Figure 3.73 Scatter plot of the sway area of the COP when leaning to the right versus 
the ATR at L3-L5 in standing 

 

ATR at L3-L5 in standing vs the distance of the COP when 

leaning to the right 

The ATR at L3-L5 in standing was significantly positively correlated with the 

distance of the COP (r = 0.27, p = 0.020, 95% CI =0.04 - 0.46) (Figure 3.74, 

page 175). This means that an increased ATR at L3-L5 in standing increases 

the distance of the COP when leaning to the right.  
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Figure 3.74 scatterplot of the distance of the COP when leaning to the right versus the 
ATR at L3-L5 in standing 

 

ATR at L3-L5 in standing vs the variability of the COP when 

leaning to the right 

The ATR at L3-L5 in standing was significantly positively correlated with the 

variability of the COP when leaning to the right (r = 0.25, p = 0.027, 95% CI 

=0.03 - 0.45) (Figure 3.75, page 176). This means that an increased ATR at L3-

L5 in standing increases the variability of the COP.  
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Figure 3.75 scatterplot of the variability of the COP when leaning to the right versus 
the ATR at L3-L5 in standing 

 

 

ATR at L3-L5 in standing vs the COP excursion in the ML 
direction when leaning to the right 

The ATR at L3-L5 in standing was significantly positively correlated with the 

COP excursion in the ML direction when leaning to the right (r = 0.28, p = 

0.013, 95% CI = 0.06 - 0.48) (Figure 3.76, page 177). This means that an 

increase in ATR at L3-L5 in standing increases the COP excursion in the ML 

direction when leaning to the right.  
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Figure 3.76 Scatterplot of the COP movement on the ML direction when leaning to the 
right versus the ATR at L3-L5 in standing 

 
 

3.5.7 The relationship of the back shape and posture 
parameters with history of falls, and fear of falling  
 

3.5.6.4 Back shape/posture parameters vs history of falls 
(dichotomous variable) 

Table 3.22 - 3.24 (pages 179 – 183) depicts the relationships of the back shape 

and posture in the sagittal, the frontal, and the transverse planes with the 

history of falls. 

A significantly positive correlation was found between CLA and history of falls (r 

= 0.28, p = 0.013, 95% CI = 0.05 - 0.47) (Figure 3.77, page 178). An increase in 

CLA increases the number of falls.  
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There was a trend towards a significant association between TKA with the 

history of falls (p = 0.096), LLA with the history of falls (p = 0.071), and SSA 

with the history of falls (p = 0.099). 

No other statistically significant correlations were found between any of the 

other back shape and posture parameters in the sagittal, frontal, and transverse 

plane with the history of falls. 

 

 

 

Figure 3.77 Scatterplot of the CLA versus history of falls
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Table 3.22 Relationship of the back shape and posture in the sagittal plane with history of falls and fear of falling 

Back shape/posture 
Side 

History of falls Fear of falling 
Sagittal plane (°)   

FHP 

 

N/A 

r =-.09 
 

(95% CI = -0.31, 0.14, p = 0.443)  

r =.19  
 

(95% CI = -0.03, 0.40; p =0.096)  

CLA 

 

N/A 

r =.27*  
 

(95% CI = 0.05, 0.47, p =0.018)  
  

r =-.10 
 

(95% CI = -0.31, 0.13; p =0.413)  

TKA 

 

N/A 

r =.23 
 

(95% CI = 0.00, 0.43; p =0.096)  

r =-.19 
 

(95% CI = -0.50, 0.07; p = 0.110)  

LLA 

 

N/A  
 

r =.21 
 

(95% CI = -0.02, 0.41; p = 0.071)  
 
 

r =-.01 
 

(95% CI = -0.24, 0.21; p = 0.917)  

Data represent Spearman’s correlation coefficient (r); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-P Exc = 
Maximum anterior to posterior excursion, M-L Exc = Maximum medial to lateral excursion, R=right, L= left, * = p < 0.05 
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Table 3.22 Relationship of the back shape and posture in the sagittal plane with history of falls and fear of falling 
(continued) 

Back shape/posture Side 
History of falls Fear of falling Sagittal plane (°) 

SSA  

 

 

 

 

N/A 

r =.19 

(95% CI = -0.04, 0.40; p = 0.099)  

r =-.00 

(95% CI = -0.23, 0.22, p =0.995)  

HFA  

 

R 
r =.10 

(95% CI = -0.13, 0.31; p =0.416)  

r =-.05 

(95% CI = -0.27, 0.18; p = 0.671)  

L 

r =.15 

(95% CI = -0.08, 0.36; p =0.210)  

r =.05 

(95% CI = -0.18, 0.27; p = 0.674)  

KFA  

 

R 
r =.05 

(95% CI = -0.18, 0.27; p = 0.676)  

r =-.03 

(95% CI = -0.26, 0.19; p =0.762)  

 

L 

r =.07 

(95% CI = -0.16, 0.30; p =0.538)  

 

r =.06 

(95% CI = -0.17, 0.28; p =0.599)  

Data represent Spearman’s correlation coefficient (r); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-P Exc = 
Maximum anterior to posterior excursion, M-L Exc = Maximum medial to lateral excursion, R=right, L= left, * = p < 0.05 
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Table 3.23 Relationship of the back shape and posture parameters in the frontal plane with history of falls and fear of falling 

Back shape/posture 
Side History of falls Fear of falling 

Frontal Plane (°) 
SEA 
 

 

 
R 

r = -0.11 
 

(95% CI = -0.44, 0.24; p = 0.540)  

 
r = -0.11 

 
(95% CI = -0.44, 0.24; p = 0.534)  

 
 
 
L 

r = -0.06 
 

(95% CI = -0.49, 0.38; p = 0.804)  

r = 0.29 
 

(95% CI = -0.16, 0.64; p = 0.198)  

  
B r = 0.03 

 
(95% CI = -0.41, 0.47; p = 0.900)  

r = -0.26 
 

(95% CI = -0.60, 0.16; p = 0.245)  

LPT 

 

 

 
 

R 

r = 0.04 
 

(95% CI = -0.50, 0.56; p =0.895)  

r = -.14 
 

(95% CI = -0.62, 0.42; p =0.639)  

 
 
L 

r = 0.10 
 

(95% CI = -0.37, 0.53; p =0.674)  

r = 0.47* 
 

(95% CI = 0.02, 0.76; p =0.042) 

  
 
 

B 

r = -0.23 
 

(95% CI = -0.56, 0.16; p =0.260  

r = 0.39 
 

(95% CI = -0.09, 0.75; p =0.175  
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Back shape/posture 
Side History of falls Fear of falling 

Frontal Plane (°) 
FKA  

 
 

 
 
 

R 
r =-.10 

 
(95% CI = -0.32, 0.13; p =0.394)  

 
r =.10 

 
(95% CI = -0.01, 0.32; p = 0.401)  

 

 
L r =.05 

 
(95% CI = -0.18, 0.27; p =0.685)  

r =.18 
 

(95% CI = -0.04, 0.39; p =0.111)  

TI 

 
 

 
 
 
 

N/A r =-.02 
 

(95% CI = -0.24, 0.21; p =0.877)  

r =.05 
 

(95% CI = -0.18, 0.27; p = 0.673)  

Data represent Spearman’s correlation coefficient (r); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-P Exc = 
Maximum anterior to posterior excursion, M-L Exc = Maximum medial to lateral excursion, R=right, L= left, S = symmetrical, * = p < 0.05 
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Table 3.24 Relationship of the back shape and posture in the transverse plane with the history of falls and fear of falling 

Back shape/posture 
Side 

History of falls Fear of falling Transverse plane (°) 

SP 
 

 

R 
r =-.04 

(95% CI = -0.26, 0.19; p =0.735)  
r =-.09 

(95% CI = -0.31, 0.14; p = 0.427)  

L 
r =.10 

(95% CI = -0.13, 0.32; p =0.388)  
r =-.21 

(95% CI = -0.41, 0.02; p = 0.174)  

ATR 
 

 
 

Standing forward bending position 

T4-T8 r =-.06 
(95% CI = -0.28, 0.17; p =0.621)  

r =-.02 
(95% CI = -0.25, 0.20; p =0.849)  

T12-L1 
r =-.06 

(95% CI = -0.28, 0.17; p = 0.618)  
r =-.08 

(95% CI = -0.14, 0.30; p =0.471)  

L3-L5 r =.16 
(95% CI = -0.07, 0.37; p =0.177)  

r =.03 
(95% CI = -0.20, 0.25; p =0.820)  

Sitting forward bending position 

T4-T8 r =-.05 
(95% CI = -0.27, 0.18; p =0.675)  

r =.18 
(95% CI = -0.04, 0.39; p =0.112)  

T12-L1 r =-.05 
95% CI = (-0.31, 0.13; p =0.417)  

r =.17 
(95% CI = -0.05, 0.38; p =0.136)  

L3-L5 
r =-.01 

(95% CI = -0.24, 0.21; p =0.926)  
r =.04 

(95% CI = -0.19, 0.26; p =0.757)  

Data represent Spearman’s correlation coefficient (r); data in parentheses refer to the lower and upper bound 95% confidence interval, and p value, A-P Exc 
= Maximum anterior to posterior excursion, M-L Exc = Maximum medial  to lateral excursion, R=right, L= left, * = p < 0.05, ** = p < 0.01, T4=thoracic 
vertebrae level 4, T8=thoracic vertebrae level 8, T12=thoracic vertebrae level 12, L1=lumbar vertebrae level 1, L3=lumbar vertebrae level 3, L5=lumbar 
vertebrae level 5  
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3.5.6.5 Back shape and posture parameters vs fear of falling 

Table 3.22 - 3.24 (pages 179 – 183) illustrates the relationships between the 

back shape and posture parameters in the sagittal, the frontal, and the 

transverse plane with the fear of falling. 

 

A significantly positive correlation was found between the left LPT and fear of 

falling (r = 0.47, p = 0.042, 95% CI = 0.021 - 0.762) (Figure 3.78). An increase 

in left LPT increases the fear of falling.   

There was a trend towards a significant association between forward head 

posture with the fear of falling (p =0.096). 

No other significant correlations were found between any of the other back 

shape and posture parameters in the sagittal, frontal, and transverse plane and 

fear of falling. 

       

 

Figure 3.78 Scatterplot of left LPT versus fear of falling 
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3.5.7 Prediction of postural sway, the limits of stability, falling, 
and fear of falling from spinal curvatures in the sagittal plane  

3.5.7.1 Prediction of postural sway parameters during quiet 
standing from back shape parameters in the sagittal plane  

Multiple linear regression was conducted to predict the participants’ postural 

sway parameters from CLA, FHP, TKA, LLA, and SSA as shown in Table 3.25 - 

3.29 (pages 186 – 190).  

The predictor set (the spinal curvature parameters in the sagittal plane) did not 

explain significant proportions of the variance (R2) in the COP of the sway area 

(3.9%), the distance of the COP (2.2%), variability of the COP (6.6%), the COP 

excursion in the AP (8.1%), and the ML directions during quiet standing (8.2%).  

A significant predictor of the COP excursion in the ML direction during quiet 

standing was the FHP. This indicated that if the FHP increased by 1 standard 

deviation (SD) unit (7.69 degrees), the COP excursion in the ML direction 

during quiet standing increased by 0.26 SD unit. The SD for the COP excursion 

in the ML direction during quiet standing was 4.23, so this constituted a change 

of 1.10 mm (0.26×4.23). Therefore, if the FHP increased by 7.69 degrees, the 

COP excursion in the ML direction during quiet standing increased by 1.10 mm. 

Additionally, a significant predictor of the COP excursion in the AP direction 

during quiet standing was the SSA. This indicated that if the SSA increased by 

1 SD unit (11.04 degrees), the COP excursion in the AP direction during quiet 

standing increased by 0.27 SD. The SD for the COP excursion in the AP 

direction during quiet standing was 5.79, so this constituted a change of 1.56 

mm (0.27×5.79). Therefore, if the SSA increased by 11.04 degrees, the COP 

excursion in the AP direction during quiet standing increased by 1.56 mm. 

No significant variance proportions in the rest of the predictors of the COP of 

the sway area, the distance of the COP, variability of the COP, the COP 

excursion in the AP, and the ML directions during quiet standing were reported.
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Table 3.25 Linear multiple regression analysis of the COP sway area during quiet standing with the back shape 
and posture parameters in the sagittal plane  

 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

(lower to upper) 

 

 

 

P 
 B SE B β 

CLA 0.63 0.68 0.12 -0.71 to 1.95 0.339  

FHP 0.53 1.15 0.06 -1.77 to 2.40 0.643  

TKA -0.27 1.18 -0.03 -2.92 to 1.78 0.814  

LLA 0.18 0.78 0.03 -1.50 to 1.83 0.812  

SSA 0.67 0.65 0.12 -0.70 to 1.86  0.301  

R2 = 0.039, p = 0.719, CI = confidence interval, B = regression coefficient, SE=standard error,  

BCa = bias corrected accelerated, β = Standardized Beta Coefficient, * p < 0.05 

 

 

 



Chapter 3: A cross-sectional study 

 

187 
 

Table 3.26 Linear multiple regression analysis of the distance of COP during quiet standing with the back shape 
and posture parameters in the sagittal plane  

 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

 

 

 

 

P  

B SE B β 

CLA -1.29 2.25 -0.07 -5.97 to 3.34 0.572  

 FHP 1.952 4.067 0.06 -5.81 to 10.15 0.669  

TKA 1.25 3.82 0.04 -6.19 to 8.20 0.760  

LLA 3.81 2.76 0.14 -0.85 to 9.23 0.192  

SSA -0.50 2.31 -0.02 -4.69 to 3.60 0.809  

R2 = 0.022, p = 0.901, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 
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Table 3.27 Linear multiple regression analysis of the variability of the COP during quiet standing with the back 
shape and posture parameters in the sagittal plane  

 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

(lower to upper) 

 

 

 

P B SE B β 

CLA -0.00 0.00 -0.14 -0.01 to 0.00 0.247  

FHP 0.00 0.00 0.13 -0.00 to 0.01 0.310  

TKA -0.00 0.00 -0.10 -0.01 to 0.00 0.408  

LLA 0.01 0.00 0.09 -0.00 to 0.01 0.429  

SSA 0.00 0.00 -0.00 -0.00 to 0.00 0.998  

R2 = 0.066, p = 0.429, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 
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Table 3.28 Linear multiple regression analysis of the COP excursion in the AP direction during quiet standing with 
the back shape and posture parameters in the sagittal plane  

 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 
BCa 95% CI for B 

(lower to upper) 

 

 

 

P  

B SE B β 

CLA 0.01 0.06 0.02 -0.11 to 0.14 0.915  

FHP 0.03 0.10 0.05 -0.19 to 0.24 0.718  

TKA 0.03 0.10 0.03 -0.15 to 0.19 0.779  

LLA 0.01 0.07 0.02 -0.11 to 0.12 0.884  

SSA 0.14 0.07 0.27 0.01 to 0.30 0.050* 

R2 = 0.081, p = 0.299, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 
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Table 3.29 Linear multiple regression analysis of the COP excursion in the ML direction during quiet standing with 
the back shape and posture parameters in the sagittal plane  

 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

(lower to upper) 

 

 

 

P  
B SE B β 

CLA 0.04 0.05 0.10 -0.05 to 0.14 0.425  

FHP 0.14 0.06 0.26 0.01 to 0.29 0.042* 

TKA 0.01 0.08 0.02 -0.15 to 0.16 0.882  

LLA 0.07 0.05 0.15 -0.03 to 0.17 0.215  

SSA -0.01 0.06 -0.03 -0.12 to 0.08 0.791  

R2 = 0.082, p = 0.295, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 
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3.5.7.2 Prediction of the limits of stability parameters when 

leaning forward from back shape parameters in the sagittal 

plane  

Multiple linear regression was calculated to predict the participants’ limits of 

stability parameters when leaning forward based on the CLA, FHP, TKA, LLA, 

and SSA as shown in Table 3.30 - 3.34 (pages 192 – 196).  

The predictor set (the back shape and posture parameters in the sagittal plane) 

explained significant proportions of the variance (R2) in the COP of the sway 

area (20.1%), and the COP excursion in the AP direction when leaning forward 

(14.6%). The rest of the predictors set did not explain significant proportions of 

the variance (R2) in the distance of the COP (6.8%), variability of the COP 

(4.4%), and the ML direction when leaning forward (5.7%).  

No significant variance proportions in the predictors of the COP of the sway 

area, the distance of the COP, variability of the COP, the COP excursion in the 

AP, and the ML directions when leaning forward were reported. 

However, a close significant predictor of the variability of the COP during quiet  

standing was FHP. 
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Table 3.30  Linear multiple regression analysis of the sway area of the COP when leaning forward with the back 
shape and posture parameters in the sagittal plane  

 
 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

Bca 95% CI for 

slope B 

 

 

 

 

P  

B SE B β 

CLA 1.51 1.91 0.12 -1.43 to 4.83 0.514  

FHP 2.93 2.83 0.15 -1.27 to 7.01 0.439  

TKA 8.39 6.46 0.37 -1.53 to 19.54 0.417  

LLA 1.56 1.56 0.09 -1.04 to 4.63 0.363 

SSA 1.69 1.34 0.12 -0.49 to 4.70 0.261  

R2 = 0.201, p = 0.007, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 
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Table 3.31 Linear multiple regression analysis of the distance of the COP when leaning forward with the back 
shape and posture parameters in the sagittal plane 

 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

 

 

 

 

P  
B SE B β 

CLA 0.21 0.57 0.05 -0.81 to 1.41 0.704  

FHP 1.05 0.89 0.15 -0.50 to 2.90 0.245  

TKA 1.36 1.09 0.17 -0.74 to 3.04 0.232  

LLA 1.06 0.80 0.17 -0.41 to 2.78 0.187  

SSA 0.00 0.60 0.00 -1.14 to 1.13 0.999  

R2 = 0.068, p = 0.412, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05  
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Table 3.32 Linear multiple regression analysis of the variability of the COP when leaning forward with the back shape and 
posture parameters in the sagittal plane 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

 

 

 

 

P  
B SE B β 

CLA -0.00 0.00 -0.03 -0.00 to 0.01 0.777  

FHP 0.01 0.00 0.20 0.00 to 0.01 0.084  

TKA 0.00 0.01 0.05 -0.01 to 0.01 0.754  

LLA 0.00 0.00 0.09 -0.01 to 0.01 0.521  

SSA 0.00 0.00 0.04 -0.00 to 0.01 0.758  

R2 = 0.044, p = 0.662, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 
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Table 3.33 Linear multiple regression analysis of the COP excursion in the AP direction when leaning forward with the back 
shape and posture parameters in the sagittal plane 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

 

 

 

P  

B SE B β 

CLA 0.06 0.08 0.10 -0.08 to 0.20 0.486  

FHP 0.15 0.13 0.16 -0.06 to 0.34 0.293  

TKA 0.26 0.24 0.24 -0.16 to 0.61 0.361  

LLA 0.09 0.08 0.11 -0.06 to 0.21 0.286   

SSA 0.11 0.07 0.17 -0.03 to 0.28 0.139  

R2 = 0.146, p = 0.047, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 
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Table 3.34 Linear multiple regression analysis of the COP excursion in the ML direction when leaning forward with the back 
shape and posture in the sagittal plane  

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

 

 

 

 

P  

B SE B β 

CLA 0.03 0.05 0.07 -0.07 to 0.14 0.614  

FHP 0.11 0.08 0.17 -0.02 to 0.25 0.192  

TKA 0.12 0.13 0.17 -0.12 to 0.31 0.366  

LLA 0.05 0.07 0.09 -0.07 to 0.18 0.473  

SSA 0.02 0.06 0.03 -0.12 to 0.13 0.806  

R2 = 0.057, p = 0.526, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 
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3.5.7.3 Prediction of the limits of stability when leaning to the 

left from back shape parameters in the sagittal plane  

Multiple linear regression was conducted to predict participants’ limits of stability 

parameters when leaning to the left based on the SSA, LLA, TKA, CLA, and 

FHP as shown in Table 3.35 - 3.39 (pages 198 – 202).  

The predictor set explained significant proportions of the variance (R2) in the 

COP of the sway area (20.1%), and the COP excursion in the ML direction 

when leaning forward (25.3%). The rest of the predictors set did not explain 

significant proportions of the variance (R2) in the distance of the COP (13.5%), 

variability of the COP (7.9%), and the COP excursion in the AP direction when 

leaning to the left (10.0%).  

No significant variance proportions in the predictors of the COP of the sway 

area, the distance of the COP, variability of the COP, the COP excursion in the 

AP, and the ML directions when leaning forward were reported.  

However, the predictors (LLA and TKA) of the distance of the COP were nearly  

significant (p = 0.055 and p = 0.099, respectively). 
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Table 3.35 Linear multiple regression analysis of the sway area of COP when leaning to the left with the back 
shape and posture parameters in the sagittal plane  

 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

 

 

 

 

P  B SE B β 

CLA 3.25 3.22 0.15 -2.73 to 8.85 0.371  

FHP -1.00 4.88 -0.03 -10.62 to 7.74 0.841  

TKA 11.70 8.37 0.30 -2.45 to 25.30 0.280  

LLA 2.43 2.59 0.08 -2.70 to 8.23 0.383  

SSA 2.84 2.31 0.12 -1.56 to 6.87 0.227  

R2 = 0.201, p = 0.007, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 
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Table 3.36 Linear multiple regression analysis of the distance of the COP when leaning to the left with the back 
shape and posture parameters in the sagittal plane  

 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

 

 

 

 

P  B SE B β 

CLA 0.13 0.61 0.03 -1.14 to 1.34 0.849  

FHP 0.65 0.84 0.09 -1.15 to 2.49 0.444  

TKA 1.80 1.06 0.21 -0.39 to 3.51 0.099  

LLA 1.59 0.81 0.25 0.37 to 2.96 0.055  

SSA 0.44 0.61 0.09 -0.67 to 1.45 0.502  

R2 = 0.135, p = 0.065, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 
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Table 3.37 Linear multiple regression analysis of the variability of the COP when leaning to the left with the back shape and 
posture parameters in the sagittal plane  

 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

 

 

 

 

P  B SE B β 

CLA 0.00 0.00 0.00 (-0.00 to 0.01) 0.980  

FHP 0.01 0.00 0.17 (-0.00 to 0.01) 0.140  

TKA 0.00 0.00 0.08 (-0.01 to 0.01) 0.514  

LLA 0.01 0.00 0.22 (-0.00 to 0.01) 0.107  

SSA 0.00 0.00 0.05 (-0.00 to 0.00) 0.674  

R2 = 0.079, p = 0.315, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05  
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Table 3.38 Linear multiple regression analysis of the COP excursion in the AP direction when leaning to the left 
with the back shape and posture parameters in the sagittal plane  

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

 

 

 

 

P  B SE B β 

CLA 0.06 0.06 0.14 -0.06 to 0.19 0.297  

FHP 0.02 0.10 0.02 -0.18 to 0.19 0.874  

TKA 0.10 0.15 0.13 -0.15 to 0.34 0.524  

LLA 0.04 0.07 0.07 -0.09 to 0.18 0.542  

SSA 0.08 0.06 0.16 -0.03 to 0.21 0.167  

R2 = 0.100, p = 0.184, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 
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Table 3.39 Linear multiple regression analysis of the COP excursion in the ML direction when leaning to the left 
with the back shape and posture parameters in the sagittal plane  

 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

 

 

 

 

P  B SE B β 

CLA 0.22 0.14 0.22 -0.03 to 0.45 0.130  

FHP -0.02 0.21 -0.01 -0.39 to 0.31 0.912  

TKA 0.55 0.36 0.30 -0.08 to 1.10 0.185  

LLA 0.14 0.13 0.10 -0.11 to 0.37 0.290  

SSA 0.16 0.11 0.15 -0.06 to 0.38 0.155  

R2 = 0.253, p = 0.001, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 

 

 

 



Chapter 3: A cross-sectional study 

 

203 
 

3.5.7.4 Prediction of the limits of stability when leaning to the right from 
back shape parameters in the sagittal plane  
Multiple linear regression was conducted to predict participants’ COP sway 

area, the distance of the COP, the variability of the COP, the COP excursion in 

the AP, and the ML directions when leaning to the right based on the SSA, LLA, 

TKA, CLA, and FHP as shown in Table 3.40 – 3.44 (pages 204 – 208).  

The predictor set explained significant proportions of the variance (R2) in the 

COP of the sway area (30.3%), the COP excursion in the AP (25.8%) and the 

ML directions when leaning to the right (18.2%). The rest of the predictors set 

did not explain significant proportions of the variance (R2) in the distance of the 

COP (7.4%), and variability of the COP when leaning to the right (6.7%).  

A significant predictor of the COP of the sway area when leaning to the right 

was the SSA. This indicated that the SSA increased by 1 SD unit (11.04°), the 

COP of the sway area increased by 0.27 SD unit. The SD for the COP of the 

sway area when leaning to the right was 118.68, so this constituted a change of 

32.04 mm (0.27×118.68). Therefore, if the SSA increased by 11.04°, the COP 

of the sway area when leaning to the right increased by 32.04 mm. 

A significant predictor of the COP excursion in the AP direction when leaning to 

the right was the SSA. This indicated that the SSA increased by 1 SD unit 

(11.04°), the COP excursion in the AP direction when leaning to the right 

increased by 0.29 SD unit. The SD for the COP excursion in the AP direction 

when leaning to the right was 5.18, so this constituted a change of 1.50 mm 

(0.29×5.18).  

Therefore, if the SSA increased by 11.04°, the COP excursion in the AP 

direction when leaning to the right increased by 1.50 mm. Furthermore, the 

predictor (the SSA) of the COP excursion in the ML direction when leaning 

forward showed a trend significance (p = 0.059). 

No significant predictors of the distance of the COP, variability of the COP, and 

the COP excursion in the ML direction when leaning forward were reported.  
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Table 3.40 Linear multiple regression analysis of the sway area of the COP when leaning to the right with the 
back shape and posture parameters in the sagittal plane  

 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

 

 

 

 

P  B SE B β 

CLA 2.11 1.20 0.22 0.09 to 3.93  0.106  

FHP 0.89 1.88 0.06 -2.70 to 4.37 0.662  

TKA 5.48 3.42 0.31 -0.79 to 10.90 0.159  

LLA 0.61 1.45 0.05 -1.96 to 2.95 0.653  

SSA 2.89 1.06 0.27 0.96 to 4.62 0.019* 

R2 = 0.303, p < 0.001, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias 
corrected accelerated, β = Standardized Beta Coefficient, * p < 0.05 
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Table 3.41 Linear multiple regression analysis of the distance of the COP when leaning to the right with the back 
shape and posture parameters in the sagittal plane 

 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

 

 

 

 

P  B SE B β 

CLA 0.23 0.40 0.07 -0.61 to 1.00 0.549  

FHP 0.68 0.75 0.12 -0.77 to 2.59 0.365  

TKA 0.71 0.75 0.11 -0.88 to 1.86 0.349  

LLA 0.85 0.62 0.17 -0.34 to 2.21 0.169  

SSA 0.32 0.46 0.08 -0.53 to 1.14 0.489  

R2 = 0.074, p = 0.358, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 
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Table 3.42 Linear multiple regression analysis of the variability of the COP when leaning to the right with the back 
shape and posture parameters in the sagittal plane  

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

 

 

 

 

P  B SE B β 

CLA -0.00 0.00 -0.05 -0.00 to 0.00 0.614  

FHP 0.00 0.00 0.20 -0.00 to 0.01 0.141  

TKA -0.00 0.00 -0.04 -0.00 to 0.01 0.718  

LLA 0.00 0.00 0.14 -0.00 to 0.01 0.304  

SSA 0.00 0.00 0.05 -0.00 to 0.00 0.643  

R2 = 0.067, p = 0.422, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 
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Table 3.43 Linear multiple regression analysis of the COP excursion in the AP direction when leaning to the right 
with the back shape and posture parameters in the sagittal plane  

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

 

 

 

 

P  B SE B β 

CLA 0.08 0.05 0.19 -0.01 to 0.17 0.128  

FHP 0.07 0.08 0.11 -0.08 to 0.22 0.393 

TKA 0.23 0.15 0.30 -0.03 to 0.50 0.182  

LLA -0.02 0.06 -0.03 -0.13 to 0.09 0.749  

SSA 0.14 0.05 0.29 0.05 to 0.23 0.014* 

R2 = 0.258, p = 0.001, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 
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Table 3.44 Linear multiple regression analysis of the COP excursion in the ML direction when leaning to the right 
with the back shape and posture parameters in the sagittal plane 

 

Predictor variable 

 

Unstandardized 

coefficient 

 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

 

 

 

P  B SE B β 

CLA 0.09 0.07 0.17 -0.05 to 0.20 0.197  

FHP 0.01 0.10 0.01 -0.21 to 0.22 0.966  

TKA 0.15 0.11 0.17 -0.08 to 0.34 0.207  

LLA 0.05 0.08 0.07 -0.12 to 0.22 0.549  

SSA 0.13 0.07 0.23 -0.01 to 0.25 0.059  

R2 = 0.182, p = 0.014, CI = confidence interval, B = regression coefficient, SE=standard error, BCa = bias corrected accelerated, 
β = Standardized Beta Coefficient, * p < 0.05 
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3.5.7.5 Prediction of the fear of falling from the back shape and 
posture parameters  

Multiple linear regression was conducted to predict participants’ fear of falling 

from the CLA, FHP, TKA, LLA, and SSA as shown in Table 3.45. The predictors 

set did not explain significant proportions of the variance (R2) in the fear of 

falling (5.1%). No significant predictors of the fear of falling were reported. 

 

Table 3.45 Multiple regression analysis of fear of falling with the back shape 
and posture parameters in the sagittal plane 

Fear of falling 

Unstandardized 

coefficient 

Standardized 

coefficient 

 

BCa 95% CI for B 

 

(lower to upper) 

P 

B SE B β 

CLA -0.10 0.08 -0.14 (-0.24 to 0.06) 0.217  

FHP 0.12 0.16 0.11 (-0.16 to 0.45) 0.485  

TKA -0.04 0.21 -0.03 (-0.42 to 0.38) 0.855  

LLA 0.11 0.14 0.11 (-0.18 to 0.39) 0.445  

SSA -0.05 0.09 -0.07 (-0.23 to 0.14) 0.580  

R2 = 0.051, p = 0.584, CI = confidence interval, B = regression coefficient, SE=standard error, 
BCa = bias corrected accelerated, β = Standardized Beta Coefficient, * p < 0.05 

 

3.5.7.6 Prediction of falls from the back shape parameters  

Logistic regression was performed to examine the impact of a set of predictor 

variables (spinal curvatures in the sagittal plane) on the odds that participants 

would report that they had fallen in the past 12 months. The model contained 

five predictors (CLA, FHP, TKA, LLA, and SSA). The full model containing all 

the predictors was statistically significant, x2 (5, N = 76) = 15.31, p = .009, 

indicating that the model was able to distinguish between participants who had 

versus those who had not fallen. The model correctly predicted 82.9% of cases. 

The sensitivity of this model for the prediction of falls was 100% and the 

specificity was 18.8%. The sensitivity of this model means that this model was 
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able to correctly classify 100% of the participants who did not have a history of 

falls. The specificity means that participants who did not have a history of falls 

correctly predicted the history of falls by the model). As shown in Table 3.46, 

only the CLA made a unique statistically significant contribution to the model. 

The CLA is a predictor reporting the falls, recording an odds ratio of 1.05. This 

indicated that if CLA increased by 1 degree (27.98° to 28.98°), the odds of 

falling increased by 1.05 times greater than participants who did not have a 

history of falls. 

 

Table 3.46 Logistic regression analysis for predicting falls  

Back shape parameter 

 

 

B 

 

 

S.E. B 

 

 

Odds ratio 

 

 

95% CI for Odds ratio 

 

 

 

P  

Lower 

 

 

Upper 

CLA 0.07 .030 1.07 1.01 1.14 0.019* 

FHP -0.01 .045 0.99 .90 1.08 0.764  

TKA -0.10 .062 0.91 0.80 1.02 0.107  

LLA 0.05 .040 1.05 0.97 1.14 0.212 

SSA 0.04 .029 1.04 0.98 1.10 0.208  

CI = confidence interval, B = regression coefficient, SE = standard error, * p < 0.05 
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3.6 Discussion 

The current study aimed to examine the relationships between 1. back 

shape and posture vs balance, 2. back shape and posture vs falls, 3. back 

shape and posture vs fear of falling in older people with hyperkyphosis. A 

secondary aim of the study was to determine whether the degree of spinal 

deformity in the sagittal plane was able to predict balance, falls, and fear of 

falling. To the best of the author's knowledge, the present study is the first 

research study to evaluate the relationship between spinal curvature in 3D 

and whole-body posture with balance, falling, and fear of falling in older 

people with thoracic hyperkyphosis. The evaluation of whole-body posture is 

important not only for understanding the influence of whole-body posture on 

balance, falling, and fear of falling but it is also crucially important in 

preventing falls. 

3.6.1 The main findings of this cross-sectional study 

The overall results of the present study demonstrated that back shape and 

posture in three dimensions comprising the sagittal plane (sacral slope 

angle, and right knee flexion angle), the frontal plane (right frontal knee 

angle), and the transverse plane (the ATR at T4-T8 in standing and the ATR 

rotation at T4-T8 and L3-L5 in sitting) were significantly correlated with 

postural sway parameters during quiet standing. 

In addition, for the limits of stability test, the results of the current study also 

found that only back shape and posture in the frontal plane (right shoulder 

elevation) and the transverse plane (the ATR at L3-L5 in standing and the 

ATR at T4-T8, T12-L1, and L3-L5 in sitting) were significantly correlated with 

the limits of stability parameters when leaning forward. 

Moreover, back shape and posture 3D planes comprising the sagittal plane 

(thoracic kyphosis angle and right knee flexion angle), the frontal plane (right 

shoulder elevation), and the transverse plane (the ATR at T4-T8 and L3-L5 

level in standing and sitting positions) were significantly correlated with the 

limits of stability parameters when leaning to the left.  
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Furthermore, 3D back shape and posture including the sagittal plane 

(thoracic kyphosis angle, and sacral slope angle), the frontal plane (right 

shoulder elevation), and the transverse plane (the angle of trunk rotation 

level L3-L5 in standing) were significantly correlated with the limits of stability 

parameters when leaning to the right. 

Apart from postural sway and the limits of stability variables, only the cervical 

lordosis angle was significantly correlated with falls, and left lateral pelvic tilt 

was significantly correlated with fear of falling. 

For the second objective of this study, the author hypothesized that spinal 

curvature in the sagittal plane could predict postural sway, the limits of 

stability, the history of falls as well as the fear of falling. The results of the 

current study found that forward head posture predicted the COP in the ML 

direction during quiet standing. Moreover, the sacral slope angle predicts the 

COP in the AP direction during quiet standing, the COP sway area, and the 

COP in the AP direction when leaning to the right. In addition, cervical 

lordosis also predicted the number of falls. 

3.6.2 The relationship between back shape and posture 
parameters with postural sway during quiet standing  

3.6.2.1 Sagittal plane 

Knee flexion angle (KFA) 

An increase in KFA was part of the body’s compensation for thoracic 

hyperkyphosis to restore the alignment of the gravity line and maintain an 

upright posture (Roussouly & Nnadi, 2010) (Figure1.4). 

This study also indicated that an increase in right KFA correlated with an 

increase in the COP excursion in the AP direction during quiet standing. In 

addition, a significant trend between the increase in the right KFA and the 

sway area of the COP was found. Whilst the current study did find a 

significant correlation between the left KFA and postural sway, the mean of 

the KFA on both sides was similar (Mean right KFA = 8.52° ± 4.31, mean left 

KFA = 8.38° ± 4.07). Unfortunately, the reasons why only the right KFA 

correlated with postural sway are unclear. The author suggests one possible 
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reason for the different results between the right and left KFA might be 

different quadriceps muscle strength. Ünlüsoy et al. (2011) demonstrated 

that quadriceps muscle weakness was associated with increased postural 

sway in older adults with and without kyphosis. However, it was not possible 

to demonstrate this in the current study.  

The current study is also consistent with the findings of Brocklehurst, 

Robertson, and James‐Groom (1982) who conducted a study to evaluate the 

relationship between the knee angle in standing and postural sway in 82 

subjects aged 65-84 years. The authors demonstrated that there was a 

significant relationship between the knee angle and postural sway when the 

participant’s eyes were closed in older people.  

In contrast, Cunha, Leduc, Nayak, and Isaacs (1987) assessed the 

correlation between the knee angle, measuring it using a lateral photograph 

and sway path using the Kistler force plate in 38 elderly subjects. No 

statistically significant relationship was found between the knee angle and 

sway path during quiet standing in Cunha et al. (1987).  

A possible explanation for the inconsistent results may be the differences in 

the measurement of the spinal curvature and body posture, as well as the 

characteristics within the populations. As there are differences in the 

measurement in the literature of the spinal curvature and body posture. The 

current study used the bubble inclinometer to measure thoracic kyphosis. 

The participants were included if they had a thoracic kyphosis angle ≥ 40°. 

Cunha et al. (1987) used three different methods to indicate stooping 

posture which is defined as a position of flexion at the ankles, knees, and 

hips, flexion or forward curvature of the spine, and flexion of the head on the 

trunk. The three methods consist of 1) eye-ear angle, 2) chin-sternum 

distance, and 3) knee angle. The eye-ear angle and the chin-to-sternum 

distance were derived from the lateral photographs. The eye-ear angle was 

made by the line between the outer canthus of the eye, the tragus of the ear, 

and the point of the chin. The angle increased as the head moved forward. 

The chin-to-sternum distance referred to the distance between the chin and 
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the sternum. The knee angle referred to flexion at the knee and was 

assessed with a goniometer. 

Differences may also be explained by the study populations. The current 

study included participants who had a thoracic hyperkyphosis > 40°. While 

Cunha et al. (1987) included healthy older adults, the participants included in 

the Cunha et al. (1987) may or may not have had thoracic hyperkyphosis. 

 

 

Figure 1.4 Compensatory mechanism [Obtained from Barrey, Roussouly, 

Perrin & Le Huec, 2011] 

 

Sacral slope angle (SSA) (Figure 3.12) 

The current study demonstrated that an increase in the SSA was related to 

an increase in the COP excursion in the AP direction during quiet standing. 

This means that an increase in the SSA increased postural sway. 
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Few studies have explored the relationship between the SSA and postural 

sway in older adults with hyperkyphosis. It is difficult to compare the findings 

of the study with other studies.  

 

Figure 3.12 Sacral slope angle 

A study by Imagama et al. (2013) examined the relationship between spinal 

sagittal alignment to balance in 100 males with a mean age of 70-year 

(range 54-91 years). They revealed that negative correlations were found 

between the sacral inclination angle and the sway area traced by the 

movement of the COP with eyes closed and with eyes open conditions 

during quiet standing. However, Imagama’s study did not provide any details 

to describe the negative correlation between the variables.  

In contrast to the results of the current study, O’Brien, Culham, and Pickles 

(1997) investigated the correlation between the SSA and the functional 

balance tests (Berg Balance Scale, Functional reach test, and modified 

Timed Up and Go test) in 48 elderly females, aged over 65 years old. They 

reported that there was no statistically significant relationship between the 

SSA and clinical balance tests. The discrepancy in findings between the 

current study and O’Brien, Culham, and Pickles (1997) may be explained by 

differences in the sacral slope assessment as well as the balance 

assessment. In the present study, the sacral slope angles (21.65° ± 11.04°) 

were measured using the mobile surface topography system, and then the 

angles were calculated from the computer software. In the previous study, 

the sacral slope (9.5° ± 7.3°) was measured using an inclinometer.  

XYZ Distance Line-Line 
Non-parallel lines 
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Differences may also be attributed to the balance assessment methods. The 

current study measured balance as postural sway and the limits of stability 

using the laboratory measure of balance (TekScan MatScan® pressure 

mat). O’Brien, Culham, and Pickles (1997) measured balance using the 

functional balance tests (Berg Balance Scale, Functional reach test, and 

Timed Up and Go test). It may be possible that the laboratory measure of 

balance in the current study may be more sensitive to slight changes in 

postural sway.  

3.6.2.2 Frontal plane  

Frontal knee angle (FKA) (Figure 3.18) 

The current study demonstrated that an increase in the right FKA was 

correlated with a decrease in three postural sway variables during quiet 

standing (the COP of the sway area, and the COP excursion in the AP and 

ML directions). In addition, an increase in the left FKA demonstrated a trend 

correlated with a decrease in the COP of the sway area during quiet 

standing.  

  

 

Figure 3.18 Frontal knee angle 
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The FKA can be measured by the angle of intersection from a line drawn 

between the anterior superior iliac spine (ASIS) and the midline of the patella 

and the talus (Kandasamy, 2018). The FKA can be expressed as its angular 

deviation from 180° or 0° (neutral alignment) (Cooke et al., 2007). The 

current study demonstrated that the mean FKA was 9.60 ± 4.80 degrees for 

the right side and 8.85 ± 3.47 degrees for the left side, which is higher than 

the neutral alignment.  

To the author’s knowledge, this is one of the very first studies reporting the 

relationship between the FKA and postural sway during quiet standing in 

older people with thoracic hyperkyphosis. Despite a thorough search, no 

other studies could be found reporting this relationship. It is therefore difficult 

to compare the results of the current study with other studies. 

