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Abstract
Introduction: Spinal disorders encompass numerous clinical conditions of the spine
that include spinal deformities, thoracic hyperkyphosis, increased or decreased lumbar
lordosis and scoliosis amongst others. To enable the assessment and treatment of
patients with spinal disorders, there is a need for appropriate valid and reliable,
evidence-based objective tools. A further requirement for an objective measurement
tool to be used within clinical practice is the need for it to be accepted by clinical
practitioners.
Aims: The primary aim of this thesis was to evaluate the reliability and validity of the
mobile surface topography system (MSTS) together with the assessment of the clinical
acceptance of the tool by healthcare practitioners. The secondary aim was to conduct
a randomised controlled trial (RCT) to evaluate the use of the MSTS to provide
personalised educational biofeedback for the self-management of both acute and
chronic low-back pain patients.
Methods: The current thesis consisted of four studies. (1) the evaluation of the intra(n = 16) and inter-rater reliability (n = 5) of the MSTS for measuring posture and back
shape variables (2) the appraisal of the validity (n = 25) of the MSTS with reference to
the gold standard ‘Vicon’ system (3) the exploration of the clinical acceptance (n = 23)
of the MSTS by clinical practitioners and (4) the evaluation of the effect of a
personalised educational booklet for the management of patients with acute (n = 21)
and chronic (n = 19) low-back pain (LBP) through a randomised control trial (RCT).
Results: The results of the current study suggest that the MSTS is reliable and valid
to measure most of the three-dimensional posture and back shape variables in
standing. This is the first study to quantify the MSTS in the measurement of standing
posture. The results of the current study also detailed the magnitude of the postural
and technical sources of error. Further, the clinical acceptance study confirmed the
variables that contributed to the acceptance of the mobile-based MSTS; as well its
application within clinical practice. Furthermore, the service users (patients with both
acute and chronic LBP) of the personalised interactive educational booklet
demonstrated greater improvement in the last majority of outcome measures (physical,
behavioural and at work) as compared to the control group at the 4-week follow-up
measurement.
Conclusion: The originality of this first comprehensive multifaceted study lies firstly in
the development of a novel MSTS that is portable, low-cost and easy to use within
current clinical practice. Secondly, in the confirmation of the reliability and validity of
the tool. Thirdly, in the affirmation of the clinical acceptance of the tool by clinical
practitioners and finally in the endorsement of the value of the output of the tool by
patients for the self-management of their spinal disorders.
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Chapter 1. Introduction

1

1.1 Chapter Aim
The aim of this chapter is to present the background and rationale to the programme
of research undertaken by the author and presented within this thesis. The chapter
starts with a brief description of the basic anatomy of the spine, spinal deformities and
spinal pain. Studying the geometrical changes of human back shape and posture is of
great importance for both the clinical as well as the scientific research field. Within this
chapter, a rationale is also made for the need of the development of a novel simple-touse mobile surface topography system (MSTS) for measuring whole body posture and
back shape. Following this, a rationale is presented for the importance of the clinical
acceptance of the MSTS for measuring back shape and posture within clinical practice.
Subsequently, a rationale is also made on the applicability of using a MSTS to generate
personalised educational material for patients with spinal pain. The rationale for the
programme of research is outlined and research questions are posed; the aims of the
current empirical research are then presented. The chapter concludes with the
structure of the thesis.
1.2 Spinal Disorders
Spinal disorders encompass numerous clinical conditions of the spine including spinal
deformities, thoracic hyperkyphosis, increased or decreased lumbar lordosis and
scoliosis amongst others. While some patients are clinically asymptomatic, others
complain of severe pain with or without a functional disability. Adult spinal deformity
(ASD) is one of the common clinical spinal disorders where the incidence of disease
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increases with age. A study by Schwab et al. (2005) indicated that the prevalence rate
in the elderly population was as high as 68% in individuals over 60 years of age.
Furthermore, Watkins-Castillo and Andersson (2014) reported that the prevalence rate
(which is the total number of patients present in a particular population at a given time)
for the total number of health-care visits due to spinal disorders in the USA was 61%
for females and 39% for males between the years 2008 and 2011. Conversely Alshami
(2015) in a retrospective study reported the incidence rate (measure of the probability
of occurrence of the clinical condition) to be 28.1%, (1669 out of 5929) of patients (all
age groups) with spinal disorders over a three-year period (between 2011 and 2013).
As reported by Alshami, the most common disorders affected the lumbar spine with an
incidence of 53.1% followed by the cervical spine at 27.1%.
Spinal disorders pose a significant financial burden on both patients as well as the
health-care system. Indrakanti et al. (2012), estimated that the direct (surgical and nonsurgical management) and indirect (productivity, workday losses) costs for treating
spinal disorders to be more than US $100 billion per year. Carregaro et al. (2018) in
Brazil reported the direct costs of managing spinal disorders to be as high as US$ 71.4
million in 2016. Furthermore, Parker et al. (2017) estimates that the US health-care
related spending for the management of spinal disorders is projected to grow 1.3
percentage faster than the gross domestic product (GDP) and as a result the projected
health-care contribution to the overall GDP will rise by 20% by 2025.
Murray et al. (2012) further reported that within spinal disorders, musculoskeletal
disease together with arthritis and back pain, are the second most common cause of
3

