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Title of the review

Exercise interventions to improve back shape/posture, balance, falls and fear of falling in
older adults with hyperkyphosis in community: a systematic review

Background

Hyperkyphosis known as the “dowager’s hump” is the most common spinal deformity in
older adults. It is characterized by an increase of the anterior curvature thoracic spine when a
kyphosis angle is greater than 40° using the Cobb method (Fon, Pitt, & Thies Jr, 1980;
Roghani, Zavieh, Manshadi, King, & Katzman, 2017; Voutsinas & Macewen, 1986), whereas
the normal range of kyphosis in young adults ranges from 20° - 40° of thoracic curvature
(Fonetal., 1980). In terms of biomechanical dysfunction, an 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 shear force on the spine
(Balzini et al., 2003; Mika, Unnithan, & Mika, 2005; Pearsaii & Reid, 1992). In addition,
changes in spine shape also limit the movement and mobility of the rib cage, which may
affect the health and quality of life of older adults (Horie et al., 2009).

The aetiology or causation of hyperkyphosis in older adults remains unclear. (Kado,
Prenovost, & Crandall, 2007; Katzman, Wanek, Shepherd, & Sellmeyer, 2010; Roghani et al.,
2017). Many theories on the causes of hyperkyphosis have been proposed, such as multiple
musculoskeletal, neuromuscular, and sensory impairment (Katzman et al., 2010). The
possibility of causes associated with hyperkyphosis includes vertebral fractures and low bone
mineral density, degenerative disc disease, back extensor muscle weakness, calcification and
ossification of intervertebral ligaments and decreased mobility of spine, proprioceptive and
sensory deficits as well as genetics. Bouxsein et al., (2006) demonstrated that the stress
loading on the vertebral spine during activities of daily living can gradually affect vertebral
wedging and increases compression fractures. In addition, the severity of vertebral wedging
increases as bone mineral density decreases (Goh, Price, Leedman, & Singer, 1999; Milne &
Lauder, 1976).

Degenerative disc disease is another challenge that affects hyperkyphosis. Schneider et al.
(2004) reported that degenerative disc disease is a common radiograph finding associated
with hyperkyphosis in older adults. Moreover, Manns, et al. (1996) found a significant
correlation between anterior disc height and kyphosis angle; as the anterior disc height
decreased, the angle of kyphosis increased. Several studies also suggest that there is an
inverse correlation between the kyphosis angle and back extensor muscle weakness in
adolescence and older adults (Dastmanesh, Eskandari, & Shafiee, 2013; Granito, Aveiro,
Renno, Oishi, & Driusso, 2012; Hirano et al., 2014; Mika et al., 2005). There are two theories
that have been proposed for describing back extensor muscle weakness. Firstly, reducing the
capability of back muscles to generate an extension moment and control shear force can
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result in an increased thoracic kyphosis (Greig, Bennell, Briggs, & Hodges, 2008). Secondly,
an increase in the anterior angle of the thoracic spine leads to an increase in both a
compression force as well as shear force on the thoracic spine (Pearsaii & Reid, 1992).
Further, decreased spinal mobility together with degenerative of the intervertebral ligaments
occurs with aging and disturbs the ability of the spine to control normal postural alignment
(Kado, Prenovost, et al., 2007; Katzman et al., 2010; Roghani et al., 2017).

The estimated prevalence of hyperkyphosis has been reported to be 20% - 40% of the older
adult population aged over 60 years (Kado, Huang, Karlamangla, Barrett-Connor, &
Greendale, 2004; Katzman, Sellmeyer, Stewart, Wanek, & Hamel, 2007; Ryan & Fried, 1997,
Takahashi et al., 2005). This deformity affects both sexes, particularly women aged over 55
years (Huang, Barrett-Connor, Greendale, & Kado, 2006; Katzman et al., 2010), regardless of
vertebral fractures, with the incidence increasing 6 -11% for every 10 year increase in age
(Huang et al., 2006). For instance, a longitudinal study on 100 healthy males and females
aged 50 years or older, the authors reported a mean thoracic angle increase of 3°per decade
(Kobayashi, Atsuta, Matsuno, & Takeda, 2004), whilst another study on men and women
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 (Kado et al., 2007).