The alteration of back posture in the frontal plane causes asymmetrical 

loading on the legs, which creates an imbalance of postural muscles and 

COP displacement (Carlsoo, 1961; Zurawski, Kiebzak, Kowalski, Sliwinski, & 

Sliwinski, 2020). Furthermore, a study by Samaei, Bakhtiary, Elham, and 

Rezasoltani (2012) compared the effect of knee malalignment (genu varum, 

genu valgum, and normal knee alignment) on quiet standing and dynamic 

balance in 90 female university students. The authors revealed that an 

increased frontal knee angle or genu varum may increase postural sway in 

the ML direction during quiet standing and dynamic balance measures, as 

compared to a normal knee.  

The interesting finding is that an increased FKA decreased postural sway. 

The author of the current study did not expect this finding and suggests may 

be the result of the compensatory mechanisms to correct thoracic 

hyperkyphosis. Faghfourian, Anbarian, Faradmal, and Heydari Moghadam 

(2015) have described that individuals with thoracic hyperkyphosis employed 

compensatory mechanisms, e.g., using lower extremity joints, tilting of the 

pelvis, and moving the trunk to the back to improve balance by moving the 

centre of gravity to the natural location.   
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3.6.2.3 Transverse plane  

ATR in standing forward bending (Figure 3.79) 

An increased ATR at the T4-T8 in standing correlated with an increase in 

two postural sway variables during quiet standing: the COP sway area and 

the COP excursion in the ML direction. This means that an increase in the 

ATR at the T4-T8 in standing increases postural instability. 

 

 

 
Figure 3.79 Forward bending test to assess the angle of trunk rotation 

[Obtained from Horne, Flannery, & Usman, 2014] 
  

ATR in sitting forward bending  

An increased ATR at the T4-T8 in sitting was correlated with an increase in 

two postural sway variables during quiet standing: the COP sway area and 

the COP excursion in the ML direction. Furthermore, an increased ATR at 

the L3-L5 in sitting was correlated with an increase in the variability of the 

COP during quiet standing. These findings mean that an increase in ATR at 
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the T4-T8 in sitting and ATR at the L3-L5 in sitting increase postural 

instability. 

The findings of the current study partly agree with Pau et al.’s study (2018) 

who demonstrated the influence of trunk rotation on postural sway in 255 

children and young adolescents (aged 9–14 years old).  These children were 

screened at school for the presence of scoliosis. The study demonstrated 

that females with a trunk rotation (ATR ≥ 5°) had a significantly greater COP 

sway area and COP sway path. The COP excursion in the ML direction 

during quiet standing was compared to the control group (ATR < 5°). The 

same study reported that trunk rotation (ATR ≥ 5°) did not have any effect on 

postural sway during quiet standing in males with a trunk rotation. The 

authors explained that an increase in postural sway with trunk rotation was 

only found in females but not in males due to the evolution of postural 

control in this age range. Females had better postural control during quiet 

static stance than males because they have different times in the maturation 

of the central nervous system (Pau et al, 2018). 

In line with the current study, Chen et al. (1998) indicated that the sway area 

and lateral sway were significantly higher in adolescent idiopathic scoliosis 

participants (n = 30) than in normal participants (n = 15). This may be 

explained by trunk asymmetry shifting the centre of mass of the trunk to the 

lateral side. This leads to an imbalance of the body and increased postural 

sway in the lateral direction (Chen et al., 1998). 

 

Trunk rotation (asymmetry) is a rotational deformation of the vertebrae in the 

transverse plane (Kotwicki, Walczak, & Szulc, 2008). Trunk rotation is a sign 

of scoliosis and occurs with a rib hump and/or lumbar hump. The angle of 

trunk rotation (ATR) can be assessed using a scoliometer (Stępień, Fabian, 

Graff, Podgurniak, & Wit, 2017). Age-related changes in the musculoskeletal 

system include degeneration of the disc, facet joint, ligaments, and muscle 

tissues (Choi, 2009; Frontera, 2017). However, degenerative changes lead 

to asymmetric loads on the spinal segment, the disc, and facet joints. This 

phenomenon leads to an asymmetrical deformity (scoliosis and/or kyphosis). 
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The asymmetrical deformity also triggers asymmetric degeneration and 

generates a vicious cycle that increases curve progression (Figure 3.80) 

(Aebi, 2005). 

 

 

 

Figure 3.80  Vicious circle of adult’s degenerative scoliosis (Aebi, 2005) 

3.6.3 Relationship of back shape and posture parameters 
with the limits of stability 

3.6.3.1 Sagittal plane 

Thoracic kyphosis (TKA) 

An increased TKA correlated with an increase in the COP excursion in the 

ML direction when leaning to the left, the COP in the ML direction when 

leaning to the right, the distance of COP excursion when leaning to the right.  
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Figure 3.10 Thoracic kyphosis angle 

The findings of the current study, which are consistent with the study 

conducted by Ünlüsoy et al. (2011) indicated that participants with thoracic 

hyperkyphosis and osteoporosis (n = 20) had greater postural sway in the 

AP and ML directions when performing dynamic balance with eyes-opened, 

compared to healthy older people (n = 30) as well as participants with 

osteoporosis only (n = 50). Further, participants with thoracic hyperkyphosis 

and osteoporosis had higher postural sway in the AP direction when 

performing dynamic balance with eyes-closed, compared to healthy older 

people and participants with osteoporosis. However, the authors reported 

that all the postural sway parameters did not show a significant difference 

between the three groups. However, the authors did not provide details on 

non-significant results.  

In addition, Godzik et al. (2020) investigated the relationship between 

thoracic kyphosis and both static and dynamic balance in 11 subjects with 

adult spinal deformity. The authors demonstrated that thoracic kyphosis was 

positively correlated with both mediolateral sway in the eyes-open condition 

and the eyes-closed condition only during quiet standing. They also found 

that the subjects with adult spinal deformity had poorer dynamic postural 

stability compared with age-matched normal controls. Despite the 
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relationship found between thoracic kyphosis and the balance tests, it is 

difficult to make recommendations based on Godzik et al. (2020) study 

because the sample size was limited. 

In contrast, Alin, Grahn Kronhed, and Salminen (2016) conducted a cross-

sectional study to determine the relationship between thoracic kyphosis 

(measured by using the Flexicurve ruler) and dynamic balance tests (tandem 

gait forwards heel to toe and tandem gait backward toe to heel on a line) in 

elderly women at high risk of osteoporotic feature (n = 45). Tandem gait 

forwards heel to toe and tandem gait backward toe to heel on a line were 

performed as participants walked forward using an alternating-foot heel-to-

toe gait (heel to toe on a line). Tandem gait backward participants walked 

backward using an alternating foot toe-to-heel gait (toe to heel on a line), 

which was performed twice in each direction and maximised to 15 correct 

steps. They reported that thoracic hyperkyphosis was not found to 

be associated with any dynamic balance test. 

These inconsistent results between the present study and previous studies 

may have been caused by differences in the methods used for measuring 

balance, the kyphosis angle, as well as participant characteristics. The 

current study measured dynamic balance using a laboratory test (TekScan 

MatScan), to measure body postural sway. While Alin et al.'s (2016) study 

measured dynamic balance using a functional test (tandem gait forwards 

heel to toe and tandem gait backward toe to heel on a line).  

Thoracic kyphosis in the current study was measured using the mobile 

surface topography system, and then the angles were calculated from the 

computer software. Alin et al.'s (2016) study measured thoracic kyphosis 

angles using the Flexicurve and then calculated the angle. However, this 

method might be less precise. Furthermore, the present study recruited only 

participants with thoracic hyperkyphosis, whereas Alin et al.'s (2016) study 

recruited elder women who were at risk of osteoporosis fractures, and 

realistically it could be argued participants with osteoporosis might not have 

a thoracic hyperkyphosis problem.  
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Additionally, the current study demonstrated that thoracic hyperkyphosis 

correlated with postural sway in the ML direction. This finding can be 

explained as a change in the movement strategy to respond to perturbation. 

Movement strategies are the strategies that humans use to return the body 

to equilibrium in a stance position (Horak, 2006). The strategies can be 

divided into 3 strategies: 1) The ankle strategy, 2) The hip strategy, and 3) 

The stepping strategy. The ankle strategy is used to maintain balance when 

there is a small amount of sway when standing on a firm surface and is 

involved in controlling body sway in the AP direction. The hip strategy is 

used to maintain balance when the postural challenge increases (e.g., a 

stand on a narrow surface) and contributes to controlling postural sway in 

the ML direction. The stepping strategy is used to realign the base of support 

under the new position of the centre of gravity with rapid steps, hops, or 

stumbles.  

Thoracic hyperkyphosis causes forward displacement of the centre of mass 

of the trunk in the sagittal plane. The inclination angles of the body become 

so large that the ankle strategy may not be able to restore body balance. 

Therefore, the nervous system regulates joint moments using the hip 

strategy (Bezerra, Crowley, and Zhou, 2011). Moreover, older adults with 

hyperkyphosis demonstrate greater reliance on the hip strategy (Lynn et al., 

1997). Therefore, the author believes this might be a reason why older 

adults with hyperkyphosis swayed in the ML direction in the current study. 

Knee flexion angle (KFA) 

An important finding was that increased right KFA correlated with an 

increase in the COP excursion in the AP direction when leaning to the left. 

The current study did not find a significant correlation between left KFA and 

the limits of stability. The reason for explaining the difference between the 

results for the right and left legs maybe because the different results 

between the right and left KFA might be different quadriceps muscle 

strength. As Ünlüsoy et al. (2011) demonstrated that quadriceps muscle 

weakness was associated with increased postural sway in older adults with 
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and without kyphosis. However, it was not possible for the author to 

demonstrate this in the current study.  

 

 

Figure 3.14 Knee flexion angle 

To the author’s knowledge, no previous studies have examined the correlation 

between knee flexion angle and the limits of stability in older people.  

Similarly, O’Brien et al. (1997) determined the correlation between the knee 

flexion angle with Berg Balance Scale (BBS), Functional reach test (FRT), 

and Timed Up and Go test (TUG) in 48 elderly females, aged over 65 years 

old. The BBS consists of 14 items related to daily life activities such as 

sitting to stand, standing unsupported, reaching forward with an outstretched 

arm, turning 360°, and alternate stepping in succession onto an 8-inch 

platform (Godi et al., 2013). Scoring is on a 5-point ordinal scale with 0 

indicating an inability to complete the task and 4 as independent with 

completing the task. The maximum score that can be reached is 56 indicates 

a good balance. The FRT is used to assess a participant’s ability to lean 

forward of a standing subject who voluntarily extends one arm as much as 

possible without moving the lower body or losing balance. The score is 

obtained by measuring the distance between the fingertip’s starting and end 

positions. The TUG test is the balance assessment test which requires 
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participants to rise from a chair without an armrest, walk 3 meters to sit in 

another chair with armrests then rise again and return to the original chair, 

whilst the time was taken to do this test was recorded. 

O’Brien et al. (1997)  demonstrated that the knee flexion angle was 

associated with Berg Balance Scale and modified Timed Up and Go test but 

was not associated with the Functional reach test. This indicated that an 

increased knee flexion resulted in decreased balance performance. 

However, they did not explain why the knee flexion angle was not associated 

with the Functional reach test. 

In contrast to the current study, Ota, Goto, Noda, Fujita, and Matsui (2015) 

demonstrated that a relationship was not observed between the knee flexion 

angle and timed up and go test in 53 elderly women (83.7 ± 6.3 years old). 

The Timed up and go test requires participants to rise from a chair without 

an armrest, walk 3 meters to sit in another chair with armrests then rise 

again and return to the original chair, whilst the time was taken to do this test 

was recorded.  

A potential explanation for the differences in these results might be the 

difference in the characteristics of the population. The population in the 

present study included older adults with thoracic hyperkyphosis. The 

population in Ota et al. (2015) study included healthy older adults. Therefore, 

it is possible that knee flexion not only affects balance but thoracic 

hyperkyphosis also affects balance. 

Based on the findings in the present study, increased knee flexion disturbs 

balance and may be due to knee muscle weakness. Sinaki et al. (2005) 

indicated that reduced lower extremity muscle strength (hip, knee, and 

ankle) play an important role in increasing body sway in older adults with 

hyperkyphosis and osteoporosis. Additionally, Ünlüsoy et al. (2011) stated 

that quadriceps muscle strength was the main factor affecting postural 

balance. Unfortunately, knee muscle strength was not measured in the 

current study. Therefore, the results of the current study could not confirm 

this hypothesis. 
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3.6.3.2 Frontal plane 

Shoulder elevation angle (SEA) (Figure 3.81) 

SEA is assessed by the angle between the line connecting the top margin of 

each acromial process and the horizontal line (Kandasamy, 2018). 

Symmetrical shoulders can be expressed as their angular deviation from 0° 

(neutral position) (Gotfryd, Caffaro, Meves, & Avanzi, 2017). It is important to 

note that the SEA was obtained by the body contours and the soft tissue 

itself, so the results in this study cannot indicate bony problems.  

Degenerative disc disease is one of the causes of shoulder asymmetry in 

older adults with thoracic hyperkyphosis. The function of an intervertebral 

disc is to provide the intervertebral disc space and distribute compression 

forces on the adjacent vertebral bodies. In addition, another function is to 

resist any compression forces (Adams & Roughley, 2006; Lamartina & 

Berjano, 2014). With increasing age, the disc loses its function because of 

changes in morphology. This leads to an increase in the sagittal anterior 

displacement of the spine. If the disc degeneration is asymmetrical in the 

frontal plane, physiological compression forces imposed by gravity can result 

in the disc bending a combined deformation in flexion, lateral bending, 

combined with an axial rotation (Lamartina & Berjano, 2014). This leads to 

an increase in the deformity of the spine in elderly people. 

 

Figure 3.81 Right shoulder elevation 
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In the current study, an increase in the right SEA correlated with a decrease 

in the COP excursion in the AP direction when leaning forward. An increase 

in the right SEA trended towards a significant association with a decrease in 

the distance of COP excursion when leaning forward.  

Further, an increase in the right SEA correlated with a decrease in the limits 

of stability parameters when leaning to the left and right except for the COP 

excursion in the AP direction when leaning to the left and right. An increase 

in the right SEA trended toward a significant association with a decrease in 

the COP excursion in the AP direction when leaning to the left. 

In addition, the current study did not find any significant relationship between 

the SEA and postural sway parameters during quiet standing. However, the 

right SEA trended towards a significant negative association with the sway 

area of the COP excursion. The current study depicted that the right SEA 

was 3.45° ± 1.46°, the left shoulder elevation was 3.81° ± 1.3° and shoulder 

symmetry (less than 1°) was 0.54° ± 0.14°. 

To the author’s knowledge, this is one of the very first studies investigating 

the relationship between back shape and posture parameters in the frontal 

plane with dynamic balance in older people with hyperkyphosis. Despite a 

comprehensive search, no other studies could be found reporting this 

association. It is therefore difficult to compare the results of the current study 

with previous studies. 

Bettany‐Saltikov, Kandasamy, Czaprowski, and Stolinski (2017) conducted a 

study to evaluate the symmetry/asymmetry of the distance between the 

acromion and the inferior scapula between the left and right sides of the 

back in normal young adults. The authors reported that the distance 

between the acromion and the inferior scapula was significantly smaller on 

the right side than on the left side of the back. The authors explained that 

this asymmetry between the right and left sides was associated with the 

upper limb dominance influence. Furthermore, the authors also explained 

that the body shape and posture are not perfectly symmetrical, and posture 

deviations may not have clinical implications. However, the current study did 
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not assess the upper limb dominance, as it was not possible to demonstrate 

this in the current study. 

Drzał-Grabiec et al. (2013) compared the results of shoulder asymmetry 

obtained by the photogrammetric method in older adults (n = 130, ages 

ranged 60 - 90 years) and young adults (n = 130, ages range 20 - 25 years). 

The authors indicated that shoulder asymmetry was significantly higher in 

older adults when compared to young adults. This result implied that as a 

result of ageing, shoulder asymmetry increased. Further, this result also 

supports the findings in the present study about shoulder asymmetry in older 

adults with hyperkyphosis. 

Body posture alignment and base of support dimensions contribute to 

postural stability in standing (Zultowski & Aruin, 2008). Asymmetry between 

the right and the left shoulders could lead to asymmetrical weight-bearing. 

An increase in asymmetrical weight-bearing leads to an increase in postural 

instability by reducing the efficiency of the hip strategy and increasing the 

ankle strategy (Anker et al., 2008).  

This interesting finding was that a negative correlation between the right 

shoulder elevation angle and the limits of stability. The current study did not 

expect this finding in the study. An explanation might be that increasing the 

postural maintenance muscles activity during the measurement of dynamic 

balance control may improve joint proprioception, leading to an increase in 

postural stability (Laughton et al., 2003).  

3.6.3.3 Transverse plane  

Standing and sitting forward bending tests measured with a scoliometer 

have been used to evaluate trunk rotation angle in the present study. 

Kotwicki et al. (2007) suggested that the sitting forward bending position for 

measuring back asymmetries due to a sitting position provides a stable 

posture and eliminates the impact of legs limb discrepancy. 
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ATR in standing forward bending  

It was observed that an increase in ATR at T4-T8 in standing was 

associated with an increase in the COP excursion in the AP direction when 

leaning to the left. Moreover, an increase in the ATR at the T4-T8 in standing 

trended towards a significant association with an increase in the sway area 

of the COP when leaning forward, an increase in the COP excursion in the 

AP direction when leaning forward, and an increase in the COP excursion in 

the ML direction when leaning forward. An increase in the ATR at the T12-L1 

in standing trended towards a significant association with an increase in the 

COP excursion in the AP direction. 

The present study also found that an increase in ATR at the L3-L5 in 

standing correlated with an increase in all the limits of stability parameters 

when leaning forward, leaning to the left, and leaning to the right. Except for 

ATR at L3-L5 in standing when leaning forward versus COP excursion in the 

AP direction, ATR at L3-L5 in standing when leaning to the right versus COP 

excursion in the AP direction, and ATR at L3-L5 in standing when leaning to 

the left versus COP excursion in the ML direction. 

ATR in sitting forward bending  

An increased ATR at the T4-T8 level in sitting correlated with an increase in 

two of the limits of stability parameters when leaning forward: the COP sway 

area and the COP excursion in the AP direction. An increased ATR at T4-T8 

in sitting correlated with an increase in the COP excursion in the AP 

direction when leaning to the left.  

An increased ATR at T12-L1 in sitting correlated with an increase in three of 

the limits of stability parameters when leaning forward: the distance of the 

COP, the variability of the COP, and the COP excursion in the AP direction. 

An increase in ATR at T12-L1 in sitting trended towards a significant 

association with an increase in the COP excursion in the AP direction.  

An increased ATR at L3-L5 in sitting correlated with an increase in all the 

limits of stability parameters when leaning forward and leaning to the left 

except ATR at L3-L5 in sitting versus the COP excursion in the AP direction 
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when leaning forward, ATR at L3-L5 in sitting versus the sway are of the 

COP excursion when leaning to the left and ATR at L3-L5 in sitting versus 

the COP excursion in the ML direction when leaning to the left. An increase 

in ATR at L3-L5 in sitting trended towards a significant association with an 

increase in the variability of the COP excursion when leaning to the right. 

The present study observed that participants experienced increased postural 

sway in several parameters e.g., the AP direction, ML direction, and sway 

area when performing the limits of stability test. This may be due to the limits 

of stability tests being more challenging than a quiet stance. In other words, 

the participants had less postural stability control of the COP of the body 

when performing the limits of stability test. 

A limited number of studies have investigated the relationship between trunk 

rotation and the limits of stability in older adults with hyperkyphosis. Most 

studies have focused on trunk asymmetry in children with idiopathic 

scoliosis, which has spinal deformities in the sagittal plane, frontal plane, 

and transverse plane. The current study compared the results of the current 

study in the transverse plane to the results from those of scoliosis studies. 

Gauchard, Lascombes, Kuhnast, & Perrin (2001) determined the effect of 

the type of scoliosis (double major curve, thoracic curve, thoracolumbar 

curve, and lumbar curve) on dynamic balance tests with eyes-opened and 

eyes-closed. They found that all types of scoliosis had an affect on dynamic 

postural balance, especially thoracic curves because participants with a high 

major curve had difficulty using the vestibular afferent to control postural 

stability.  

Furthermore, Haumont, Gauchard, Lascombes, and Perrin (2011) postulated 

that in complex postural situations such as dynamic balance tasks, children 

with a greater Cobb angle (frontal plane) demonstrated decreased postural 

stability. 

As the aforementioned findings, trunk rotation deformity can be described as 

asymmetric degeneration leading to increased asymmetric load and 

therefore to a progression of the degeneration and trunk deformity. Trunk 
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rotation or asymmetry causes lateral shifts in the center of mass of the body. 

This leads to increase postural instability, especially in the ML plane (Chen 

et al., 1998; Haumont et al., 2011).  

 

3.6.4 The relationships between back shape and posture 

parameters with falls 

Lateral pelvic tilt (LPT) 

Another important finding was that an increased left LPT angle was related 

to an increased fear of falling. To the best of the author’s knowledge, this is 

the first study that has conducted a correlational study to examine the 

relationship between LPT angle and fear of falling. Due to the lack of 

evidence regarding pelvic tilt and balance, it is, therefore, difficult to compare 

the results of the current study with previously published studies.  

Winter and Pinto (1986) describe LPT as the insufficiency of the pelvis to lie 

in an optimally horizontal position in the frontal plane, with one side of the 

pelvis being present higher than the other. The tilt is named for the side that 

the pelvis tilts toward. Thus, if the right side is higher, it is called the left LPT 

(Figure 3.82, page 232) (Floyd, 2009). The LPT angle is formed by the 

horizontal and by the line joining the two posterior superior iliac spines 

(PSIS).  
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Figure 3.82 Left lateral pelvic tilt 

(Source: Accessed at https://www.graychiropractic.ca/wp-
content/uploads/2014/05/lateral-pelvic-tilt-graphic.jpg)  

 
A potential cause of LPT is low back muscle tightness and structural 

disorders (leg length discrepancy/scoliosis). Firstly, tightness of the 

quadratus lumborum (QL) on one side, when the QL is significantly tighter 

on one side than the other, it has a propensity to lift the pelvis higher on the 

tighter side. Finally, lateral pelvic tilt is also caused by true structural leg 

length discrepancy or structural scoliosis. There can be an alteration in the 

length of any of the lower limb segments. Participants with LPT can 

compensate by altering the kinematic pattern of their lower limb joints both in 

static standing and dynamically during walking (Baylis & Rzonca, 1988; 

Kaufman, Miller, & Sutherland, 1996; Liu, Fabry, Molenaers, Lammens, & 

Moens, 1998; Menelaus, 1991). The commonly used techniques are tilting 

the pelvis in the frontal plane, flexing the hip and knee on the long side, and 

plantarflexing the ankle on the short side in the sagittal plane (Walsh, 

Connolly, Jenkinson, & O'Brien, 1999). However, it was not the author's 

https://www.graychiropractic.ca/wp-content/uploads/2014/05/lateral-pelvic-tilt-graphic.jpg)
https://www.graychiropractic.ca/wp-content/uploads/2014/05/lateral-pelvic-tilt-graphic.jpg)
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intention that the current study did not identify the causes of the lateral pelvic 

tilt in the included participants. 

3.6.5 Predicting postural sway, the limits of stability and 
falling 

Deviations in the spinal column from the normal alignment, in particular, the 

sagittal plane alter the centre of mass of the body towards the limits of 

stability. Consequently, these could lead to loss of balance, together with an 

increased risk of falls (Imagama et al., 2013; Maki, Holliday, & Topper, 1994; 

Pajala et al., 2008; Thapa, Gideon, Brockman, Fought, & Ray, 1996). 

However, the current study has focused on how the spinal curvatures in the 

sagittal plane could predict body balance in both static and dynamic balance 

conditions. Furthermore, this present study also determined whether the 

spinal curvatures in the sagittal plane could predict falls as well as fear of 

falling. 

This, to the author’s knowledge, this is one of the very first studies to report 

that the spinal curvature in the sagittal plane predicts balance, falls, and fear 

of falling in older adults with hyperkyphosis.  

Cervical lordosis angle (CLA) 

CLA is important for maintaining the position of the head over the thorax in 

an upright posture and enabling a horizontal gaze. Increased CLA tends to 

develop with age (Knight, Jackson, Killian, & Stanley, 2003). An increase in 

CLA is a compensatory mechanism for thoracic hyperkyphosis to restore 

body alignment and maintain the horizontal gaze (Lamartina and Berjano, 

2014).   

The current study interestingly indicated that an increase in CLA correlated 

with an increased history of falls in the past 12 months. In addition, CLA was 

found to be a predictor of falls, with an odds ratio of 1.05. This indicated that 

a CLA increases by 1 degree from 27.98° to 28.98°, so the odds of falling 

increase by 1.05 times. Therefore, the CLA was also able to predict future 

falls in older people with thoracic hyperkyphosis.  
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To the author’s knowledge, this is one of the very first studies to investigate 

the relationship between CLA (cervicothoracic angle) and falls. Further, the 

present study is the first to determine whether the CLA was able to predict 

balance, falls, and fear of falling. It is therefore difficult to compare the 

results of the current study with those of previously published studies. 

A study by Kim et al. (2017) evaluated the effect of cervical lordosis on falls 

in older adults. They reported that older people in the falls group (reported 

history of falls in the past 12 months, n = 31, age = 77.4 ± 4.3 years) had a 

greater CLA (the angle of the inferior endplates of C2 and C7) than older 

people in the non-faller group (n = 113, age = 77.5 ± 3.6 years).  

In contrast to the findings of the present study, Ota et al. (2015) examined 

the relationship between CLA (the angle between the line of the ear to the 

face and the line of the ear to the thoracic vertebral level 1 (T1) and the 

Timed Up and Go test (fall risk assessment test) in elderly women (n = 53, 

age = 83.7 ± 6.3 years). They postulated that the CLA was not correlated 

with the Timed Up and Go test. This may be due to the altered cervical 

lordosis that did not bring the centre of mass of the head forward. However, 

the results in the current study are not directly comparable to theirs mainly 

because they studied a group of older adults without a thoracic 

hyperkyphosis deformity.  

An increased CLA affects balance and falls that can be explained by 

impaired proprioceptors at the cervical level. Proprioception functions at the 

cervical level to correct the head in space and trunk orientation. This system 

also helps to correct body orientation and balance control. Disturbed cervical 

proprioception is associated with a negative impact on motor control and 

regulation of muscle stiffness. Consequently, this leads to poor balance, 

increased postural sway, as well as increased error in visual movement and 

acuity tasks (Migliarese and White, 2019). the findings of this study support 

this mechanism.  
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Forward head posture (FHP) 

The results in the current study suggest that FHP can predict postural sway 

(the COP excursion in the ML direction) during quiet standing. If the FHP 

increased by 7.69 degrees, the COP excursion in the ML direction during 

quiet standing increased by 1.10 mm. Additionally, FHP showed 

a trend toward predicting the limits of stability (the variability of the COP 

when leaning forward). 

FHP has been linked to impaired balance control (Kang et al., 2012; 

Nemmers and Miller, 2008; Ota, Goto, Noda, Fujita, and Matsui, 2015). 

Nonetheless, there is a lack of studies published on whether a forward head 

position is able to predict balance in older adults with hyperkyphosis.  

A similar study by Ota et al. (2015) examined the relationship between FHP 

and balance in 53 older adults (83.7 ± 6.3 years). The authors indicated that 

increased FHP (61.9°± 8.6°) was significantly correlated with increased Time 

up and Go tests. This test is a balance test that includes rising from a chair, 

walking 3 meters, turning around, walking back, and sitting down. 

In addition, Lee (2016) investigated the effect of FHP on static and dynamic 

balance in 30 young adults. The author found that the sway velocities on a 

hard surface with eyes open and closed were significantly higher in the FHP 

group (craniovertebral angle ≤ 53°, n = 14) than in the control group 

(craniovertebral angle ≥ 53°, n = 16). Additionally, on both the hard and 

sponge surfaces, total sway distances with eyes open and closed were 

significantly higher in the FHP group than in the control group. However, 

dynamic balance control was not significantly different between the 2 

groups. The author described the reason for not finding the effect of FHP on 

dynamic balance. This was maybe because of the high overall activity of the 

postural maintenance muscles during the measurement of dynamic balance 

control, leading to increase postural stability.  

All the above results can be explained by the fact that FHP displaces the 

center of gravity of the head in the anterosuperior direction.  This increases 
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the load on the neck and affects the function of muscles around the head 

and shoulders (the cervical flexors, rhomboids, lower trapezius muscles, 

suboccipital, upper trapezius, levator scapulae, and pectoral muscles. In 

addition, FHP shifts the centre of gravity of the body, causing mechanical 

changes related to postural control in the torso and every joint. The body 

attempts to adjust to these changes by altering its balance control 

mechanisms. These adaptations reduce balance ability while performing the 

activities of daily living and increase the risk of falling (Lee, 2016; Migliarese 

and White, 2019).  

The current study also found that thoracic kyphosis and lumbar lordosis 

showed a trend toward predicting the limits of stability (the distance of the 

COP when leaning to the left). The author realises this would be an 

interesting consideration for further research and a larger sample size would 

likely result in statistical significance. 

Sacral slope angle (SSA) 

An increased SSA was correlated with an increase in the COP excursion in 

the AP direction when leaning to the right. Additionally, an increased SSA 

trended toward a significant association with an increase in the sway area of 

the COP when leaning to the right and an increase in the distance of the 

COP when leaning to the right. Furthermore, an increased SSA trended 

toward a significant association with an increase in the COP excursion in the 

AP direction when leaning forward.  

The SSA predicted the COP in the AP during quiet standing. If the SSA 

increased by 11.04 degrees, the COP excursion in the AP direction during 

quiet standing increased by 1.56 mm. Additionally, the SSA predicted the 

COP of sway area, the SSA increased by 11.04 degrees, the COP of the 

sway area when leaning to the right increased by 32.04 mm. The SSA was 

able to predict the COP in the AP when leaning to the right. When the SSA 

increased by 11.04 degrees, the COP excursion in the AP direction when 

leaning to the right increased by 1.50 mm. The SSA also demonstrated 
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a trend toward predicting the limits of stability (the COP in the AP when 

leaning to the right).  

To the author’s knowledge, no other studies have investigated the 

correlation between the SSA and the limits of stability. In addition, this is one 

of the very first studies to evaluate whether the SSA was able to predict 

postural sway and the limits of stability. As such, these findings provide 

novel evidence in this area. 

The SSA in this study refers to the angle between the vertical line and the 

tangent line to the body contour at the sacral slope area. This method was 

used by Stolinski et al. (2017), The authors showed excellent intra- and inter-

rater reliability regarding the sacral slope angle measurement. Several 

studies have used different terms to refer to the sacral slope angle i.e., 

sacral inclination or sacral tilt (Ishikawa et al., 2009; Wiltse and Winter, 

1983). 

A study by Ishikawa et al. (2009) assessed the relationship between spinal 

curvature (spinal inclination angle) and postural sway in 93 subjects with 

osteoporosis (31 men and 62 women). The authors reported that an 

increase in the sacral inclination angle correlated with an increase in 

postural sway parameters. Furthermore, Ishikawa et al. (2013) also 

demonstrated that an increased spinal inclination angle correlated to 

decreased postural sway in 213 older adults.  

However, Demarteau et al. (2019) found no significant correlation between 

the sacral inclination and the Performance-Oriented Mobility Assessment 

(POMA-balance) score in 81 older people. The POMA balance grades an 

individual on their ability to perform 8 balance tests including sitting balance, 

rising from a chair, and sitting down again, standing balance and turning 

balance, each on a scale of 0-2 points (maximum score of 16 points) (Faber, 

Bosscher, & Wieringen, 2006).  

The discrepancy in findings between this current study and Demarteau et 

al.’s study (2019) may be explained by the differences in the study 

population and the difference in the way that balance was measured. In the 
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present study subjects were older adults with thoracic hyperkyphosis. 

Demarteau et al. (2019) conducted on a group of healthy older people. It 

may be possible that older adults with thoracic hyperkyphosis affect balance 

more than healthy older adults. Differences may also be attributed to the 

instrument used to measure balance. The present study measured balance 

using the TekScan MatScan, whereas the previous study used the POMA 

balance (a multitask performance test) to assess balance. It is possible that 

the POMA balance is less sensitive to detecting balance problems than the 

TekScan MatScan. 

Interestingly, the findings in the present study can be explained by the 

biomechanics as older people with an increased sacral slope may have 

difficulty maintaining their center of gravity and avoiding body deviation, thus 

leading to poor balance and falls (Zahari, Zainudin, and Justine, 2020).  

3.6.7 Clinical implications 

The findings from the current study indicated that 3D back shape and 

posture together with whole-body posture positively correlated with balance, 

falls, and fear of falling. These findings suggest that spinal malalignment in 

three planes together with whole-body posture increased postural sway. In 

addition, the forward head posture was found to predict the COP in the ML 

direction during quiet standing. The sacral slope angle also predicted the 

COP in the AP direction during quiet standing, the COP sway area as well 

as the COP in the AP direction when leaning to the right. In addition, cervical 

lordosis was able to predict falls. 

Postural stability requires the integration of several sub-systems (e.g., visual 

input, vestibular input, muscle strength, biomechanics components, neural 

processing, nerve conduction) to maintain balance within the base of support 

(Alexander, 1994; Palmieri, Ingersoll, Stone, and Krause, 2002). Back shape 

and posture are one of the factors that affect the postural balance system. It 

is important to state that clinicians and researchers need to interpret the 

findings of the current study with caution. 
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Apart from interpreting this finding with caution, posture should be 

considered a fall risk factor when assessing patients at risk of falls (NICE, 

2013). The author suggests that it is important to also include the 

assessment of back shape and posture in the guideline/or policy for a 

multifactorial falls risk assessment.  

3.6.8 Study Limitations and future studies 

This study had several limitations. Firstly, an error in the placement of 

reflective skin markers on the participants may have occurred. This may 

have affected the accuracy of calculations for back shape and posture 

outcomes. To minimize these errors, this study uses only one investigator 

(Roongtip) to place reflective skin markers on the participants to ensure 

marker placement accuracy and consistency. Secondly, the results of this 

study cannot transfer to any other age group or older people who suffer from 

weakness or poor health, as the participants in the current study were 

healthy and had an active lifestyle. Thirdly, in the current study, correlation 

analysis was conducted on several outcome measures. Therefore, the 

analysis suffered from the problem of multiple testing. Multiple testing 

problems occur when a dataset is subjected to statistical testing multiple 

times (a large number of correlation tests) (Ranganathan, Pramesh, and 

Buyse (2016). This problem may lead to increased type 1 errors (findings of 

false "significance") (Feise, 2002). Finally, this study was cross-sectional in 

nature. This study design only shows if there is a relationship between 

variables.  A correlation between variables, however, does not mean that the 

change in one variable is the cause of the change in the values of the other 

variable (McLeod, 2018). Therefore, the cause-and-effect relationship 

between back shape and posture as well as whole-body posture with 

balance falls, and fear of falling cannot be determined by the cross-sectional 

study design.  

Future studies could explore the relationship between the different types of 

thoracic hyperkyphosis (upper thoracic, mid-thoracic, and lower thoracic) 

with balance, falls, and fear of falling. Thoracic hyperkyphosis can be 

classified into three types based on Marcotte’s clinical experience (Marcotte, 
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Coillard, Dion, & Rivard, 2009) and the Harrison sagittal spinal model 

(Harrison et al., 2000). Upper thoracic refers to hyperkyphosis is related to 

the anterior thoracic translation relative to the pelvis, mid-thoracic refers to 

hyperkyphosis is related to lumbar hyperlordosis and no significant ribcage 

translation, and lower thoracic refers to hyperkyphosis is related to the 

posterior ribcage translation relative to the pelvis. This information would 

help both researchers and clinicians understand which type of thoracic 

kyphosis will affect balance and falls most in older people.  

3.7 Conclusion 

The results of the current study suggest that there is a relationship between 

3D back shape and posture together with whole-body posture with postural 

sway during quiet standing as well as the limits of stability. This research 

study also found that the lateral pelvic tilt was related to fear of falling. 

Furthermore, both forward head posture and sacral slope angle predicted 

postural sway as well as the limits of stability (the COP in the ML direction 

during quiet standing and the COP sway area as well as the COP in the AP 

when leaning to the right). The cervical lordosis angle also correlated with 

the number of falls and was able to predict falls in older people with thoracic 

hyperkyphosis. 

Therefore, this study highlights a significant relationship between 3D back 

shape and posture with balance, falling, as well as fear of falling in older 

people with hyperkyphosis. These findings significantly add to the body of 

knowledge predicting balance and falls. Additionally, the results of this study 

suggest that body posture is an additional factor to consider when assessing 

patients at risk of falls (NICE, 2013). While the present study focused on 

these relationships, the next chapter presents the systematic review of 

exercise intervents to improve posture, balance, falling, and falling in older 

adults with hyperkyphosis.      
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4.1 Introduction  

This chapter presents a systematic review that is conducted according to the 

Preferred Reporting Items for Systematic Reviews and Meta-analyses 

(PRISMA) guidelines (Moher et al., 2009). This chapter has also been 

registered with the International Prospective Register of Systematic Reviews 

(PROSPERO) database (registration number: CRD42019119450). The 

protocol has been published for the Campbell Collaboration (disability 

group).  

4.2 Background   

4.2.1 The problem, condition, or issue 

Spinal posture changes with age and typically results in exaggerated curves 

in the sagittal plane, the frontal plane, or both. Hyperkyphosis, also known 

as the "dowager's hump" is the most common spinal deformity in older 

people. Hyperkyphosis is defined as an excessive forward curvature of the 

thoracic spine in the sagittal plane (from the side) (Katzman et al., 2010). 

Thoracic kyphosis angle greater than 40° using the Cobb method (measured 

on a standing lateral spinal x-ray generally measured from the 4th to the 12th 

thoracic vertebrae), is defined as hyperkyphosis (Roghani et al., 2017; 

Voutsinas and MacEwen, 1986).  

The normal range of kyphosis in young adults ranges from 20º to 40° of the 

thoracic curvature (Fon et al., 1980). Thoracic kyphosis tends to progress 

with age (Milne & Lauder, 1974) and affects both sexes (Katzman et al., 

2016). The kyphosis angle increases more rapidly in women than men after 

40 years of age (Ensrud et al., 1997), with the mean kyphosis angle ranging 

between 44º-48º (Ensrud et al., 1997; Schneider et al., 2004).  

In terms of biomechanical dysfunction, increased thoracic kyphosis alters the 

vertebral column alignment in the sagittal curve of the spine, which leads to 

an increase in mechanical loading, flexion moments, compression, and a 

shear force being placed on the spine (Balzini et al., 2003; Mika et al., 2005; 

Pearsaii & Reid, 1992). In addition, changes in spinal shape and contour 
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limit the movement and mobility of the rib cage (Horie et al., 2009), resulting 

in poor balance (Lynn et al., 1997), physical functional limitation (Ryan & 

Fried, 1997) as well as increased mortality (Kado et al., 2004), all of which 

significantly affect the health and quality of life of older people (Horie et al., 

2009). 

4.2.2 Aetiology of hyperkyphosis 

To date, the aetiology or causation of hyperkyphosis in older people remains 

unclear (Kado, Prenovost, & Crandall, 2007; Katzman et al., 2010; Roghani 

et al., 2017). Many theories on the causes of hyperkyphosis have been 

proposed, such as multiple musculoskeletal, neuromuscular, and different 

sensory impairments (Katzman et al., 2010). The different range of 

aetiologies associated with hyperkyphosis includes vertebral fractures and 

low bone mineral density, degenerative disc disease, back extensor muscle 

weakness, calcification, ossification of intervertebral ligaments, and 

decreased mobility of the spine. Genetics as well as proprioceptive and 

sensory deficits also play a part in the condition of hyperkyphosis. 

Bouxsein et al. (2006) demonstrated that stress loading on the vertebral 

spine during activities of daily living can gradually affect the degree of 

vertebral wedging and increase compression fractures. In addition, the 

severity of vertebral wedging increases as bone mineral density decreases 

(Goh et al., 1999; Milne & Lauder, 1976). 

Degenerative disc disease is another causative factor that may affect the 

development of hyperkyphosis. Schneider et al. (2004) reported that 

degenerative disc disease is a common radiographic finding associated with 

hyperkyphosis in older people. Manns et al. (1996) documented a significant 

correlation between the anterior disc height and kyphosis angle such that as 

the anterior disc height decreased, the angle of kyphosis increased. 

Dastmanesh et al. (2013), Granito et al. (2012), Hirano et al. (2013), and 

Mika et al. (2005) suggested that there is an inverse correlation between the 
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kyphosis angle and back extensor muscle weakness in adolescence and 

older people. 

Furthermore, two theories have been proposed for describing back extensor 

muscle weakness. The first theory relates to the reduction of the capability of 

back muscles to generate an extension moment and control shear force 

which can result in an increased thoracic kyphosis (Greig et al., 2008). The 

second theory relates to an increase in the angle of the thoracic spine that 

leads to an increase in both compressions as well as a shear force on the 

thoracic spine (Pearsaii & Reid, 1992).  

Decreased spinal mobility together with the degeneration of the 

intervertebral ligaments occurs with ageing and disturbs the ability of the 

spine to control normal postural alignment (Kado, Prenovost, & Crandall, 

2007; Katzman et al., 2010; Roghani et al., 2017). 