disability, with the largest overall health impact on the world population. Alshami (2015)
stated that 75.3% of patients with back-pain reported pain in the lumbar region,
whereas 35.8 % of patients reported pain in the cervical region between 2011 and
2013.
In 2009, the English National Institute for Health and Care Excellence (NICE) published
the annual prevalence rate for low back pain (LBP) this ranged from 15% to 65%. In
addition, they also reported that 70% to 84% of people experienced LBP at least once
in their lifetime. As stated in NICE (2011), in the United Kingdom, around one-third of
the adult population suffer from LBP every year. However, according to Wall and Wall
(2006), 80%–90% of patients with LBP recover within four to six weeks; with the
remaining 10% to 20% of people developing chronic low back pain (CLBP) and
disability. Furthermore, Sinnott et al. (2017) reported that in the UK population, the
prevalence rate of neck and back pain is growing 1.8 to 2.3 times faster than the
incidence rate, suggesting the average duration of spinal pain care is increasing.
Along with the increase in the prevalence rate, the costs of spinal disorder
management have also increased. Maniadakis and Gray (2000) in their review of UK
cost-of-illness study reported that in 1998 the costs of managing LBP were estimated
to be as high as £1632 million. Additionally, 35% of this cost were related to services
provided by the private sector. The increase in the UK retail price over the past decade
suggests that the current health-care costs are likely to be much higher than the costs
in 1998 (Office for National statistics, 2011).
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Spinal disorders can lead to a number of symptoms, including changes in spinal
alignment, pain, decreased mobility, decreased strength, decreased quality of life, and
increased morbidity (Murray et al., 2012). In order to assess and treat patients with
spinal disorders, there is a need for appropriate valid and reliable objective tools to
measure and monitor changes in posture and back shape.
Numerous authors (Rheault et al., 1989; Greenfield et al., 1995; Williams and McClay
2000; Iunes et al., 2009; Thigpen et al., 2010; Fortin et al., 2011; Souza et al., 2011;
Furlanetto et al., 2012 and 2016) proposed a number of instruments and techniques
to record both posture and back shape. This include the use of simple tools like the
flexi-rule and the scoliometer, together with various goniometers and inclinometers
currently used within clinical practice as well as more complex tools like
photogrammetry (Furlanetto et al., 2012) and Moiré topography (Zubovic et al., 2008).
Due to the low cost and ease of availability, two-dimensional (2D) images
(photography) are also currently being used within clinical examination.
Most of the equipment described above is either research laboratory-based, complex,
unreliable, very expensive and very heavy to carry around or can only measure the
back (Fortin et al., 2010). This suggests, that there is a need for a low cost, portable,
reliable, simple to use, mobile back and body shape measurement system. This would
allow for an extended assessment of the full back and body shape measurement in all
planes within a clinical environment.
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Furthermore, for any clinical tool to be useful within clinical practice, the instrument
needs to be not only reliable and valid, but also needs to be accepted by clinical
practitioners. Otherwise if clinicians do not accept the tool they will not use it. The
current thesis appraises a novel tool 3D imaging Mobile Surface Topography System
(MSTS) for the measurement of three-dimensional posture, back and body shape in
patients with spinal disorders. This includes the evaluation of reliability and validity of
the MSTS together with the assessment of the clinical acceptance of the tool by healthcare practitioners. This thesis concludes with a randomised controlled study (RCT)
using the MSTS to provide personalised educational biofeedback using the tool for the
self-management of both acute and chronic low-back pain patients.
This chapter describes the anatomy of the spine both in normal subjects as well as
patients with spinal disorders. This is followed by an introduction to a selection of range
of tools currently available for the assessment of posture and back shape including
their reliability and validity.
1.3 Spinal Anatomy
Redmond et al. (2015) and Standring (2015) suggest that the understanding of spinal
anatomy together with having an excellent knowledge of normal postures, curvatures
and functions is crucial for the assessment of back and body shape and posture in
patients with low back pain and spinal disorders. The human spine or vertebral column
comprises of thirty-three individual bones called vertebrae. The vertebrae are stacked
together, running from the base of the skull to the pelvis. In adult spines the
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intervertebral discs separate the upper twenty-four vertebrae from each other, while
the lower nine vertebrae are fused into a single sacral and coccyx segment (Cramer &
Darby, 2014). Solomonow et al. (1999), Netter (2014) and Cramer and Darby (2014)
detail that the main function of the spine together with the trunk ligaments and muscles
is to support the weight of the head, upper extremity and limbs and to maintain an
upright body posture.
Further, the seminal text ‘Gray’s anatomy’ (Standring, 2015) describes the vertebral
column as being divided into five distinct regions: cervical, thoracic, lumbar, sacrum
and coccyx (see Figure 1.1). The cervical spine is normally described as a ‘C’ spine
and has seven cervical vertebrae (C1 to C7). This section of the spine connects the
head to the trunk, as C1 articulates with the occipital bone and C7 to the thorax. The
thoracic vertebrae described as the ‘T’ spine, has twelve vertebrae (T1 to T12). In
comparison to the lumbar and cervical spine, the thoracic spine is considered to be a
quasi-rigid segment due to the articulation of the rib cage. The lumbar section of the
spine comprising of five vertebrae has the critical responsibility of supporting the whole
weight of the upper trunk (Netter, 2014; Cramer & Darby, 2014 and Standring, 2015).
At the lower end of the spine, five bones that are fused together form the sacrum and
caudally three to five bones are fused together to form the coccyx or tail bone (see
Figure 1.1).
Cramer and Darby (2014) and Standring (2015) further documented that the size and
shape of the vertebrae varies between regions, with the smallest vertebrae being found
at the top of the cervical spine and the largest vertebrae at the bottom of the spine.
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Together with the sacrum they provide the base for the large majority of the spinal
ligaments and muscles. As explained by Standring (2015) and Rizzo (2015), the whole
body is considered to be made up of three major planes and axes (frontal, sagittal and
transverse) as described below in Figure 1.2.