Hyperkyphosis has been associated with impaired pulmonary function, function limitation,
falls, fractures, a decreased quality of life, and increased mortality. The ageing process
combined with thoracic kyphosis in older adults may restrict the thoracic inspiration capacity
and lead to impaired pulmonary function (Kado et al., 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 (Kado et al.,
2009). Additionally, 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 have reported that older adults with hyperkyphosis reported
having limitations during daily activities and less satisfaction with life in general.
Accentuated thoracic kyphosis is also known to cause displacement of the centre of gravity
that can lead to impaired balance and increased risk of falling (Lynn, Sinaki, & Westerlind,
1997). Several studies have reported that hyperkyphosis is associated with an increased
premature death (Kado et al., 2009; Milne & Williamson, 1983) and is also an indicator of
the negative impact of health outcomes.

The management of age-related hyperkyphosis includes exercises, spinal orthosis, and
surgery (Bansal, Katzman, & Giangregorio, 2014). Exercise training is a common approach,
which aims to increase spinal muscle strength and stretching exercises for the alignment of
posture may 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 on the spine; an increase in spinal muscle strength, which helps to
maintain the spine in the upright position (Ball, Cagle, Johnson, Lucasey, & Lukert, 2009).
Whereas core stabilization 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 to allow
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optimum production, transfer and control of force and motion to provide stabilization by
controlling spinal movement (Kibler, Press, & Sciascia, 2006). Stretching exercise is a
therapeutic exercise designed to increase the extensibility of soft tissues, thereby improving
flexibility by elongating (lengthening) structures that have adaptively shortened and become
hypomobile over time (Kisner & Colby, 2007). The purpose of exercise is two-fold. Firstly to
improve the thoracic hyperkyphisis and secondly to delay its progression as well as to alleviate
the accompanying complications due to hyperkyphosis in older people (Ailon et al., 2015).

The ageing process is associated with numerous alterations in posture including hip flexion and
external rotation, a wide base of support, a forward head posture, and increased thoracic
kyphosis (Woodhull-McNeal, 1992). Hyperkyphosis or excessive curvature in the thoracic spine
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 resulting in an increase in the
number of falls (Danis, Krebs, Gill-Body, & Sahrmann, 1998). To date, postural training, spinal
extensor muscle strength 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 exercise include the following; decreased spinal pain, reduced
hyperkyphotic posture, increased mobility as well as an improved quality of life. Exercise
protocols are generally aimed at corrective posture, increasing the back extensor muscles
strength, as well as the increasing core stability of the trunk (Bansal et al., 2014; Hsu et al.,
2014; Kado, 2009).

Corrective postural exercises are based on Kendall’s theory that suggests back extensor
exercises are able to reduce the angle of kyphosis with the strong back muscles counteracting
the anteriorly directed gravitational pull on the thoracic spine (Kendall, McCREARY,
Provance, Rodgers, & Romani, 2005 and Ball et al., 2009). The theory consist of stretching
exercises in the anterior trunk and strengthening exercises in the posterior 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, paraspinals 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 stabiliser for the spine and pelvis
which consequently form a kinetic chain during functional movement. These support the
upright position and assist balance while walking. Consequently, these function to reduce the
risk of falls and improves the quality of life (Sinaki et al., 2002). However, most currently
available exercises apply only sagittal plane.