Additionally, several systems within the body, including the proprioceptive, 

the visual, and the vestibular systems contribute towards maintaining an 

upright position. As ageing results in a decline in all these systems, this 

consequently leads to the loss of upright postural control (Ferrucci et al., 

2004; Katzman et al., 2010; Roghani et al., 2017). 

Hyperkyphosis can also be hereditary. Kado, Prenovost, & Crandall (2007)    

and Roghani et al. (2017) reported that elderly people who had a family 

history of hyperkyphosis were statistically more likely to have a greater 

kyphosis than those without such a family history. 

4.2.3 Prevalence of hyperkyphosis 

The estimated prevalence of hyperkyphosis has been reported to be 20-40% 

of the older adult population aged over 60 years (Kado et al., 2004; Katzman 

et al., 2007; Ryan & Fried, 1997; Takahashi et al., 2005). This deformity 

affects both sexes, particularly women aged over 55 years (Huang et al., 

2006; Katzman et al., 2010), regardless of vertebral fractures, with the 

incidence increasing to 6-11% for every 10-year increase in age (Huang et 

al., 2006). For instance, Kobayashi et al. (2004) in a longitudinal study of 
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100 healthy males and females aged 50 years or older, the authors reported 

a mean thoracic angle increase of 3° per decade. Kado, Prenovost, and 

Crandall (2007) study on men and women reported a mean thoracic 

kyphosis angle of 26° in persons in their 20s and a mean thoracic angle of 

53° in those aged 60-74 years and 66° in those older than 75 years of age. 

4.2.4 Consequences of hyperkyphosis 

Hyperkyphosis has been associated with impaired pulmonary function, 

functional limitations, falls, fractures, a decreased quality of life, as well as 

increased mortality (Kado et al., 2004; Katzman et al., 2010). The ageing 

process combined with thoracic kyphosis in older people may restrict 

thoracic expansion and leads to impaired pulmonary function (Kado, 2009). 

Kado et al. (2009) demonstrated that women with hyperkyphosis and 

vertebral fractures had a greater mortality rate than women affected by 

either hyperkyphosis or vertebral fractures alone. 

In addition, Takahashi et al. (2005) investigated the association between 

spinal deformities in the sagittal plane and functional impairment of daily 

living in community-dwelling subjects. The authors found that older people 

with hyperkyphosis reported having significant limitations during daily 

activities and less satisfaction with life in general. Thoracic hyperkyphosis is 

also known to cause displacement of the centre of gravity that can lead to 

impaired balance and increased risk of falling (Lynn et al., 1997). Several 

studies have reported that hyperkyphosis is associated with an increased 

premature death (Kado, 2009; Milne & Williamson, 1983). Kado (2009) also 

suggested that women with hyperkyphosis and vertebral fractures have a 

greater risk of mortality than women with hyperkyphosis or vertebral 

fractures alone. 

4.2.5 The intervention 

The management of age-related hyperkyphosis includes spinal exercises, 

spinal orthosis, as well as surgery (Bansal et al., 2014). Exercise training is a 

common approach, that aims at increasing spinal muscle strength. 
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Stretching exercises are also used to realign posture and reduce 

hyperkyphosis (Bettany-Saltikov, Turnbull, Ng, & Webb, 2017). Exercise-

based interventions may include spinal muscle strengthening, core-

stabilization exercises as well as stretching exercises. Spinal muscle 

strengthening refers to weight-bearing and resistance exercises of the spine; 

an increase in spinal muscle strength, which helps to maintain the spine in 

the upright position (Ball et al., 2009). Core stabilisation exercises can be 

described as the ability of the neuromuscular system to control the position 

and motion of the trunk over the pelvis and legs in order to allow the 

optimum production, transfer, and control of forces as well as motion to 

provide stabilisation by controlling spinal movement (Kibler, Press, & 

Sciascia, 2006). 

Stretching exercises are a type of therapeutic exercise designed to increase 

the extensibility of soft tissues, thereby improving spinal flexibility by 

elongating (lengthening) structures that have adaptively shortened and 

become hypomobile over time (Kisner, Colby, & Borstad, 2017). 

There are different types of thoracic hyperkyphosis curves (upper, mid, and 

lower thoracic curves). Therefore, hyperkyphosis-specific exercises for 

different curve types of hyperkyphosis are needed for physiotherapists to 

treat their patients effectively. The exercises include overcorrection of the 

spine in the sagittal plane, stretching shortened muscles, and strengthening 

longer muscles that are used to address the different curve types of 

hyperkyphosis (Bettany-Saltikov et al., 2017). Weiss and Turnbull (2010) 

demonstrated that hyperkyphosis-specific exercises are effective for various 

types of hyperkyphosis in an outpatient setting. 

The purpose of exercises is three-fold. Firstly, to improve the thoracic 

hyperkyphosis, secondly to delay its progression, and thirdly to alleviate the 

resultant accompanying complications due to hyperkyphosis in older people 

(Ailon et al., 2015). 
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4.2.6 How the intervention might work   

The ageing process is associated with numerous alterations in a posture that 

include changes to hip flexion and external rotation, needing a wide base of 

support, a forward head posture, and increased thoracic kyphosis 

(Woodhull-McNeal, 1992). Hyperkyphosis or excessive curvature in the 

thoracic spine in the sagittal plane leads to shifts in the centre of gravity and 

brings the body closer to the edge of the base of support, resulting in a 

decreased ability to balance and thereby increasing the risk and the number 

of falls (Danis et al., 1998). To date, postural training, spinal extensor muscle 

strength training, as well as spinal flexibility exercises, have been a 

significant focus of exercise therapy in the management of patients with 

hyperkyphosis (Bansal et al., 2014). 

The goals of corrective exercises include the following: to decrease spinal 

pain, to reduce hyperkyphotic posture, to increase spinal mobility as well as 

to improve the person’s quality of life. Exercise protocols are generally 

aimed at correcting posture, increasing back extensor muscle strength, as 

well as increasing the core stability of the trunk (Bansal et al., 2014; Hsu, 

Chen, Tsauo, & Yang, 2014; Kado, 2009). 

Corrective postural exercises are based on Kendall’s theory that suggests 

that back extensor exercises reduce the angle of kyphosis with the strong 

back muscles counteracting the anteriorly directed gravitational pull on the 

thoracic spine (Ball et al., 2009; Kendall, 2005). They consist of stretching 

exercises to the anterior aspect of the trunk combined with strengthening 

exercises to the posterior aspect of the trunk (Seidi, Rajabi, Ebrahimi, 

Alizadeh, & Minoonejad, 2014).  

Core stability exercises, such as yoga, Pilates, and Tai Chi, are considered 

to consist of a "muscular box" with the abdominals in the front, paraspinal 

and gluteals in the back, the diaphragm as the roof and the pelvic floor, and 

the hip girdle musculature as the bottom (Akuthota, Ferreiro, Moore, & 

Fredericson, 2008; Akuthota & Nadler, 2004). This "muscular box" works as 

a stabilizer for the spine and pelvis which consequently forms a kinetic chain 
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during functional movement, supporting the upright position and assisting 

balance while walking. Consequently, this muscle function reduces the risk 

of falls and improves the person's quality of life (Sinaki & Lynn, 2002). 

However, the most currently available exercises (Ball et al., 2009; 

Greendale, McDivit, Carpenter, Seeger, & Huang, 2002) address only one- 

or two dimensions of the planes in thoracic hyperkyphosis. 

According to Negrini et al. (2005) scoliosis- specific exercises were 

suggested as the first step in the treatment of adolescent patients with 

hyperkyphosis and scoliosis. Numerous approaches to scoliosis-specific 

exercises or “Schools” are available. These scoliosis-specific exercises 

comprise the SEAS approach (Scientific Exercise Approach to Scoliosis); 

the Schroth method (original Schroth); Schroth Best Practice; the BSPTS 

(Barcelona Scoliosis Physical Therapy School); the Dobomed method; FITS 

(Functional Individual Therapy of Scoliosis); the Lyon method as well as Min 

Mehta's 'Side-shift' exercises (Bettany-Saltikov et al., 2017).  

The principles of these exercises include improving the patient’s awareness 

of their deformity promoting self-correction; performing repeated 3D spinal 

correction exercises, which involve trunk elongation, pelvic alignment, side-

shift of the thorax, shoulder corrections, and derotation of the rib cage with 

breathing in lying, sitting, and standing positions, and spinal mobilisation; 

active 3D stabilisation; corrective breathing; repetition to the correct body 

schema as well as the integration of postural corrections within activities of 

daily living (Bettany-Saltikov, Parent, Romano, Villagrasa, & Negrini, 2014). 

Berdishevsky (2016) conducted a case study to investigate the effects of an 

intensive physiotherapy programme (the Barcelona Scoliosis Physical 

Therapy School which is a derivative of the Schroth approach) together with 

a SpinoMed brace (symmetrical brace) on the kyphosis Cobb angle, pain, 

quality of life, and spinal muscle strength on an older adult woman with 

Scheuermann's kyphosis aged 76 years. The researcher found that an 

intensive physiotherapy programme was effective for the treatment of an 

older adult with Scheuermann's kyphosis. However, the generalisation of the 

results of this study was limited due to the involvement of only a single 
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participant. To the best of the author’s knowledge, there are no studies that 

have examined the effects of the Schroth method on back shape and 

posture, balance, falls, and fear of falling in older people with age-related 

hyperkyphosis. 

4.2.7 Why it is important to do this review   

A scoping search identified four narrative reviews that have been reported 

on exercise-based interventions as part of the treatment or management of 

age-related hyperkyphosis. Ailon et al. (2015) reviewed the progression of 

spinal kyphosis in the ageing population and suggested that exercise 

interventions could improve thoracic hyperkyphosis, physical functioning, 

and back extensor muscle strength. Conversely, several studies did not find 

any difference in the kyphosis angle following exercise (Greendale et al., 

2002; Itoi & Sinaki, 1994). Thus, the efficacy of exercise programmes for 

hyperkyphosis is controversial. 

Kado (2009) and Kado, Prenovost, and Crandall (2007) reviewed the 

effectiveness of the rehabilitation of a hyperkyphotic posture in the elderly. 

The researchers demonstrated that there are numerous exercise 

interventions such as back strengthening exercises, aerobic exercises, 

spinal extension exercises, yoga, pilates as well as postural alignment 

training for improving hyperkyphosis. All these types of exercises focus on 

improving the thoracic hyperkyphosis angle.  

Bansal et al. (2014) conducted a systematic review to examine whether 

exercise was able to reduce the angle of thoracic kyphosis in older people 

aged > 45. The authors found that the existing evidence concerning the 

effects of exercise on hyperkyphosis in elderly people was scarce and 

mostly of low quality.  

Furthermore, González-Gálvez, Gea-García, and Marcos-Pardo (2019) 

conducted a systematic review to assess the effect of exercise interventions 

on the subject's thoracic kyphosis and lumbar lordosis angle. The authors 

revealed that specific exercise programmes may have a positive effect on 
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the thoracic kyphosis angle but did not find any effect on the lumbar lordotic 

angle. Besides, a systematic review by Jenkins, Downie, Fernandez, and 

Hancock (2021) investigated the effectiveness of conservative interventions 

to improve thoracic hyperkyphosis. They also reported that low to moderate-

quality evidence of short-term exercise interventions had a small effect in 

reducing thoracic hyperkyphosis in older adults. They also found low-quality 

evidence of short-term exercise interventions had a small effect in reducing 

thoracic hyperkyphosis in young adults.  

A recent systematic review by Ponzano, Tibert, Bansal, Katzman, and 

Giangregorio (2021) focused on determining the effects of targeted exercise 

on kyphosis angle, back extensor muscle strength or endurance, physical 

functioning, quality of life, pain, falls, and adverse events in adults 45 years 

or older. The results indicated that moderate-to-high quality evidence of 

multicomponent interventions, often targeting back extensor muscle 

strength, cause a small improvement in hyperkyphosis, physical functioning, 

quality of life as well as a reduction in general pain. 

In summary, previous narrative and systematic reviews (Ailon et al., 2015; 

Bansal et al., 2014; González-Gálvez et al., 2019; Jenkins et al., 2021; 

Kado, 2009; Kado, Prenovost, & Crandall, 2007; Katzman et al., 2010) did 

not specifically focus on balance, falls, and fear of falling issues. Therefore, 

this review is needed to improve a better understanding of the management 

of older people with hyperkyphosis; in an attempt at improving thoracic 

kyphosis, balance, falling, and fear of falling in the elderly population.  

In addition, in 2013 the National Institute for Health and Care Excellence 

(NICE) published clinical guidelines regarding the assessment of risk as well 

as the prevention of falls in older people for health care and other 

professionals. According to the guideline recommendations, a multifactorial 

intervention programme for older people with recurrent falls or assessed as 

being at increased risk of falling included muscles strengthening and 

balance training, home hazards assessment and intervention, vision 

assessment, and referral as well as medication review with 

modification/withdrawal. However, the multifactorial intervention programme 
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does not currently include hyperkyphosis-specific exercise programmes for 

preventing falls in older people with hyperkyphosis.  

This current review is aimed at gathering existing research evidence on the 

effectiveness of exercise interventions for treating older people with 

hyperkyphosis. This review may enable clinicians and researchers, as well 

as policymakers, involved in the management of hyperkyphosis in older 

people, to consider whether specific exercise programmes could potentially 

be included within the guidelines or policy for the prevention of falls. 

Therefore, considering all the above we believe that this review is urgently 

needed to improve both the current health policies as well as the treatment 

interventions for the management of older people with hyperkyphosis, 

specifically in attempting to improve the degree of thoracic kyphosis, 

balance, falls, and fear of falling in the elderly population. 

4.3 Aims and Objectives   

4.3.1 Aims 

This systematic review aimed to evaluate and synthesize both published and 

unpublished literature on the effectiveness of a diverse range of exercise 

programmes on back shape and posture, balance, falling, and fear of falling 

in older people with hyperkyphosis. 

 

4.3.2 Objectives 

The objective of this systematic review was to determine the effects of 

different exercise programmes on back shape and posture, balance, falling, 

and fear of falling in older people with hyperkyphosis. 
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4.4 Methods  

4.4.1 Criteria for considering studies for this review   

4.4.1.1 Types of study 

The researcher included quantitative research studies including RCTs, 

quasi-experimental designs, and pre-post intervention studies. The 

researcher excluded any studies that were cross-sectional studies, case-

control studies, cohort studies, and qualitative studies. 

4.4.1.2 Types of participants  

This systematic review aimed to include older people (female and male), 

aged 50 years or older. Participants who were diagnosed or identified as 

having a thoracic hyperkyphosis (hyperkyphosis is defined as an excessive 

anterior curvature of the thoracic spine with a kyphosis angle greater than 

40° when measured with the Cobb method (Katzman et al., 2010; Voutsinas 

and MacEwen, 1986). 

This review excluded studies where participants were adults aged 49 years 

and under as well as any children or adolescents. In addition, studies whose 

participants have other spinal deformities such as scoliosis, kyphoscoliosis, 

Scheuermann’s kyphosis, and congenital kyphosis were excluded. 

4.4.1.3 Types of intervention 

This review included studies that used exercise interventions or therapeutic 

exercises for older people with thoracic hyperkyphosis. Studies were 

excluded if they did not include a type of exercise intervention. For example, 

interventions such as spinal orthoses, postural taping, and spinal surgery. 

4.4.1.4 Types of outcome measure 

This review included studies that measured the following outcomes.    

1. The measurement of back shape and posture: 
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• Measured using different methods for example lateral spine radiographs, 

a computerized measurement device for surface curvature 

(SpinalMouse®), Debrunner's kyphometer, manual inclinometer, digital 

incinometer, goniometer, electrogoniometry, photogrammmetry, 

microscribe digitizer, computer apps, Integrated Shape Imaging System 

(ISIS), six-camera motion analysis system as well as flexicurve method. 

• Measured in degrees such as the Cobb angle (absolute values), 

SpinalMouse® method (absolute values), Flexicurve method (absolute 

values). 

• Measured in the sagittal plane such as cervical lordosis in degrees 

(absolute values), thoracic kyphosis in degrees (absolute values), and 

lumbar lordosis in degrees (absolute values). 

Studies were excluded if they do not measure back shape, and posture in 

degrees. For example, the blocks method, the occiput-wall distance method, 

and so forth. 

2. The measurement of balance needed to include postural sway together 

with the limits of stability. 

• Postural sway is defined as the movement of the centre of mass in quiet 

standing and can be measured as anteroposterior and mediolateral 

displacement.  

• The limits of stability are defined as the maximum range in which the 

subject’s centre of gravity can move safely without either moving their 

feet or without falling (Alexander, 1994). 

Studies were excluded if they measured functional balance measurements 

(e.g., Berg Balance Scale, Timed up and go, single-leg stance time, and so 

forth). Functional balance is characterized by the tests which objectively 

measure a person performing a balance or walking task; however, these 

tests do not quantify postural sway. 

3. The measurement of falls, falls are measured as the 'history of falls' with 

at least one fall in the past year. A fall is defined as an unexpected event in 

which the participant comes to rest on the ground, floor, or lower level (Lamb 
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et al., 2005). History of falls or falls (number of falls/year) is obtained by 

asking the participants the number of falls, that they had within a specific 

period of time (the past 12 months, 6 months, etc).4. Fear of falling refers to 

the loss of confidence in older people when participating in activities of daily 

living. Older people are concerned about the risk of falling that both limits 

their daily activities as well as functioning (Tinetti & Powell, 1993). 

4.4.1.5 Duration of follow-up 

There were no restrictions regarding the duration of follow-up outcomes in 

this review. 

4.4.1.6 Types of setting 

This review included studies from any geographical area and was conducted 

in any physiotherapy laboratory or home-based setting.  

4.4.2 Search methods for identification of studies  

The searches were studies published from inception to October 2018 and 

then a repeated search was conducted in August 2021. 

4.4.2.1 Electronic database searches   

Relevant studies were identified through the main health databases. The 

following databases were searched: 

• MEDLINE (1950-August 2021) 

• AMED (1985- August 2021) 

• CINAHL (1982- August 2021) 

• PEDro (1929- August 2021) 

• EMBASE (1974- August 2021) 

• Sport Discus (1892 August 2021) 

• Web of Science (1982- August 2021) 

• SCOPUS (1995- August 2021) 

• Cochrane Library (CENTRAL: August 2021) 
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 4.4.2.2 Search strategy  

The PICO framework was used when conducting a systematic review search 

and was used for questions specific to exercise interventions. The following 

research question is addressed in this systematic review:  

Do exercise interventions (I) have an effect on back shape and posture (O), 

balance (O), falls, and fear of falling (O) in older adults with thoracic 

hyperkyphosis (P)? 

The search strategy is presented in Table 4.1 and the strategy was modified 

according to the indexing systems of each database.  

 

Table 4.1 Search strategy  

Search ID Search terms 

S1 "Hyperkyphosis" 

S2 "kyphotic posture" 

S3 "skeletal alignment" 

S4 "skeletal malalignment" OR (MH "Bone Malalignment") 

S5 “age-related hyperkyphosis” 

S6 "trunk deformity" 

S7 "spinal deformity" 

S8 "thoracic hyperkyphosis" 

S9 "spinal posture" 

S10 (MH "Spinal Curvatures") OR "spinal curvatures" 

S11 (MH "Kyphosis") OR "kyphosis" 

S12 "Thoracic kyphosis" 

S13  (P) 
S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR 

S12 

S14 (MH "Exercise") OR "exercise" OR (MH "Exercise Movement Techniques") 

S15 (MH "Resistance Training") 

S16 (MH "Exercise Therapy") 

S17 (MH "Muscle Stretching Exercises") OR "muscle stretching exercises" 

S18 "corrective exercise" 

S19 "exercise intervention" 

S20 "postural correction" 
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S21 "extension exercises" 

S22 (MH "Rehabilitation") OR "rehabilitation" 

S23 "strengthening exercises" 

S24 "Therapeutic exercises" 

S25 "elongation exercises" 

S26 "posture correction" 

S27 (I) 
S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 

OR S24 OR S25 OR S26 

S28 "balance" 

S29 "postural sway" 

S30 (MH "Postural Balance") 

S31 "postural equilibrium" 

S32 "centre of pressure" 

S33 "center of pressure" 

S34 "body sway" 

S35 "limits of stability" 

S36 "postural stability" 

S37 (O) S28 OR S29 OR S30 OR S31 OR S32 OR S33 OR S34 OR S35 OR S36 

S38 (MH "Accidental Falls") OR "falls" 

S39 "fall*" 

S40 "falling" 

S41 "fall risk" 

S42 "risk of falls" 

S43 "fear of falling" 

S44 (O) S38 OR S39 OR S40 OR S41 OR S42 OR S43 

S45 "back shape" 

S46 (MH "Posture") OR "posture" 

S47 "back posture" 

S48 "body posture" 

S49 "kyphosis angle" 

S50 "thoracic kyphosis angle" 

S51 "lumbar lordosis angle" 

S52 "degree of thoracic kyphosis" 

S53 "degree of spinal malalignment" 

S54 "spinal angle" 
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S55 "Cobb angle" 

S56 "degree of lumbar lordosis" 

S57 "spinal sagittal alignment" 

S58 (O) 
S42 OR S43 OR S44 OR S45 OR S46 OR S47 OR S48 OR S49 OR S50 OR S51 

OR S52 OR S53 OR S54 

S59 S13 AND S25 AND S34 AND S41 AND S55 

 

 

 

 

 

4.4.2.3 Searching other resources 

The following strategies were also used to identify eligibility studies. 

I. Google Scholar a web search engine was conducted. 

II. Track bibliographies of previous retrieved studies and literature reviews: 

the reference lists of previously conducted systematic reviews, meta-

analysis, and primary studies were screened for relevant studies. 

III. Searching the main electronic sources of ongoing trials. 

IV. Searching the grey literature including dissertations theses, and 

conference proceedings. A grey literature search was performed using 

EThOS, DART, Trove, and ProQuest. 

V. Contact leading authors for information on unpublished or ongoing trials. 

4.4.3 Selection and data collection process 

4.4.3.1 Selection of studies 

The search results were imported from individual databases to Endnote X9 

and duplicates were removed. Then the search results were imported from 

Endnote to Covidence (a web-based software platform that streamlines the 

production of systematic reviews) for screening. The title and abstracts were 

independently screened by the researcher and the lead supervisor (JBS) 

using a data selection form (Appendix 9). A data selection was tested before 

use by the researcher and the lead supervisor (JBS). Full-text articles were 
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subsequently evaluated by both researchers. Discrepancies between the 

review authors were discussed, and a third reviewer author (PvS or GK) was 

contacted to solve discrepancies.  

4.4.3.2 Data extraction and management 
 

The researcher and the lead supervisor (JBS) intended to use a standard 

data extraction form (Appendix 12) to extract the data from each included 

paper. If disagreements had arisen and were not resolved by consensus, a 

third review author (PvS or GK) would have resolved the discrepancies.  A 

standard data extraction form was developed by the review author and 

piloted before use. The following information was extracted: authors, 

publication year, journal title, study design, the purpose of study, 

demographics of participants, type of exercise interventions, outcome 

measures, results, and author conclusion. 

4.4.3.3 Assessment of methodological quality 

If any studies met the inclusion criteria, an assessment of the 

methodological quality of those studies was undertaken. An important 

assessment of methodological quality was mentioned in Chapter 2. The 

methodological quality of a study was assessed according to the type of 

study available. There are numerous tools available to evaluate the 

methodological quality of RCTs such as the Cochrane risk of bias [RoB: the 

original Cochrane RoB tool and the revised Cochrane RoB (RoB 2.0) tool], 

the Physiotherapy Evidence Database (PEDro) scale, the Critical Appraisal 

Skills Programme (CASP), the National Institutes of Health (NIH), the 

Joanna Briggs Institute (JBI), and the Scottish Intercollegiate Guideline 

Network (SIGN) (Ma et al., 2020). Non-RCTs can be categorised as 

experimental studies, quasi-experimental studies, cohort, case-control, and 

cross-sectional studies (Farrah et al., 2019). Several tools have been 

developed for assessing the methodological quality of non-RCTs: the Risk of 

Bias In Non-randomised Studies-of Interventions (ROBINS-I) tool, the JBI 

critical appraisal checklist for quasi-experimental studies, and the 
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methodological index for non-randomized studies (MINORS) tool (Ma et al., 

2020).    

In the present study, the Cochrane RoB 2.0 tool for RCTs (Higgins et al.,  

2016; Sterne et al., 2019) (Appendix 10) and the ROBINS-I tool for non-

RCTs (Appendix 11) were selected to assess the risk of bias in included 

studies because both tools provide a rating for the risk of bias. The other 

tools provide a subjective assessment through the format “yes/no/can’t tell’. 

The Cochrane RoB 2.0 tool is considered the gold standard for assessing 

the risk of bias in RCTs. In summary, the Cochrane RoB 2 tool for RCTs 

consists of 5 domains: bias arising from the randomisation process, bias due 

to deviations from intended interventions, bias due to missing outcome data, 

bias in measurement of the outcome, and bias in selection of the reported 

results. The answer to each domain was assessed for the risk of bias using 

signalling questions with five responses (yes, probably yes, probably no, no, 

no information). After assessment of all domains, the study was rated as low 

risk of bias, some concerns, or high risk of bias. As indicated in Table 4.2, 

the response options for an overall risk of bias judgment are the same as for 

individual domains. The overall risk of bias judgment for the result of each 

study corresponds to the worst risk of bias in any of the domains. However, 

if a study is judged to have some concerns about the risk of bias for several 

domains, it might be judged as at high risk of bias overall (Higgins et al., 

2016; Sterne et al., 2019). 

Table 4.2 Reaching an overall risk of bias judgment for a specific finding 
(Higgins et al., 2016; Sterne et al., 2019) 

Overall risk of bias judgment Criteria 

Low risk of bias The study is judged to be at low risk of bias for all 
domains for these results. 

Some concerns The study is judged to raise some concerns in at least 
one domain for this result, but not to be at high risk of 
bias for any domain. 

High risk of bias The study is judged to be at high risk of bias in at least 
one domain for this result, or the study is judged to have 
some concerns for multiple domains in a way that 
substantially lowers confidence in the result. 
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The ROBINS-I tool for non-randomised studies of the effects of interventions 

is recommended by the Cochrane Handbook for evaluating the risk of bias in 

the study (Sterne et al., 2019). The ROBINS-I tool comprises 7 domains: 

bias due to confounding, bias in the selection of participants into study, bias 

in classification of interventions, bias due to deviations from intended 

interventions, bias due to missing data, bias in the measurement of 

outcomes, and bias in the selection of the reported result (Sterne et al., 

2019). The risk of bias in each domain was “low risk”, “moderate risk”, 

“serious risk” or “critical risk” bias. Table 4.3 demonstrated an interpretation 

of domain-level and overall risk of bias judgement in ROBINS-I. 

 

Table 4.3 Interpretation of domain-level and overall risk of bias judgement in ROBINS-I  

Judgement Within each domain Across domains Criterion 

Low risk of 
bias 

The study is comparable to a 
well performed randomised trial 
with regard to this domain 

The study is comparable 
to a well performed 
randomised trial 

The study is judged to 
be at low risk of bias for 
all domains 

Moderate  
risk of bias 

The study is sound for a non-
randomised study with regard to 
this domain but cannot be 
considered comparable to a 
well performed randomised trial 

The study provides 
sound evidence for a 
non-randomised study 
but cannot be considered 
comparable to a well 
performed randomised 
trial 

The study is judged to 
be at low or moderate 
risk of bias for all 
domains 

Serious risk  
of bias 

The study has some important 
problems in this domain 

The study has some 
important problems  

The study is judged to 
be at serious risk of 
bias in at least one 
domain, but not at 
critical risk of bias in 
any domain 

Critical risk  
of bias 

The study is too problematic in 
this domain to provide any 
useful evidence on the effects 
of intervention 

The study is too 
problematic to provide 
any useful evidence and 
should not be included in 
any synthesis 

The study is judged to 
be at critical risk of bias 
in at least one domain 

No  
information 

No information on which to base 
a judgement about risk of bias 
for this domain 

No information on which 
to base a judgement 
about risk of bias 

There is no clear 
indication that the study 
is at serious or critical 
risk of bias and there is 
a lack of information in 
one or more key 
domains of bias (a 
judgement is required 
for this)  
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4.5 Results 

4.5.1 The results of the search 

A total of 1,245 records were identified, and 1,103 records were identified 

through the database searches. A search of additional records including 

google scholar yielded 134 records and 8 records were identified through 

hand-searching references. After duplicates were removed, the titles and 

abstracts of 1075 studies were screened, and 1,028 studies were excluded. 

After screening, a total of 47 full-text studies were retrieved and assessed for 

eligibility. For the full-text review, 47 studies were excluded for the following 

reasons: participants were not older people (6 articles), and outcome 

measures of the individual study did not meet the inclusion criteria (41 

articles). Therefore, there were no full-text studies that met the final inclusion 

criteria. A summary of the search results is summarized in a PRISMA 

diagram (Figure 4.1).  

4.5.2 Results of the included studies  

This systematic review, as previously reported, did not identify any studies 

that met all the inclusion criteria. The characteristics of the excluded studies 

with the reason for their exclusion are presented in Table 4.4.  
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Figure 4.1 PRISMA flow diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ide
ntifi
cati
on 

Scr
eeni
ng 

Incl
ud
ed 

Elig
ibili
ty 

Studies included in 
qualitative synthesis 

                      (n=0) 

Full-text articles excluded 
with reasons (n=47)  

Participants not older people (n=6) 
Studies did not meet all the inclusion criteria 
(n=41) 

 
 

 
 

Full-text articles assessed 
for eligibility (n=47) 

Records identified through 
Database searching 

(n=1103) 

 
 

Additional records identified  
through other sources 

 (n=142) 

Records after duplicates removed  
 (n=1075) 

Records screened  
 (n=1075) 

Records excluded  
(n=1028) 

 

Studies included in 
quantitative synthesis 

                      (n=0) 



Chapter 4: Systematic review 2 

264 
 

Table 4.4 Excluded studies characteristics 

Study ID (lead 
author, year of 
publication) 

Study title Participants Study design Intervention Outcome measures  Reason for 
exclusion 

1. Bae, 2019 The effects of dynamic 
neuromuscular stabilization exercise 
on forward head posture and spine 
posture 

45 young adults RCT Participants were randomized 
into 3 groups. Experimental 
group: performed dynamic 
neuromuscular stabilization 
exercise; control group A: neck 
stabilization exercise, Control 
group B:  performed stretching 
and back extensor 
strengthening exercises for 6 
weeks. 

Spinal alignment 
angles 

Participants were 
younger age range. 
The study did not 
measure balance, 
history of falls, and 
fear of falling 
outcomes. 

2. Barker, 2020 Physiotherapy rehabilitation for 
osteoporotic vertebral fracture-a 
randomised controlled trial and 
economic evaluation (PROVE trial) 

613 Osteoporotic 
males/females with at 
least one vertebral 
compression fracture 

RCT Participants were randomized 
into 3 groups. A programme of 
the exercise therapy group, 
manual therapy group, or a 
single session of physiotherapy 
education group. 

Quality of life, the 
Timed Loaded 
Standing test, 
thoracic kyphosis 
angle 

The study did not 
measure balance, 
history of falls, and 
fear of falling 
outcomes. 

3. Bahrekazemi, 
2017 

The effect of eight Weeks of global 
postural corrective exercises on 
kyphosis and forward head angle in 
elderly women with age-related 
hyperkyphosis  

32 elderly women 
with thoracic kyphosis  
angle ≥ 40 ° 

Not stated Participants were randomized 
into 2 groups. 
The corrective exercises group 
received the corrective exercise 
programme for 8 weeks and the 
control group received no 
intervention. 

The angle of forward 
head and kyphosis. 

The study did not 
measure balance, 
history of falls, and 
fear of falling 
outcomes. 

4. Ball, 2009 Spinal extension exercises prevent 
the natural progression of kyphosis 

Women with 
osteoporosis 

One-year 
prospective, 
descriptive 
analysis 

Back extensor muscle 
strengthening 

Depth of cervical 
curve, the area under 
the thoracic curve, 
and height  

The study did not 
measure, thoracic 
kyphosis angle, 
balance, history of 
falls, and fear of 
falling outcomes. 

5. Bautmans, 
2010 

Rehabilitation using manual 
mobilization for thoracic kyphosis in 
elderly postmenopausal patients with 
osteoporosis 

48 postmenopausal 
patients with 
osteoporosis with 
hyperkyphosis  

Feasibility study Participants were randomized 
into 2 groups. A rehabilitation 
group received, taping, 
mobilization of thoracic spine, 

Thoracic kyphosis 
angle, self-reported 
back pain, quality of 
life.  

The study did not 
measure postural 
sway, fear of falling,  
and history of falls 



Chapter 4: Systematic review 2 

265 
 

Study ID (lead 
author, year of 
publication) 

Study title Participants Study design Intervention Outcome measures  Reason for 
exclusion 

back muscle strengthening 
exercise for 3 months. A control 
group received a waiting list for 
treatment. 

outcomes. 

6. Benedetti, 
2008 

Effects of an adapted physical 
activity program in a group of elderly 
subjects with flexed posture: clinical 
and instrumental assessment 

34 older adults aged 
over 65 years with 
flexed posture 

Not stated. Participants were randomized 
into 2 groups. 
The adapted physical activity 
group received back 
strengthening exercises focus 
on specific impairment. Non-
specific physical activity group 
received global posture 
exercises 

Flexed posture 
measurement, 
assessment of 
posture. 

The study did not 
measure postural 
sway, fear of falling,  
and history of falls 
outcomes. 

7. Bennell, 2010 Effects of an exercise and manual 
therapy program on physical 
impairments, function, and quality-of-
life in people with osteoporotic 
vertebral fracture: a randomized, 
single-blind controlled pilot trial  

20 adults aged over 
50 years with 
osteoporotic vertebral 
fracture 

RCT, single-blind  Participants were randomized 
into 2 groups. An intervention 
group received back muscle 
strengthening exercise, postural 
taping, and soft tissue massage 
for 10 weeks. A control group 
received no treatment. 

Self-reported 
changes in back pain, 
quality of life, the 
Time up and go, 
thoracic kyphosis 
angle  

The study did not 
measure postural 
sway, fear of falling,  
and history of falls 
outcomes. 

8. Bergström, 
2011 

Back extensor training increases 
muscle strength in postmenopausal 
women with osteoporosis, kyphosis, 
and vertebral fractures.  

36 postmenopausal 
women with thoracic 
kyphosis  
 

Not stated. Participants were randomized 
into 2 groups. A training group 
received back muscle 
strengthening exercise for 4 
months. The study does not 
mention a control group. 

Height, back muscle 
extensor strength, 
kyphosis angle, 
thoracic expansion. 

The study did not 
measure postural 
sway, fear of falling, 
and history of falls 
outcomes. 

9. Bulut, 2019 An investigation into the effects of 
Kinesio taping for posture correction 
on kyphosis angle, pain, and balance 
in patients with postmenopausal 
osteoporosis-associated thoracic 
kyphosis 

42 women with 
postmenopausal 
osteoporosis 

RCT Participants were randomized 
into 2 groups. Intervention 
group: 3 sessions Kinesio 
taping and 6-week osteoporosis 
exercises programme, 
Control group: received only 6-
week osteoporosis exercises 
programme 

Static standing 
balance, functional 
balance, kyphosis 
angle, and back pain 

The study did not 
measure history of 
falls and fear of 
falling outcomes. 
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Study ID (lead 
author, year of 
publication) 

Study title Participants Study design Intervention Outcome measures  Reason for 
exclusion 

10. Cergel, 2019 The effects of short-term back 
extensor strength training in 
postmenopausal osteoporotic 
women with vertebral fractures: 
comparison of supervised and home 
exercise program 

60 women with 
postmenopausal 
osteoporosis 

RCT Participants were randomized 
into 3 groups. supervised 
exercise group, home-based 
exercise group, and control 
group (no treatment) 

Thoracic kyphosis 
angle. 

The study did not 
measure postural 
sway, history of falls, 
and fear of falling 
outcomes. 

11. Dajah, 2015 Effects of back and respiratory 
muscle exercises on posture and 
respiratory function in elderly 
patients with osteoporosis 

20 patients with 
osteoporosis 
combined with mild 
thoracic kyphosis 

Pre-post 
intervention  

The thoracic strengthening 
exercises and respiratory 
muscle exercises  

Thoracic range of 
motion, dyspnoea 
score, respiratory 
muscle strength 

The study did not 
measure thoracic 
kyphosis angle, 
postural sway 
history of falls, and 
fear of falling 
outcomes. 

12. Greendale, 
2002 

Yoga for women with hyperkyphosis: 
results of a pilot study.  

21 women with 
hyperkyphosis, aged 
over 60 years. 

Pilot study The 12-week of yoga 
programme consists of 4 series 
of poses modified from the 
classical forms of yoga. 

Thoracic kyphosis 
angle, height, forward 
curve measure, and 
physical performance 

The study did not 
measure postural 
sway, history of falls, 
and fear of falling 
outcomes. 

13. Greendale, 
2009 

Yoga decreases kyphosis in senior 
women and men with adult‐onset 
hyperkyphosis: results of a 
randomized controlled trial.  

118 older adults aged 
over 60 years with 
thoracic kyphosis  
angle ≥ 40° 

RCT Participants were randomized 
into 2 groups. The yoga 
intervention group received 24 
weeks of yoga. The control 
group received monthly 
lunches/seminars for the same 
duration. 

Kyphosis angle, 
height, timed chair 
stands, functional 
reach, and walking 
speed 
 

The study did not 
measure postural 
sway, history of falls 
and fear of falling. 

14. Gündoǧdu, 
2013 

The effect of posture support corset 
on balance, quality of life, dorsal 
kyphosis in patients with kyphosis 
due to osteoporosis (Abstract) 

29 patients with 
osteoporosis with 
kyphosis 

Not stated Participants were randomized 
into 2 groups. Group 1 received 
the conventional osteoporosis 
exercises. Group 2 received the 
conventional osteoporosis 
exercises combined with the 
kyphosis-orthosis. Both groups 
received intervention for 3 
months  

Kyphosis angle, 
height, single foot 
balance test, Timed 
up & Go test, Berg 
Balance Scale, 
quality of life 

The study did not 
measure postural 
sway, history of falls, 
and fear of falling 
outcomes. 

15. Hojjati, 2013 Seated exercise therapy improves 23 older women with RCT Participants were randomized Height, forward head The study did not 
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Study ID (lead 
author, year of 
publication) 

Study title Participants Study design Intervention Outcome measures  Reason for 
exclusion 

posture and balance in 
hyperkyphotic elderly females: A 
randomized control trial.  

thoracic 
hyperkyphosis > 40° 

into 2 groups. The experiment 
group received a seated (back) 
exercises programme for 12 
weeks. The control group: not 
stated. 

angle, thoracic 
kyphosis angle, and 
Berg balance scale. 

measure postural 
sway, history of falls, 
and fear of falling 
outcomes. 

16. Itoi, 1994 Effect of back-strengthening exercise 
on posture in healthy women 49 to 
65 years of age.  

60 healthy estrogen-
deficient women 

Not stated Participants were randomized 
into 2 groups. The exercise 
group received progressive 
strengthening of the back 
extensor muscle. 
The control group:   
no spinal extensor 
strengthening exercise 

Thoracic kyphosis 
and lumbar lordosis 
angle. Back extensor 
muscle strength 
measurement. 

The study did not 
measure balance, 
history of falls, and 
fear of falling 
outcomes as well as 
does not recruit 
older adults with 
hyperkyphosis. 

17. Jang, 2015 Effect of thorax correction exercises 
on flexed posture and chest function 
in older women with age-related 
hyperkyphosis.  

41 elderly women 
aged over 65 years 
with hyperkyphosis > 
45° 

Not stated Participants were randomized 
into 2 groups. A thorax 
correction exercise group 
received an 8-week thorax 
correction exercise in a group 
exercise setting. A control group 
received a booklet that 
contained all the exercise-
related information. 

Thoracic kyphosis 
angle, forward head 
posture, and 
pulmonary function 
tests including vital 
capacity, forced 
expiratory volume in a 
second, and chest 
expansion length 

The study did not 
measure balance, 
history of falls, and 
fear of falling 
outcomes 

18. Jang, 2019 Effects of corrective exercise for 
thoracic hyperkyphosis on posture, 
balance, and well-Being in older 
women: A Double-Blind, Group-
Matched Design.  

50 older women with 
hyperkyphosis > 40° 

A Double-Blind, 
Group-Matched 
Design 

Participants were randomized 
into 2 groups. Exercise group: 
supervised thoracic correction 
exercises for 8 weeks. Control 
group: received home-based 
programmes exercises for 8 
weeks (self-performance). 

Thoracic kyphosis 
posture, the Short 
Physical Performance 
Battery balance and 
limit of stability as 
well as well-being. 

The paper did not 
measure the fear of 
falling and the 
history of falls 
outcome. 

19. Junges, 
2012 

Effectiveness of Pilates method for 
the posture and flexibility of women 
with hyperkyphosis.  

41 women aged over 
45 years with 
hyperkyphosis (> 45°) 

RCT Participants were randomized 
into 2 groups. The Pilates group 
received Pilates for 30 weeks 
and the control group received 
no exercise intervention. 