(a)

(b)

Figure 1.1 The front (a) and side (b) view of a normal human spinal column (source:
Accessed at http://oerpub.github.io/epubjs-demo-book/content/m46352.xhtml).
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1.3.1 Description of Anatomical Planes
Three principal anatomical planes transect the human body to describe the location of
structures or the direction of movements as shown in Figure 1.2.

Figure 1.2 The definition of anatomical planes (source: Accessed
https://bodytomy.com/sagittal-coronal-transverse-3anatomical-planes-of-humanmotion).
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Furthermore, Cartwright and Pitney (2011), Behnke (2012) and Patel and Pinto (2014)
describe the sagittal plane as dividing the body into left and right halves whilst the
frontal (coronal) plane transects the body into front (anterior) and back (posterior)
sections. The transverse plane also known as the horizontal plane divides the whole
body into top (superior) and bottom (inferior) sections as seen above in figure 1.2.

1.3.2 Normal Curvatures of Spine
Tveit et al. (1994), Wojtys et al. (2000), Kendall et al. (2005) and Magee (2014)
describe the normal structure of the spine as consisting of different curves as seen in
Figure 1.3. Whilst the spinal curvature has conventionally been considered to appear
as a straight line when viewed from the coronal plane, Bettany-Saltikov et al’s. (2017)
study on 100 normal young adults reported a mean thoracic curvature value as being
+ 2.38 degrees and a mean lumbar curve of +1.65 degrees in the frontal plane.
Similarly, Milanesi et al. (2011) reported the right shoulder to be lower than the left in
normal young adult right-handed people. The variation in the shoulder level indirectly
indicates the change in alignment of the spine in the coronal plane.
Further the seminal textbook on posture by Kendall et al. (2005) describes the sagittal
aspect of the spinal column as having four curves. The ‘S’ shaped curve is considered
to have two posterior facing convexity curves (thoracic and sacral segments) called
kyphosis or primary curvatures; and two anterior facing (convexity) curves in the
cervical and lumbar segments called lordosis or secondary curvatures as seen below
in Figure 1.3. Bettany-Saltikov et al. (2017) recorded a mean thoracic kyphosis of 29.37
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+ 3.94 degrees and a mean lumbar lordosis angle of -37.7 degrees in young
asymptomatic adults. These values are similar to the values provided by the Scoliosis
Research Society (2017) who suggest that the normal range of thoracic kyphosis is
between 20 and 40 degrees on X‐ray measurement (Greendale et al., 2011; BettanySaltikov et al., 2017). Similarly, Betz (2003) described the normal range for lumbar
lordosis on X‐ray as between −20 and −60 degrees. Likewise, Stagnara et al. (1982)
and Propst‐Proctor and Bleck (1983) reported that the mean values of thoracic
kyphosis in adults ranged between 30 to 50 degrees whilst the mean values for lumbar
lordosis was calculated to be -55 degrees. The variation in the reported angles may be
attributed to different measurement approaches and different spinal curvature
measurement instruments. For example, spinal curvature measurements based on
radiographic methods are different from those based on surface topographic method.
For example, the X-rays measure the curvature of spine through the bony elements
whereas the surface topographic method uses the superficial aspect of body that
includes bones, muscles, fat and skin.

1.3.3 Visible landmarks in the assessment of back and body shape and posture
Kendall (2005) defines posture as the alignment of body parts in relationship to one
another at any given point. Whereas the shape of the back or body describes the
asymmetry between right and left sides (Berryman et al., 2008). Any change in the
curvature of spine results in changes in the shape of the back, for example axial
rotation of the thoracic spine results in asymmetric rib hump on the back (Berryman et
al., 2008). Minguez et al. (2007), Patias et al. (2010) and Srbinoska et al. (2013)
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suggest that the key features of the human body’s back surface are easily visible to
the ‘knowledgeable’ naked eyes and can easily be palpated. These include the C7
vertebra prominence, the sacral point, the acromial points, superior scapulae points,
inferior scapulae points, and posterior superior iliac spine points – dimple points.

Figure
1.3.
The
normal
curvatures
of
https://mayfieldclinic.com/Images/PE-scoliosis_Fig1.jpg).

spine

(source:

In addition to bony prominences, Lavaste et al. (1992) describes commonly visible
muscle bulks in the human back region. The trapezius is a large, flat, triangular muscle
that originates in the midline from the external occipital protuberance to the spinous
process of T12 and inserts laterally onto the spine of the scapula. This is followed by
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lattismus dorsi muscle, extending from illiac crest to posterior border of axilla. Drake et
al. (2014) suggests the two longitudinal erector spinae muscle masses in the posterior
part of back are responsible for the deepening of the median furrow (see Figure 1.4
(B)).
Three key studies (Duff & Draper [1987]; Bettany‐Saltikov et al., [2002] and [2017]) in
this area reported the normality and symmetry of back shape during standing. Bettany‐
Saltikov (2002) conducted a study evaluating normal back shape in young adults using
the Integrated spinal imaging system (ISIS1). This is an optical computer system that
is able to measure the 3D surface topography of the back. The authors were able to
produce a representative scan for the interpretation of the back shape for all
participants included in the study. This study found a mean thoracic kyphosis of
24.9 mm (median 24 mm, deciles: 6.8–47.2 mm). The thoracic kyphosis values found
in this group of young adults are very similar to the children in Duff and Draper‘s (1987)
study who reported a median value for thoracic kyphosis of 27.8 mm (17–40 mm). Carr
et al. (1991) reported these values in degrees and therefore values were not directly
comparable.
In this study the mean lumbar lordosis was 14.9 mm (median 14 mm). The lumbar
lordosis values were found to be greater in Bettany-Saltikov’s (2002) study that
evaluated young adults compared to the Duff and Draper study (median 9 mm) that
evaluated children. This suggests the possibility that lumbar lordosis may increase
during growth from young adolescence to young adulthood. Carr et al. (1991),
however, reported no significant differences in lumbar lordosis angles between
13

(A)

(B)
Figure 1.4 Surface landmarks of human body (A) front view and (B) back view (source:
http://fredhatt.com/blog/2010/06/20/exercising-perception/;
http://languagelog.ldc.upenn.edu/nll/?p=3157)
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children and adults. It is possible that these changes may be due to variables such
age, race and other population differences.
Bettany-Saltikov. et al. (2017) further suggest that identifying back shape, postural
assessment, back surface features and major bony landmarks assist in the
classification of back shape/posture types and provide normal ranges for different back
surface parameters for the purpose of research, evidence-based practice and clinical
decision making in practice.

1.3.4 Optimal postural alignment
Gangnet et al. (2003) states that good posture is considered to be an upright wellbalanced skeletal alignment of all body segments in a ‘normal’ position. Further,
Kendall et al. (2005) and Mock and Sweeting (2007) describe the ideal erect posture
as when a line of gravity (LOG) passes through the midpoint of each segment of the
body through the following points: a) ear lobe b) the mastoid process, c) bodies of
cervical vertebrae, d) the tip of the shoulder joint, e) slightly posterior to the hip joint, f)
just anterior to the centre of the knee joint, and g) a point just anterior to the ankle joint
(see Figure 1.5).
In addition, Le Huec et al. (2011, p. S558) describe the ideal pelvic posture as “when
the LOG passes slightly behind the femoral heads laterally, and frontally it runs through
the middle of the sacrum at a point equidistant from the two femoral heads”. Zheng et
al. (2010) and others (Gangnet et al., 2003; Jackson and McManus, 1994; Fegoun et
al., 2005) not only reported different LOG measurement methods (optical,
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radiographic, plumb line, photographic) but also demonstrated large variations in the
values of LOG within asymptomatic volunteers. There are several potential reasons