According to Negrini et al. (2005), specific exercises were suggested as the first step in the
treatment for adolescent patients with scoliosis and kyphosis. Numerous specific exercises
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 Schroth method i.e. original Schroth, Schroth Best Practice®, the 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-
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Saltikov et al., 2014). The principles of the Schroth method include improving the patient’s
awareness of their deformity to promote self-correction; repeated 3D asymmetrical spinal
correction exercises, which involves trunk elongation, pelvic alignment, side-shift of thorax,
shoulder corrections, and derotation with breathing in lying, sitting and standing positions,
scoliosis-specific mobilization; active 3D stabilization; corrective breathing; repetition to
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 program (the Barcelona Scoliosis Physical Therapy School which is a
derivative of the Schroth approach) together with the SpinoMed brace (symmetrical brace)
on the kyphosis Cobb angle, pain, quality of life and spinal muscles strength in older adult
woman with Scheuermann’s kyphosis aged 76 years old. The researcher found that intensive
physiotherapy program based on the Barcelona Scoliosis Physical Therapy School and
SpinoMed brace were effective for the treatment of older adult with with Scheuermann’s
kyphosis. However, the generalization of the result of the study was limited due to the
involvement only a single participant.

A scoping search identified four narrative reviews that have reported on exercise-based
interventions as part of the treatment or management of age-related hyperkyphosis. Ailon et
al. (2015) who reviewed the progression of spinal kyphosis in the aging population suggested
that exercise intervention can improve thoracic hyperkyphosis, physical functioning, and
back extensor muscle strength. On the other hand, several studies have not found any
difference in spinal muscle strength, or the kyphosis angle following exercises. Thus, the
efficacy of exercise programs for hyperkyphosis demonstrates conflicting results.

Furthermore, Kado et al. (2007) and Kado et al. (2009) reviewed the rehabilitation of having
a hyperkyphotic posture in the elderly. The researchers demonstrated that there are
numerous exercise interventions such as back strengthening exercises, aerobic exercises,
spinal flexion exercises, yoga, pilates as well as postural alignment training for improving
hyperkyphosis. All these types of exercises focus on back strength as well as kyphosis
outcomes. In addition, Katzman et al. (2010) examined the indications and contradictions of
performing exercises for hyperkyphosis. The investigators revealed that flexion exercises
tended to increase the risk for vertebral fractures in participants with underlying
osteoporosis and vertebral fractures. Hence, flexion exercises or flexion stresses on the spine
during exercise or activities daily living need to be avoided and trunk extension exercises are
recommended instead.

Further, a recent systematic review by Bansal et al. (2014) examined whether exercise was
able to reduce the angle of thoracic kyphosis in older adults aged > 45. The authors found
that the existing evidence concerning the effects of exercise on hyperkyphosis in elderly
persons were scarce and mostly of low quality. In summary, previous narrative reviews and
systematic reviews (Ailon et al., 2015; Bansal et al., 2014; Kado, 2009; Kado, Prenovost, et
al., 2007; Katzman et al., 2010) did not focus specially on balance, falls, and fear of falling
issues. Therefore, this review is urgently needed to improve the management of older people
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with hyperkyphosis. In an attempt at preventing or decreasing the current significant falls
rate in this elderly population.

Policy relevance

The ageing process is characterised by degenerative changes in spinal alignment include a
forward head posture, rounded shoulders, hip and knee flexion, and increased thoracic
kyphosis that is associated with a loss of lumbar lordosis (Hojjati & Sheikhpour, 2013; Milne
& Lauder, 1974). Hsu, Chen, Tsauo, & Yang (2014) further demonstrated that an increased
thoracic kyphosis had a significant effect on upright posture. That is attributed to a change in
the centre of gravity of the body at levels close to the limits of stability and consequently this
may lead to an increase in the risk of falls.

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, the
multifactorial intervention program for older adults with recurrent falls or assessed as being
at increased risk of falling includes 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 program is
not currently concern exercises program for preventing falls in older adults with
hyperkyphosis.

This review aims to gather existing research evidence on exercise interventions for older
adults with hyperkyphosis. Therefore, this will enable clinicians and researchers as well as
policy makers concern hyperkyphosis in older adults that is could potentially be included
within this guideline/or policy for prevention of falls.