Body mass index, 
body fat percentage, 
waist-hip ratio, 
posture assessment 
in 4 views of 
photography, and 

The study did not 
measure postural 
sway, fear of falling, 
and history of falls 
outcomes. 
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author, year of 
publication) 

Study title Participants Study design Intervention Outcome measures  Reason for 
exclusion 

flexibility of cervical, 
hip, shoulders, and 
trunk.  

20. Kamali, 2016 Comparison of manual therapy and 
exercise therapy for postural 
Hyperkyphosis: a randomized clinical 
trial 

46 young women with 
hyperkyphosis (> 45°) 

RCT Participants were randomized 
into 2 groups. Exercise therapy 
group: 5-week of back 
stretching and strengthening 
Manual therapy group: 5-week 
of massage, mobilization, 
muscle energy, and myofascial 
release 

Thoracic kyphosis 
angle and back 
extensor muscle 
strength 

The study did not 
include older adults 
and did not measure 
balance, falling, and 
fear of falling 
outcomes 

21. Katzman, 
2007 

Changes in flexed posture, 
musculoskeletal impairments, and 
physical performance after group 
exercise in community-dwelling older 
women.  

21 elderly people with 
thoracic kyphosis 
angle > 50° 

A single group 
pretest-posttest 
design 

Group-specific exercises: back 
strengthening exercises and 
postural alignment training 

Thoracic kyphosis 
angle, height, back 
extensor muscle 
strength, shoulder, 
hip, and knee range 
of motion, static and 
dynamic balance 
tests, physical 
function test 

The study did not 
measure falling, and 
fear of falling 
outcomes 

22. Katzman, 
2017 

Sex differences in response to 
targeted kyphosis specific exercise 
and posture training in community-
dwelling older people: a randomized 
controlled trial.  

112 elderly people 
with thoracic kyphosis 
angle ≥ 40°  

RCT Participants were randomized 
into 2 groups. The intervention 
group received a multimodal 
group-based kyphosis-specific 
exercise and posture training 
programme for 3 months and 
the control group received a 
delayed intervention after the 3 
months waitlist 

Kyphosis angle, 
physical function, 
spinal extensor 
muscle strength, and 
quality of life. 

The study did not 
measure postural 
sway, fear of falling, 
and history of falls 
outcomes. 

23. Katzman, 
2017 

Targeted spine strengthening 
exercise and posture training 
program to reduce hyperkyphosis in 
older people: results from the study 
of hyperkyphosis, exercise, and 
function (SHEAF) randomized 

99 older adults aged 
≥ 65 years with 
hyperkyphosis ≥ 40° 

RCT Participants were randomized 
into 2 groups. 
 

Thoracic kyphosis 
angle, physical 
function test, spinal 
extensor muscle 
strength, and density, 
and quality of life 

The study did not 
measure postural 
sway, fear of falling, 
and history of falls 
outcomes. 
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author, year of 
publication) 

Study title Participants Study design Intervention Outcome measures  Reason for 
exclusion 

controlled trial.  

24. Katzman, 
2019 

Feasibility and acceptability of 
technology-based exercise and 
posture training in older adults with 
age-related hyperkyphosis: a pre-
post study 

12 older adults  
aged ≥ 65 years, 
kyphometer-derived 
kyphosis 
measurement ≥ 40° 
(±5) 

Pre - post study 
design 

Exercise and posture training 
via video clips 

Feasibility outcomes, 
thoracic kyphosis 
angle, physical 
function, and physical 
activity as well as the 
quality of life 

The study did not 
measure balance, 
falling, and fear of 
falling outcomes. 

25. Kuo, 2009 Sagittal spinal posture after Pilates-
based exercise in healthy older 
people.  

34 older adults Longitudinal 
repeated-
measures study 

A supervised Pilates based-
exercise programme for 10 
weeks. 

Sagittal spinal angles The study did not 
measure balance, 
falling, and fear of 
falling outcomes. 

26. Mahmoodi, 
2016 

Effect of corrective exercise on 
postural stability in elderly women 
with hyperkyphosis (Abstract). 

30 older adults  RCT Participants were randomized 
into 2 groups. An experimental 
group:  received corrective 
exercises programme for 8 
weeks. The control group 
received no intervention. 

Postural stability and 
kyphosis angle. 

The study did not 
measure falling, and 
fear of falling 
outcomes. 

27. Naderi, 2019 Effect of kyphosis exercises on 
physical function, postural control, 
and quality of life in elderly men with 
hyperkyphosis  

24 men with 
hyperkyphosis of ≥ 
50° 

Not stated Participants were randomized 
into 2 groups. Intervention 
group: 12 weeks of corrective 
exercises programme 
Control group: not stated. 

Thoracic kyphosis 
angle, physical 
function, and quality 
of life  

The study did not 
measure balance, 
falling, and fear of 
falling outcomes. 

28. Namdar, 
2019 

Comparison of the immediate 
efficacy of the Spinomed® back 
orthosis and posture training support 
on walking ability in elderly people 
with thoracic kyphosis 

34 older adults with 
thoracic 
hyperkyphosis ≥ 50° 

Not stated  Participants were randomized 
into 2 groups. The intervention 
group received the Spinomed® 
back orthosis. The control group 
received posture training 
support. 

Elderly mobility walk 
test, the 2-min walk 
test, and 10-meter 
walk test 

The study did not 
measure thoracic 
kyphosis angle, 
balance, falling, and 
fear of falling 
outcomes 

29. Navega, 
2016 

Effect of the Mat Pilates method on 
postural balance and thoracic 
hyperkyphosis among elderly 
women: a randomized controlled 
trial.  

31 elderly women 
aged range 60 and 75 
years 

RCT Participants were randomized 
into 2 groups. The Pilates group 
received Mat Pilates method  
The control group received a 
lecture on Pilates. 

Thoracic kyphosis 
angle, a unimodal test 
(dynamic balance 
test) 

The study did not 
measure postural 
sway, history of falls, 
and fear of falling 
outcomes 
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author, year of 
publication) 

Study title Participants Study design Intervention Outcome measures  Reason for 
exclusion 

30. Oakley, 2018 The CBP® mirror image® approach 
to reducing thoracic hyperkyphosis: 
a retrospective case series of 10 
patients.  

10 adults with 
hyperkyphosis of ≥ 
50° and aged over 18 
years 

Case series 
reports 

The Chiropractic BioPhysics® 
(CBP®) methods mirror image® 
programme consists of thoracic 
extension traction and 
exercises, as well as spinal 
manipulative therapy. 

Thoracic kyphosis, 
pain, quality of life 

The study did not 
measure postural 
sway, history of falls, 
and fear of falling 
outcomes. 

31. Park, 2020 Effects of thoracic mobilization and 
extension exercise on thoracic 
alignment and shoulder function in 
patients with subacromial 
impingement syndrome: a 
randomized controlled pilot study 

30 patients with 
subacromial 
impingement 
syndrome and having 
thoracic kyphosis ≥ 
40° 

RCT Participants were randomized 
into 3 groups.  Joint mobilization 
group: received thoracic spine 
mobilization, exercise group: 
back extension exercise 
programme, and combination 
group: received both back 
extension exercise programme 
and thoracic spine mobilization 

Thoracic kyphosis 
angle, muscle tone, 
shoulder joint range 
of motion, shoulder 
pain, and disability 
index 

The study did not 
measure postural 
sway and fear of 
falling/falls/history of 
falls outcomes 

32. Pawlowsky, 
2009 

Stability of kyphosis, strength, and 
physical performance gains 1 year 
after a group exercise program in 
community-dwelling hyperkyphotic 
older women.  

19 older women with 
hyperkyphosis of ≥ 
50° 

A cohort study Spinal extension exercises and 
postural alignment training for 
12 weeks 

Kyphosis angle in 
usual and nest 
position, spinal 
extensor strength, 
physical performance 
test, Jug test 
(deteriorating function 
test) 

The study did not 
measure postural 
sway and fear of 
falling and history of 
falls outcomes. 

33. Perriman, 
2012 

A randomized controlled trial of 
strengthening versus postural re-
education for age-related thoracic 
kyphosis. (Abstract) 

62 participants RCT Participants were randomized 
into 4 groups. The 
strengthening group: seated 
extension exercises, postural 
education group: physiotherapy 
session, combined 
strengthening, and postural 
education group: received both 
interventions, and the control 
group received neither. All 
groups except were received 
intervention for 12 weeks. 

Thoracic kyphosis 
angle and physical 
function tests.  

The study did not 
measure postural 
sway and fear of 
falling and history of 
falls outcomes. 
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author, year of 
publication) 

Study title Participants Study design Intervention Outcome measures  Reason for 
exclusion 

34. Raeissadat, 
2014 

Effect of Posture Training with 
Weighted Kypho-Orthosis (WKO) on 
Improving Balance in Women with 
Osteoporosis 

Women with 
osteoporosis aged 
between 55 and 75 
years, thoracic 
kyphosis angle 
between 35 and 55 
degree 

A non-RCT Participants were randomized 
into 2 groups. The intervention 
group received back extensor 
strengthening exercises and 
weighted kyphosis orthosis. The 
control group received back 
extensor strengthening 
exercises. The intervention 
lasted 4 weeks in both groups. 

Clinical balance tests: 
Functional reach test, 
Timed up and Go 
test, Unilateral Stance 
test 

The study did not 
measure thoracic 
kyphosis angle, 
postural sway, and 
fear of falling, and 
history of falls 
outcomes. 

35. Renno, 2005 Effects of an exercise program on 
respiratory function, posture, and on 
quality of life in osteoporotic women: 
a pilot study 

14 older women, 
aged ≥ 65 

Pilot 
observational 
study 

Back extensor muscle strength Pulmonary function 
test, measurement of 
thoracic kyphosis, 
quality of life  

The study did not 
include postural 
sway and fear of 
falling and history of 
falls outcomes. 

36. Sawdon-
Bea, 2010 

Effects of a 10-week exercise 
intervention on thoracic kyphosis, 
pulmonary function, endurance, back 
extensor strength, and quality of life 
in women with osteoporosis 
(Doctoral dissertation, Texas 
Woman's University). 

44 women with 
osteoporosis and 
thoracic kyphosis 
index > 13     

RCT Participants were randomized 
into 2 groups. The experimental 
group received 10-week of back 
extensor strengthening 
exercises. The control group 
received no exercise 
intervention 
 

Thoracic kyphosis 
angle, pulmonary 
function, 6-minute 
walk test, back 
extensor muscle 
strength, and quality 
of life 

The study did not 
measure postural 
sway and fear of 
falling and history of 
falls outcomes. 

37. Schuerman, 
1998 

Relationships between postural 
exercise and risk factors for falling in 
individuals with osteoporosis 
(abstract)  

58 postmenopausal 
women aged 56 to 89 
years 

Not stated Participants were randomized 
into 2 groups. The exercise 
group received 12-week of 
standing posture exercises. The 
control group received no 
exercise intervention 
 

thoracic kyphosis 
angle, bilateral 
shoulder flexion 
range of motion, back 
extension strength, 
Functional Reach, 
Berg Balance Test, 
Sharpened Romberg, 
and One-Legged 
Stand 

The study did not 
measure postural 
sway and fear of 
falling/falls/history of 
falls outcomes. 
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author, year of 
publication) 

Study title Participants Study design Intervention Outcome measures  Reason for 
exclusion 

38. Sedighipour, 
2016 

Does weighted kypho-orthosis (wko) 
reduce risk of fall in women with 
osteoporosis?: A preliminary study 

Women with 
osteoporosis and 
thoracic kyphosis 
angle between 35-55 
degrees 

RCT Participants were randomized 
into 2 groups. The intervention 
group received 4 weeks of 
weighted kypho-orthosis and 
back extensor strengthening 
exercises. 
Control group: 4 weeks of back 
extensor strengthening 
exercises 

Dynamic balance 
tests 

The study did not 
measure thoracic 
kyphosis angle, 
falling, and fear of 
falling outcomes 

39. Seidi, 2014 The efficiency of corrective exercise 
interventions on thoracic hyper-
kyphosis angle.  

108 participants with 
an age range 18-25 
years 

A prospective, 
RCT 

Participants were randomized 
into 3 groups. Local corrective 
exercise programme group 
received stretching exercises 
and back extensor muscle 
strengthening, comprehensive 
corrective exercise programme 
group received chin tuck, 
erecting of the thoracic spine, 
and adduct scapulae and the 
control group received no 
intervention. 

Thoracic kyphosis 
angle, forward head 
angle 

The study did not 
recruit older adults 
and did not measure 
postural sway and 
fear of falling and 
the history of falls 
outcomes. 

40. Senthil, 2016 Effect of thoracic correction 
exercises in upper body dysfunction 
of 94-year-old male participant–a 
case report.  

1 participant with a 
forward posture 

A case report 12-week thoracic correction 
exercises 

Pre-post-test of upper 
body dysfunction and 
pectoral minor muscle 
length 

The study did not 
measure postural 
sway and fear of 
falling and the 
history of falls 
outcomes. 

41. Senthil, 2017 Efficacy of corrective exercise 
strategy in subjects with 
hyperkyphosis.  

30 participants aged 
range 35-55 years 
with hyperkyphosis  

A single-blinded 
RCT 

Participants were randomized 
into 2 groups. Group A received 
the corrective exercise strategy 
and group B received the 
conventional exercises for 8 
weeks. 

Postural deviation 
and pectoralis minor 
muscle flexibility 

The study did not 
recruit only older 
adults and did not 
measure thoracic 
kyphosis angle, 
balance, falling, and 
fear of falling 
outcomes.  
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42. Shahrjerdi, 
2015 

The effect of corrective exercises on 
functional autonomy in hyperkyphotic 
elderly women  

30 older women with 
hyperkyphosis 

Quasi-
experimental 
study 

Participants were randomized 
into 2 groups. The experiment 
group: 8 weeks of corrective 
exercise programme, 
The control group: did not 
receive any corrective exercises 
programme 

Thoracic kyphosis 
angle, Berg balance 
scale, number of falls, 
and fear of falling 

The study did not 
measure postural 
sway outcomes. 

43. Sinaki, 1984 Postmenopausal spinal 
osteoporosis: flexion versus 
extension exercises 

59 patients with 
postmenopausal 
osteoporosis aged 49 
to 60 years 

A retrospective 
review  

Participants were divided into 4 
groups: 1) spinal extension 
exercises group, 2) spinal  
flexion exercises,3) both spinal 
extension and flexion exercises 
group, and 4) not received any 
exercises 

Spinal 
roentgenograms 

The study did not 
measure thoracic 
kyphosis angle, 
balance, falling, and 
fear of falling 
outcomes 

44. Sinaki, 2002 Reducing the risk of falls through 
proprioceptive dynamic posture 
training in osteoporotic women with 
kyphotic posturing: a randomized 
pilot study. 

7 osteoporotic women 
with a kyphotic angle 
of 50°- 65° 

RCT Participants were divided into 2 
groups. Group 1 (abnormal 
baseline balance score) 
received back exrensor 
strengthening exercises. Group 
2 (normal baseline balance 
score) received back exrensor 
strengthening exercises and 
proprioceptive dynamic posture 
training. Group 3 (abnormal 
baseline balance score) 
received back extensor 
strengthening exercises and 
proprioceptive dynamic posture 
training. All participants 
performed 4 weeks of the 
exercise programme. 

Muscle strength 
assessment including 
back extensor 
muscle, grip strength, 
knee extensor 
muscle. Balance test 
(computerized 
dynamic 
posturography) 

The study did not 
measure fear of 
falling and the 
history of falls 
outcomes. 

45. Sinaki, 
2005b 

Significant reduction in risk of falls 
and back pain in osteoporotic-
kyphotic women through a Spinal 
Proprioceptive Extension Exercise 

25 subjects: 12 
subjects with 
osteoporosis-
kyphosis, thoracic 

Not stated. Subjects in the exercise group 
received a 4-week spinal 
proprioceptive extension 
exercise dynamic programme 

Static and dynamic 
balance, gait 
analysis, back 
extensor, and lower 

The study did not 
measure thoracic 
kyphosis outcomes. 
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Dynamic (SPEED) program.  kyphosis angle of 
50°- 65°, aged 49 to 
60 years and 13 
healthy match 
controls without 
hyperkyphosis 

and combined with a spinal 
weighted kypho-orthosis. 

extremity muscles 
strengths, fear of 
falling  

46. Vaughn, 
2007 

The influence of an in-home-based 
therapeutic exercise program on 
thoracic kyphosis angles.  

75 adults aged range 
21-63 years with a 
wide range of 
kyphosis angle (23°-
80°) 

A prospective, 
RCT 

Participants were divided into 2 
groups. The exercise group 
received 13 weeks of home-
based spinal corrective exercise 
programmes and the control 
group received no exercise 
intervention.  

Thoracic kyphosis 
angle 

The study did not 
recruit only older 
adults and did not 
measure postural 
sway and fear of 
falling and the 
history of falls 
outcomes. 

47. Watson, 
2019 

High-intensity exercise did not cause 
vertebral fractures and improves 
thoracic kyphosis in postmenopausal 
women with low to very low bone 
mass: the LIFTMOR trial 

Women over 60 years 
of age with low bone 
mass 

RCT, a single-
blind 

High-intensity resistance and 
impact training group: received 
8 months supervised high-
intensity resistance; the control 
group: received 8 months low-
intensity home-based exercises 

Thoracic kyphosis 
angle 

The study did not 
measure postural 
sway and fear of 
falling and the 
history of falls 
outcomes. 

RCT = a randomized controlled trial 
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4.6 Discussion 

As far as the author knows, this is the first systematic review aimed at 

evaluating the effects of a diverse range of exercise programmes on back 

shape/posture, balance (postural sway and the limits of stability), falling, and 

fear of falling in older people with hyperkyphosis.  

4.6.1 Summary of the main findings 

This systematic review did not identify any evidence of different exercise 

interventions to improve back shape and posture, balance, falling, and fear 

of falling in older adults with hyperkyphosis. Therefore, this review is 

considered to be an empty review as the researcher found no studies that 

met all the inclusion criteria. Nevertheless, this review provided significant 

information regarding the research gaps in the literature on the effects of 

exercise interventions on back shape, balance, falling, and fear of falling in 

older people with hyperkyphosis.  

Whilst this review is considered an empty review, the findings found that a 

majority of the studies have evaluated the effects of exercise programmes 

on back shape and posture. However, there is a lack of studies on the 

effects of exercise programmes on balance, falling, and fear of falling. There 

are also no studies that investigated all these outcomes in the same study.  

Although this systematic review found that no studies have evaluated the 

effects of exercise interventions on back shape and posture, balance, falls, 

and fear of falling. However, the majority of the full-text primary studies that 

were evaluated in this review measured as outcomes, the effects of exercise 

interventions on back shape and posture, balance, falls, and fear of falling. 

Some examples of such studies are presented below.  
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4.6.1.1 Back shape and posture  

With regards to the assessment of back shape and posture, an RCT by 

Katzman et al. (2017) analysed the effect of multimodal group-based 

kyphosis-specific programme (back extensor muscle exercises, spinal 

mobility exercises, as well as postural alignment training) on the Cobb angle 

of kyphosis and kyphosis angle (measured using kyphometer) in older adults 

with thoracic hyperkyphosis (n = 99). They randomly assigned participants 

into either an active group (n = 51) or a control group (n = 48). The active 

group received a multimodal group-based kyphosis-specific programme for 1 

hour, three times per week for 6 months, whereas the control group received 

health education group classes (topics: bone health, urinary incontinence, 

fall prevention, and stress management) for 1 hour, once a month for 4 

months. They demonstrated that a multimodal group-based kyphosis-

specific programme decreased the Cobb angle of thoracic kyphosis by 3.3° 

in the active group, compared to a decrease of 0.3° in the control group. 

They also found that the exercise programme decreased kyphometer-

derived kyphosis by 3.8° in the active group, compared to a decrease of 0.9° 

in the control group. Despite the improvements in thoracic kyphosis reported 

after training, however, the thoracic kyphosis angle was reduced by a small 

amount. This may be because the group-based kyphosis-specific 

programme did not provide specific exercises to address patients' problems, 

compared to an individually tailored exercise programme.  

Jang et al. (2019) conducted a double-blinded (assessors and patients) and 

group matched clinical study to investigate the effectiveness of a corrective 

exercise on thoracic kyphosis in 44 older women with hyperkyphosis. 

The participants were randomly allocated into one of two groups: the 

exercise group (n = 22) or the control group (n = 22). The exercise group 

received a thoracic correction exercise including correction of breathing 

pattern, thoracic mobilization, thoracic stabilization, and awareness of 

thoracic alignment for 1 hour, twice per week for 8 weeks, whereas the 

control group received a booklet with a detailed exercise programme (the 

same exercise programme as the exercise group) to guide the participants in 



Chapter 4: Systematic review 2 
 

 

277 
 

self-performance of the home programme. The authors revealed that 

exercise intervention for thoracic hyperkyphosis was effective for reducing 

3.8° of the thoracic kyphosis angle in the exercise group after intervention. 

Although the results of this study showed improvement in thoracic kyphosis 

after training, it is problematic to make recommendations based on the 

findings of this study because the study design was not an RCT. 

In contrast to the above studies, Bennell et al. (2010) carried out an RCT 

single-blind controlled pilot study to investigate the efficacy of a 

physiotherapy programme in 20 older people with hyperkyphosis and 

osteoporotic vertebral fracture. Participants were randomly allocated into two 

groups. The intervention group was provided with manual techniques 

(postural taping, soft tissue massage, and passive thoracic mobilisation) and 

home programme exercises (posture, range of motion, and back 

strengthening exercises) for 10 weeks, while the control group did not 

receive any intervention or any home exercises. The authors found that the 

intervention group showed a non-statistically significant improvement in 

thoracic kyphosis angle, compared to the control group. Nevertheless, this 

study did not reach statistical significance, which could be attributed to the 

small sample size.  

4.6.1.2 Balance  

Balance is the ability to maintain the centre of gravity of the body within the 

base of support (Yim-Chiplis & Talbot, 2000). Several researchers including 

Jang et al. (2019), Katzman et al. (2007), Sinaki and Lynn (2002), as well as 

Sinaki et al. (2005b) have conducted studies to determine the effectiveness 

of exercise interventions on postural sway and the limits of stability.  

Sinaki and Lynn (2002) employed RCTs to assess the effect of a 1-month 

proprioceptive dynamic posture training programme on balance in seven 

women with thoracic hyperkyphosis and osteoporotic. The authors randomly 

assigned participants into 3 groups based on balance score; a normal 

balance score is defined as a balance score ≥ 68: group 1 (n = 2, abnormal 

balance score at baseline and received back extensor strengthening 
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exercises only), group 2 (n = 2, normal balance score at baseline and 

received back extensor strengthening exercises combined with a spinal 

orthosis) and group 3 (n = 3, abnormal balance score at baseline and 

received back extensor strengthening exercises combined with a spinal 

orthosis). They reported that the balance score in group 3 had only 

significant improvement at 1-month. They also found that when compared 

among the 3 groups, there was a significant difference between groups 3 vs 

1 and groups 3 vs 2. Nonetheless, the sample size in this study was very 

small, which limited the generalisability of this study. 

A study by Sinaki et al. (2005b) demonstrated that a 4-week exercise (back 

extension exercises, specific proprioceptive exercises as well as a gait 

programme) intervention combined with spinal orthosis was shown to 

improve postural sway in older women with hyperkyphosis-osteoporosis (n = 

12). However, there was no mention of how spinal proprioceptive dynamic 

extension exercise was performed and the sample size was small. 

Katzman et al. (2007) conducted a single-group pretest-posttest design to 

examine the 12-week multidimensional group exercise programme (spinal 

extensor muscle strengthening, postural alignment training, and patient 

education to maintain corrected posture) on static and dynamic balance (the 

sensory organization test; this test to use measure the ability to use input 

from the somatosensory, visual, and vestibular system to maintain balance; 

COP velocity and COP excursion) in 36 older women with thoracic 

hyperkyphosis. They reported that static and dynamic balance did not 

improve following the 12 weeks of training. The authors explained the 

reason why they did not find any improvement in static and dynamic 

balance. This may be because participants in this study had a high-

functioning baseline.  

Jang et al. (2019) carried out a double-blind, group matched design to 

determine the effects of corrective exercises on balance in older adults with 

thoracic hyperkyphosis. They revealed that an 8-week of thoracic correction 

exercises programme (correction of breathing pattern, thoracic mobilization, 

thoracic stabilization, and awareness of thoracic alignment) was effective for 
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improving static balance (the Short Physical Performance Battery and 

dynamic balance (the limits of stability) in older women. The Short Physical 

Performance Battery consists of 3 sub-tests: repeated timed chair stands, 

timed balance tests, and a 4-m timed walk; each task is scored out of 4, with 

the scores from the 3 sub-tests summed to give a total, with a maximum of 

12 and a minimum of 0. A high score indicates a high level of performance. 

Despite the improvements in balance were found, it is difficult to make 

recommendations based on these findings because a double-blind, group 

matched design was not a high-quality study design.  

4.6.1.3 Falling and/or fear of falling 

Only three studies measured ‘falling’ and/or ‘fear of falling’ after exercise 

training in older adults with hyperkyphosis and osteoporosis. Sinaki et al. 

(2005b) evaluated the effects of a 4-week exercise (back extension 

exercises, specific proprioceptive exercises as well as a gait programme) 

intervention combined with spinal orthosis on the risk of falls in ambulatory 

older people. The authors found that in the experimental group (n = 12), the 

fall-efficacy score decreased from a baseline mean of 32.4 ± 13.8 to the end 

of intervention mean of 13.5 ± 3.5. In the control group, participants in this 

group were 13 healthy matched controls of comparable age without kyphosis 

who had a falls efficacy score of 10 (normal). However, there was a low 

sample size in this study. 

Greendale et al. (2009) carried out an RCT in 118 older adults to assess the 

effectiveness of 24 weeks of Hatha Yoga on fear of falling measured using 

the Activities-specific Balance Confidence (ABC) scale (a 16-item test that 

evaluates older individual’s confidence during activities of daily living without 

falls; scores range from 16 to 160; a higher score means that there is a 

confidence that falls will not occur). The authors randomly assigned 

participants into 2 groups, the Yoga intervention group (n=58) and the 

control group. The Yoga intervention group received Yoga, 3 days/week, for 

24 weeks, while the control group received 6 lunch seminars about 

emotional management and intellectually stimulating experience with 
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socialisation.  They reported that 6 months of Hatha Yoga did not change 

the ABC score after training. This may be because participants in this study 

had high functioning (high the ABC score at baseline: the Yoga group = 

87.5, the control group = 88.1). 

Another study by Shahrjerdi et al. (2015) (abstract) employed a quasi-

experimental study to investigate the effect of corrective exercises on the 

number of falls and fear of falling in 30 elder women with hyperkyphosis. 

Participants were assigned randomly into the exercise group (receive 

corrective exercise programme, 3 days/week for 8 weeks) and the control 

group (did not receive any corrective exercise programme). The results 

revealed that the corrective exercises can be effective in reducing the 

number of falls and the fear of falling. However, this study had a small 

sample size, which may limit the generalisability of the results. 

4.6.2 Limitations and potential biases in the review process 

There were several limitations within this systematic review. Firstly, the 

research question could not be answered, which is because no eligible 

studies were identified. Next, it is expected that different types of exercise 

interventions (e.g., stretching exercises, flexibility exercises, strengthening 

exercises, etc.) may improve back shape/posture, balance, falling, and fear 

of falling to some degree. If the study did not meet all the inclusion criteria, it 

was excluded from this review. Therefore, some effective exercise 

interventions may not be represented within this systematic review. Finally, 

the current review focused on older people with hyperkyphosis. Therefore, 

limiting generalisability to a select group of the population.  

4.7 Conclusion 

In conclusion, the current systematic review identified no evidence of studies 

that have evaluated the effects of exercise interventions on back 

shape/posture, balance, falling, and fear of falling in older people with 

hyperkyphosis. Consequently, the researcher is unable to draw any 

conclusion regarding the effects of exercise interventions on these outcome 
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measures. Therefore, the present systematic review strongly recommends 

the need to conduct high-quality research that investigates the effects of 

exercise interventions on back shape and posture, balance, falling, and fear 

of falling in older people with hyperkyphosis. 

4.7.1 Implications for clinical practice 

The researcher is unable to make firm conclusions about the effects of 

exercise interventions to improve back shape and posture, balance, falling, 

and fear of falling in older people with hyperkyphosis. 

This review demonstrates extensive research work conducted on age-

related hyperkyphosis in different areas (Table 4.2 for characteristics of 

excluded studies). Most studies available on exercise interventions have 

only focused on improving thoracic kyphosis angle. The evidence is also 

different for each of the outcomes. However, there is limited evidence on the 

effects of exercise interventions on balance, falling, and fear of falling in 

older adults. It would appear that individual clinicians have to rely on their 

own clinical experience to recommend exercise interventions for improving 

back shape and posture, balance, falling, and fear of falling. 

4.7.2 Implications for research  

Further RCTs of the effectiveness of exercise interventions focused on 

balance, falls, and fear of falling need to be conducted, which are currently 

based on an empty review in this review. There is now a need for RCTs that 

investigate the effectiveness of exercise interventions to improve balance 

(postural sway and the limits of stability), falls as well as fear of falling. This 

information is important to inform clinical practice to manage thoracic 

hyperkyphosis problems in older adults. 

 

Due to the limited literature on the effects of exercise interventions on back 

shape and posture, balance, falling, and fear of falling, the current research 

aimed to investigate the effect of exercise intervention for thoracic 

hyperkyphosis on these outcome measures. The next chapter presents the 
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methods followed and the findings of the effects of the exercise intervention 

for thoracic hyperkyphosis.
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5.1 Introduction 

This chapter outlines an experiment to test the effect of a hyperkyphosis-

specific exercise programme on falling, fear of falling, and satisfaction with 

the educational booklet. In addition, the current study also explained the 

participants’ experiences of living with hyperkyphosis and experiences of 

taking part in the exercise programme. The chapter begins with the 

background, the study aims, and objectives of the current study, followed by 

research methods, outcome measures, and data analyses.  

In the current study, six outcome measures were examined. Firstly, (1) falls 

were assessed by asking participants about the history of falls in the past 12 

months. Secondly, (2) fear of falling was measured using the falls efficacy 

scale-international questionnaires. Thirdly, (3) satisfaction with an 

educational booklet was measured with a questionnaire. Next, experiences 

of living with hyperkyphosis and taking part in the exercise programme were 

assessed using (4) questionnaires with (5) open-ended questions. Finally, 

(6) adherence to the study and the number of adverse events were 

attributed to the current study. 

5.2 Background 

Age-related hyperkyphosis is the most prevalent spinal deformity in older 

adults. It is characterised by an excessive forward curvature of the thoracic 

spine (> 40°) (Katzman et al., 2010; Voutsinas and MacEwen, 1986). 

Hyperkyphosis has a significant negative impact on the health outcomes of 

older adults (Kado, 2009). The consequences of having a hyperkyphosis are 

reported to be impaired physical function (Ryan & Fried, 1997), decreased 

balance (Kado, Prenovost, & Crandall, 2007), increased risk of falls, and 

reduced quality of life (de Groot et al., 2014; Katzman et al., 2010; 

McDaniels-Davidson et al., 2018). 

In terms of biomechanics, increased anterior thoracic curvature in the spine 

shifts the body’s centre of gravity towards the limits of stability, which may 

perturb the person’s balance, thereby increasing fall risk (Danis et al., 1998; 
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Hsu et al., 2014; Sinaki et al., 2005). Therefore, it has been hypothesized 

that knowledge and exercise interventions that reduce hyperkyphosis may 

reduce fall risk in older adults with hyperkyphosis. Furthermore, increased 

knowledge of the fall risk factors could be used to develop a comprehensive 

treatment programme and prevent the risk of falls in older adults. 

Exercise-based interventions are the most common approaches currently 

used for the treatment of hyperkyphosis (Bansal et al., 2014). A systematic 

review by Bansal et al. (2014) identified 12 published studies that have 

evaluated the effectiveness of exercises on the angle of thoracic kyphosis in 

older adults. This review revealed that evidence regarding the effects of 

exercise on the angle of the thoracic kyphosis is limited and of low 

methodological quality. In addition, little attention has been paid to the effect 

of hyperkyphosis-specific exercises on reducing falls and fear of falling in 

elderly people with hyperkyphosis.  

Furthermore, a comprehensive search of systematic reviews presented in 

Chapter 4 investigated the effects of exercise programmes on balance, 

falling, and fear of falling in older adults with hyperkyphosis. The findings of 

the systematic review presented in Chapter 4 demonstrated that no studies 

that met all the inclusion criteria were found. This comprehensive systematic 

review identified no evidence investigating the effects of exercise 

interventions on these outcomes and was unable to draw any conclusion 

regarding the effects of exercise interventions on these outcome measures. 

Falls and Fear of falling 

A study by Sinaki et al. (2005b) reported that a 4-week specific back 

extension and gait programme combined with a spinal weighted kypho-

orthosis improved balance, fear of falling, and gait in women with 

osteoporosis-kyphosis. Furthermore, Sh, Golpayegani, and Mahmoudi 

(2015) conducted a quasi-experimental study to evaluate the effect of 

corrective exercises on falls and fear of falling in 30 elderly women with 

hyperkyphosis. They demonstrated that a corrective exercise programme 

was able to reduce the fear of falling, and the number of falls in elderly 

women with hyperkyphosis. However, this study was only available as an 
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abstract. The results from the two studies mentioned above have limited 

generalizability to other populations (e.g., older men). In contrast, the study 

conducted by Greendale et al. (2009) demonstrated that 24 weeks of yoga 

decreased hyperkyphosis but did not improve either the functional balance 

or the fear of falling in senior women and men with thoracic hyperkyphosis. 

In sumary, the evidence regarding the effectiveness of exercise interventions 

on falls and fear of falling appears very limited and still controversial.  

Spinal-specific exercises and hyperkyphosis-specific exercise programmes 

have been suggested as the first step in the treatment of patients with 

hyperkyphosis (Negrini et al., 2005). Numerous spine-specific exercise 

approaches to the management of spinal deformities such as scoliosis, and 

hyperkyphosis are available. These specific exercises consist of the SEAS 

approach (Scientific Exercise Approach to Scoliosis); the original Schroth 

method; the SBP (Schroth Best Practice); the BSPTS (Barcelona Scoliosis 

Physical Therapy School); the Dobomed method; FITS (Functional Individual 

Therapy of Scoliosis); the Lyon method as well as Min Mehta’s ‘Side-shift’ 

exercises (Bettany-Saltikov et al., 2014).  

The principles of the Schroth method include improving the patient’s 

awareness of their deformity to promote self-correction, and repeated 3D 

asymmetrical spinal correction exercises. The principles entail 9 composts, 

which can be seen in Table 5.1 

Table 5.1 Schroth method principles 

Principle 

• Trunk elongation 

• Pelvic alignment 

• Side-shift of the thorax 

• Shoulder corrections 

• Derotation with breathing in lying, sitting, as well as standing positions 

• Scoliosis/kyphosis-specific mobilization 

• Active 3D stabilization 

• Corrective breathing 

• Integration of postural corrections within activities of daily living 
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The SBP is a spinal-specific exercise approaches for addressing the spinal 

deformity. This technique consists of four main principles. Firstly, the 

exercises for the correction of the sagittal profile. Secondly, 3D trunk 

correction; participants are instructed on how to achieve 3D trunk and pelvic 

correction combined with a corrective breathing technique. Thirdly, the 

correction of body posture in the sagittal and frontal plane with isometric 

muscle tension combined with a corrective breathing technique. Finally, 

patient education to maintain the corrected posture while performing 

activities of daily living. The participants are taught to take corrective 

positions in everyday activities while walking, sitting, and standing (Lehnert-

Schroth and Moramarco, 2018).  

The SBP is simple and easy for patients to understand. A further advantage 

is that the exercise positions are focused on sitting and standing, which are 

suitable for older people whereas the original Schroth method included many 

postures in lying down. The author selected this technique because she is a 

trained and certified Schroth therapist. However, little is known about the 

effect of the Schroth Best Practice programme® on falls and fear of falling in 

an older population.  

In recent years, Berdishevsky (2016) conducted a case study to investigate 

the effects of the Schroth-Barcelona exercise (adapted from the original 

Schroth method) combined with the SpinoMed brace on the kyphosis angle, 

pain, quality of life, and spinal muscle strength in the patient (an older 

woman) with Scheuermann’s kyphosis aged 76. The researcher 

demonstrated that the Schroth and SpinoMed braces were effective for the 

treatment of their patient. However, the generalisation of the results of this 

study was not possible because there was only a single participant. 

Furthermore, the results are limited as they did not include falling and fear of 

falling as outcome measures. It is not known whether exercises designed to 

decrease hyperkyphosis also lead to decreased falling and fear of falling. To 

date, despite a comprehensive search, no studies could be found that 

examine the effects of a hyperkyphosis-specific exercise programme on 

falls, and fear of falling in older people with hyperkyphosis. 
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Numerous authors suggest that exercise programmes are feasible and safe 

for older people with hyperkyphosis and may lead to an improved thoracic 

kyphosis (Bennell et al., 2010; Greendale et al., 2009; Kuo, Tully, & Galea, 

2009). However, the evidence for the adherence to the study as well as the 

safety of implementing a hyperkyphosis-specific exercise intervention (The 

SBP) for the elderly population is still limited.  

Apart from a feasible and safe exercise programme for older adults, 

understanding the perceptions and experiences of having thoracic 

hyperkyphosis and a hyperkyphosis-specific exercise programme is 

important for developing, planning as well as implementing  a 

hyperkyphosis-specific exercise programme. Bautmans, Van Arken, Van 

Mackelenberg, and Mets (2010) explored patients’ perceptions regarding the 

rehabilitation programme for patients with osteoporosis. They found that the 

patients experienced reduced pain reduced back muscle fatigue as well as 

improved spinal flexibility. 

Furthermore, Qvist, Bergström, Kronhed, Karlsson, and Forss (2011) 

conducted qualitative studies to explore the experiences of living with 

vertebral fracture and a back muscle training programme. They indicated 

that patients reported a wide range of symptoms from severe back pain and 

mobility restrictions to no pain. They also demonstrated that specific back 

exercise training improved their well-being and quality of life. 

To the best of the author’s knowledge, there is a lack of qualitative evidence 

regarding the experiences of people living with thoracic hyperkyphosis. 

Furthermore, there are limited studies regarding the experiences of taking 

part in a hyperkyphosis-specific exercise programme. Therefore, a better 

understanding of the above limitations is needed to develop an appropriately 

designed exercise programme for older adults with hyperkyphosis.  

5.3 Study aims and objectives 

This study aimed to investigate the effect of a hyperkyphosis-specific 

exercise programme on falling, fear of falling, and satisfaction with the 

educational booklet, exploring participant experiences of living with 
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hyperkyphosis, as well as their experiences of taking part in a 

hyperkyphosis-specific exercise programme. 

The objectives of the study were: 

1 to provide preliminary evidence of the effectiveness of a 16-week 

hyperkyphosis-specific exercise on falling, fear of falling;  

2 to examine participants’ satisfaction with the educational booklet in 

older adults with hyperkyphosis after the exercise programme; 

3 to assess participants’ experiences of the exercise programme 

(questionnaire). 

4 to explore the participants’ experiences of living with hyperkyphosis  

5 to explore the participants’ experiences of taking part in the 

hyperkyphosis-specific exercise programme. 

5.4 Methods 

5.4.1 Research design  

The current study was initially going to be carried out as a pilot RCT to 

investigate the effectiveness of a home-based hyperkyphosis-specific 

exercise programme on back shape and posture, balance, falling, and fear 

of falling in older people with hyperkyphosis. However, the study was 

significantly negatively affected by the onset of COVID-19 during the data 

collection process. It was not possible to measure the post-treatment 

measurements because all the measurements except falling and fear of 

falling required face-to-face contact. It was therefore necessary to change 

the protocol of the studyand questionnaires to measure participants' 

experiences, as well as self-administered open-ended questions were added 

to collect data.  
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The current study investigated the effect of a hyperkyphosis-specific 

exercise programme on 1) falling, and 2) fear of falling. This study also 

examined 3) participants’ satisfaction with the educational booklet after a 16-

week exercise programme and explored the participants’ experiences of 

living with hyperkyphosis as well as participants' experiences of taking part 

in the exercise programme.  

 

5.4.2 Selection of the study population 
 
The participants were recruited in this study through poster advertisement 

(Appendix 13). Posters were placed on the Teesside University campus, 

cafés, shops, libraries, community centres, and church halls in 

Middlesbrough and Stockton-on-Tees. Non-probability was used to recruit 

participants (convenience/volunteers) into the study. All participants were 

informed in writing and verbally of their right to withdraw from the study 

anytime without any consequences for their care by contacting the 

researcher and their supervisor. A participant information sheet (Appendix 

14) detailing the aims and procedures of the current research study was 

provided to each individual and informed consent (Appendix 15) was gained 

before testing. 

All participants were initially pre-screened for the angle of the thoracic spine 

using the bubble inclinometer (the details have been provided in Chapter 3. 

If any of the inclusion/exclusion criteria were not met, the individual was 

excluded from this study. The researcher used inclusion and exclusion 

criteria to identify participants (Table 5.2 and Table 5.3).  