for the variability. This includes different starting or standing positions, changes in body
position at different times (repeatability) and different methods of measurement using
a diverse range of different instruments (Vrtovec et al., 2012).
In order to be balanced or in equilibrium, Bullock (1988) suggests that all forces acting
on the body need to be equal to zero. As seen in figure 1.5, the balance of the
physiological, biomechanical and muscle function maintains or realigns the body to an
optimal position and produces stability (Gunther et al., 2004).
Changes in the anatomical structural positions due to abnormal internal or external
forces results in numerous body segments moving out of alignment to compensate.
Consistent prolonged application may then lead to changes in soft tissue length and
its properties, resulting in a change in a person’s posture (Kendall et al., 2005). Mock
and Sweeting (2007) and Huec et al. (2011) detail that patients with excessive anterior
pelvic tilt, present with tight hip flexors, weak gluteus medius, gluteus minimus and
rectus abdominus muscle. As a consequence, this increased anterior pelvic tilt causes
increased lumbar lordosis and slight knee flexion during standing. Futhermore, Smith
et al. (1996) present supporting evidence that the altered posture can result in
excessive tension in muscle groups, joint strain, ligamentous instability, cartilage
damage, mechanical stresses of the myofacial region and can also be a contributing
factor to arthritic changes.
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Figure 1.5 Lateral view of the reference line for erect standing posture with major
antigravity muscles (source: http://www.chiro.org/ACAPress/Body_Alignment.html)
Wong Wai (2007) suggests that postures can be categorized into both static and
dynamic. Static posture is quasi-stationary, such as standing, sitting, and lying.
Howorth (1946) describes dynamic postures as being succession positions of the body
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during movements or activity (e.g. walking, bending forward, running). The analysis of
a patient’s optimal postural alignment, together with the understanding about the body
and the capability of the musculoskeletal system to adjust to the external stressors, is
essential in identifying and treating spinal disorders.
1.4 Spinal Deformity
Gunther et al. (2004) and Schwab et al. (2010) suggest that the identification of the
optimal alignment of bone structures and joints is critical for the understanding of the
efficient function of the musculoskeletal system. Similarly, any changes to the
musculoskeletal system due to the ageing process or deformity of the spinal column
can lead to the alteration in postural alignment (Lafage et al. 2009). A spinal deformity
can affect all planes (e.g. coronal, sagittal, and transverse) (Good et al. 2011). Based
on the plane in which the abnormality occurs, the spine deformity is generally
categorized into three major groups: kyphosis, scoliosis, and kyphoscoliosis (Good et
al. 2011) (see Figure 1.6).
Scoliosis and kyphosis were well known historically when postural asymmetries were
witnessed (Choudhry, 2016). The terms ‘kyphosis’ and ‘scoliosis’ terms were
introduced by Hippocrates (in ancient Greece) and Galen (Kostuik, 2015). Kyphosis is
characterized by an exaggerated backward curvature in the sagittal plane of thorax
region. This unnatural curving in the upper back, leads to a hunchback posture
(Choudhry, 2016). Sagittal plane abnormalities are attributed to various causes:
degeneration of the disks and/or vertebrae, developmental problems of the vertebrae,
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osteoporosis in the elderly population, poor sitting or standing postures as well as
Scheurman’s disease (Ryan & Fried, 1997). Lafage et al. (2009) describe lordosis as
an abnormal excessive lumbar sagittal plane curvature. This inward (ventral) curvature
of lumbar spine is associated with poor posture, a congenital problem with the
vertebrae, neuromuscular problems or hip problems.