Objectives

What is the effect of exercises intervention aiming at improve back shape/posture, balance,
and reduce falling, as well as fear of falling in older adults with hyperkyphosis?

Existing reviews

A scoping search identified four narrative reviews that have reported on exercise-based
interventions as part of the treatment or management of age-related hyperkyphosis. Ailon et
al. (2015) who reviewed the progression of spinal kyphosis in the aging population suggested
that exercise intervention can improve thoracic hyperkyphosis, physical functioning, and
back extensor muscle strength. On the other hand, several studies have not found any
difference in spinal muscle strength, or the kyphosis angle following exercises. Thus, the
efficacy of exercise programs for hyperkyphosis demonstrates conflicting results.
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Furthermore, Kado et al. (2007) and Kado et al. (2009) reviewed the rehabilitation of having a
hyperkyphotic posture in the elderly. The researchers demonstrated that there are numerous
exercise interventions such as back strengthening exercises, aerobic exercises, spinal flexion
exercises, yoga, pilates as well as postural alignment training for improving hyperkyphaosis. All
these types of exercises focus on a back strength as well as kyphosis outcomes.

In addition, Katzman et al. (2010) examined the indications and contradictions of
performing exercises for hyperkyphosis. The investigators revealed that flexion exercises
tended to increase the risk for vertebral fractures in participants with underlying
osteoporosis and vertebral fractures. Hence, flexion exercises or flexion stresses on the spine
during exercise or activities daily living need to be avoided and trunk extension exercises are
recommended instead.

Moreover, a recent systematic review by Bansal et al. (2014) examined whether exercise was
able to reduce the angle of thoracic kyphosis in older adults aged > 45. The authors found
that the existing evidence concerning the effects of exercise on hyperkyphosis in elderly
persons was scarce and mostly of low quality.

In summary, previous narrative reviews and systematic reviews (Ailon et al., 2015; Bansal et
al., 2014; Kado, 2009; Kado, Prenovost, et al., 2007; Katzman et al., 2010) did not focus
specially on balance, falls, and fear of falling issues. Therefore, this review is urgently needed
to improve the management of older people with hyperkyphosis. In an attempt at preventing
or decreasing the current a significant number of falls in the elderly population.

Intervention

Studies which involve exercise intervention, therapeutic exercise, and rehabilitation were
included. Studies were excluded if not examine exercise intervention such as spinal orthoses,
postural taping, and surgery.

Population

Studies will be included if participants are male or female older adults with identified
hyperkyphosis and aged 50 years or older.

Hyperkyphosis in older adults or age-related hyperkyphosis. Hyperkyphosis, also known as
dowager’s hump, is defined as an excessive anterior curvature of the thoracic spine, and a
kyphosis angle greater than 40° when measured using the Cobb method (Fon, Pitt, & Thies,
1980; Voutsinas & MacEwen, 1986).
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Outcomes

The outcomes of interest for this review are:

1. Back shape/posture: degree of thoracic kyphosis will be measured using the Cobb

method, between T2-T12. Lumbar lordosis will be measured.

2. Balance included Postural sway and the limits of stability, the risk of falls (i.e. the fear of
falling or a history of falls or falls), and back shape/posture (i.e the degree of thoracic

kyphosis and lumbar lordosis).

Postural sway is defined as a movement of centre of mass in quiet stand, and can be
measured as anteroposterior and mediolateral displacement.

The limits of stability is characterised by the maximum range in which the centre of
gravity can move safely without moving the feet and without falling.

3. Risk of falls (i.e. fear of falling or history of falls or falls) is defined the loss of
confidence in older people to participate in activities of daily living, whilst falls, and a

history of falls, are defined as at least one fall in the past year.

Study designs

Eligible study designs for this review include:

Randomised controlled trials (RCT), quasi-experimental designs and pre-post intervention
studies as well as case report will be included.

Any other studies such as cross-sectional studies, cohort studies and qualitative studies will
be excluded.
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