Table 5.2 Inclusion criteria 

Inclusion criteria 

• Males or females 

• Aged 50 years or older 

• Have a thoracic hyperkyphosis ≥ 40° (measured with a bubble 

inclinometer) 

• Healthy and free from any medical conditions affecting balance and the 

ability to stand independently 

• Able to walk independently without any gait aid    
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Table 5.3 Exclusion criteria 

Exclusion criteria  

• Peripheral neuropathy (verified by self-report) 

• Inner ear disorders or severe hearing loss (verified by self-report)  

• Visual impairment (i.e., unable to read large print and verified by self-

report) 

• Neurological or musculoskeletal disorders or medical conditions, which 

prevent participants from exercising (verified by self-report) 

• Prescription of drugs known to affect central nervous system or 

equilibrium such as sedatives and anxiolytics (verified by self-report) 

• History of spinal or lower extremities surgery (verified by self-report) 

• Diagnosis with vertebral compression fractures within 6 months of the 

study (verified by self-report) 

• Inability to perform exercises in this programme 

• Diagnosis of brittle bone diseases (severe osteoporosis,   

osteogenesis imperfect) (verified by self-report) 

• Serious medical conditions that limit participation in the exercise   

programme (including uncontrolled hypertension, chest pain, 

myocardial infarction, or cardiac surgery) (verified by self-report) 

 

5.4.3 Ethics Approval 

This study was approved by Teesside University, School of Health and Life 

Sciences, Ethics Committee (study number: 263/18). Verbal and written 

informed consent was obtained from all participants before testing. 

5.4.4 Sample size  

The sample size estimation was performed during the design of the study 

based on an effect size estimate from Jang et al. (2019) (similar study). They 

investigated the effects of a corrective exercise for thoracic hyperkyphosis 

on posture, balance, and well-being in older adults. 
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Using the programme G*power version 3.1.9.2 (Faul et al., 2009), a power 

analysis was conducted for a two-group comparison to detect a large effect 

size (d = 1.67). Effect size is the magnitude of the difference between 

groups. Large effect size indicates that it is possible to detect such an effect 

in smaller sample numbers (Sullivan & Feinn, 2012; Suresh & 

Chandrashekara, 2012).  

The groups specified were a test power of 0.80 with a significance level of 

0.05, calculated a sample size of 14. To adjust for a dropout rate of 20%, the 

total required sample size was 18.  

Unfortunately, because only 13 participants could be recruited, a power 

analysis was reduced. Therefore, a retrospective power analysis was 

conducted, with N = 13 (exercise group = 6 + control group = 7), d = 1.67 

and significance level of 0.05. According to the analysis, the power was 

0.76. The minimum acceptable level of power is considered to be 0.80. 

Therefore, the power analysis of this study was lower than the accepted 

level of power. 

5.4.5 Instrumentation 

5.4.5.1 History of falls  

Participants were asked if they had had a fall in the past 12 months and if 

so, to recall the number of falls they had in the past 12 months. Details of the 

history of falls questionnaire are provided in Chapter 3. 

5.4.5.2 Fear of falling  

In the current study, fear of falling was assessed using the Falls Efficacy 

Scale -International (FES-I). The FES-I was used to evaluate the degree of 

confidence in performing activities of daily living without falling (Delbaere et 

al., 2010; Tinetti et al., 1994). Participants were also asked if they had had a 

fall in the past 12 months, and if so, to recall the number of falls in the past 

12 months. Details of the FES-I can be found in Appendix 1. 
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The reliability of the Falls efficacy scale-international  

Fear of falling was assessed using the 16-item questionnaire of the falls 

efficacy-scale-international. The internal consistency reliability of the FES-I 

was assessed using Cronbach’s alpha. Cronbach’s alpha refers to the 

average inter-correlation among all items and is considered to be high with 

internal consistency reliability (Cronbach’s alpha = 0.71 and 0.84 for pre-

intervention and post-intervention, respectively). The mean inter-item 

correlations were 0.26 (range -.158 - 1.00) and 0.29 (range -.192 - 1.00) for 

pre-intervention and post-intervention, respectively. Therefore, the FES-I   

questionnaire was deemed a reliable means of quantifying the fear of falling 

in older adults with hyperkyphosis. The summary of the reliability tests is 

presented in Table 5.4 (page 295) . 



Chapter 5: Intervention study 

295 
 

Table 5.4 Reliability of the Fall efficacy-International questionnaire 

Fear of falling 

  Items 

Item scores Item-total 

correlation 

(Corrected) 

Cronbach’ Alpha 

coefficient if Item 

deleted 

Pre-test Post-test 

Mean SD Range Mean SD Range Pre-test Post-test Pre-test Post-test 

1.Cleaning the house (e.g. sweep, vacuum, dust) 1.00 0 1 1.00 0 1 NA NA NA NA 

2.Getting dressed or undressed 1.08 0.28 1-2 1.08 0.28 1-2 0.60 0.10 0.67 0.86 

3.Preparing simple meals 1.00 0 1 1.00 0 1 NA NA NA NA 

4.Taking a bath or shower 1.15 0.38 1-2 1.15 0.38 1-2 0.38 -0.04 0.68 0.87 

5.Going to the shop 1.08 0.28 1-2 1.15 0.55 1-3 0.17 0.83 0.71 0.80 

6.Getting in or out of a chair 1.00 0 1 1.00 0 1 NA NA NA NA 

7.Going up or down stairs 1.23 0.44 1-2 1.00 0 1 0.39 NA 0.68 NA 

8.Walking around in the neighbourhood 1.08 0.28 1-2 1.15 0.55 1-3 0.17 0.83 0.71 0.80 

9.Reaching for something above your head or on the 
ground 

1.08 0.28 1-2 1.08 0.28 1-2 0.60 0.10 0.67 0.86 

10. Going to answer the telephone before it stops ringing 1.00 0 1 1.00 0 1 NA NA NA NA 

11. Walking on a slippery surface (e.g., wet or icy) 1.92 0.86 1-4 1.92 0.86 1-4 0.29 0.82 0.75 0.80 

12. Visiting a friend or relative 1.00 0 1 1.00 0 1 NA NA NA NA 

13. Walking in a place with crowds 1.00 0 1 1.15 0.55 1-3 NA 0.83 NA 0.80 

14.Walking on an uneven surface (e.g., rocky ground, 
poorly maintained pavement) 

1.69 0.48 1-2 1.77 0.60 1-3 0.73 0.77 0.61 0.81 

15. Walking up or down a slope 1.46 0.66 1-3 1.31 0.48 1-2 0.53 0.08 0.65 0.87 

16.Going out to a social event (e.g., religious service, 
family gathering, or club meeting) 

1.00 0 1 1.15 0.55 1-3 NA 0.83 NA 0.80 

Cronbach’s alpha for pre-test fear of falling= 0.707, Cronbach’s alpha for post-test fear of falling= 0.844 
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5.4.5.3 The educational booklet satisfaction questionnaire 

Satisfaction with the educational booklet was assessed using an adaptation 

of the satisfaction questionnaire proposed by Kandasamy (2018). The items 

included in this survey evaluated the general impression, information, 

presentation, ease of use, and satisfaction with using the postural 

educational booklet provided. This questionnaire is a validated tool, an 8-

item scale with five-point Likert scales ranging from strongly disagree (1) to 

strongly agree (5) or very bad (1) to very good (5) (Kandasamy (2018). This 

survey was given to all participants after the use of the postural educational 

booklet. Details of the satisfaction questionnaire are provided in Figure 5.1 

(page 297) and Appendix 16. 

The reliability of the educational booklet satisfaction 

questionnaire 

The internal consistency reliability of the educational booklet satisfaction 

questionnaire was assessed using Cronbach’s alpha. Cronbach’s alpha 

refers to the average inter-correlation among all items and is considered to 

have high internal consistency reliability (Cronbach’s alpha = 0.77). The 

mean inter-item correlations were 0.32 (range -0.50 - 0.89). Therefore, the 

educational booklet satisfaction questionnaire was deemed to be a reliable 

method of quantifying the subject's satisfaction with the educational booklet 

in older adults with hyperkyphosis. The summary of the reliability tests is 

presented in Table 5.5 (page 298). 
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Figure 5.1 The educational booklet satisfaction questionnaire 

 

1. What is your general impression of the booklet? 

Very Bad  Bad        Neutral        Good       Very good 

 

2. The   information in the booklet is easy to understand  

Strongly Disagree   Disagree      Neutral       Agree       Strongly Agree 

 

3. Advice in the booklet is beneficial in managing my self-care. 

Strongly Disagree    Disagree      Neutral      Agree       Strongly Agree 

 

4. The Photos in the booklet added value 

Strongly Disagree    Disagree      Neutral      Agree       Strongly Agree 

 

5. I found that the booklet was easy to use 

Strongly Disagree    Disagree      Neutral      Agree       Strongly Agree 

 

6. All this considered are you satisfied with the educational booklet 

provided? 

Strongly Disagree    Disagree      Neutral      Agree       Strongly Agree 

 

7. Will you continue to use it for your self-care management? 

Strongly Disagree    Disagree      Neutral      Agree       Strongly Agree 

 

8.What is your preferred format of receiving the back care programme? 

Electronic   or     Booklet 

 

9.Any other comments 

…………………………………………………………………………………………

…………………….............................................................................................

..........................................................................................................................
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Table 5.5 Reliability of the educational booklet satisfaction questionnaire 

Items Item scores Item-total correlation 

(Corrected) 

Cronbach’ alpha 

coefficient if Item 

deleted 
Mean SD Range 

1. What is your general impression of the 

booklet? 

4.31 0.48 4-5 0.789 0.697 

2. The   information in the booklet is easy to 

understand  

4.31 0.48 4-5 0.615 0.726 

3. Advice in the booklet is beneficial in managing 

my self-care 

3.85 0.69 3-5 0.216 0.806 

4. The Photos in the booklet added value. 4.23 0.44 4-5 0.808 0.700 

5. I found that the booklet was easy to use. 4.23 0.60 3-5 0.675 0.708 

6. All this considered are you satisfied with an 

educational booklet provided? 

4.31 0.48 4-5 0.615 0.726 

7. Will you continue to use it for your self-care 

management? 

3.85 0.69 3-5 0.270 0.795 

8. What is your preferred format for receiving the 

back care programme? 

1.92 0.28 1-2 0.009 0.797 

Cronbach’s alpha = 0.77      
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5.4.5.4 Participant experiences of a hyperkyphosis-specific 
exercise programme questionnaire 

Participants’ experience of the exercise programme questionnaire was 

assessed by using 13 items on the value of exercise. This survey was adapted 

from a study by Barker et al. (2016). The aim was to investigate participants’ 

satisfaction with the exercise programme, including enjoyment, acceptance, 

self-efficacy, as well as communication. Participants were asked to rate each 

item on a 5-point Likert scale ranging from strongly agree (1) to strongly 

disagree (5). The participants’ experience of the exercise programme is 

provided in Table 5.6 and Appendix 18. 

 

Table 5.6 Participant experiences of the exercises questionnaire 

No Question Strongly 
agree (1) 

Agree 
(2) 

Neutral 
(3) 

Disagree 
(4) 

Strongly 
disagree (5) 

1 I enjoyed doing the exercise 
programme. 

     

2 I would recommend the exercise 
programme to my friends.  

     

3 I would like to continue doing 
these exercises after I complete 
the programme. 

     

4 The back exercises were 
beneficial to my health. 

     

5 The back exercises made daily 
activities easier to perform  

     

6 The back exercises made me 
more active. 

     

7 The back exercises are a good 
way to improve my balance and 
falls risk  

     

8 Attending the exercise programme 
improved my body posture 

     

9 The back exercises have 
decreased my fear of falling. 

     

10 I feel confident about doing the 
back exercises. 

     

11 I worry that the exercises may be 
harmful to me. 

     

12 I have had the opportunity to 
discuss any concerns. 

     

13 The information given was clear 
and informative. 
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The reliability of participants’ exercises experiences 

Participants’ experience of the exercise programme was assessed using a 

thirteen-item participant experience survey. Separate reliability analysis on the 

items was conducted based on the underlying construction. The items in this 

questionnaire needed to separate because they represent a different construct. 

The current study classified each of the items in the first two sections in terms 

of the underlying construct that was measured (item 4-9: behavioural 

belief/benefit and item 1-3,10-13: other constructs: enjoyment, acceptance, 

behavioural intention, self-efficacy as well as communication).  

The internal consistency reliability of participants’ experience of the exercise 

programme (items 1-3 and 10-13) was assessed using Cronbach’s alpha. The 

value of Cronbach’s alpha (-0.50) shows that the items did not form a reliable 

scale, presumably because the item measured different constructs. These 

items were not used in the remainder of the data analysis. The summary of the 

reliability tests is provided in Table 5.7 (page 301).  

Furthermore, the internal consistency reliability of participants’ experience of the 

exercise programme (item 4-9) was assessed using Cronbach’s alpha. 

Cronbach’s alpha refers to the average inter-correlation among all of the items 

and is considered to be excellent internal consistency reliability (Cronbach’s 

alpha = 0.91). Therefore, the satisfaction with participants’ experience of the 

exercise programme (item 4-9) questionnaire is deemed to be a reliable means 

of quantifying participants’ experience of the exercise programme in older 

adults with hyperkyphosis. The summary of the reliability tests is presented in 

Table 5.8 (page 302).  
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Table 5.7 Reliability of participants’ experience of the exercise programme (question 1 – 3, and 10 – 13) 

Items Item scores Item-total correlation 

(Corrected) 

Cronbach’ alpha 

coefficient if Item 

deleted 

Mean SD Range 

1. I enjoyed doing the exercise programme. 1.83 0.41 1-2 0.349 -0.995a 

2. I would recommend the exercise programme to 

my friends. 

1.83 0.75 1-3 0.225 -1.407a 

 

3.I would like to continue doing these exercises after 

I complete the programme. 

2.00 0.89 1-3 -0.446 0. 212 

10.I feel confident about doing the back exercises. 1.33 0.52 1-2 0.107 -0.764a 

11.I worry that the exercises may be harmful for me. 4.50 0.55 4-5 -0.372 -0.111a 

12.I have had the opportunity to discuss any 

concerns. 

1.67 0.52 1-2 -0.274 -0.240a 

13.The information given was clear and informative. 1.50 0.55 1-2 -0.137 -0.408a 

Cronbach’s alpha = -0.500, a; the value is negative due to a negative average covariance among items.  
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Table 5.8 Reliability of participants’ experience of the exercise programme (question 4 - 9)  

Items Item scores Item-total 

correlation 

(corrected) 

Cronbach’s 

alpha coefficient 

if Item deleted 

Mean SD Range 

4.The back exercises were beneficial to my health. 1.67 0.82 1-3 0.916 0.874 

5.The back exercises made daily activities easier to 

perform  

2.33 0.82 1-3 0.645 0.905 

6.The back exercises made me more active. 2.50 1.05 1-4 0.837 0.877 

7.The back exercises are a good way to improve my 

balance and falls risk  

2.50 1.38 1-5 0.652 0.918 

8.Attending the exercise programme improved my body 

posture 

1.50 0.55 1-2 0.737 0.906 

9.The back exercises have decreased my fear of falling 2.83 1.33 1-5 0.962 0.856 

Cronbach’s Alpha = 0.91, SD; standard deviation 
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5.4.5.5 Self-administered open-ended questions 

A qualitative survey using printed or electronic mail self-administered open-

ended questions was used to collect qualitative data. A qualitative survey 

consisting of 6 open-ended questions (Appendix 19) was developed by the 

researcher and supervisor team. The purpose of this questionnaire was to gain 

a deeper insight into participants’ experiences of living with hyperkyphosis as 

well as their experiences of participating in a hyperkyphosis-specific exercise 

programme.  

Self-administered open-ended questions were selected because this method 

allows survey respondents to express their opinions with complete freedom, 

and feel no pressure to respond to implicit time pressures.  

Self-administered open-ended answers were analysed using thematic analysis 

(Braun & Clarke, 2006; Braun, Clarke, & Weate, 2016). Thematic analysis was 

used because it allows flexibility and simplicity with regards to how the 

participants’ answers are organised, analysed, and grouped (Braun & Clarke, 

2006; Braun, Clarke, & Weate, 2016). Braun and Clarke (2006) suggested that 

thematic analysis is compatible with theoretical approaches to analysing 

qualitative data, describing thematic analysis as a method for identifying, 

analysing, and reporting patterns and themes within data.  

5.4.5.6 Adherence to the study 

Adherence to the study was monitored throughout the study for compliance and 

was obtained by recording the number of exercise sessions attended (out of a 

maximum number of 48). Adherence to the study was expressed as a 

percentage. Participants in the exercise group were asked to record their 

compliance with the home programme in a logbook (Appendix 20). Participants 

in the control group were also asked to record their physical activity in a 

logbook (Appendix 21).  



Chapter 5: Intervention study 
 

304 
 

5.4.5.7 Adverse events 

Adverse events refer to any untoward medical occurrences and problems that 

are possibly related to study participation and that are serious or unexpected. 

Serious adverse events including death, life-threatening experiences, and 

related inpatient hospitalisation were reported using a serious adverse event 

form (Appendix 22) during participation in the current study. Participants were 

asked to report adverse events to the researcher on a weekly basis in the 

exercise group and monthly in the control group.  

5.4.7 Procedures 

On arrival for data collection at the Physiotherapy Research Laboratory at 

Teesside University, all participants were given a full explanation of the testing 

procedure. and They were then asked if they had any questions about the 

study. These questions, if any, were answered by the researcher. All 

participants were then asked to sign the consent documentation (Appendix 15).  

Participants were screened using the specified inclusion/exclusion criteria and 

health screening check to assess participants’ eligibility into the study. 

Participants were initially pre-screened for the angle of the thoracic spine using 

a bubble inclinometer (Chapter 3). Participants were included in this study if the 

thoracic angle was ≥ 40°. The participants were then randomly assigned to 

either the exercise group or the control group by using 18 sealed envelopes that 

were equally distributed to all participants.  

For the baseline measurements, all participants were asked to complete two 

questionnaires: the history-of-falls and the fear-of-falling questionnaires. 

Participants in the exercise group received an exercise educational booklet on 

the Schroth Best Practice programme for age-related hyperkyphosis (Appendix 

23). Furthermore, the exercise group was asked to record whether they had 

performed their exercises in an exercise and physical activity logbook 

(Appendices 20-21). The control group was only given a booklet on general 
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knowledge of age-related hyperkyphosis and was asked to record their activity 

in a physical activity logbook (Appendix 21). 

At the end of sixteen weeks, the researcher reassessed all the participants on 

all outcome measures: (a) history of falls (b) fear of falling (c) satisfaction with 

the educational booklet, (d) experience of performing the exercises (only 

exercise group) as well as (e) the self-administered open-ended questions.  

A total of 13 participants took part in the trial and completed the study. 

Participants were randomly assigned to either the exercise group or the control 

group, which can be seen in a flow diagram of participants (Figure 5.2). 
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Figure 5.2 Flow diagram of participants throughout the study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
* Back shape and posture, as well as balance variables, were not possible to collect after the 16 weeks of 

the exercise programme because of the coronavirus pandemic. 
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(n = 6) 
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agreement (n =13) 

Randomised 
(n =13) 

Random 
allocation Exercise group 

the 16-week home based 
hyperkyphosis-specific exercise 
programme + educational booklet  

(n = 6) 

Control group 
Participants received the  
educational booklet only  

(n = 7) 

 

Outcome measures 
Pre – post intervention: 

• Back shape and posture* 

• Balance* 

• Falling 

• Fear of falling 

•  

Post-intervention: 

• Satisfaction with an educational booklet 

• Participants’ experience of the exercise porgramme (questionnaire) 

• Self-administered open-ended questions 

• Adherence to the exercise programme 

• Adverse events 

 

 

Excluded (n =0) 

Analysed 

(n = 7) 
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Randomisation 

Participants were initially pre-screened for the angle of the thoracic kyphotic 

spine using a bubble inclinometer (Chapter 3). Participants who have a thoracic 

kyphosis angle ≥ 40° were included in the study. After applying the inclusion 

and exclusion criteria and obtaining informed consent, the participants were 

randomly assigned to either the exercise group or the control group. The 

randomisation procedure used 18 opaque sealed envelopes (9 assignment 

cards for the exercise group and 9 assignment cards for the control group) 

prepared and mixed thoroughly before the study onset. Participants in the 

exercise group received hyperkyphosis-specific exercises together with a 

postural educational booklet (Appendix 23). Participants in the control group 

received the postural educational booklet only (Appendix 24). Information and 

details of the educational booklet for both the exercise and control groups can 

be seen in Appendices 23-24.  

Intervention 

Exercise group 

The home-based exercise intervention for this study was a set of self-

management exercise strategies aimed at minimizing therapist dependence 

and was delivered in a home-based setting. In the first session of the 

intervention, participants in the exercise group learned to properly perform the 

exercise programme. Participants in the exercise group were asked for weekly 

follow-up visits (the first four weeks). The exercise group received an 

individualised home-based exercise programme and an educational booklet 

(Appendix 23) to guide participants in self-performance at home. The 

educational booklet presented information about hyperkyphosis, posture 

correction, and all of the exercise-related information, together with an 

illustration of each exercise (Figure 5.3, page 310). The participants in the 

exercise group were taught a hyperkyphosis-specific exercise programme 

(Schroth exercises) by the researcher (an experienced physiotherapist). The 

researcher is qualified as a physiotherapist and is certified as a Schroth 
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therapist and a Schroth Best Practise therapist (Appendix 25). The educational 

booklet is given to each participant at the first session of the exercise 

programme. The exercises were performed without supervision at home at the 

participants’ convenience. 

The hyperkyphosis-specific exercise programme in the current study is based 

on the Schroth Best Practice programme and used as the treatment in this 

study. This exercise was developed by Dr Hans-Rudolf Weiss. Brief details of 

the hyperkyphosis-specific exercise programme are given in Table 5.9 (page 

311). The exercise programme included the physio-logic® exercise, 3D exercise 

made easy, sitting exercise in a doorway, standing exercise in a doorway, and 

hand behind neck exercise (Table 5.9) (Weiss, Lehnert-Schroth, & Moramarco; 

2015). In addition, the exercises were implemented in activities of daily living. 

Details of each exercise with photographs can be found in Appendix 23. The 

exercise programme was modified depending on the participant’s symptoms 

and tolerance. 

Participants were instructed to perform an individualised home-based exercise 

programme. For the start-up of the exercise programme, participants were 

instructed to perform a minimum of 5 sets of 10 repetitions of each exercise, 

once a day, three days a week for the first week. The exercise training sessions 

lasted between 20 and 30 minutes, and the equipment included chairs and 

walls. The initial level of the participant was decided through information from 

the participant on their exercise habits over the last 6 months and their medical 

conditions (e.g., shoulder pain, neck pain). After the first week, training intensity 

was progressively and individually increased over 16 weeks exercise 

programme by increasing one set of each exercise depending on the 

participants’ symptoms and tolerance. Participants were asked to record their 

exercises in a log documenting (Appendix 20) the number of exercises and 

sessions they had undertaken.  

For follow-up visits, the participants returned for the researcher consultation 
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every week for the first 4 weeks to monitor their adherence to the study. This 

monitoring was to ensure that the exercises were being performed correctly as 

well as to motivate and or encourage participants to continue doing their 

exercises. After week 4, the participants were contacted by the researcher 

every week through email or phone to discuss the progression of the exercises.  

Progression of the exercises, which is an increase in the level of difficulty of the 

exercise training. The exercises were progressed by considering the individual 

characteristics of each participant and were progressed 

by increasing the number of sets, which depend on the participants’ symptoms 

and tolerance. For example, participants start 5 sets of 10 repetitions of the 

exercise, once an exercise becomes easy, increase to 6 sets of 10 repetitions 

of the exercise. The exercise programme was individualized and modified 

depending on the participant’s symptoms and tolerance. The researcher 

encouraged progression when participants did not have any symptoms (i.e., 

pain, fatigue) during performing exercises.  

All participants were requested to refrain from participating in other forms of 

exercise during the 16-week intervention. There were no home programme 

components because the exercise programme was already provided in a home-

based setting. The exercise progamme was reported following the Consensus 

on Exercise Reporting Template (CERT) (Slade, Dionne, Underwood and 

Buchbinder, 2016) (Appendix 17).  
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Figure 5.3 An educational booklet for the exercise group 
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Table 5.9 The hyperkyphosis-specific exercise programme  

Name of exercises  Details of exercises Figures 

1. Symmetrical 

exercises (The physio-

logic® programme) 

Symmetrical exercises for sagittal 

profile correction. Exercises for the 

mobility of lumbar lordosis and thoracic 

kyphosis improvement. 

Standing position              Sitting position 

 

                    

 

 

Walking 

             

 

 

 

 
Repeat 10 times/set, Do 5 sets/session, 
Do 1 session/day        

2. Three-dimensional 

trunk correction (3D 

exercise made easy) 

 

In a programme of three-dimensional 

trunk correction, the participants were 

instructed on how to achieve 3D trunk 

and pelvic correction while a specific 

breathing technique, focused on 

improving the collapsed area (anterior 

chest). 

 

 

 

 

 
Repeat 10 times/set, Do 5 sets/session, 
Do 1 session/day        

3. Isometric muscle 

tension (New Power 

Schroth) 

The correction of body posture, 

elongation of the spine, corrective 

breathing technique as well as a 

correction with isometric muscle 

tension. The position of exercises was 

focused on sitting and standing 

positions. 

                      

 

 

 

 

 

 

 

Repeat 10 times/set, Do 5 sets/session, 
Do 1 session/day        
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Name of exercises  Details of exercises Figures 

4. Patient education 

(Activities of daily living) 

 

Patient education to maintain the 

corrected posture while performing 

daily living activities (ADL). The 

participants were taught to take 

corrective positions in everyday 

activities whilst walking, sitting, and 

standing. 

The exercises are adapted to ADLs 
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Control group 

Participants in the control group did not participate in the exercise programme 

but received an educational booklet made for the control group (Figure 5.4). 

This comprised of a description of the characteristics and causes as well as the 

consequences of having thoracic hyperkyphosis, ideal posture in sitting and 

standing, as well as classification of postural deformity in older adults on the 

first visit. Further, the control group was asked to maintain their current routine 

of activity level during the study. They were asked not to participate in any other 

activities or formal exercises during the study period. Further details on an 

educational booklet for the control group are presented in Appendix 24. 

Figure 5.4 An educational booklet for the control group 
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5.4.8 Statistical analysis 

The data analysis was performed using the IBM SPSS statistical software 

version 26.0 for Windows (IBM Corp., Armonk, NY, USA), and the level of 

statistical significance was set at p < 0.05. 

The history of falls, fear of falling, satisfaction with the educational booklet, as 

well as the experiences of the exercise programme data was analysed by using 

both descriptive and inferential statistics. Descriptive statistics were computed 

to explore the adherence to the exercise programme which was obtained by 

recording the number of exercise sessions attended (out of a maximum of 48) 

and was expressed as a percentage. 

Reliability of the questionnaires: fear of falling, the educational booklet 
satisfaction, and participants' experience of the exercise programme 

The present study used questionnaires as outcome measures. The assessment 

of the reliability of the questionnaire is an important part of the research 

methodology. Reliability (internal consistency) is a measurement of a 

phenomenon that is concerned with the interrelatedness of a sample of test 

items (Taherdoost, 2016). To evaluate the ability of the psychological 

questionnaire subscales to measure the noted dimensions consistently, the 

internal consistency of fear of falling, satisfaction with the educational booklet, 

as well as participants' experience of the exercise programme were undertaken 

using Cronbach’s alpha coefficient. Cronbach’s alpha refers to the average 

inter-correlation among all of the items and is considered to have excellent 

reliability (0.90 and above), high reliability (0.70-0.90) moderate reliability (0.50-

0.7), and low reliability (0.50 and below) for an exploratory or pilot study 

(Hinton, McMurray, & Brownlow, 2014).  

To compare baseline characteristics of the subjects  

Nonparametric methods were used because of the small sample size. The non-

parametric Mann-Whitney U test was used to evaluate differences between two 
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independent groups. The Mann-Whitney U test was chosen to determine if 

there were any differences in the characteristics of participants at baseline 

between the exercise group and the control group. All the analyses used a 

significance level of 0.05. 

To investigate the effects of the exercise programme  

Mixed model between-within subjects analysis of variance (ANOVA) combines 

the analysis of one or more between-subjects factors (comparing two or more 

different groups) and one or more within-subjects factors (a single group of 

participants exposed to two or more conditions or time periods) (Pallant, 2020). 

The advantage of this statistical method is to avoid multiple testing problems 

(as described in chapter 3) (Herzog, Francis, and Clarke, 2019).   

Outcome measure data (the history of falls and fear of falling) were analysed in 

a mixed analysis of variance. A 2×2 mixed ANOVA with a time factor (pre-test 

and post-test) and a group factor (Exercise group and control group), was 

carried out to identify the main effect of the intervention and time as well as the 

interaction effect on the history of falls and fear of falling.  

Effect sizes for the Mann-Whitney U test and a 2×2 mixed model between-

within subjects analysis of variance 

Statistical significance (P-value) provides information on whether the difference 

between groups exists. However, P-value will not reveal the magnitude of the 

difference between groups. Cohen (1988) proposed alternative statistical 

methods to evaluate the effects of interventions. Effect sizes statistics. Sullivan 

and Feinn (2012) suggested that both P-value and effect size is essential to 

interpret and report in research studies.  

There are several different effect size statistics for different types of statistical 

tests. Serdar, Cihan, Yücel, and Serdar (2021) suggested Cohen’s d effect size 

for the t-test for means and partial eta squared effect size for analysis of 

variance test. Cohen’s d presents the difference between groups in terms of 

standard deviation units. Effect size statistic for the Mann-Whitney U test was 



Chapter 5: Intervention study 
 

316 
 

calculated using Cohen’s d guidelines with 0.2 = small effect size, 0.5 = medium 

effect size and 0.8 = large effect size. From Cohen’s d,  r  was calculated by the 

standardized test statistic (z)/ square root of N (where N = a total number of 

cases). Partial eta squared effect size statistics indicate the proportion of 

variance of the dependent variable that is explained by the independent 

variable. Therefore, partial eta-squared was used as an effect size measure. 

Effect sizes (partial eta squared) are interpreted as follows; 0.01 = small effect 

size, 0.06 = medium effect size, and 0.138 = large effect size (Cohen, 1988, 

Pallant, 2020). 

Control confounding factors for the history of falls and the fear of falling 

The main reason for using the analysis of covariance (ANCOVA) is to eliminate 

confounding variables. There may be unmeasured factors that skew the 

findings of any experiment. If any factors known to impact the outcome variable 

being measured are included as covariates, these variables can be eliminated 

as possible explanations for the effect of interest (Field, 2017).  

To control confounding factors in comparing data between groups, an ANCOVA 

was conducted for falls and fear of falling to identify post-intervention 

differences between the two groups, using the baseline value and age as a 

covariate. 

Open-ended questions 

Data collected from the self-administered open-ended questions were analysed 

using thematic analysis as the data was qualitative content.  

5.5 Results 

The results of the effect of a 16-week hyperkyphosis-specific exercise 

programme on the following outcomes: 

• Falling,  
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• Fear of falling,  

• Satisfaction with the educational booklet  

• Participants’ experiences of the exercise programme (questionnaire)  

• Self-administered open-ended questions (experiences of having a 

hyperkyphosis and experiences of taking part in a hyperkyphosis-specific 

exercise programme) 

• Adherence to the exercise programme 

• Adverse events 

 

5.5.1 Participant characteristics and recruitment 

A total of 13 participants met the inclusion criteria and were recruited into this 

study (5 males, 8 females, age: 69.23 ± 8.83 years, height: 165.46 ± 10.98 cm, 

weight: 68.00 ± 15.42 kg, BMI: 24.63 ± 3.53 kg/m2). Thirteen participants were 

randomly assigned to the exercise group (n = 6, mean age ± SD: 71.50 ± 7.84 

years) and the control group (n = 7, mean age ± SD: 67.29 ± 9.76 years). There 

were no statistically significant differences in demographic characteristics 

between the groups at baseline.  

The Mann-Whitney U test revealed no significant differences in age, weight, 

height, body mass index, thoracic-kyphosis angle, the history of falls, and the 

fear of falling at baseline between the exercise group and the control group. 

The summary of the baseline characteristics of participants in each group is 

shown in Table 5.10 (page 318). 
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Table 5.10 Baseline Characteristics of the study sample 

 
Baseline 

characteristics 

Exercise 

group  

(n=6) 

Control group 

(n=7) 

P-value U z r 

(Cohen’s d) 

Age (year) 71.50 ± 7.84 67.29 ± 9.76 0.430 15.50 -.79 .22 

Height (cm) 168.00 ± 14.96 163.29 ± 6.54 0.721 18.50 -.36 .10 

Weight (kg) 65.83 ± 20.19 69.86 ± 11.26 0.152 11.00 -1.43 .40 

Body mass index 22.86 ± 2.81 26.15 ± 3.54 0.063 8.00 -1.86 .52 

Thoracic kyphosis (°) 62.56 ± 6.07 58.67 ± 7.38 0.223 12.50 -1.22 .34 

History of falls 
(falls/person-years) 

0.50 ± 1.22 0.57 ± 0.79 0.081 12.00 -

1.743 

.48 

Fear of falling (score) 19.33 ± 2.58 18.29 ± 2.21 0.823 19.5 -.224 .60 

Gender (M: F), (n) 2:4 3:4 N/A N/A N/A N/A 

 

5.5.2 Descriptive statistics of the history of falls and fear of 
falling 

5.5.2.1 History of falls  
The history of falls was assessed by asking participants the number of falls they 

had had in the past 12 months. Table 5.11 summarizes the descriptive statistics 

for the history of falls in the past 12 months for both the exercise and control 

groups.  

Table 5.11 summary of the descriptive statistics for the history of falls in the 
past 12 months for both the exercise and control group 

       Mean SE SD Min-Max Range 

Pre-

intervention 

Exercise group 

 

0.50 0.50 1.22 0-3 3 

Control group 0.57 0.30 0.79 0-2 3 

Post-

intervention 

Exercise group 0.50 0.50 1.22 0-3 3 

Control group 0.86 0.46 1.21 0-3 3 
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5.5.2.2 Fear of falling 

Fear of falling was measured using a 16-item falls-efficacy scale-international 

questionnaire. Table 5.12 below summarizes the descriptive statistics for the 

fall-efficacy score for both the exercise and control groups. 

Table 5.12 Summary descriptive statistics for fear of falling for the exercise and 
control group 

  Mean SE SD Min-Max Range 

 

Pre-

intervention 

Exercise group 

 

19.33 1.05 2.58 16 - 24 8.00 

Control group 18.29 0.84 2.21 16 - 21 5.00 

 

Post-

intervention 

Exercise group 18.33 0.71 1.75 16 - 21 5.00 

Control group 19.43 1.72 4.54 16 - 29 13.00 

SE = standard error, SD = standard deviation, Min = minimum, Max = maximum 

5.5.3 Inferential data analysis 

5.5.3.1 Two-way interactions between time and group 

5.5.3.1.1 History of falls 

A 2×2 mixed-model ANOVA, time (pre-intervention versus post-intervention) × 

group (exercise group versus control group), was conducted to assess the 

effects of the intervention on the number of falls in the past 12 months.  

The results demonstrated that there was no statistically significant interaction of 

group and time, indicating that no difference in the number of falls in the past 12 

months over time in favour of either group [Wilks’ Lambda = .844, F (1,11) = 

2.031, p = .182, effect size (partial eta squared) = .156]. However, even though 

the result was not significant, the effect size was large (there was a possibility 

that significant changes would be observed if the sample size increased). This 

indicates that the history of falls did not change over time in the exercise group 

but increased in the control group (Figure 5.5, page 320). In other words, 

hyperkyphosis-specific exercise can help to prevent falls. 
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There was no statistically significant main effect of time, this indicates that there 

was no change in the number of falls in the past 12 months after the 

intervention [Wilks’ Lambda = .844, F (1,11) = 2.031, p = .182, effect size 

(partial eta squared) = .156]. However, even though the result was not 

statistically significant, the effect size was large. The main effect of group was 

also not significant, F (1,11) = .122, p = .734, effect size (partial eta squared) = 

.011, suggesting that no difference in the effectiveness of the exercise 

programme between the exercise and the control groups. 

 

The analysis of covariance showed that after controlling for age, gender, and 

falls at baseline, there was no statistically significant difference in the number of 

falls in the past 12 months between the exercise and the control groups (F 

(1,13) = 0.238, p=0.639, effect size (partial eta squared) = 0.029). 

 

 
 
Figure 5.5 Comparison of history of falls between the exercise group and the control group 
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5.5.3.1.2 Fear of falling  

A 2×2 mixed-model ANOVA, time (pre-intervention versus post-intervention) × 

group (exercise group versus control group), was conducted to assess the 

effects of the intervention on the fear of falling. The results demonstrated that 

there was no statistically significant interaction of group and time. It shows no 

difference in fear of falling score over time in favor of either group [Wilks’ 

Lambda = .865, F (1,11) = 1.72, p = .216, effect size (partial eta squared) = 

.135]. However, even though the result was not statistically significant, the 

effect size was large (there was a possibility that significant changes would be 

observed if the sample size increased). This indicates that the fear of falling 

decreased in the exercise group but increased in the control group after 16 

weeks (Figure 5.6, page 319). In other words, hyperkyphosis-specific exercises 

can help to decrease the fear of falling. 

The main effect of time was not statistically significant, Wilks’ Lambda = .999, F 

(1,11) =0.008, p = .932, effect size (partial eta squared) = .001. This indicates 

that there was no change in the fall efficacy-international scores after the 

intervention. The main effect of group was also not statistically significant, F 

(1,11) = .000, p = .987, effect size (partial eta squared) = .000, suggesting no 

difference in the effectiveness of the exercise programme between the exercise 

and the control groups. 

The analysis of covariance showed that after controlling for age, gender, and 

fear of falling at baseline, there was no statistically significant difference in the 

fear of falling between the exercise and the control groups (F (1,13) = 0.028, p 

= 0.871, effect size (partial eta squared) = 0.003). 
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Figure 5.6 Comparison of falls efficacy scores between the exercise group and the 
control group 
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ease of use, and stated that they intended to continue the exercise programme 

after the research study ended. Participants in both groups preferred to receive 

an educational booklet in printed form rather than  electronic form. The 

summary of satisfaction with the educational booklet for both groups is 

presented in Table 5.13 (pages 324 – 325).  
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Table 5.13 Satisfaction with the educational booklet for the exercise group and the control group 

 

Question 

Responses 

Exercise group (n=6) Control group (n=7) 

1.What is your general impression of the booklet? •  66.7% (4) good  

•  33.3% (2) very good  

• 71.4% (5) good 

• 28.6% (2) very good  

2.The information in the booklet is easy to understand  •  83.3% (5) agree 

•  16.7% (1) strongly agree 

• 57.1% (4) agree 

• 42.9% (3) strongly agree 

3.Advice in the booklet is beneficial in managing my self-care •  16.7% (1) neutral 

•  66.7% (4) agree 

•  16.7% (1) strongly agree 

• 42.9% (3) neutral 

• 42.9% (3) agree  

• 14.3% (1) strongly agree 

4.The Photos in the booklet added value. o  83.3% (5) agree 

o  16.7% (1) strongly agree 

o 71.4% (5) agree 

o 28.6% (2) strongly agree 

5.I found that the booklet was easy to use. • 66.7% (4) agree 

o  33.3% (2) strongly agree 

o 14.3% (1) neutral 

o  57.1% (4) agree 

o  28.6% (2) strongly agree 

6.All this considered are you satisfied with an educational 

booklet provided? 

• 66.7% (4) agree 

 

• 33.3% (2) strongly agree 

• 71.4% (5) agree 

• 28.6% (2) strongly agree 
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Question 

Responses 

Exercise group (n=6) Control group (n=7) 

7.Will you continue to use it for your self-care management? • 16.7% (1) neutral 

• 50.0% (3) agree 

• 33.3% (2) strongly agree 

• 42.9% (3) neutral 

• 57.1% (4) agree 

8.What is your preferred format of receiving the back care 

programme? 

• 100% (6) preferred the booklet version • 14.3% (1) preferred electronic version 

• 85.7% (6) preferred booklet version 

9.Any other comments • The pictures of the booklet were a little 

misleading as I was advised to lower my 

hand to lower down my ribs, but this is just a 

minor observation. 

• All the movements and exercises were easy 

to follow and understand how to do them. 

• It would be useful to show which angle you 

are measuring on the diagram. 

• Photos are useful. 

• The booklet is a convenient size to hold 

(A5), and not too long (20 pages including 

front and back). It is laid out in an 

accessible easy to follow, easy-to-

understand language, large print, graphics, 

and photos enhance the text, while 

encouraging the reader to follow the booklet 

and the cute "Thank you " at the end is a 

nice touch. 

• I found it easy to understand and to follow in 

the booklet. 

Note: Tables are percentages with the number of participants in brackets. The educational booklet for the exercise group consisted of general knowledge of 
hyperkyphosis, good posture in standing and sitting positions together with a hyperkyphosis-specific exercise programme, whereas the educational booklet for the 
control group comprised only the general knowledge of hyperkyphosis and good posture in standing and sitting position. Both booklets were slightly different. 
Therefore, the current study did not compare the satisfaction score between both groups
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5.5.5 Participant’s experiences of the exercise programme 

After completing the 16-week exercise intervention, participants were asked to 

rate 13 statements on a 5-point Likert scale ranging from strongly agree (1) to 

strongly disagree (5). This assessed the experience of the participants taking 

the exercise programme on enjoyment, acceptance, self-efficacy, as well as 

communication (Appendix 18). 

The response rate was 100% compliance, all 6 intervention participants 

completed the “experience of exercise” questionnaire. All participants reported 

that the exercise programme was enjoyable, and had improved their overall 

health, balance as well as their body posture. They reported that the exercise 

programme enabled them to do activities easily and safely. In addition, the 

information about the exercise programme was clear, useful, and harmless. 

Five participants out of six participants would recommend the exercises to 

others. Table 5.14 presents the descriptive statistics of the participant's 

experiences of the exercise programme.  
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Table 5.14 participant experience of exercise survey responses (n = 6) 

Question Exercise group 

1.I enjoyed doing the exercise programme. •   16.7% (1) Strongly agree  

•   83.3% (5) Agree 

2.I would recommend the exercise programme to my 

friends. 

• 33.3% (2) Strongly agree 

• 50.0% (3) Agree 

• 16.7% (1) Neutral 

3.I would like to continue doing these exercises after I 

complete the programme. 

• 33.3% (2) Strongly agree 

• 33.3% (2) Agree 

• 33.3% (2) Neutral 

4.The back exercises were beneficial to my health. • 50.0% (3) Strongly agree 

• 33.3% (2) Agree 

• 16.7% (1) Neutral 

5.The back exercises made daily activities easier to 

perform 

• 16.7% (1) Strongly agree 

• 33.3% (2) Agree 

• 50.0% (3) Neutral 

6.The back exercises made me more active. • 16.7% (1) Strongly agree 

• 33.3% (2) Agree 

• 33.3% (2) Neutral 

• 16.7% (1) Disagree 

7.The back exercises are a good way to improve my 

balance and falls risk 

• 16.7% (1) Strongly agree 

• 50.0% (3) Agree 

• 16.7% (1) Neutral 

• 16.7% (1) Strongly disagree 

8.Attending the exercise programme improved my body 

posture 

• 50.0% (3) Strongly agree 

• 50.0% (3) Agree 

9.The back exercises have decreased my fear of falling. • 16.7% (1) Strongly agree 

• 16.7% (1) Agree 

• 50.0% (3) Neutral 

• 16.7% (1) Strongly disagree 

10.I feel confident about doing the back exercises. • 66.7% (4) Strongly agree 

• 33.3% (2) Agree 

11.I worry that the exercises may be harmful for me. • 50.0% (3) Disagree 

• 50.0% (3) Strongly disagree 

12.I have had the opportunity to discuss any concerns. • 33.3% (2) Strongly agree 

• 66.7% (4) Agree 

13. The information given was clear and informative • 50.0% (3) Strongly agree 

• 50.0% (3) Agree 

Note: Table are percentages with number of participants in brackets; Agreement = frequency of patients 
(%) responding either “Strongly agree” or “agree” (question 1-10, 12-13) and “Strongly disagree” or 
“disagree” (question 11) 
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5.5.6 Responses of individual participants to the open-ended 
questions 

Quantitative and qualitative data were obtained from the open-ended 

questions (Appendix 19) in the self-administered questionnaire at the end of 

sixteen weeks of the research programme. Thirteen participants (100%) 

responded to the self-administered questionnaire. They were asked to 

provide information regarding how they felt about having an increased upper 

back curvature, the structure of the exercise programme as well as the 

effectiveness of the exercise intervention. Finally, they were asked to 

provide any other comments.  

5.5.6.1 Open-ended questions 

Results of the open-ended questions illustrated the percentages of 

participants who answered each question (Table 5.15, page 329). The 

majority of participants in the exercise and the control groups reported that 

having a thoracic hyperkyphosis did not affect their activities of daily living. 

Five participants also reported that they did not recognise themselves as 

having thoracic hyperkyphosis. According to the health behaviour change 

theory,10 participants from both groups (the exercise group = 4 and the 

control group = 6) felt that the educational booklet improved their behaviour 

or lifestyle. After completing the exercise programme, five participants 

reported that they had positive experiences with the exercise programme. In 

addition, they experienced an improved back shape and posture as well as 

balance. Finally, five participants indicated that the research programme had 

covered everything. One participant suggested that the researcher should 

add information about how to measure the upper back curve. Seven 

participants did not answer the last question. 
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Table 5.15 Summary responses to the open-ended questions 

 

Questions 

Responses 

Exercise group (n=6) Control group (n=7) 

Does having an increased curvature of 

the upper back affect you daily? If so in 

what ways? 

• 50% (n=3) No, hyperkyphosis does not affect on 

a daily basis. One in this group reported that 

curvature made them aware of their posture 

when sitting or walking. 

• 50% (n=3) Yes, hyperkyphosis effect on a daily 

basis.  

• 71% (n=5) No, hyperkyphosis does not affect 

on a daily basis. However, they said they did 

not recognise themselves as having obvious 

curvature.  

• 29% (n=2) Yes, hyperkyphosis effect on a 

daily basis.   

Did the educational booklet change your 

behaviour or lifestyle or activities of daily 

living in any way? 

• 67% (n=4) Yes, positive changes following 

educational booklet i.e., increased posture 

awareness. 

• 33% (n=2) No, the educational booklet did not 

change behavior or lifestyle. 

• 86% (n=6) Yes, positive changes following 

educational booklet i.e., kept correct their 

posture. 

• 14% (n=1) No, the educational booklet did not 

change behavior or lifestyle.  

Exercise’s structure (only exercise group 

answer) 

What do you think about the programme 

structure (number of times per week, 

intensity of exercises)?  

• 67% (n=4) exercise structure and programme 

were easy to follow and had variation position of 

exercises. 

• 33% (n=2) found it difficult to follow the exercise 

programmes. 
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Questions 

Responses 

Exercise group (n=6) Control group (n=7) 

How easy or difficult do you find them to 

do? 

Do you think the exercise programme?  

Has had any effect on your back shape 

and posture? 

o 100% (n=6) reported a positive affect on back 

shape and posture.  

 

Do you think the exercise programme, 

has had any effect on your balance? 

• 33.37% (n = 2) wrote positive comments 

regarding improved confidence in general daily 

living and improved balance in daily life. 

• 66.67% (n = 4) wrote that they did not have a 

balance problem before participating in the 

study  

 

Is there anything else I have not covered 

that you think is relevant? 

• 66.67% (n=4) responded to this question 

believing there would be nothing else that the 

researcher had not to mention or cover. 

• 33.33% (n=2) had no response to this question. 

• 85.71% (n=6) reiterated that the researcher 

could have covered what would be relevant.  

• 14.29% (n=1) one participant only suggested 

that the researcher should have shown how 

to measure the upper back curve as seen on 

the diagram” Participant 3  
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5.5.6.2 Four themes emerged 

Self-administered open-ended data were analysed using thematic analysis 

and to ensure the process was successful Braun and Clarke (2006) outline 

six steps to completing a successful thematic analysis: familiarizing yourself 

with the data, generating initial codes, searching for themes, reviewing 

themes, defining and naming themes, and writing up. In the first step of the 

thematic analysis, the researcher read and re-read the data from all of the 

participants to become familiar with the data. Then, the researcher initially 

identified and labelled important data to help stimulate coding. The next step 

was the theme development which the researcher categorised the codes 

into themes and continuously defined them until the theme robustly 

presented higher-level patterns in the data. These themes were then listed, 

with relevant codes underneath. The data were then re-read to see if they 

contained any further relevant information to the provisional themes; the 

themes were then given their final analytical form and definition. After 

revising and renaming the themes, the researcher reported quoted 

comments from participants under each theme. 

The results from the open-ended questions regarding the experiences of the 

exercise programme are presented in the four themes that emerged and are 

presented below. 

5.5.6.2.1 Theme 1: Impact of having a hyperkyphosis on 

activities of daily living 

 
Thirteen participants (100%) completed the self-administered open-ended 

questions. Participants’ experiences of having thoracic hyperkyphosis varied 

among participants. There was a wide variability of the impact of having 

hyperkyphosis on the activities of daily living or physical function which 

ranged from no problems, no awareness of having hyperkyphosis, or not 

affecting their physical activities to affecting their balance, posture, shoulders 

pain, and back pain.  
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Five participants in both groups stated that they experienced an increased 

upper curvature that affected their activities of daily living that caused 

musculoskeletal pain such as neck pain, shoulders pain, and back pain.  

“Backache and lack of exercise. If I do not exercise, then I have my 

backache” (Participant 2 in the exercise group) 

“Having a curvature of my upper back does have an affect my daily 

living. It affects my balance and posture. I have problems with my 

neck and cannot breathe deeply enough to fill my lung to full 

capacity.” (Participant 4 in the exercise group) 

“ache across shoulders and neck region” (Participant 3 in the control 

group). 

Five participants also mentioned that they did not realise that they had an 

increased upper back curvature. 

“I was not aware that I had a problem with a curvature of the spine 

until I was measured and assessed for the programme” (Participant 3 

in the exercise group) 

However, the majority of participants in the exercise and control groups 

reported that hyperkyphosis did not affect their activities of daily living. 

“I do not affect my daily living but makes me aware of my posture 

when sitting or walking.” (Participant 5 in the exercise group) 

“Not in any way. I still manage to get on with my daily chores.” 

(Participant 7 in the control group) 

“I am not affected or notice the upper curvature of my spine.”  

(Participant 5 in the control group) 

 

5.5.6.2.2 Theme 2: The usefulness of an educational booklet  

Thirteen participants (100%) completed the self-administered open-ended 

questions. Participants made positive comments about the educational 
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booklet. They stated that their behavior could be changed by the educational 

booklet. 

“I found that the booklet very helpful as I use it every time when I do 

the exercises. It explains clearly how to do exercises in detail, and I 

found it very helpful.” (Participant 4 in the exercise group). 

“The booklet explained very well how the spine can become curved 

and  

I will try to improve my posture in my daily living.” (Participant 5 in the 

exercise group). 

In addition, several participants in both groups described that an educational 

booklet made them aware of their posture. 

“It made me think of my posture. That I need to undertake regular 

exercises, especially to compensate for backache.” (Participant 2 in 

the exercise group) 

“The booklet was useful in reminding me of my correct sitting 

position.” (Participant 5 in the control group) 

However, a few participants provided negative comments. They indicated 

that an educational booklet did not change their lifestyle or activities of daily 

living. 

“It did not change my behaviour or lifestyle of daily living apart from 

fitting in the time to do the exercises.” (Participant 12 in the control 

group). 

5.5.6.2.3 Theme 3: Experiences of the exercises programme 

Six participants in the exercise group (100%) completed the self-

administered open-ended questions. Participants reported having positive 

experiences with regard to the exercise programme. The participants 

reported that they experienced the exercises as easy to do, with a number of 

differences in the exercises in different positions. They also stated that the 

exercises improved their posture.  
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“I found the exercises easy to do and increased the number of reps 

over the 16 weeks period.” (Participant 1) 

“The programme has helped me improve my posture. I can breathe 

much deeper, therefore, increasing my lung capacity. I have done 

exercises 3 times a week and because of lockdown found that I kept 

the routine as I was shield during the time.” (Participant 7) 

“The exercises were easy to follow, and the programme had some 

variations.”  (Participant 10) 

But some participants reported that they found it difficult to perform the 

exercises.  

“I found all of the exercises manageable except 3D made easy and 

hand behind neck. My arms did not have the strength to do more than 

the limit of 10 × 6 (repetition of exercise × set) but I continued the 

other exercises to 10 × 8 (repetition of exercise × set), three times per 

week was sufficient.” (Participant 10) 

“At the beginning of the programme I found the exercises hard and 

uncomfortable - giving rise to discomfort in my neck and upper chest 

around my shoulder blades. This has improved over time but even 

after 16 weeks I am still very aware of tension at the end of 6 sets. It 

has been difficult to fit the required number of sets into 3 days each 

week. This was difficult when I had an active social life-obviously 

easier since the lockdown and isolation. I had a problem with holding 

my breath, after inhalation, for the count of 5 - causing 

hyperventilation and dizziness even on several occasions -

palpitations. So, I reduced to count to 2/3.” (Participant 4) 

“To undertake the exercises in one session, takes a longer time than 

expected. It would have been better to do less exercises per session, 

but to do them every day. The difference between the exercises is 

uncertain. What difference does it make between stand up and sitting 

down?.” (Participant 2). 
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5.5.6.2.4 Theme 4: Benefits of a hyperkyphosis-specific 
exercise programme 
 
A large number of benefits from the hyperkyphosis-specific exercise 

programme were found. Five participants reported that they had benefitted 

from this exercise programme by now having a different posture.  

 

“Yes, I do think the exercise programme has had an effect on my 

back shape and posture. I am conscious of my posture when bending 

and stretching and also standing tall and breathing deeply.” 

(Participant 4) 

“Yes it has had an effect. I am more aware of my posture when 

walking, sitting, or standing and will try to keep my spine much 

straighter.” (Participant 5) 

However, one participant had negative comments. 

“I think about my posture more which is a good thing but I don't see 

any long term improvement in my posture.” (Participant 2) 

 

Four participants gave positive comments regarding improved confidence in 

their general activities of daily living. They also reported that they improved 

balance in daily life. All four participants had gained an awareness of their 

balance.  

“It was made me think about balance which is a good thing. 

(Participant 2). 

“Yes, it has had an effect on my balance. I can straighten my neck 

and upper back and feel more confident when walking outside. I have 

been bending more times in my garden bending and digging and find 

it easier to stand from kneeling, don't have any dizziness when 

standing tall.” (Participant 4). 



Chapter 5: Intervention study 
 

336 
 

“I feel more confident in general daily living and feel my balance has 

improved.” (Participant 6). 

However, two participants reported that they did not have a problem with 

balance. Participants reported that they did take care on either slippery or 

uneven surfaces.  

“No, I didn't have a problem with my balance before starting the 

programme.” (Participant 1). 

“I think about my posture more which is a good thing.” However, I 

don't see any long-term improvement in my posture. I don't see any 

long-term improvement in my balance.” (Participant 2) 

“I did not have a problem with balance but do take care on uneven or 

slippery surfaces.” (Participant 5). 

Moreover, only one participant commented that another form of exercise 

improved balance. 

I don't think my balance was improved with the exercise programme. I 

think that core strength exercises (Pilates) and balance training 

(Yoga) are more useful for improving balance.” (Participant 2). 

5.5.7 Adherence to the study 

Participants were monitored throughout the study for compliance. 

Participants in the intervention group were asked to record their compliance 

with the home programme in an exercise logbook (Appendix 20) and 

physical activity in a physical activity logbook (Appendix 21). Participants 

could also have been withdrawn if they were 50% non-compliant with the 

study. None of the exercise group and control group reported any new 

physical activities or exercise interventions during the study. 

Adherence to the study was defined as the number of exercise sessions 

attended (out of a maximum number of 48). Adherence to the study was 

excellent. Five of the 6 participants (83.3%) in the exercise group attended 

all 48 exercise sessions (3 sessions per week for 16 weeks) with one 
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attending 47 exercise sessions. The reason for non-attendance was being 

unwell. After the first four weeks, the researcher contacted the participants 

by phone, email, and message every week during the study to determine if 

any problems were encountered with the exercises and to check their 

progress with the exercise programme. The current study suggests that the 

exercise intervention is acceptable based on the number of exercise 

sessions attended by the participants. 

 

5.5.8 Adverse events  

No serious adverse events were reported relating to the exercises during the 

study period. However, it should be noted that four of six participants in the 

exercise group initially reported some discomfort when a new exercise was 

introduced. However, those symptoms eased when they continued the 

exercises or were resolved by a slight modification of the exercise by the 

researcher. Therefore, the current study suggests that the intervention is 

safe for older adults with hyperkyphosis.  

5.6 Discussion 

5.6.1 Summary of the main findings 

There were several main findings from the current study. Firstly, the history 

of falls in the past 12 months showed no significant interaction between 

group and time, but the effect size of the interaction effect was large. This 

means that the history of falls did not change over time in the exercise group 

but increased in the control group. Secondly, fear of falling showed no 

significant interaction between group and time, but the effect size of the 

interaction effect was large. This means that fear of falling decreased in the 

exercise group but increased in the control group after 16 weeks.  

Thirdly, participants in both groups were satisfied with the educational 

booklet provided (e.g., easy to understand and use, and well-presented 

images of correct body posture in sitting and standing was beneficial in 

managing their spinal self-care). The current study did not compare 
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satisfaction with the educational booklet between the exercise group and 

control group because the booklet type and study condition were 

confounded.  

Fourthly, for the participants’ experience of the exercise programme, the 

response rate was 100% (n = 6). Most participants were supportive of the 

exercise programme. For example, 100% of the participants reported that 

they enjoyed the exercise programme, and that the exercise programme had 

improved their body posture; 83% of the participants would recommend the 

exercise programme to their friends. Next, from the open-ended questions, 

four themes were identified: (a) the impact of having hyperkyphosis on 

activities of daily living; (b) the usefulness of an educational booklet; (c) 

experiences of the exercise programme; (d) benefits of a hyperkyphosis-

specific exercise programme.  

Furthermore, most participants in both groups reported that having a thoracic 

hyperkyphosis did not have any affect on their activities of daily living. 

Although, they were also positive about the exercise programme. Overall, 

this suggests that they felt a hyperkyphosis-specific exercise programme 

was acceptable (high adherence to the study) and safe (an absence of 

adverse events) in older people with hyperkyphosis. 

The number of studies conducted on the effectiveness of exercise 

interventions for age-related hyperkyphosis has increased in recent years 

(Bansal et al., 2014; González-Gálvez et al., 2019; Jang et al., 2019; 

Katzman et al., 2017; Naderi, et al., 2019). However, empirical evidence on 

the effectiveness of a hyperkyphosis-specific exercise programme on falling 

and fear of falling together with patient experiences of a hyperkyphosis-

specific exercise programme in older adults with hyperkyphosis appears to 

be still lacking.  

To the best of the author’s knowledge, this study is the first to focus on the 

effect of a hyperkyphosis-specific exercise programme on falling, fear of 

falling, participants' satisfaction with the educational booklet as well as 

experience of the exercise programme. Moreover, to the author's 
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knowledge, this is indeed the first study to explore the participants' 

experiences of living with hyperkyphosis as well as a hyperkyphosis-specific 

exercise programme in older adults with hyperkyphosis. 

5.6.2 The effectiveness of a hyperkyphosis-specific exercise 
programme 

5.6.2.1 History of falls 

The current study found that the history of falls in the past 12 months 

indicated no statistically significant interaction between group and time but 

the effect size of the interaction effect was large. This means that the history 

of falls did not change over time in the exercise group, but increased in the 

control group. In other words, the evidence showed the exercise programme 

can help prevent falls.  

There is a dearth of literature on the effect of exercise interventions on the 

number of falls in older adults with thoracic hyperkyphosis. Although, the 

result of the current study conflicts with a previous study (abstract) by 

Shahrjerdi et al. (2015) who found that the number of people at risk of falling 

was reduced from 7 to 2 cases after an 8-week (3 sessions/week) corrective 

exercise programme.  

In addition, Madureira et al. (2007) conducted a study to investigate the 

effect of 12 months of balance training on the number of falls in the year 

before the study. They demonstrated that the balance training programme 

was able to reduce the number of falls in older women with osteoporosis.  

A possible explanation is a difference in the characteristics of the 

participants. The current study recruited both genders (n = 13), whereas a 

study by Madureira et al. (2007) recruited only elderly women with 

osteoporosis (n = 60), and Shahrjerdi et al. (2015) recruited elderly women 

with thoracic hyperkyphosis (n = 30). The current study did not find a 

significant difference in the history of falls between groups after 16 weeks of 

exercises programme, this could be due to the number of participants being 

very small, thereby generating a β type II error. 
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5.6.2.2 Fear of falling 

The current study found that fear of falling showed no statistically significant 

interaction between the group and time, but the effect size of the interaction 

effect was large. This means that the fear of falling was reduced in the 

exercise group but increased in the control group over time. In other words, 

the exercise programme can help reduce the fear of falling.  

The findings of the current study contrasts with the findings of Sinaki et al. 

(2005) reported that a 4-week back extension exercise combined with a gait 

programme and a spinal orthosis improved the fall-efficacy scores (improved 

confidence in their ability to perform activities of daily living without falling) 

(baseline: 32.4 ± 13.8; after 4-week: 13.5 ± 3.5) in women with osteoporosis-

kyphosis.  

In addition, a study (abstract) by Sh et al. (2015) reported that a corrective 

exercise programme decreased the fear of falling in older adults with 

hyperkyphosis. A study by Sedaghati, Goudarzian, Daneshmandi, and 

Ardjmand (2018) investigated the effectiveness of the Alexander-based 

corrective technique on fear of falling, thoracic kyphosis angle, and forward 

head posture in older adults with idiopathic Parkinson's disease. They 

demonstrated that the falls-efficacy international scores, thoracic kyphosis 

angle, head forward posture improved after 8 weeks (3 times/week). The 

Alexander-based corrective technique is a method to improve posture and 

movement for chronic musculoskeletal pain. With the Alexander-based 

corrective technique, patients are taught to alter their positional and 

tensional patterns, elongation along the spine during activities of daily living 

and throughout the movement (Dennis, 1999; Cacciatore, Gurfinkel, Horak, 

Cordo, and Ames, 2011).  

A possible explanation for the inconsistent results may be the differences in 

the measuring instruments used for fear of falling and the differences 

between the types of intervention. Additionally, the classification of fear of 

falling can be divided into 3 groups: 1) low fear of falling (FES-I score 16-19), 

2) moderate fear of falling (FES-I score 20-27), 3) high fear of falling (FES-I 
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score 28-64). Participants in both groups in the present study had a low fear 

of falling scores at baseline (mean of FES-I score: 19.33 ± 2.58 for the 

exercise group and 18.29 ± 2.21 for the control group). Therefore, the lack of 

improvement in fear of falling could be explained by a floor effect in the fall 

efficacy-international scores. The current study did not find a significant 

difference in fear of falling score between groups after 16 weeks of the 

exercises programme, this could be due to limited numbers of participants, 

thereby generating a β type II error. 

5.6.3 Satisfaction with the educational booklet 

Participants for both groups received an educational booklet. The 

educational booklet for the exercise group consisted of general knowledge of 

hyperkyphosis, good posture in standing and sitting positions together with a 

hyperkyphosis-specific exercise programme, whereas the educational 

booklet for the control group comprised only the general knowledge of 

hyperkyphosis and good posture in standing and sitting position.  

Participants in both groups reported consistently positive experiences 

regarding their satisfaction with the educational booklet including a good 

impression, ease of understanding, usefulness, and of benefit in managing 

their self-care. Similar results were demonstrated by McGregor, Henley, 

Morris, and Doré (2012) who explored participants’ points of view regarding 

the educational booklet after spinal surgery. The authors found that a 

number of participants commented that the educational booklet that had 

been given to them was easy to follow, the content was interesting, helpful 

and they would recommend it to others. Nonetheless, the current study did 

not find any negative comments from participants, while participants in 

McGregor et al.’s (2012) study reported a number of negative comments 

such as the booklet had deficiencies because it lacked exercise details. 

In the current study, participants in both groups displayed high satisfaction 

with the educational booklet. However, the current study did not compare the 

satisfaction with the educational booklets between the exercise and the 

control groups because both groups used different booklets and took part in 
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different study conditions. Therefore, it is not meaningful to compare the two 

booklets. This is because booklet type and study condition were 

confounded. 

It is important to note that, to the author’s knowledge, this is one of the very 

first studies to investigate the satisfaction with an educational booklet in 

older adults with hyperkyphosis.  

5.6.4 Experiences of the hyperkyphosis-specific exercise 
programme 

Overall, the participants reported consistently positive experiences regarding 

the exercise programme. The findings of the current study demonstrated that 

a majority of participants reported that a hyperkyphosis-specific exercise 

programme was effective in improving their body posture and balance. 

However, the current study did not collect body posture and balance data in 

a quantitative way (measurements of body posture and balance were 

presented in Chapter 3).  

According to the experiences of the exercises questionnaire, approximately 

67% of participants did not believe that the exercise programme could 

reduce fear of falling. This finding is consistent with the quantitative results. 

Fear of falling was not improved after a 16-week of exercise programme. In 

addition, 100% of the participants reported that they enjoyed the exercise 

programme, received clear and informative information, and had the 

confidence to perform those exercises.  

Four participants reported that they would like to continue the exercise 

programme after completing the programme. These results also support the 

findings of adherence to the exercise programme in the current chapter. The 

results of the current chapter showed that adherence to the exercise 

programme was high. However, the questionnaire items 1-3 and 10-13 had 

low internal consistency, indicating low reliability. It is important to bear in 

mind the possible bias in these responses. However, these results were not 

used for further analysis. 
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5.6.5 Experiences of living with thoracic hyperkyphosis and 
taking part in the exercise programme 

Participants provided insight into their experiences of living with thoracic 

hyperkyphosis as well as taking part in the exercise programme. Overall, 

most participants in the exercise and control groups reported positive 

experiences regarding their exercise programme.  

5.6.5.1 Theme 1: Impact of having hyperkyphosis on 
activities of daily living 

In the current study, participants’ experiences of both living with thoracic 

hyperkyphosis varied from person to person. Some participants reported that 

living with thoracic hyperkyphosis affected their balance, posture, activities 

of daily living, musculoskeletal pain (e.g., neck pain, shoulders, and back 

pain) to having no awareness of or not affecting their activities of daily living.  

Similar results were obtained by Qvist et al. (2011), who carried out a 

qualitative study that explored the experiences of living with vertebral 

fractures in women with osteoporosis-related vertebral fractures combined 

with increased kyphosis. The authors demonstrated that participants 

expressed a variety of perspectives of the effects of age-related 

hyperkyphosis on their activities of daily life. These ranged from having no 

problems or distress to having severe spinal pain and mobility limitation.  

5.6.5.2 Theme 2: The usefulness of an educational booklet  

Participants reported a wide range of views of the effect of the educational 

booklet. Provided the educational booklet was well accepted and 

appreciated. Nine participants expressed that their health behavior was 

changed by the educational booklet. This included performing the exercises 

regularly and helping them think more regularly about their posture 

(awareness). They also stated that the educational booklet explained how to 

do the exercises clearly and in great detail. They stated that the educational 

booklet explained everything very well and contained all the relevant 

information.  
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These findings are consistent with a qualitative study conducted by Bryan, 

Pinto Zipp, and Parasher (2012) who explored the perceived benefits of 

yoga. They found that participants had changed their exercise habits in a 

positive way, such as increasing the frequency of exercises. Furthermore, 

many participants believed that the educational booklet was of great benefit 

as it made them aware of how to improve and correct their posture, and in 

doing so, neck and back pain was found to be reduced. In addition, The 

booklet informed and increased participants' knowledge of the ageing 

path/process of hyperkyphosis.  

The quantitative results in the current study demonstrated that 67% of 

participants in the exercise group and 86% of participants in the control 

group expressed positive changes in their behaviour after using the 

educational booklet. Only, three participants stated that an educational 

booklet had not altered either their health behaviour or lifestyle. 

5.6.5.3 Theme 3: Experiences of the exercises programme 

Participants reported a wide range of experiences regarding the exercise 

programme. In particular, they talked about the number of days per week (3 

days per week) and the length of the exercise session (20-30 mins per 

session). Some participants reported that they found it difficult to fit the 

exercise programme into their routine activities and the length of exercises 

time per session was longer than expected.  

In addition, three participants reported that at the beginning of the exercise 

programme, they found it difficult to practise the exercises due to 

experiencing discomfort in specifically their neck, shoulders, and upper 

chest. However, those symptoms eased over time. In contrast, three 

participants reported that they found the exercises were easy to do and had 

a number of different ways of doing the exercises, with no problems with 

doing the exercises 3 days per week, and the length of the exercise session 

(20-30 minutes per session). These findings are similar to the findings of 

Bautmans et al. (2010). They explored patients’ perceptions regarding the 

exercise programme for osteoporosis. They also reported that the patients 
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experienced difficulty in lifting their arms above the shoulder/ head level or 

shoulder pain during performing exercises with the arms.  Therefore, these 

findings would be very interesting and useful regarding the further 

development of individualised specific exercise programmes for this 

population. In addition, the exercise programmes, for example, the number 

of days participants did the exercises per week, the length of the exercise 

session, and symptoms during exercise, need to be considered when 

prescribing exercises for patients. 

5.6.5.4 Theme 4: Benefits of participating in a hyperkyphosis-
specific exercise programme 

Subjects who participated in the exercise group, more importantly, reported 

a range of benefits from the exercise programme, including improved back 

shape and posture in the short-term, improved body awareness, improved 

confidence in general activities of daily living as well as improved balance in 

their activities of daily living.  

This finding is consistent with those reported from other qualitative studies 

(Qvist et al., 2011; Wilcox et al., 2006). A study by Qvist et al. (2011) 

reported that participants experienced bodily changes such as improved 

back muscle strength and physical activities, increased self-esteem as well 

as decreased back pain after a back-strengthening programme for women 

with osteoporosis-related vertebral fractures and increased thoracic 

kyphosis.  

However, in the current study, not all participants believed their balance had 

improved after the 16-week exercise programme. Studies by Katzman et al. 

(2007) and Katzman et al. (2017) provided evidence to support the findings 

in the current study. They investigated the effect of corrective exercises and 

postural training on static balance and dynamic balance in older adults with 

thoracic hyperkyphosis. They demonstrated that the corrective exercises 

and postural training cannot improve balance after 12 weeks of training. 

Therefore, as such the effectiveness of this exercise programme is still 

controversial (Katzman et al., 2007). 
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5.6.6 Adherence to the study and safety of the exercise 
programme 

The findings from this study suggest that subjects who participated in a 

hyperkyphosis-specific exercise programme had high adherence to the 

exercise programme (83.3%). There were no serious adverse events 

reported by participants taking part in the exercise group when performing 

the exercise. The results of the current study demonstrated that a 

hyperkyphosis-specific exercise programme is feasible and safe for older 

adults with thoracic hyperkyphosis. An important factor for the success of a 

hyperkyphosis-specific exercise programme may be that the exercise 

programme and booklet were both easy to understand and follow. It also 

included follow-up visits, for continuity. Additionally, the participants were 

contacted by the researcher every week for consultation, whilst monitoring 

their adherence to the study and encouraging subjects to continue their 

exercises.  

5.6.7 Study limitations  

The number of limitations of the current study warrant consideration. Firstly, 

the researcher started collecting research data in early January 2020 and 

the coronavirus pandemic reached the United Kingdom in late January 2020. 

The author (Roongtip) was initially going to conduct a pilot RCT to evaluate 

the effects of a hyperkyphosis-specific exercise programme on back shape 

and posture, balance, falling, and fear of falling in older people. 

Unfortunately, the study was significantly negatively impacted from the onset 

of COVID-19 during the data collection process. The post-treatment 

measurements could not be collected because all the measurements except 

falling and fear of falling required face-to-face contact for the purpose of 

clinical assessment. Therefore, the protocol of the study needed to be 

changed. Additionally, questionnaires to measure participants' experiences, 

as well as self-administered open-ended questions were added to collect the 

data.  

Secondly, the number of participants was small. The aim was to recruit 18 

participants in both groups (9 participants in each group). However, the 
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researcher had to stop the recruitment process because of the coronavirus 

pandemic. In addition, the findings of this study were obtained from older 

adults with an active lifestyle. Therefore, the findings of the current study 

may not be generalised to other populations of older adults with a sedentary 

lifestyle.  

Regarding further limitations, the exercise programme was not delivered as 

intended because of the coronavirus pandemic. Only four participants in the 

exercise group completed the face-to-face follow-up. Two participants were 

followed up by email and phone because it was impossible to arrange a 

face-to-face meeting during a pandemic. Moreover, some participants did 

not use any digital technology for video conferencing such WhatApp or 

FaceTime. Therefore, it is more difficult to provide comments on 

hyperkyphosis-specific workouts by email and phone, which could lead to 

the performance of incorrect exercises. The researcher preferred face-to-

face appointments to ensure that all subjects exercised safely and in 

accordance with the best practises and procedures. 

Finally, this study used nonparametric statistical analyses. A disadvantage of 

the non-parametric test is that it has slightly less power than the parametric 

test. In addition, this statistical test was not available for advanced statistical 

methods, e.g., mixed ANOVA design (Schober and Vetter, 2020). 

Furthermore, a problem with changed scores and mixed ANOVA is ceiling 

and floor effects. In the current study, a change score of a history of falls and 

fear of falling was small because the pretest score is very near the end of 

the scale and no treatment effect can change it very much, or it may be 

small because the effect of treatment is small. 

5.6.8 Future research 

The author's recommendation for future research would be to further 

examine the effectiveness of the hyperkyphosis-specific exercises on 3D 

back shape and posture as well as static and dynamic balance in older 

adults with hyperkyphosis. Additionally, a larger RCT is needed to clarify the 

effectiveness of the hyperkyphosis-specific exercise programme on the 
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number of falls and fear of falling in this population. It would also be 

beneficial for future qualitative studies to use in-depth interviews yielding rich 

data to understand the experiences of living with hyperkyphosis and 

participating in a hyperkyphosis-specific programme. 

5.7 Conclusion 

In conclusion, the effect of the hyperkyphosis-specific exercise on the history 

and the fear of falling was not statistically significant after completing 16 

weeks of the exercise program, even though the effect sizes were large. 

This indicates that the exercise programme can help to prevent falls and 

decrease the fear of falling in older adults with thoracic hyperkyphosis. 

Furthermore, a large effect size means that there was a probability that 

significantly improved in the history of falls and the fear of falling would be 

observed with a larger sample size.  

In the present study, older adults with thoracic hyperkyphosis were satisfied 

with an educational booklet (having a good impression, ease in 

understanding, usefulness, and benefit in self-management) with a positive 

experience overall the exercises programme (as patients enjoyed the 

exercises programme, received clear and informative information, and had 

the confidence to perform the exercises, and improve their body posture as 

well as balance).  

In addition, participants in the current study also benefited from the exercise 

porgramme with improved back shape and posture, improved confidence in 

performing their general activities of daily living, as well as gained 

awareness of their back posture. The findings also indicated that the 

experiences of living with hyperkyphosis varied among older adults and 

ranged from shoulders, back pain, poor balance and posture, diminished 

activities of daily living to no awareness of their thoracic hyperkyphosis or 

not affecting their activities of daily living.  

The hyperkyphosis-specific exercise programme delivered by a  fully 

qualified physiotherapist, being deemed acceptable to the participants was 
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also safe for older adults with hyperkyphosis. Additionally, the results of the 

current study support the implementation of a definitive large-scale RCT to 

clarify the effectiveness of a hyperkyphosis-specific exercise programme in 

reducing the number of falls and fear of falling within this population. In 

addition, the original study also needs to evaluate the effect of a 

hyperkyphosis-specific exercise programme on back shape and posture, 

balance, falling as well as fear of falling. 
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6.1  Introduction 

This chapter provides a summary of the main findings from each study 

described in the body of this thesis. The chapter also discusses the clinical 

implications of the research studies undertaken. Finally, this section highlights 

the originality of the work together with its limitations and recommendations for 

future research. 

6.2 A summary of the research phases: key findings 

6.2.1 Study 1 Evaluation of the relationship between back 
shape and posture with balance, falling, and fear of falling in 
older people with hyperkyphosis: A systematic review 

Age-related hyperkyphosis, an excessive anterior curvature of the thoracic 

spine > 40° (Katzman et al.,2010), has been associated with impaired 

pulmonary function, fractures, functional limitations, falls, increased postural 

sway, and loss of balance (Kado, Prenovost, & Crandall, 2007; Katzman et al., 

2010; Roghani et al., 2017). However, it is unclear how back shape and/posture 

influences balance, falling, and fear of falling in older adults with hyperkyphosis. 

This was the first systematic review that aimed to examine and synthesize 

published and unpublished literature on the association between back 

shape/posture, and balance, falling, fear of falling in older people with 

hyperkyphosis.  

The search to identify eligible studies resulted in a total of 528 citations. 

Duplicates were removed, and the remaining 449 citations were screened for 

titles and abstracts. Fifty-two full-text studies were retrieved and assessed for 

eligibility. After the full-text review, two studies were included in this review 

(Burke et al., 2010; Sinaki et al., 2005a). The findings were limited. The 

evidence was deemed to have a high risk of bias indicating that women with 

osteoporosis and hyperkyphosis had higher postural sway and a greater 

number of falls than elderly women without osteoporosis and hyperkyphosis. 

Regarding the results of the included studies, it is difficult 
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to draw firm conclusions because of the small sample size and high risk of bias 

found in the two studies. Therefore, it is not known whether the results of this 

study can be applied in a practise setting. The above findings highlighted the 

need to conduct an investigation into the relationship between back shape and 

posture with balance, falls and fear of falling in older adults with thoracic 

hyperkyphosis. A better understanding of this relationship is important in order 

to develop future falls prevention strategies. 

6.2.2  Study 2 The relationship between back shape and posture 
with balance, falling, and fear of falling in older people with 
Hyperkyphosis: A cross-sectional study  

A knowledge gap was identified and highlighted in Chapter 2, which exposethe 

limited and inconclusive data on the relationship between back shape and 

posture with balance, falling, and fear of falling in older people with thoracic 

hyperkyphosis. Unfortunately, no research studies were found that have 

evaluated this relationship. To address the gaps above, a cross-sectional study 

was conducted to investigate the relationship between 3D back shape and 

posture with balance, falling, and fear of falling in older people with 

hyperkyphosis. In addition, the study investigated whether the spinal curvatures 

in the sagittal plane predicted balance, falls, and fear of falling. These 

curvatures play an important role in maintaining an upright posture in a bipedal 

position. In addition, Kim et al. (2017) demonstrated that the spinal shape is 

closely related to postural instability and the risk of falls.  

The study included 76 participants with thoracic hyperkyphosis ≥ 40° (mean age 

= 66.82 years, SD = 8.94, 51 women). Back shape and posture in three 

dimensions were measured using the mobile surface topography system 

(Kandasamy, 2018). Postural sway and the limits of stability were measured 

using the TekScan MatScan® system (Brenton-Rule et al., 2011; Brenton-Rule 

et al., 2012). Falls were assessed by asking participants the number of falls in 

the past year (Kado et al., 2007). The fear of falling was assessed using the 

Falls-efficacy scale-international questionnaire (Delbaere et al., 2010).  
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The overall results demonstrated that back shape and posture in the sagittal 

and transverse planes together with whole-body alignment was positively 

associated with postural sway during quiet standing, with increased back shape 

and posture in the sagittal and transverse planes increased postural sway 

during quiet standing. Back shape and posture in the frontal plane were found 

negatively associated with postural sway during quiet standing, including 

increased back shape and posture in the frontal plane with decreased postural 

sway during quiet standing. 

Furthermore, back shape and posture in the sagittal and transverse planes 

were positively associated with the limits of stability when leaning forward, left, 

and right. Back shape and posture in the frontal plane were found to be 

negatively associated with the limits of stability when leaning forward, left, and 

right. The study also demonstrated that the left lateral pelvic tilt correlated 

positively with the fear of falling. The cervical lordosis angle correlated positively 

with falls. Moreover, the cervical lordosis angle was able to predict falls in older 

people with thoracic hyperkyphosis. An increase in the cervical lordosis by 1 

degree from the mean cervical lordosis (27.98 degrees) led to an increase in 

falls by 1.05-fold. Therefore, the cervical lordosis angle could be included in a 

multifactorial assessment tool to identify older adults with thoracic 

hyperkyphosis who could fall. Additionally, both forward head posture and 

sacral slope angle predicted postural sway and the limits of stability (the COP in 

the medial-lateral direction during quiet standing and the COP sway area as 

well as the COP in the anterior-posterior when leaning to the right).  

To the author’s knowledge, this is indeed the first study to evaluate the 

relationship between 3D back shape and posture together with whole-body 

posture with balance, falling, and fear of falling in older people with thoracic 

hyperkyphosis. In addition, this study is also the first study to determine whether 

spinal curvatures in the sagittal plane were able to predict balance, falls, and 

fear of falling. This finding, therefore, contributes significantly to the body of 

knowledge by clarifying this relationship.   
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6.2.3 Study 3 Exercise interventions to improve back shape and 
posture, balance, falling, and fear of falling in older people with 
Hyperkyphosis: A systematic review  

Although, there is increasing research evidence supporting the 

recommendation of exercise interventions for older adults with hyperkyphosis. 

However, a dearth of studies has been conducted to quantify the effects of 

exercise interventions on balance, falling, and fear of falling in older adults with 

thoracic hyperkyphosis. This systematic review aimed to evaluate and 

synthesise the literature on the effects of different exercise programmes for 

improving back shape and posture, balance, falling, and fear of falling in older 

adults with hyperkyphosis.  

The search to identify eligible studies identified a total of 1245 studies. After 

duplicates were removed, 1075 papers were screened for titles and abstracts. 

Subsequently, 47 full-text studies met the inclusion criteria. After the full-text 

review, 47 studies were excluded as the studies that did not meet the final 

inclusion criteria. Therefore, there was no evidence of studies that have 

investigated the effectiveness of exercise interventions on back shape and 

posture, postural sway, falls, and fear of falling in older people with 

hyperkyphosis, resulting in an empty review.  

Most importantly, this systematic review offered vital evidence concerning the 

gaps in the literature on the effectiveness of exercise interventions in older 

people with hyperkyphosis. It revealed that extensive research work had been 

conducted on the effectiveness of exercise interventions on improving thoracic 

hyperkyphosis. However, there was very limited evidence on the effectiveness 

of exercise intervention on balance, falling, and fear of falling. This provided 

further evidence of the need for research into the effectiveness of exercise 

interventions on balance, falling, and fear of falling in older adults.  
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6.2.4  Study 4 the effect of a hyperkyphosis-specific exercise 
programme on falling, fear of falling and participants’ 
experiences in older adults  

Negrini et al. (2005) recommended that spinal-specific exercises be used for 

treating patients with scoliosis and thoracic hyperkyphosis. Although, there are 

several published studies that have evaluated the effectiveness of exercise 

programmes for improving thoracic hyperkyphosis (Bahrekazemi et al., 2017; 

Bautmans et al., 2010; Katzman et al., 2019; Katzman et al., 2017). However, 

little is known about the effect of spinal-specific exercises on reducing falls and 

fear of falling in older adults with hyperkyphosis.  

The systematic literature review in Chapter 4 demonstrated that there is a lack 

of studies that have evaluated the effectiveness of exercise programmes on 

back shape and posture in 3 dimensions, together with balance, falling, and fear 

of falling. The initial aim of the current study was to investigate the effect of a 

hyperkyphosis-specific exercise programme on back shape and posture in 3 

dimensions, balance, falling, and fear of falling. However, the research protocol 

needed to be changed due to the coronavirus pandemic restrictions. Therefore, 

back shape and posture in 3 dimensions and balance could only be measured 

before the treatment. To the author’s best knowledge, this is indeed the first 

study to evaluate the effectiveness of a hyperkyphosis-specific exercise 

programme on falling, fear of falling, and satisfaction with an educational 

booklet, together with participants’ experiences in older people. 

To address the gaps identified above, the final study of this thesis aimed to (a) 

evaluate the effectiveness of a 16-week hyperkyphosis-specific exercise on 

falling, and fear of falling, (b) explore participants’ satisfaction with an 

educational booklet in older adults with hyperkyphosis, and (c) explore 

participants’ experiences of living with thoracic kyphosis and taking part in the 

exercise programme.  
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Thirteen participants with thoracic hyperkyphosis were recruited in the current 

study. The participants were randomised to the exercise group (who received a 

hyperkyphosis-specific exercise programme with the educational booklet) and 

the control group (who received only the educational booklet). The findings of 

this study demonstrated that the effects of exercise on the history of falls in the 

past year and the fear of falling were not statistically significant after completing 

16 weeks of the exercise programmes, even though the effect sizes were large. 

This means that the history of falls did not change over time in the exercise 

group but increased in the control group. In addition, the fear of falling 

decreased in the exercise group but increased in the control group. 

Participants in both groups were satisfied with the educational booklet (e.g., it 

was easy to understand and use, photos in the booklet added value, and it was 

beneficial in managing their spinal self-care).  

Furthermore, all participants were happy with the exercise programme. For 

example, the participants said that the exercise programme was enjoyable and 

improved their body posture, and they would recommend the exercise 

programme to others. The results of the current study also demonstrated that 

the hyperkyphosis-specific exercise programme had excellent exercise 

adherence and was safe for older people with hyperkyphosis. 

In addition, the data obtained from 13 participants with hyperkyphosis 

completed self-administered open-ended questions. This study explored 

participants’ experience of living with hyperkyphosis and taking part in the 

exercise programme. Four key themes were identified and included (a) the 

impact of having hyperkyphosis on activities of daily living, (b) the usefulness of 

the educational booklet, (c) the experiences of the exercise programme, and (d) 

the benefits of hyperkyphosis-specific exercise. Most of the participants in the 

exercise and the control groups reported that having severe thoracic 

hyperkyphosis did not affect their activities of daily living. Participants also 

reported that they did not recognise themselves as having thoracic 
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hyperkyphosis. Regarding the educational booklet, participants in both groups 

felt that the educational booklet improved their behaviour or lifestyles. The 

participants in the exercise programme said that they experienced improved 

back shape and posture as well as balance.  

To the author’s knowledge, this is one of the very first studies to explore and 

quantify the effectiveness of a hyperkyphosis-specific exercise programme on 

falling, fear of falling, and satisfaction with an educational booklet. The study 

also strived to better understand the participants’ experiences of living with 

hyperkyphosis and taking part in an exercise programme in older adults. 

6.3 Implications for research and practice 

6.3.1 Implications for research 

There are several research implications of this thesis. Correlational studies 

designed to explore the relationship between hyperkyphosis with balance, falls, 

and fear of falling in older adults are needed. Further research is needed to 

improve the knowledge in this area that would be beneficial for healthcare 

professionals when considering back shape and posture as a risk factors for 

falls in older adults. 

The findings of a systematic review in Chapter 4 suggested that there is a need 

for primary studies investigating the effectiveness of exercise interventions to 

improve back shape and posture, balance, falls as well as fear of falling. Further 

high-quality, RCTs need to be conducted to evaluate the effectiveness of 

exercise interventions focused on postural sway, the limits of stability, falls, and 

fear of falling. This knowledge may help guide healthcare professionals in their 

clinical decision-making to manage thoracic hyperkyphosis problems in older 

adults. 
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6.3.2 Implications for practice 

The findings in this thesis have several practical implications. The 

comprehensive systematic review in Chapter 2 evaluated the evidence and 

examined the quality of two relevant studies on the relationship between 

hyperkyphosis, postural sway, and fear of falling. The findings of this review 

provide a high risk of bias studies  that women with hyperkyphosis and 

osteoporosis have higher postural sway and a greater number of falls than 

elderly women without hyperkyphosis and osteoporosis. These findings also 

provide evidence for clinicians and researchers that thoracic hyperkyphosis 

should be considered as a risk factor for falls in older adults and included in 

comprehensive fall risk assessment. This is beneficial in preventing or lowering 

the risk of falls in older adults.  

In 2013 the National Institute for Health and Care Excellence (NICE) published 

clinical guidelines for health care and other professionals regarding the 

assessment of falls risk together with fall prevention in older people. According 

to the guideline recommendations, multifactorial screening for fall risk in older 

adults who present for medical attention includes cognitive impairment, 

continence problems, falls history (causes and consequences), gait 

abnormalities, balance problems, mobility problems, muscle weakness, 

osteoporosis risk, older person’s perceived functional ability, fear relating to 

falling, visual impairment, cognitive impairment, neurological examination, 

urinary incontinence, home hazards, cardiovascular examination, and 

medication review. However, the assessment of back shape/posture is not 

currently included in the guideline/or policy for a multifactorial falls risk 

assessment. Therefore, more research studies are needed to establish how 

back shape and posture influence balance, falling, and fear of falling in older 

people with thoracic hyperkyphosis. 

The findings from a cross-sectional study in Chapter 3 indicated that 3D back 

shape and posture together with whole-body alignment was associated with an 
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increase in the COP parameters in quiet standing and the limits of stability. 

Furthermore, the forward head posture was found to predict the COP in the ML 

direction during quiet standing. The sacral slope angle also predicted the COP 

in the AP direction during quiet standing, the COP sway area as well as the 

COP in the AP direction when leaning to the right. In addition, cervical lordosis 

predicted falls. Based on the findings above, 3D back shape and posture, as 

well as whole-body posture, should be included within this guideline/or policy 

as a fall screening tool for the older population. This would significantly help 

healthcare professionals establish comprehensive falls risk screening tools to 

prevent or reduce future falls. 

3D back shape and posture, as well as whole-body posture, were measured 

using the mobile surface topography system. This equipment was found to be 

useful in assessing back shape and posture in a clinical setting because it is 

portable, inexpensive, and easy to use (Kandasamy, 2018). However, 

customised software for automatically calculating back shape and posture 

angles still needs to be developed to reduce the time for the processing of data 

collection and analysis. This tool should development of an automated 

bespoke 3D posture-analysing mobile application with automatic recognition of 

markers as well as having the ability to automatically calculate angles.  

The findings of the systematic review in Chapter 4  indicated that several 

research studies have been published in the area of thoracic hyperkyphosis. 

However, there is limited evidence of the effects of different exercise 

interventions on postural sway, the limits of stability, falling, and fear of falling in 

older people, which may be because most studies only focused on improving 

thoracic hyperkyphosis posture. It would appear that individual clinicians have 

to rely on their own clinical experience to recommend exercise interventions for 

improving back shape and posture, balance, falling, and fear of falling. In an 

attempt to bridge the above gaps, the intervention study of this thesis was 

conducted to evaluate the effects of the hyperkyphosis-specific exercise 
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programme on falling, and the fear of falling in this elderly population with 

thoracic hyperkyphosis.  

The hyperkyphosis-specific exercise programme used in this study is promising. 

An effective programme for falls prevention can improve the fear of falling in 

older adults with hyperkyphosis but still needs to be tested in larger studies. In 

addition, this exercise programme was found to be feasible and safe for older 

adults. Therefore, a hyperkyphosis specific-exercise programme was suitable 

for older adults with thoracic hyperkyphosis. It would be useful to test the 

exercise programme in different populations such as patients with osteoporosis 

or stable vertebral fractures.  

6.4 Original contribution to knowledge 

The overall aim of this research study was to determine the relationship of back 

shape and posture with balance, falling, and fear of falling in older people with 

hyperkyphosis. A further aim was to investigate the effect of a hyperkyphosis-

specific exercise programme on falling, fear of falling, and participants’ 

experiences in older people. Based on the findings from each of the 4 studies, 

this body of work makes four specific contributions to knowledge. 

The first correlational systematic review presented in Chapter 2 explored the 

literature on the relationship of back shape and posture with balance, falling, 

and fear of falling in older people with hyperkyphosis. The review indicated that 

there was a limited and high risk of bias in two included studies  to show that 

women with hyperkyphosis and osteoporosis had greater postural sway 

together with a greater number of falls than older women without hyperkyphosis 

and osteoporosis. It was difficult to draw any firm conclusions because of the 

small sample size and moderate methodological quality evidence. Whilst no 

previous systematic review had previously investigated this relationship. This 

review has highlighted the fact that women with hyperkyphosis and 

osteoporosis sway to a greater extent than those without. So, care needs to be 

undertaken when clinicians assess and treat these patients as they may 
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potentially be at greater risk of falls as they sway more and therefore may need 

immediate referral to a falls prevention or thoracic hyperkyphosis exercise 

programme. 

The next study (Chapter 3) was a primary cross-sectional study that 

investigated the same relationship of 3D spinal curvature and whole-body 

posture with balance, falling, and fear of falling in older people with thoracic 

hyperkyphosis. This work identified that spinal curvatures together with whole-

body posture were associated with postural sway during quiet standing. There 

was also a significant relationship of spinal curvatures and whole-body posture 

with the limits of stability when leaning forward, leaning to the left, and leaning 

to the right. These results can be explained as thoracic hyperkyphosis forward 

shifts the body’s center of trunk closer to the limit of stability (Sinaki et al., 

2005). This leads to the disruption of the use of normal strategies for balance 

control during daily activities (Schenkman, Morey, and Kuchibhatla, 2000). This 

may result in their losing their balance as they are getting closer to their limits of 

stability. To the author's knowledge, this is a factor that has contributed to the 

biomechanics related to the act of falling.  

Another original finding highlighted within this research study is that the cervical 

lordosis angle was positively correlated with falls. The cervical lordosis was 

found to be a predictor of falls, with an odds ratio of 1.05. This indicated that 

cervical lordosis increases by 1 degree from 27.98° to 28.98°, so the odds of 

falling increase by 1.05 times. Therefore, the cervical lordosis angle also was 

able to predict future falls in older people with thoracic hyperkyphosis. Left 

lateral pelvic tilt was also positively correlated with the fear of falling. 

Additionally, both forward head posture and the sacral slope angle were able to 

predict postural sway and the limits of stability. Based on the above findings, 

body posture represents a risk factor for impaired balance and falls. It is 

important to consider including body posture assessment in a multifactorial falls 

assessment in older adults at high risk of falls. Furthermore, these results may 

be helpful in planning and developing exercise programmes aimed at improving 
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thoracic hyperkyphosis together with improving balance as well as reducing 

falls.  

These findings contributed to making a unique substantial contribution to the 

understanding of the relationship of 3D back shape and posture together with 

whole-body posture with balance, falling, as well as fear of falling in older 

people with hyperkyphosis. These findings also significantly add to the body of 

knowledge predicting balance and falls. Therefore, the results of this study 

suggest that posture is another factor to consider when assessing patients at 
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The second systematic review identified that whilst no studies met the inclusion 

criteria and therefore resulted in an empty review. However, in itself this 

provided important evidence regarding the gaps in the literature relating to the 

effects of exercise interventions on back shape and posture, balance, falls, and 

fear of falling. These findings identified an important knowledge gap created by 

the lack of empirical evidence on the effects of exercise interventions on 

balance, falling, and fear of falling. It is also important to note that to the 

author's knowledge and from the comprehensive search in the second 

systematic review, this is one of the very first systematic reviews that has 

evaluated the effects of hyperkyphosis-specific exercise programme on back 

shape and posture, balance, falls, fear of falling. 

Finally, the intervention study that contributes significantly to the body of 

knowledge on the effects of a hyperkyphosis-specific exercise. This is one of 

the very first studies to investigate the effects of a hyperkyphosis-specific 

exercise programme on falls, fear of falling, and satisfaction with an 

educational booklet. Moreover, this is indeed the first study to explore 

participants’ experiences of living with thoracic hyperkyphosis. The study is 

also an original piece of work in that it has explored participants’ experience of 

participating in hyperkyphosis-specific exercises. The results demonstrated 

that the effect of the exercises on the history and the fear of falling was not 
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statistically significant after completing 16 weeks of the exercise programme, 

even though the effect sizes were large. This means there was a probability 

that a significant improvement in the history of falls and the fear of falling would 

be observed with a larger sample size. Specifically, the history of falls did not 

change over time in the exercise group but increased in the control group. This 

means that doing the exercises can help to prevent falls, for those who did not 

do the exercises, their falls increased over time. 

Furthermore, the fear of falling decreased in the exercise group, but increased 

in the control group. This means that doing the exercises helped to reduce the 

fear of falling in these subjects. The results of this study also suggest that for 

those who did not do the exercises, their fear of falling increased further.  

Based on the findings, a tentative suggestion is to study hyperkyphosis-specific 

exercise for the treatment of older patients for further research. Furthermore, 

an understanding of participants’ experiences of having hyperkyphosis and 

taking part in the exercises programme should help healthcare professionals 

develop and design an appropriate exercise programme for older adults with 

hyperkyphosis. 

Overall, the mechanisms in this series of research studies can be explained by 

biomechanical models regarding the development of age-related hyperkyphosis 

and the consequences of having a hyperkyphosis.  

Age-related hyperkyphosis is a progressive deformity of the spine and has 

many causes (i.e., osteoporosis, vertebral fractures, disc degeneration) (Ailon 

et al., 2015). The vicious cycle (Figure 6.1 A, page 367) begins with the 

potential causes of hyperkyphosis. This leads to a diminished ability to keep 

the shape of bony elements (vertebrae and discs) and deforms under 

physiological compression forces. In addition, hyperkyphosis results from a 

failure of the thoracic spine component to respond to the flexion moments 

imposed by body weight. Failure might occur in the anterior compression 

components (for example, the anterior vertebral bodies or discs), the posterior 
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tension elements (for example, the spine extensor muscles), or both (Carlson, 

2003b). This results in asymmetric loading and anterior wedging of the 

vertebral bodies or collapse of the disc. The inability to effectively counteract 

the flexion moments pulls the body into a forward-bent posture. This leads to 

further increased kyphosis (Lamartina and Berjano, 2014; Yuan, Brown, and 

Phillips, 2004).  

Apart from the development of age-related hyperkyphosis, hyperkyphosis has 

been linked to impaired balance, increased falls, as well as fear of falling (Danis 

et al., 1998; Hsu et al., 2014; Sinaki et al., 2005). A model to describe the 

relationship between hyperkyphosis with balance, falling and fear of falling can 

be seen in Figure 6.1B (page 367). Hyperkyphosis results in a forward shift of 

the COM of the trunk closer to the limits of stability (Roaf, 1960; Sinaki et al., 

2005; Lynn et al., 1997), thereby making it easier for lose balance and falls in 

older adults (Balzini et al., 2003; Sedighipour et al., 2016). Furthermore, in the 

ageing process, the proprioceptive receptors located in the spinal muscles will 

also be less sensitive to the perception of the straightening of the trunk, this 

leads to an increased risk of falling (Moreira et al., 2014). Fear of falling also 

has been linked to a decrease in physical and mental performance and to a 

higher risk of falling (Delbaere, Crombez, Vanderstraeten, Willems, and 

Cambier, 2004; Scheffer et al., 2008). A study by Sinaki et al. (2005) reported 

that changes in physical performance can result in greater generalised fear of 

falling in activities of daily living.  

Hyperkyphosis-specific exercises aim to interrupt the thoracic hyperkyphosis 

vicious cycle and reduce or prevent associated consequences. A 

hyperkyphosis-specific exercise programme is a combination of spinal mobility 

exercises, isometric spinal muscles contraction together with stretching, and 

breathing exercises that attempt to reverse the direction of abnormal spinal 

curvature in the sagittal plane. In addition, patients also learn how to 

consciously maintain a good posture while performing their activities of daily 

living (Bettany-Saltikov et al., 2014).  
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Hyperkyphosis-specific exercises can reduce falls and fear of falling can be 

explained in the model below (Figure 6.2, page 368), as improved spinal 

muscle strength counteracts the gravitational forces on the trunk, it pulls the 

trunk to be placed into normal alignment. This changes the COM of the trunk 

back into normal alignment. In addition, the exercises also increase a 

participant’s perceptions of spinal joint position by generating proprioceptive 

input and improving the perception of straightening of the spine (Sinaki et al., 

2005). These can lead to improved body balance. Furthermore, hyperkyphosis-

specific exercises also improve body awareness, back shape and posture as 

well as improved lifestyles. This enforces to increased motivation to continue  

The exercise programmes. 
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Figure 6.1 (A) Model of development of age-related hyperkyphosis and (B) consequences of having a hyperkyphosis 
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Figure 6.2 Model of action of hyperkyphosis-specific exercises 
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6.5  Overall Study Limitations 

Several limitations need to be noted regarding the research that is presented in 

the current thesis. In Study 1 (Chapter 2), evidence of the relationship between 

back shape and posture with balance, falling, and fear of falling was limited. As 

a result, the number of studies included in this review were small. The results of 

this systematic review need to be interpreted within the limitations of this 

review. The included studies within this review involved elderly women with 

both osteoporosis and hyperkyphosis. A generalisation of the results is 

therefore limited to other populations. Furthermore, both included studies did 

not undertake a correlation design to examine the relationships between back 

shape and posture with balance, falling, and fear of falling.  

In Study 2 (Chapter 3), the researcher used a cross-sectional study to evaluate 

the relationship between back shape and posture with balance, falling, and fear 

of falling. A cross-sectional study cannot provide evidence of causality. This 

meant that determining a causal link between back shape and posture with 

balance, falling, and fear of falling was not possible.  

Another limitation was an error in the placement of reflective skin markers that 

may affect the accuracy of calculating back shape and posture outcomes. 

However, the research minimised this potential error by using the same 

researcher to ensure the accuracy and consistency of marker placement. 

Furthermore, the participants in this study were healthy and had active 

lifestyles. The results of this study, therefore, cannot be generalised to any 

other age group or older people who suffer from weakness or poor health.  

In Study 3 (Chapter 4), the research question could not be answered, which is 

because no eligible studies were identified. Furthermore, there are different 

types of exercise for hyperkyphosis (e.g., stretching exercises, flexibility 

exercises, strengthening exercises, etc.) that can be used to improve back 

shape and posture, balance, falling, and fear of falling to some degree. If the 

studies did not meet all the inclusion criteria, the paper was excluded from this 
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review. Therefore, a number of effective exercise interventions may not be 

represented within this systematic review. In addition, this review focused on 

older people with hyperkyphosis. Therefore, limiting generalisability to a select 

group of the population. 

Finally, in the intervention study (Chapter 5), the start of the coronavirus 

pandemic during the data collection phase had a major negative impact. 

Initially, the main aim of this study was to investigate the effectiveness of a 

hyperkyphosis-specific exercise programme on back shape and posture, 

balance, falling, and fear of falling. However, because of the coronavirus 

pandemic, the intervention study was unable to be completed so it was not 

possible to evaluate the effects of hyperkyphosis-specific exercises on back 

shape, back posture, and balance. The researcher was obliged to stop the 

recruitment process because of the coronavirus pandemic. As a result, the 

number of participants was relatively small.  

Furthermore, the current study's participants had varying degrees of 

hyperkyphosis angles. It is highly likely that the more severe the curve, the 

more the activities of daily living are limited. However, future studies would 

need to clarify that this is indeed a case. 

Additionally, it is important to note that participants in this study had active 

lifestyles. However, many older people in this age group may not be active. 

Therefore, it may not be possible to generalise the findings from the intervention 

study to the whole elderly population.  

Finally, four out of six participants in the exercise group completed a face-to-

face follow-up. However, two participants were followed up by email and phone 

because the pandemic made it impossible to arrange a face-to-face meeting. 

They did not use any technology for video conferencing. It is difficult to provide 

comments on hyperkyphosis-specific workouts by email and phone, which 

could lead to performance incorrect exercises. Therefore, the two participants in 
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this study might have needed guidance when performing the exercise 

programme. However, a benefit would still be reported by the two participants. 

6.6 Further research and recommendations 

Harrison et al. (2000) and Marcotte et al. (2009) suggest that the types of 

thoracic hyperkyphosis can be divided into 3 types: (a) upper thoracic 

(hyperkyphosis is related to an anterior thoracic translation relative to the 

pelvis), (b) mid-thoracic (hyperkyphosis is related to lumbar hyperlordosis and 

no significant ribcage translation), and (c) lower thoracic related to 

hyperkyphosis is related to a posterior translation of the ribcage relative to the 

pelvis. Therefore, future research needs to investigate the relationship between 

the different types of thoracic hyperkyphosis with balance, falls, and fear of 

falling. Understanding how the classification of thoracic hyperkyphosis affects 

balance falls and fear of falling in the older population is important for health 

care professionals. This knowledge would benefit health care professionals to 

develop tools for screening participants who are at risk of falls and designing 

accurate exercise interventions for reducing or preventing the risk of falls in 

older people with thoracic hyperkyphosis. 

Due to the coronavirus pandemic, the researcher was unable to assess back 

shape and posture, as well as balance after the intervention because there was 

no face-to-face contact allowed at that time. Therefore, further research is 

needed to investigate the effects of a hyperkyphosis-specific exercise 

programme on back shape and posture in three dimensions and balance in 

older adults with hyperkyphosis.  

Moreover, due to the small sample size in the intervention study (Chapter 5), an 

RCT with a larger sample size needs to be conducted in the future to confirm 

the effects of hyperkyphosis-specific exercise programme in reducing the fear 

of falling and the number of falls within this population. Additionally, future 

qualitative research needs to be conducted with in-depth interviews to gain a 

more thorough understanding of the experience of living with hyperkyphosis. 
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Future studies may also explore experiences of participating in a 

hyperkyphosis-specific exercise programme. 

6.7 Conclusion 

Based on this series of research studies, it can be concluded that 3D spinal 

curvatures, as well as whole-body posture, are related to postural sway, the 

limits of stability, history of falls, and fear of falling in older adults with 

hyperkyphosis. In addition, back shape and posture outcomes in the sagittal 

plane are predictive of balance as well as the history of falls in older adults with 

thoracic hyperkyphosis. The research presented within this thesis provides 

important and specific evidence of the relationship between 3D back shape and 

posture with balance, falling, and fear of falling in older adults for patients, 

healthcare professionals, and policymakers. Policymakers and healthcare 

professionals should consider including back shape and posture as the 

screening tools for elderly people with thoracic hyperkyphosis in guidelines/or 

policy for the prevention of falls.  

Furthermore, the results also demonstrated that a 16-week hyperkyphosis-

specific exercise programme resulted in considerable visible improvement in 

the history of falls and fear of falling in older adults with hyperkyphosis, but the 

results were not statistically significant. Additionally, participants in both groups 

were satisfied with the educational hyperkyphosis-specific exercise booklet.  

Based on the experiences of living with hyperkyphosis and taking part in the 

exercise programme, four themes were identified: (a) the impact of having 

hyperkyphosis on activities of daily living; (b) the usefulness of an educational 

booklet; (c) the experiences of the exercise programme; (d) the benefits of a 

hyperkyphosis-specific exercise programme. Participants in both groups 

reported that living with thoracic hyperkyphosis did not have any affect on their 

activities of daily living. Subjects had positive experiences with the exercise 

programme. In addition, a hyperkyphosis specific-exercise programme was 

found to be feasible and safe for older adults with hyperkyphosis. This is very 
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useful knowledge for health care professionals designing a spinal exercise 

intervention for improving and preventing falls in older adults with 

hyperkyphosis. 
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Appendix 1: Falls efficacy scale-International 
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Appendix 2: A data selection form 
 

 

Ref ID Tite: 

Authors:   

Source: 

Reviewer’s 

name:  

Date:     

  Criteria Yes No Undecided 

Population 
• Older people with hyperkyphosis    

• Age > 50 years    

Intervention • Exercise therapy    

Outcomes 

• Balance (postural sway/the limits of 

stability) 
   

• Fear of falling/history of falls/falls    

• Back shape and posture    

Type of 

study 

• RCTs, case study, quasi-experiment, 

pretest-posttest, and group match design 
   

Action • Include or exclude or Read Full text   
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Appendix 3: A standard data extraction form 
 

Ref ID # …… 

Reviewer’s name:……………. Date……………… 

Authors: ……………. 

Title: …………………. 

Journal: …………………. 

Study design:  

Purpose of the study:  

Participants 

Sample size 

         Total size:  

         Subgroup size:  

Demographics 

         Average age:           Sex:  

Inclusion criteria:  

Exclusion criteria:  

Setting:  

Country: 

Measurement and outcomes: 

  

Results: 

 

Authors conclusions:  
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Appendix 4 The RoBANS tool 
 
 
1.The selection of participants 
Selection biases caused by the inadequate selection of participants 

Criteria for judgments of 
a ‘Low risk’ of bias 

Cohort study, Non-randomized controlled trial 
Intervention (exposure) and control groups are the same population 
group (identical institution and period), and the absence of outcomes 
among the study participants was confirmed at the starting point of the 
study. 
 
 

 Case-control study 
The case and control groups were selected from comparable population 
groups. The case group was clearly defined, and it was clearly 
demonstrated that the control group is not the patient group. 

 Before-after study 
The study participants were consecutively recruited, and the data were 
collected prospectively. 

Criteria for judgments of 
a ‘High risk’ of bias 

Any one of the following conditions: 

 Cohort study, Non-randomized controlled trial 
The intervention (exposure) and control groups were selected from 
different population groups (e.g., the intervention group differs from the 
control group with respect to study period or study centre, or historical 
control groups were used).  
The presence of outcomes among the study participants was not 
confirmed at the starting point of the study. 

 Case-control study 
The case and control groups are not the comparable population groups. 
The patient definitions were generated by self-reported or merged data. 
It was not clearly confirmed that the control group excluded patients.  

 Before-after study 
The control group was not recruited consecutively. 
Retrospective data collection was performed. 

Criteria for judgments of 
an ‘Unclear risk’ of bias 

It is uncertain whether the selection of participants resulted in a ‘high risk’ 
or a ‘low risk’ of bias 
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2. Confounding variables 
Selection biases caused by the inadequate confirmation and consideration of confounding variables 

Criteria for judgments of 
a ‘Low risk’ of bias 

Any one of the following conditions: 

 Non-randomized studies (except for before-after studies) 
The major confounding variables were adequately confirmed and 
considered during the design phase (e.g., through matching, participation 
restriction, or other methods). 
The major confounding variables were adequately confirmed and 
adjusted for during the analysis phase (e.g., through stratification, 
propensity score approaches, statistical adjustments, or other methods). 

 Before-after study 
A natural progression and learning effect* can be excluded during the 
consideration of diseases and interventions. 

Criteria for judgments of 
a ‘High risk’ of bias 

Any one of the following conditions: 

 Non-randomized studies (except for before-after studies) 
The major confounding variables were not considered.  
Although the existence of major confounding variables was confirmed, 
these variables were not adequately considered during the design and 
analysis phases. 

 Before-after study 
Natural progression and a learning effect are relatively evident in the 
considerations of diseases and interventions. 

Criteria for judgments of 
an ‘Unclear risk’ of bias 

It is uncertain whether the confounding variables resulted in a ‘high risk’ 
or a ‘low risk’ of bias 

*This effect occurs if past experience improves future execution skills. 
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3.Measurement of expose  
Performance biases caused by the inadequate measurements of expose 

Criteria for judgments of 
a ‘Low risk’ of bias 

If expose data were described using at least one of the methods that are 
listed below: 

 Data were obtained from trustworthy sources, such as medical records. 
Data were obtained from structured interviews. 

Criteria for judgments of 
a ‘High risk’ of bias 

Any one of the following conditions: 

 Data were obtained through self-reported methods 
A clear case of interviewer bias* 
A clear case of recall bias** 

Criteria for judgments of 
an ‘Unclear risk’ of bias 

It is uncertain whether the exposure measurement resulted in a ‘high risk’ 
or a ‘low risk’ of bias 

* “Interviewer bias” describes a situation in which the characteristics of the investigators cause the 
study data to be standardized in a manner that affects the study results. This phenomenon can be 
reduced through the training of investigators. 
** “Recall bias” describes a situation in which the respondents’ degree of recall can affects the study 
results. 

4. Blinding of outcome assessments  
Detection biases caused by the inadequate blinding of outcome assessments 

Criteria for judgments of 
a ‘Low risk’ of bias 

Any one of the following conditions: 

 The outcome assessments were blinded  
Although blinding was not present, its absence was judged to have no 
effect on the outcome measurements. 

Criteria for judgments of 
a ‘High risk’ of bias 

Blinding was not performed or incomplete, and this lack of appropriate 
blinding appears likely to have affected the outcome measurements. 

Criteria for judgments of 
an ‘Unclear risk’ of bias 

It is uncertain whether the blinding of the outcome assessments resulted 
in a ‘high risk’ or a ‘low risk’ of bias 
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5. Incomplete outcome data 
Attrition biases caused by the inadequate handling of incomplete outcome data 

Criteria for judgments of 
a ‘Low risk’ of bias 

Any one of the following conditions: 

 Non-randomized studies (except for before-after studies) 
There are no missing data. 
The causes of any missing data are considered to be relevant to the 
study outcomes (i.e., censoring does not create a bias in the survival 
data) 
The quantity of missing data was a product of similar developments in 
both the intervention (exposure) and the control groups, and the causes 
of these developments are similar. 

 Before-after study 
Information about the number of participants before and after the study 
exists, and the baseline did not differ with respect to completed and 
failed study participants.  

Criteria for judgments of 
a ‘High risk’ of bias 

Any one of the following conditions: 

 Non-randomized studies (except for before-after studies) 
The missing data could affect the study outcome. These effects may be 
attributed to the differences in the missing data between the intervention 
(exposure) group and the control group, or the effects may be caused by 
the absence of important measurements. 

 Before-after study 
Differences exist with respect to the baseline for successful and failed 
participants.  

Criteria for judgments of 
an ‘Unclear risk’ of bias 

It is uncertain whether the incomplete outcome data resulted in a ‘high 
risk’ or a ‘low risk’ of bias 
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6.Selective outcome reporting  
Reporting biases caused by the selective reporting of outcomes 

Criteria for judgments of 
a ‘Low risk’ of bias 

Any one of the following conditions: 

 The experimental protocol is available, and the pre-defined 
primary/secondary outcomes were describes as planned.  
All of the expected outcomes were included in the study descriptions 
(even in the absence of the experimental protocols). 

Criteria for judgments of 
a ‘High risk’ of bias 

Any one of the following conditions: 

 The pre-defined primary outcomes were not fully reported. 
The outcomes were not reported in accordance with the previously 
defined standards. 
Primary outcomes that were not pre-specified in the study existed 
(except for outcomes with clear explanations, such as unexpected 
adverse effects). 
The existence of incomplete reporting regarding the primary outcome of 
interest. 
The absence of reports on important outcomes that would be expected to 
be reported for studies in related fields. 

Criteria for judgments of 
an ‘Unclear risk’ of bias 

It is uncertain whether the selective outcome reporting resulted in a ‘high 
risk’ or a ‘low risk’ of bias.* 

* Most of the examined studies were classified into this category. 
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Appendix 5: Ethics approval 

 
 
 



 
 

432 
 

 

Appendix 6: Participant Information Sheet (PIS) 
 

Title of study: The relationship between back shape and posture, 

balance, falling, and fear of falling in older people with hyperkyphosis 

Researcher – Roongtip Duangkaew 

Supervisory Team – Dr. Josette Bettany-Saltikov, Professor Paul van 

Schaik,  

                     Dr. Gok Kandasamy  

I would like to invite you to take part in this research study; before you 

decide whether or not to participate, please read this Information Sheet and 

discuss it with others if you wish. If you have any questions, please do not 

hesitate to ask me or my supervisor. 

What is the purpose of the study? 

My name is Roongtip Duangkaew and I am a Full-Time Ph.D. student in the 

School of Health and Social Care at Teesside University. As part of my 

Ph.D. I am investigating how back shape and posture affect balance, falling, 

and fear of falling in older people.  

Why am I being invited to take part? 

You are invited to take part if you meet the following inclusion/exclusion 

criteria below.  If you know other people that you think may meet the 

inclusion criteria and exclusion criteria and might be interested in taking part, 

then please pass do show this information sheet to them too.  If they would 

like their own copy, I will be happy to send them one if they contact me 

(Roongtip Duangkaew). 

Inclusion criteria: 

• Males or females 

• Aged ≥ 50 years 

• Forward head and very curved upper back (Thoracic hyperkyphosis ≥ 

40°; measured with the posture App on an iPad) 

• Healthy and free from any medical condition affecting balance 

together with the ability to stand independently without an assistive 

device. 
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• Able to ambulate independently without a gait aid; if you cannot 

ambulate independently the researcher will suggest you see your 

general practitioner 

* Participants with communicable foot diseases can take part and 

participants will all be barefoot there is some risk of cross-contamination 

with microorganisms and other infectious agents. However, the 

researcher (Roongtip Duangkaew) will take to ameliorate that risk as 

follow the steps: 

1. Before the test start all study participant’s feet will be checked by the 

researcher (Roongtip Duangkaew).  

2. Participants will be asked to remove their shoes, if participants have 

such a disease, then participants will be asked to clean their feet using 

sanitising wipes e.g. Clinell universal sanitising wipes.   

3. After testing is finished, the mat will be wiped sanitising wipes by the 

researcher as recommended by NHS.  

Reference:http://www.southernhealth.nhs.uk/_resources/assets/inline/full/0/2

9049.pdf.  

Exclusion criteria: If any of the below applies to you then you will not be 

eligible to take part in this study: 

• Damage to your peripheral (situated at the edge or periphery of your 

limbs) nerves can cause weakness, tingling, or numbness in your feet 

(Peripheral neuropathy) (participants will report signs and symptoms 

by themselves). 

• Inner ear disorders and severe hearing loss (with or without a hearing 

aid: severe hearing loss is defined as participants able to some words 

when shouted into the better ear; participants will report signs and 

symptoms by themselves); if you have these symptoms the 

researcher will suggest you see your general practitioner) 

• Visual impairment (i.e., unable to read large print: large print is 

defined as usually 16 points or higher and minimum size for body text 

is 12 points or 14 point and participants will report signs and 

symptoms by themselves); if you have visual problems the researcher 

will suggest participants see their general practitioners. 
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• A neurological and musculoskeletal disorder that affects balance 

(participants reported signs and symptoms by themselves  

• Receiving drugs known to affect the central nervous system or 

balance such as sedatives and anxiolytics (participants reported signs 

and symptoms by themselves) 

• History of spinal or lower extremities surgery (participants reported 

signs and symptoms by themselves Consumed alcohol in the 

preceding 24 hours or other recreational drugs in the last week. 

• Has an allergy to sticking tape. 

What would I be asked to do if I decided to take part? 

Participants in this study will be involved in just one visit at Teesside 

University or the researcher can come and visit you in your own home to 

complete the tests and it will take approximately an hour to complete. You 

will be asked to complete and sign a consent form, to verify you understood 

what was involved in the study and that you wanted to take part. You will 

need to undergo a screening test of your spine (thoracic spine angle will be 

measured using a non-invasive 3D mobile posture tool) and health status 

(inclusion criteria and exclusion criteria form) by the Ph.D. student (Roongtip 

Duangkaew) to make sure you can take part. The screening will be 

conducted by the researcher (Roongtip Duangkaew) and take place in the 

Physiotherapy lab in Constantine Building room CG 0.16. 

Unfortunately, if either your thoracic spine angle and/or answers to the 

health status questions mean you do not fit with the inclusion criteria detail 

above you cannot take part in this study. If that is the case, I will tell you and 

if you want, I can share with you the information from the measurements of 

your back shape/posture.  

If you can take part, you will be asked to complete two questionnaires: 

history of falls and fear of falling and it will take approximately 10 minutes to 

complete. Fear of falling and history of falls. Fear of falling is measured 

using “the Falls efficacy scale-International test” which consisted of 16 items 

assess the effect of fear of falling on confidence in performing activities daily 

living. The history of falls is a yes/no question that will be assessed by 
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asking the number of falls in the past 12 months.  The results from any falls 

will be recorded.  

Then, to measure your balance which consists of body sway and the ability 

to shift your body in forward, backward, and from side-to-side direction (limit 

of stability). For the measurement of body sway data, you will be instructed 

to remove your shoes and socks and to stand on the mat for 30 s (Figure 1). 

You will be asked to do this 3 times. Then the ability to shift your body in 

forward, backward, from side-to-side direction (the limits of stability) will be 

measured to the greatest range that you can shift your body weight without 

falling in 4 directions: forward, backward, and from side to side using 

pressure mat (see in Figure 2). 

       

Figure 1  Mat 

 

Figure 2: shift body in forward direction 

 

All participants will then have their back and body shape measured. For this 

you will need to wear underwear, swimwear or tight-fitting clothes 

 
Mat 
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(sportswear) (Figure 3) so that:  

1. your back and posture can be seen clearly, 

2. I can accurately find certain bony landmarks on your body and 

position the reflexive markers and 

3. take photographs of you, with markers in place.  

Please be aware that the photographs I take will be full-length photographs 

of you, in either underwear, swimwear, or tight-fitting clothes (sportswear). In 

those photographs, none of your features will be obscured and so you will be 

identified in those photographs. 

There will be a private room or closed-off space, (screens will be used for full 

privacy) either at the Teesside University or your own home to preserve your 

modesty when you are changing into your underwear, swimwear, or tight-

fitting clothes (sportswear). 

I will need to palpate body landmarks to enable me to attach a small 

reflective marker to you using self-adhesive tape to each landmark; 

palpation involves gently feeling for common anatomical points. These will 

be on the left and right point of shoulder, shoulder blades, some points on 

the spine, the front and back of the hips, the outside of the hip, the outside of 

the knees, the outside of the ankles, and point between hip (on the back) 

(Figure 3: example of reflex markers.  

Then three-dimensional imaging image will be taken in an upright position. 

The collected data will be realigned and processed in the open-source 

software called Netfabb BasicTM and the main purpose of the software is for 

3D model building and editing. Furthermore, this software has already been 

approved by the TU IT Security Personnel.  
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Figure 3 example of reflexive markers 

 

What are the possible benefits of taking part in the study? 

You will not benefit directly from your participation in this study.  

What are the possible risks involved in taking part in the study? 

The risks associated with this study are minimal. A possible risk to taking 

part in this study is that you may feel tired after the measurements. 

However, each test will have a rest period where you can sit down in order 

to avoid excessive fatigue. Furthermore, there is a small possibility that you 

may lose your balance during the balance test, but the researcher will 

remove any obstacles and/or cushion the landing area during the test. 

Expenses and payments 

As this study is being undertaken as part of my Ph.D. studentship, I am not 

able to offer you any payment nor reimburse your expenses. 

What happens if something goes wrong? 

If you believe that you have been harmed in any way by taking part in this 

study, you have the right to pursue a complaint through the usual Teesside 

University Complaints Procedure. Teesside University Complaints 

Procedure is the process for dealing with complaints and consists of 3 

stages: 1) early resolution stage 2) formal resolution stage and 3) Formal 
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Institutional Review and Final Resolution Stage. Details about this are 

available on the Teesside University here 

https://www.tees.ac.uk/docs/DocRepo/Student%20regulations/General%20

Regulations/Student%20Complaints%20Policy%20and%20Procedure.pdf or 

from Dr. Josette Bettany-Saltikov (j.b.saltikov@tees.ac.uk Telephone: 

01642342981).  

 

If you have any concerns about the study and would like to talk to someone 

at Teesside University who knows about but is not involved in, the study 

please contact: 

 

Alasdair MacSween Ph.D. B.Sc.(Hons) MCSP 

Principal Lecturer in Research Governance, Chair of School of Health & 

Social Care Research Governance and Ethics Committee 

Health and Social Care Institute 

C 1.10 Constantine Building  

Teesside University, Middlesbrough 

Tees Valley, TS1 3BA 

UK, Tel +44 (0)1642 342965 

a.macsween@tees.ac.uk’ 

Who has reviewed this study? 

This project has been reviewed and approved by the School of Health & 

Social Care Research Governance and Ethics Committee.  

Can I withdraw from the study if I change my mind? 

No. Once data collection has been completed their data cannot be 

withdrawn because all data has been collected in non-person identifiable. 

Confidentially, Anonymity and Data Storage 

All the information and photographs of participants in underwear/swimwear 

or tight-fitting clothes (sportswear) collected during this study will be stored 

in accordance with the Data Protection Act (1998). All study activities must 

be compliant with the DPA (2018) and the GDPR (https://www.eugdpr.org/). 

Your consent form will be stored in a locked and secure filing cabinet housed 

in my Director of Studies’ office in the Centuria building of Teesside 

University. Hard copies of the anonymised data will be kept in a separate 

mailto:a.macsween@tees.ac.uk
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locked filing cabinet in my office in the Constantine building of Teesside 

University. Electronic files containing the anonymised data will be kept on a 

password-protected server at Teesside University. 

All participants’ images will be made non-person identifiable. After the three-

dimensional imaging image will be taken, the image data will then be 

realigned and processed in open-source software. The image will be 

cropped to show only the parts of the body that are used to measure the 

angle. For example, for the measurement of forward head posture angle, the 

image of the body below will be used to measure as shown in the figure 

below (Figure 4). As can be seen, it is non-person identifiable. 

 

 

Figure 4 Forward head posture 

 

Under TU IT Security Policy, all electronic data, your consent form, 

information collected from this study will be stored on a Teesside University 

U drive and any copies which must be held on external media, for any time, 

will be securely encrypted.  All papers containing anonymised data will be 

stored in a locked filing cabinet and anonymised electronic data will be held 

on a Password Protected Teesside University Server. 

 

Access to the study materials and data will be restricted to me (Roongtip 

Duangkaew, Ph.D. student) and the supervisor team: Dr. Josette Bettany-

Saltikov, Professor Paul van Schaik, Dr. Gok Kandasamy.  
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How will the data be used?  

The results of this study will be included in my thesis, publications in peer-

reviewed journals, and conference presentations.  At all times data and 

results will be anonymous and at no time will your identity or any other 

identifying information be released. 

The non-identifiable research data will be stored indefinitely on a secure 

password-protected server at Teesside University. This is in case other 

scientists wish to raise questions about the results that need checking 

against the dataset. In the event that the study is published in a scientific 

journal, the non-person identifiable research dataset may be made publicly 

available (for example, as a supplement to the journal article, or stored on an 

online scientific data repository). 

Thank you for taking the time to read this information sheet. 

If you require any further information or would like to ask any questions 

relating to this project, please do not hesitate to contact me: 

Roongtip Duangkaew 

Email: R.Duangkaew@tees.ac.uk 

Telephone: 07465666344 

or my Director of Studies: 

Dr Josette Bettany-Saltikov 

Email: j.b.saltikov@tees.ac.uk 

Telephone: 01642 342981 
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The relationship between back shape and posture, balance, falling, and 

fear of falling in older adults with hyperkyphosis – REPLY SLIP 

If you are interested in taking part in the above study and are happy for your 

contact details to be provided to the researcher (Roongtip Duangkaew) 

please provide the information below and your signature. Roongtip 

Duangkaew, a Ph.D. student from Teesside University, will contact you with 

details of the dates on when the study will be taking place and will schedule 

a time for you to have an initial pre-screening test of your spine. If you have 

been invited to take part, you will be asked to sign a Consent Form on the 

day of the study. 

 

Print name:  

 

Signature:      Date: 

 

Address:  

 

Email: 

 

Phone number: 

 

How and when would you like to be contacted?  

 

………………………………………………………………………………………………………………………………… 

Please send this reply slip to Roongtip  Duangkaew, 

School of Health & Social care, Constantine Building, Teesside University, 

Borough Road, Middlesbrough, TS1 3BA 

Please note: Your contact details will be held confidentially and will not be 

provided to anyone other than Roongtip Duangkaew. 
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Appendix 7: INFORMED CONSENT FORM 
 

Title of the study: The relationship between back shape/posture, balance, 

falling, and fear of falling in older people with hyperkyphosis. 

Researcher: Roongtip Duangkaew, PhD student. 

Academic supervisor: Dr. Josette Bettany-Saltikov, Prof.Paul van Schaik, Dr. 

Gok Kandasamy 

Please take the time to read the statements below. If you are happy to take 

part in the study, please initial each box, fill in the bottom of the sheet and 

return it to the researcher.                                                                                                                                                   

               Initial box 

1. I have read and understood the information sheet 

dated_________ for the above research project and have 

had the opportunity to ask questions. 

2. I understand that participation in this study is entirely 

voluntary.  

3. I understand that once data collection has been 

completed, withdrawal is not to be permitted.  

4.  I understand that my data will be treated as confidential, and  

I will not be identified in any way. 

5. I confirm I am free of all exclusion criteria and meet the 

inclusion criteria as stated on the information sheet for this 

study. 

6. I understand that the data obtained will be held securely at 

Teesside University and will only be accessible by the 

Ph.D. student (Roongtip Duangkaew) and my supervisors: 

Dr. Josette Bettany-Saltikov, Prof Paul van Schaik, Dr. 

Gok Kandasamy.  Once the final report has been 

submitted the data will be archived for 10 years and will 

not be used for any purpose other than as described in this 

Information Sheet unless it is for another research project 
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which an appropriate research ethics committee will need 

to approve.  

7. I understand that the non-identifiable research data will be 

stored indefinitely on a secure password-protected server 

at Teesside University. This is in case other scientists wish 

to raise questions about the results that need checking 

against the dataset. In the event that the study is published 

in a scientific journal, the non-person identifiable research 

dataset may be made publicly available (for example, as a 

supplement to the journal article, or stored on an online 

scientific data repository). 

8. I understand that my photographic data will include full-

length photographs of myself in either underwear, 

swimwear, or tight-fitting clothes (sportswear) and that 

none of my features will be obscured. All participants’ 

images will be made non-person identifiable. After the 

three-dimensional imaging image will be taken, the image 

data will then be realigned and processed in open-source 

software. The image will be cropped to show only the parts 

of the body that are used to measure the angle. For 

example, for the measurement of lumbar lordosis angle, 

the image of the body below will be used to measure as 

shown in the figure below. As can be seen, it is non-

person identifiable. 
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Lumbar lordosis angle 

9. I understand that Under TU IT Security Policy, all 

electronic data, your consent form, information collected 

from this study will be stored on a Teesside University U 

drive and any copies which must be held on external 

media, for any time, will be securely encrypted.  All papers 

containing anonymised data will be stored in a locked filing 

cabinet and anonymised electronic data will be held on a 

Password Protected Teesside University Server’. 

10. I understand that by signing and returning this form, I am 

giving my consent to participate in the study.  

 

 

________________               _______________         

________________ 

Name of participant       Date                                                 

Signature 

________________              ________________        

________________ 

Name of researcher          Date                                                 

Signature 
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Appendix 8: Poster advertisement for study 1 
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Appendix 9: Data selection form for study 2 
 

Ref ID Title: 

Authors:   

Source:  

Reviewer’s 

name:  

Date: 
    

  Criteria Yes No Undecided 

Population 

• Older adults with hyperkyphosis    

•  Age > 50 years    

Intervention • Exercise therapy    

Outcomes 

• Balabce    

•  Fear of falling/history of falls/falls    

• Back shape    

Type of study 

•  RCTs, case study, quasi-experiment, 

pretest-posttest, and group match design 
   

Action • Include or exclude or Read Full text   
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Appendix 10:Revised Cochrane risk of bias for randomized trials (RoB 2) 
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Appendix 11: Risk of Bias In Non-randomised Studies of Interventions (ROBINS-I) 
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Appendix 12: A standard data extraction form 
 

Ref ID #  

Reviewer’s name:                                                                             Date: 

Authors:  

Title:  

Journal:  

Study design:  

Purpose of the study:  

Participants 

Sample size 

         Total size:  

         Subgroup size:  

Demographics 

         Average age:           Sex:  

Inclusion criteria:  

Exclusion criteria:  

Setting:  

Country:  

Measurement and outcomes: 

Intervention: 

Results: 

Authors conclusions:  
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Appendix 13: Poster advertisement for study 2 
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Appendix 14: Participant Information Sheet (PIS) 
 

Title of study: Effect of the Schroth Best Practice programme on back 

shape/posture, balance, falling, and fear of falling in older people with 

hyperkyphosis: an exploratory pilot randomised controlled trial  

 

Researcher – Mrs. Roongtip Duangkaew 

Supervisory Team –   Dr. Josette Bettany-Saltikov, Professor Paul van 

Schaik  

Dr. Gok Kandasamy 

     

I would like to invite you to take part in this research study; before you 

decide whether or not to participate, please read this Information Sheet and 

discuss it with others if you wish. If you have any questions, please do not 

hesitate to ask me or my supervisor. 

 

What is the purpose of the study? 

My name is Roongtip Duangkaew and I am a full-time Ph.D. student in the 

School of Health and Social Care at Teesside University. As part of my 

Ph.D. I am investigating the effect of the Schroth Best Practice programme 

on back shape/posture, balance, falling, and fear of falling in older people 

with hyperkyphosis 

Why am I being invited to take part? 

you are eligible to take part if you meet all the inclusion criteria below, and 

do not have any of the exclusion criteria. If you know other people that you 

think may meet the inclusion criteria and exclusion criteria and might be 

interested in taking part then please pass do show this information sheet to 

them too.  If they would like their copy, I will be happy to send them one if 

they contact me (Roongtip Duangkaew). 

 

Inclusion criteria: 

1. Males or females 

2. Aged  50 years or older 
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3. Have a thoracic hyperkyphosis ≥ 40° (measured with a bubble 

inclinometer) 

4. Healthy and free from any medical conditions affecting balance and 

the ability to stand independently   

5. Able to ambulate independently without any gait aid. If participants 

cannot ambulate independently the researcher will suggest participants see 

their general practitioner. 

 

Exclusion criteria: If any of the below applies to you then you will not be 

eligible to take part in this study: 

• Damage to your peripheral (situated at the edge or periphery of your 

limbs) nerves can cause weakness, tingling, or numbness in your feet 

(peripheral neuropathy). 

• Inner ear disorders and severe hearing loss (with or without a hearing 

aid: severe hearing loss is defined as participants able to some words when 

shouted into the better ear; participants will report signs and symptoms by 

themselves); if you have these symptoms the researcher will suggest you 

see your general practitioner) 

• Visual impairment (i.e. unable to read large print: large print is defined 

as usually 16 points or higher and minimum size for body text is 12 points or 

14 point and participants will report signs and symptoms by themselves); if 

you have visual problems the researcher will suggest participants see their 

general practitioner. 

• A neurological and musculoskeletal disorder that affects balance  

• Receiving drugs known to affect the central nervous system or 

balance such as sedatives and anxiolytics  

• History of spinal or lower extremities surgery  

• Alcohol abuse  

• Has an allergy to sticking tape. 

• Diagnosed with vertebral compression fractures within 6 months of 

the study  

• Unable to perform exercises in this programme 

• Acute vertebral compression fractures 

• Unexplained weight loss > 10 Ib in the previous year 
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• Advanced disability or end-stage disease (the last phase in the 

course of a progressive disease. For example, end-stage liver disease, end-

stage lung disease, end-stage renal disease, end-stage cancer, etc.) 

• Active cancer/spinal tumours/tuberculosis of the spine, rheumatoid 

arthritis 

• Diagnosis with brittle bone diseases (severe osteoporosis, 

osteogenesis imperfect) 

• Secondary osteoporosis or diagnosis with metabolic bone disease, 

renal or liver disease, prolonged corticosteroid treatment, and thyroid 

disorder. Above mentioned disorders can accelerate the bone loss process, 

especially, steroid usage decreases bone density and may have an 

additional adverse effect on the curve of the spine due to associated spinal 

fractures. 

• Serious medical conditions that will limit participation in the planned 

exercise programme (including uncontrolled hypertension, chest pain, 

myocardial infarction, or cardiac surgery)   

 

Before you decide to take part in this study, it is recommended that you 

consult with your GP for advice on participation. 

 

What would I be asked to do if I decided to take part? 

You will be asked to complete and sign a consent form, to verify you 

understood what was involved in the study and that you wanted to take part. 

You will need to undergo a screening test of your spine (the thoracic spine 

angle will be measured using a non-invasive 3D mobile posture tool) and 

health status (inclusion criteria and exclusion criteria form) by the researcher 

(Roongtip Duangkaew) to make sure you meet the inclusion criteria. The 

screening will be conducted by the researcher (Roongtip Duangkaew) and 

take place in the Physiotherapy lab in the Constantine Building room CG 

0.16. 

 

Unfortunately, if either your thoracic spine angle and/or answers to the 

health status questions mean you do not fit with the inclusion criteria detail 

above you will not be able to take part in this study. If this is the case I will 
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provide the back shape and body posture results to you, I can share with 

you the information from the measurements of your back shape/posture.  

If you are able to take part, you will then be asked to do the procedure as 

following: 

1. Complete two questionnaires: history of falls and fear of falling and it 

will take approximately 10 minutes to complete. Fear of falling and history of 

falls. Fear of falling is measured using “the Falls efficacy scale-International 

test” which consisted of 16 items assess the effect of fear of falling on 

confidence in performing activities daily living. The history of falls is a yes/no 

question that will be assessed by asking the number of falls in the past 12 

months.  The results from any falls will be recorded.  

2. Then, to measure your balance which consists of body sway and 

ability to shift your body in forward and side to side direction (limit of 

stability).  

2.1  For the measurement of body sway data, you will be instructed to 

remove your shoes and socks and to stand on the mat for 30 s (Figure 1). 

You will be asked to do this 3 times.  

2.2  Then ability to shift your body in forward, and side to side direction 

(the limits of stability) will be measured to the greatest range that you can 

shift your body weight without falling in 3 directions: forward and side to side 

using a pressure mat (please see in Figure 2). You will be asked to do this 3 

times.  
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Figure 1  Mat 

 

Figure 2: shift body in forward direction 

 

3. All participants will then have their back and body shape measured. 

For this you will need   to wear either underwear, swimwear or tight-fitting 

clothes (sportswear) (Figure 3) so that:  

3.1   your back and posture can be seen clearly, 

3.2   I can accurately find certain bony landmarks on your body and 

position the reflexive markers and 

3.3   take photographs of you, with markers in place.  

“Please be aware that the photographs I take will be full-length photographs 

of you, in either underwear, swimwear, or tight-fitting clothes (sportswear), 

and that none of your features will be obscured. There will be a private room 

 

Mat 
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or closed-off space, (screens will be used for full privacy) either at the 

Teesside University or your own home to preserve your modesty when you 

are changing into your underwear, swimwear, or tight-fitting clothes 

(sportswear).  

I will need to palpate body landmarks to enable me to attach a small 

reflective marker to you using self-adhesive tape to each landmark; 

palpation involves gently feeling for common anatomical points. These will 

be on the left and right point of shoulder, shoulder blades, some points on 

the spine, the front and back of the hips, the outside of the hip, the outside of 

the knees, the outside of the ankles, and point between hip (on the back) 

(Figure 3: example of reflex markers.  

Then three-dimensional imaging image will be taken in an upright position. 

The collected data will be realigned and processed in the open-source 

software called Netfabb BasicTM and the main purpose of the software is for 

3D model building and editing. Furthermore, this software has already been 

approved by the TU IT Security Personnel.  

 

Figure 3 example of reflexive markers 

I will then allocate you to one of two groups: The exercise group or the 

control group. The Exercise group will be asked to do a home exercise 

programme once a day, three days a week, for eight weeks. The Schroth 

Best Practice programme, which is a specific exercise programme for 

increasing the upper back curve, will be used as the treatment in this study. I 

will then teach the Schroth Best Practice exercises and support you. I am a 
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qualified overseas Physical therapist (Thailand) since 2004 and I have also 

been a certified Schroth therapist since 2015 and certified Schroth Best 

Practice therapist in 2019. 

 

Furthermore, I will provide information regarding the characteristics and the 

causes as well as consequences of thoracic hyperkyphosis, postural 

awareness, postural deformity, personalised posture analysis. You also will 

receive a booklet that consists of all of the exercise-related information and 

illustrated list of exercises. In addition, you will be asked to record an 

exercise log documenting the number of exercises and sessions. 

 

For the follow-up visits, you will be asked to meet the researcher every week 

to monitor adherence to the study programme, and to ensure that the 

exercises will be performed correctly.  

 

The control group will receive information regarding the characteristics and 

causes as well as consequences of thoracic hyperkyphosis, postural 

awareness, postural deformity and simple exercises (non-specific kyphosis 

exercises) on the first visit.  Moreover, the control group will be asked to 

maintain their current routine activity level during the trial and will be asked 

to do not to participate in any other formal exercise programme during the 

study period. 

 

Everyone in both groups will be asked to complete questionnaires, balance 

measurement, and back shape/posture measurement at the beginning and 

the end of week 8 of the study period. 

 

What are the possible benefits of taking part in the study? 

You may not benefit directly from your participation in this study; however, 

there is the possibility that through your participation you may learn about 

the benefits of the Schroth best practice programme as well as its effects on 

back posture/posture. In addition, what is learned from this study may help 

me to better understand the benefits of the Schroth best practice programme 
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as well as whether increased upper back curve might be modified by a 

specific exercise programme.  

What are the possible risks involved in taking part in the study? 

A possible risk to taking part in this study is that you may feel uncomfortable 

wearing a sports bra (women), topless (man), and shorts for the back shape 

measurement. The woman researcher (Roongtip Duangkaew) will be taking 

the measurements, and all attempts at maintaining personal privacy will be 

utilised when obtaining these measurements. 

Furthermore, you may lose their balance during the dynamic testing but the 

researcher will remove any obstacles and/or cushion the landing area during 

the test. Moreover, the researcher will stand right near them to prevent them 

from falling if ever they lose their balance. 

In addition, if you are randomised into the exercise group, you may feel 

experience mild to moderate muscles soreness several hours to a day after 

testing or doing the exercises. However, each test will have a rest period in 

order to avoid excessive fatigue and muscle soreness will be resolved within 

5-7 days after exercises. 

 

You will be asked to report adverse events to the researcher on a weekly 

basis in the Exercise group and monthly in the control group. Serious 

adverse events (death, life-threatening adverse experiences, related 

inpatient hospitalisation will be reported using serious adverse event form to 

the supervisory team and Research Governance and Ethics Committee 

School of Health & Social Care, Teesside University. 

 

It is possible that some of the interventions involved in this study may make 

you feel uncomfortable. If you feel uncomfortable, you are allowed to (1) 

choose not to complete the intervention; (2) take a break and continue later; 

(3) choose to stop the process. A participant can inform the researcher and 

/or supervisor. 

Expenses and payments 

As this study is being undertaken as part of my Ph.D. studentship I am not 

able to offer you any payment nor reimburse your expenses. 
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What happens if something goes wrong? 

If you believe that you have been harmed in any way by taking part in this 

study, you have the right to pursue a complaint through the usual Teesside 

University Complaints Procedure. Teesside University Complaints 

Procedure is the process for dealing with complaints and consists of 3 

stages: 1) early resolution stage 2) formal resolution stage and 3) Formal 

Institutional Review and Final Resolution Stage. Details about this are 

available on the Teesside University here  

 

https://www.tees.ac.uk/docs/DocRepo/Student%20regulations/General%20

Regulations/Student%20Complaints%20Policy%20and%20Procedure.pdf or 

from Dr. Josette Bettany-Saltikov (j.b.saltikov@tees.ac.uk Telephone: 

01642342981).  

 

If you have any concerns about the study and would like to talk to someone 

at Teesside University who knows about but is not involved in, the study 

please contact: 

 

Dr. Alasdair MacSween Ph.D. B.Sc.(Hons) MCSP 

Principal Lecturer in Research Governance 

School of Health and Life Sciences  

C 1.10 Constantine Building  

Teesside University, Middlesbrough 

Tees Valley, TS1 3BA 

UK, Tel +44 (0)1642 342965 

a.macsween@tees.ac.uk’ 

 

Who has reviewed this study? 

This project has been reviewed and approved by the School of Health & Life 

Sciences Research Governance and Ethics Committee.  

Can I withdraw from the study if I change my mind? 
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Your participation in this study is voluntary and you can stop the data 

collection process at any time you wish to without giving any reason and 

none of your rights will be affected. 

 

If you would like to withdraw after the data has been collected, you can 

withdraw at any point up until 30/09/20 when I will begin the data analysis. 

Again if you choose to withdraw your data after it is collected you do not 

need to give any reason and none of your rights will be affected. All you 

need do is quote your study identification number to my Supervisor Dr. 

Josette Bettany-Saltikov (whose contact details are at the end of this sheet) 

and your data will be removed and confidentially destroyed. 

Confidentially, Anonymity and Data Storage 

All the information and photographs of participants in underwear/swimwear 

or tight-fitting clothes (sportswear) collected during this study will be stored 

in accordance with the Data Protection Act (1998). All study activities must 

be compliant with the DPA (2018) and the GDPR (https://www.eugdpr.org/). 

Your consent form will be stored in a locked and secure filing cabinet housed 

in my Director of Studies’ office in the Centuria building of Teesside 

University. Hard copies of the anonymised data will be kept in a separate 

locked filing cabinet in my office in the Constantine building of Teesside 

University. Electronic files containing the anonymised data will be kept on a 

password-protected server at Teesside University. 

   

All participants’ images will be made non-person identifiable. After the three-

dimensional imaging image will be taken, the image data will then be 

realigned and processed in open-source software. The image will be 

cropped to show only the parts of the body that are used to measure the 

angle. For example, for the measurement of lumbar lordosis angle, the 

image of the body below will be used to measure as shown in the figure 

below (Figure 4). As can be seen, it is non-person identifiable. 
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Figure 4 Lumbar lordosis angle 

 

Under TU IT Security Policy, all electronic data, your consent form, 

information collected from this study will be stored on a Teesside University 

U drive and any copies which must be held on external media, for any time, 

will be securely encrypted.  All papers containing anonymised data will be 

stored in a locked filing cabinet and anonymised electronic data will be held 

on a Password Protected Teesside University Server. 

 

Access to the study materials and data will be restricted to me (Roongtip 

Duangkaew, Ph.D. student) and the supervisor team: Dr. Josette Bettany-

Saltikov, Professor Paul van Schaik, Dr. Gok Kandasamy.  

 

How will the data be used?  

The results of this study will be included in my thesis, publications in peer-

reviewed journals, and conference presentations.  At all times data and 

results will be anonymous and at no time will your identity or any other 

identifying information be released. 

 

The non-identifiable research data will be stored indefinitely on a secure 

password-protected server at Teesside University. This is in case other 

scientists wish to raise questions about the results that need checking 

against the dataset. In the event that the study is published in a scientific 

journal, the non-person identifiable research dataset may be made publicly 
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available (for example, as a supplement to the journal article, or stored on an 

online scientific data repository). 

 

Thank you for taking the time to read this information sheet. 

  

If you require any further information or would like to ask any questions 

relating to this project, please do not hesitate to contact me: 

 

Roongtip Duangkaew Email: R.Duangkaew@tees.ac.uk, Telephone: 

07465666344 

or my Director of Studies: Dr. Josette Bettany-Saltikov, Email: 

j.b.saltikov@tees.ac.uk, Telephone: 01642 342981 

Effect of the Schroth Best Practice on back shape/posture, balance, 

falling, and fear of falling in older people with hyperkyphosis.– REPLY 

SLIP 

 

If you are interested in taking part in the above study and are happy for your 

contact details to be provided to the researcher student (Roongtip 

Duangkaew) please provide the information below and your signature. 

Roongtip Duangkaew, a research student from Teesside University, will 

contact you with details of the dates on when the study will be taking place 

and will schedule a time for you to have an initial pre-screening test of your 

spine. If you have been invited to take part, you will be asked to sign a 

Consent Form on the day of the study. 

 

Print name:  

 

Signature:      Date: 

 

Address:  

 

Email: 

 



 
 

464 
 

Phone number: 

 

How and when would you like to be contacted?  

 

………………………………………………………………………………………………………………………………… 

Please send this reply slip to: Roongtip  Duangkaew, 

School of Health & Life Sciences, 

Constantine Building, Teesside University, 

Borough Road, Middlesbrough, 

TS1 3BA 

Please note: Your contact details will be held confidentially and will not be 

provided to anyone other than Roongtip Duangkaew. 

Appendix 15: Informed consent form 
 

Title of the study: Effects of the Schroth Best Practice programme on back 

shape and posture, balance, falling, and fear of falling in older people with 

Hyperkyphosis: an exploratory randomised controlled trial 

 

Researcher: Roongtip Duangkaew, PhD student. 

Academic supervisor: Dr. Josette Bettany-Saltikov, Prof.Paul van Schaik,  

Dr. Gok Kandasamy 

 

Please take the time to read the statements below. If you are happy to take 

part in the study please initial each box, fill in the bottom of the sheet and 

return it to the researcher.                                                                                                                                                   

Initial box 

 

1. I have read and understood the information sheet 

dated__________, for the above research project and have 

had the opportunity to ask questions. 

2. I understand that participation in this study is entirely 

voluntary.  
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3. I understand that I can withdraw from this study at any time 

and without giving any reasons. 

4. I understand that my data will be treated as confidential, and 

I will not be identified in any way.  

5. I confirm I am free of all exclusion criteria and meet the 

inclusion criteria as stated on the information sheet for this 

study. 

6. I understand that the data obtained will be held securely at 

Teesside University and will only be accessible by researcher 

student (Roongtip Duangkaew) and my supervisors: Dr. 

Josette Bettany-Saltikov, Prof Paul van Schaik, Dr. Gok 

Kandasamy.  Once the final report has been submitted the 

data will be archived for 10 years and will not be used for any 

purpose other than as described in this Information Sheet 

unless it is for another research project which an appropriate 

research ethics committee will need to approve.  

7.I understand that the non-identifiable research data will be 

stored indefinitely on a secure password-protected server at 

Teesside University. This is in case other scientists wish to 

raise questions about the results that need checking against 

the dataset. In the event that the study is published in a 

scientific journal, the non-person identifiable research dataset 

may be made publicly available (for example, as a 

supplement to the journal article, or stored on an online 

scientific data repository). 

8. I understand that my photographic data will include full-

length photographs of myself in either underwear, swimwear, 

or tight-fitting clothes (sportswear) and that none of my 

features will be obscured. All participants’ images will be 

made non-person identifiable. After the three-dimensional 

imaging image will be taken, the image data will then be 

realigned and processed in open-source software. The image 

will be cropped to show only the parts of the body that are 

used to measure the angle. For example, for the 
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measurement of lumbar lordosis angle, the image of the body 

below will be used to measure as shown in the figure below. 

As can be seen, it is non-person identifiable. 

 

Lumbar lordosis angle 

9. I understand that Under TU IT Security Policy, all 

electronic data, your consent form, information collected 

from this study will be stored on a Teesside University U 

drive and any copies which must be held on external 

media, for any time, will be securely encrypted. All papers 

containing anonymised data will be stored in a locked filing 

cabinet and anonymised electronic data will be held on a 

Password Protected Teesside University Server’ 

 

10. I understand that by signing and returning this form, I am 

giving my consent to participate in the study.  

 

 

 

________________               ________________          

_______________ 

Name of participant       Date                                                 

Signature 
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________________              ________________        _______________ 

Name of researcher          Date                                                 

Signature 

 

 

 

 

 



 

468 
 

Appendix 16: The educational booklet satisfaction questionnaire 
  

1. What is your general impression of the booklet? 

Very Bad  Bad        Neutral        Good       Very good 

 

2.The   information in the booklet is easy to understand  

Strongly Disagree   Disagree      Neutral       Agree       Strongly Agree 

 

3. Advice in the booklet is beneficial in managing my self-care. 

Strongly Disagree    Disagree      Neutral      Agree       Strongly Agree 

 

4.The Photos in the booklet added value 

Strongly Disagree    Disagree      Neutral      Agree       Strongly Agree 

 

5. I found that the booklet was easy to use 

Strongly Disagree    Disagree      Neutral      Agree       Strongly Agree 

 

6. All this considered are you satisfied with the educational booklet 

provided? 

Strongly Disagree    Disagree      Neutral      Agree       Strongly Agree 

 

7. Will you continue to use it for your self-care management? 

Strongly Disagree    Disagree      Neutral      Agree       Strongly Agree 

 

8. What is your preferred format of receiving the back care programme? 

Electronic   or     Booklet 

 

9. Any other comments 

 

…………………………………………………………………………………………

…………………….............................................................................................

..........................................................................................................................

..........................................................................................................................
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Appendix 17: CERT guidelines 
 
Section Checklist item Location (page) 

What: Material Item 1: Detailed description of the type of exercise equipment 

The exercise training sessions lasted between 20 and 30 minutes, and the equipment 

included chairs and walls. 

 

308 

Who: Provider Item 2: Detailed description of the qualifications, expertise and/or training 

The participants in the exercise group were taught a hyperkyphosis-specific exercise 

programme (Schroth exercises) by the researcher (an experienced physiotherapist). The 

researcher is qualified as a physiotherapist and is certified as a Schroth therapist and a 

Schroth Best Practise therapist (Appendix 25).  

 

 

307 

How: Delivery Item 3: Describe whether exercises are performed individually or in a group 

Participants were instructed to perform an individualised home-based exercise programme. 

 

308 

 Item 4: Describe whether exercises are supervised or unsupervised; how they are delivered  

The exercises were performed without supervision at home at the participants’ convenience. 

 

308 

 Item 5: Detailed description of how adherence to exercise is measured and reported 

Adherence to the study was monitored throughout the study for compliance and was obtained 

by recording the number of exercise sessions attended (out of a maximum number of 48). 

Adherence to the study was expressed as a percentage. Participants in the exercise group 

were asked to record their compliance with the home programme in a logbook (Appendix 20). 

Participants in the control group were also asked to record their physical activity in a logbook 

(Appendix 21).  

 

 

 

303 



 

470 
 

Section Checklist item Location (page) 

 Item 6: Detailed description of motivation strategies 

For follow-up visits, the participants returned for the researcher consultation every week for 

the first 4 weeks to monitor their adherence to the study. This monitoring was to ensure that 

the exercises were being performed correctly as well as to motivate and or encourage 

participants to continue doing their exercises.  

 

308 

 Item 7a: Detailed description of the decision rule(s) for determining exercise progression 

After the first week, training intensity was progressively and individually increased over 16 

weeks exercise programme by increasing one set of each exercise depending on the 

participants’ symptoms and tolerance. 

 

308 

 7b: Detailed description of how the exercise program was progressed 

Progression of the exercises, which is an increase in the level of difficulty of the exercise 

training. The exercises were progressed by considering the individual characteristics of each 

participant and were progressed by increasing the number of sets, which depend on the 

participants’ symptoms and tolerance. For example, participants start 5 sets of 10 repetitions 

of the exercise, once an exercise becomes easy, increase to 6 sets of 10 repetitions of the 

exercise. 

 

309 

 Item 8: Detailed description of each exercise to enable replication 

Details of each exercise with photographs can be found in Appendix 23. 

308 

 Item 9: Detailed description of any home programme component 

There were no home programme components because the exercise programme was already 

provided in a home-based setting. 

 

309 
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Section Checklist item Location (page) 

 Item 10: Describe whether there are any non-exercise components 

The exercise group received an individualised home-based exercise programme and an 

educational booklet. The educational booklet presented information about hyperkyphosis, 

posture correction, and all of the exercise-related information, together with an illustration of 

each exercise. 

 

 

307 

 Item 11: Describe the type and number of adverse events that occur during exercise 

No serious adverse events were reported relating to the exercises during the study period. 

However, it should be noted that four of six participants in the exercise group initially reported 

some discomfort when a new exercise was introduced. However, those symptoms eased 

when they continued the exercises or were resolved by a slight modification of the exercise 

by the researcher. Therefore, the current study suggests that the intervention is safe for older 

adults with hyperkyphosis.  
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 Item 12: Describe the setting in which the exercises are performed 

The home-based exercise intervention for this study was a set of self-management exercise 

strategies aimed at minimizing therapist dependence and was delivered in a home-based 

setting. 

307 

 Item 13: Detailed description of the exercise intervention 

The hyperkyphosis-specific exercise programme in the current study is based on the Schroth 

Best Practice programme and used as the treatment in this study. This exercise was 

developed by Dr Hans-Rudolf Weiss. Brief details of the hyperkyphosis-specific exercise 

programme are given in Table 5.9. Exercise domains included the physio-logic® exercise, 3D 

exercise made easy, sitting exercise in a doorway, standing exercise in a doorway, and hand 

behind neck exercise (Table 5.9, page 298 and Appendix 23). In addition, the exercises were 

implemented in activities of daily living.  

308 
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Section Checklist item Location (page) 

 Item 14a: Describe whether the exercises are generic (one size fits all) or tailored 

The exercise programme included the physio-logic® exercise, 3D exercise made easy, sitting 

exercise in a doorway, standing exercise in a doorway, and hand behind neck exercise (Table 

5.9). In addition, the exercises were implemented in activities of daily living. Details of each 

exercise with photographs can be found in Appendix 23.  

 

 

308 

 Item 14b: Detailed description of how exercises are tailored to the individual 

The exercise programme was individualized and modified depending on the participant’s 

symptoms and tolerance. The researcher encouraged progression when participants did not 

have any symptoms (i.e., pain, fatigue) during performing exercises. 

 

309 

 Item 15: Describe the decision rule for determining the starting level 

The initial level of the participant was decided through information from the participant on their 

exercise habits over the last 6 months and their medical conditions (e.g., shoulder pain, neck 

pain) 

 

308 

How well: 

planned, actual 

Item 16a: Describe how adherence or fidelity is assessed/measured 

Adherence to the study was defined as the number of exercise sessions attended (out of a 

maximum number of 48). Adherence to the study was excellent. Five of the 6 participants 

(83.3%) in the exercise group attended all 48 exercise sessions (3 sessions per week for 16 

weeks) with one attending 47 exercise sessions. The reason for non-attendance was being 

unwell. After the first four weeks, the researcher contacted the participants by phone, email, 

and message every week during the study to determine if any problems were encountered 

with the exercises and to check their progress with the exercise programme. The current 

study suggests that the exercise intervention is acceptable based on the number of exercise 

sessions attended by the participants. 
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Section Checklist item Location (page) 

 Item 16b: Describe the extent to which the intervention was delivered as planned 

The exercise programme was not delivered as intended because of the coronavirus 

pandemic. Only four participants in the exercise group completed the face-to-face follow-up. 

Two participants were followed up by email and phone because it was impossible to arrange 

a face-to-face meeting during a pandemic. Moreover, some participants did not use any 

digital technology for video conferencing such WhatApp or FaceTime. Therefore, it is more 

difficult to provide comments on hyperkyphosis-specific workouts by email and phone, which 

could lead to the performance of incorrect exercises. The researcher preferred face-to-face 

appointments to ensure that all subjects exercised safely and in accordance with the best 

practises and procedures. 
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Appendix 18: Participant experiences of the exercises questionnaire 
 
This questionnaire is designed to explore participant’s experiences of a hyperkyphosis-specific exercise. 
Please can you Kindly complete this questionnaire 
 

No Question Strongly 

agree (1) 

Agree 

(2) 

Neutral 

(3) 

Disagree 

(4) 

Strongly 

disagree (5) 

1 I enjoyed doing the exercise programme.      

2 I would recommend the exercise programme to my friends.       

3 I would like to continue doing these exercises after I complete 

the programme. 

     

4 The back exercises were beneficial to my health.      

5 The back exercises made daily activities easier to perform       

6 The back exercises made me more active.      

7 The back exercises are a good way to improve my balance 

and falls risk  

     

8 Attending the exercise programme improved my body posture      

9 The back exercises have decreased my fear of falling.      

10 I feel confident about doing the back exercises.      

11 I worry that the exercises may be harmful to me.      

12 I have had the opportunity to discuss any concerns.      

13 The information given was clear and informative.      

Adapted from Barker, A. L., Talevski, J., Bohensky, M. A., Brand, C. A., Cameron, P. A., & Morello, R. T. (2016). Feasibility of Pilates 

exercise to decrease falls risk: a pilot randomized controlled trial in community-dwelling older people. Clinical rehabilitation, 30(10), 984-

996.
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Appendix 19: Open-ended questions 
 

1. Does having an increased curvature of the upper back affect you daily? If 

so in what ways? 

…………………………………………………………………………………………

………………………………………………………………………………………… 

………………………………………………………………………………………… 

2. Did the educational booklet change your behaviour or lifestyle or activities 

of daily living in any way? 

…………………………………………………………………………………………

………………………………………………………………………………………… 

………………………………………………………………………………………… 

3. Exercises structure (only exercise group answer) 

What do you think about the programme structure (number of times per 

week, intensity of exercises)? How easy or difficult do you find them to do? 

…………………………………………………………………………………………

………………………………………………………………………………………… 

………………………………………………………………………………………… 

4. Do you think about the exercise programme? Has had any effect on your 

back shape and posture? 

…………………………………………………………………………………………

…………………………………………………………………………………… 

5. Do you think the exercise programme, has had any effect on your 

balance? 

…………………………………………………………………………………………

………………………………………………………………………………………… 

………………………………………………………………………………………… 

6. Is there anything else I have not covered that you think is relevant? 

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………
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Appendix 20: Logbook home exercise programmes 

Remark……………………………………………………………………………………………………………………………………………………………...

Week……. 

Day 1 Day 2 Day 3 

Date………………………………. 

1. Physio-logic exercise 

           Sitting position,   reps……,  set…… 

           Standing position,  reps… , set……. 

           Walking position,  reps…  , set……. 

2. 3D made easy 

           Standing position,  reps……,set…… 

3. ADL  

      Sitting position,   reps……, set…… 

      Standing position, reps…., set…… 

      Walking position ,  reps…, set…… 

4. New Power Schroth 

     Sitting in a door way, reps…., set… 

     Standing in a door way, reps..., set.. 

     Hand behind neck , reps…,set….. 

 Date………………………………. 

1. Physio-logic exercise 

           Sitting position,   reps……,  set……. 

           Standing position,  reps… , set……. 

           Walking position,  reps…  , set……. 

2. 3D made easy 

           Standing position,  reps……,set…… 

3. ADL  

      Sitting position,   reps……, set…… 

      Standing position, reps…., set…… 

      Walking position ,  reps…, set…… 

4. New Power Schroth 

     Sitting in a door way, reps…., set… 

     Standing in a door way, reps..., set.. 

           Hand behind neck , reps…,set……. 

Date………………………………. 

1. Physio-logic exercise 

           Sitting position,   reps……,  set……. 

           Standing position,  reps… , set……. 

           Walking position,  reps…  , set……. 

2. 3D made easy 

           Standing position,  reps……,set…… 

3. ADL  

      Sitting position,   reps……, set…… 

      Standing position, reps…., set…… 

      Walking position ,  reps…, set…… 

4. New Power Schroth 

     Sitting in a door way, reps…., set… 

     Standing in a door way, reps..., set.. 

          Hand behind neck , reps…,set……..   
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Appendix 21: Logbook physical activity 

Week …… Physical activity/other exercises 

Monday       

Teusday  

Wednesday  

Thursday  

Friday  

Saturday  

Sunday  
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Appendix 22-1: A serious adverse event form 
Report of Adverse Event (AE)/ Serious Adverse Event (SAE) 

 

Details of the researcher 

Name: …Mrs Roongtip Duangkew 

Address: …Constantine Building, Teesside University 

Telephone: …………………………….. 

Email:     R.Duangkaew@tees.ac.uk 

Details of participant 

Unique study number: ……………………………………………………………………………… 

Name: ………………………………………………………………………………….. 

Gender:    Female     Male                    

Date of birth ……………………………………………………………………………………… 

Adverse Event description 

Date event started: ……../……./……Date event ceased: ………/…….../…….. 

Outcome:          Fatal               Recovered                Continuing 

Details of adverse event: 

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

Did the event require hospitalisation?     No      Yes  No. of 

days……………. 

 

Reasons why you consider an event to be intervention related: 

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 
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Appendix 22-2 

Serious Adverse Event (SAE) 

Please categorise this event, ticking all appropriate options: 

 Death   

 Life threatening  

 Hospitalisation or prolongation of existing Hospitalization                           

 Persistent or significant disability or incapacity         

 Congenital anomaly or birth defect      

 Other……………………………………………………… 

Date of SAE: ……………./ …………../……………. 

Location:…………………………………………………………………………… 

Describe the circumstances of the event: 

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

…………………………………………………………………………………………

………………………………………………………………………………………… 

What is your assessment of the implications, if any, for the safety of study 

participants and how will these be addressed? 

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………………… 

…………………………………………………………………………………………

………………………………………………………………………………………… 

Date of report: ……………./ …………../……………. 

 

Signature of the researcher………………………………………………………..
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Appendix 23-1: Booklet on the Schroth Best Practice programme for age-related hyperkyphosis 
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Appendix 23-2 
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485 
 

 

 

 

Appendix 23-7 



 

486 
 

 

 

 

Appendix 23-8 



 

487 
 

 

 

 

Appendix 23-9 
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Appendix 23-11 
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Appendix 23-15 
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Appendix 24-1: Educational booklet for the control group 
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Appendix 24-2 
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Appendix 24-4 
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Appendix 24-6 

 

 

 



 

501 
 

Appendix 24-7 
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Appendix 24-8 
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Appendix 25: Certificate of the Schroth Best Practice 

 