Figure
1.6
Illustration
of
various
spinal
deformities
(source:
https://www.spineuniverse.com/conditions/kyphosis/scheuermanns-kyphosisscheuermanns-disease).
Morais et al. (1985, p. 1377) describe scoliosis as a “complex three-dimensional
deformity, characterized by deformation (curvature) of the spine in the frontal plane”.
Whilst Stokes (1994, p.236) defines scoliosis as “the habitual lateral displacement of
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the vertebral body line of the spine in the mid sagittal plane”. However, the Scoliosis
Research Society (SRS) radiographically define it as a “lateral curvature of spine
greater than or equal to ten degrees of

Cobb

with vertebral rotation”

(http://www.srs.org/professionals/online-education-and-resources/glossary/revisedglossary-of-terms). British Scoliosis Society (BSS), also refers to scoliosis as a
“complex 3D deformity, accompanied by the rotation of the vertebra around its axis”
(http://www.britscoliosissoc.org.uk/patient-information/bss-documents).
Rolton et al. (2014) state that the onset of scoliosis is associated with kyphosis, which
further develops into a deformity called kyphoscoliosis. Calvert et al. (1989) describe
kyphoscoliosis as a collapse of apical dystrophic vertebrae as a result of flexion forces
in the scoliotic spine. Furthermore, Dickson (1999) clinically refers to “kyphoscoliosis”
as a combination of an outward curvature (kyphosis) and lateral curvature (scoliosis)
of the spine. This deformity is mostly associate with the extrapulmonary restriction of
the lungs and generally gives rise to impairment of pulmonary functions. The condition
may be primary (idiopathic) or secondary to neuromuscular disease, spondylitis or
Marfan syndrome.
1.5 Spinal Pain
Spinal pain is an extremely common musculoskeletal symptom caused by a multitude
of diverse contributing factors. Glassman et. al. (2005) suggests that the main causes
that contribute to spinal pain in adult age group are spinal deformity (for example,
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scoliosis, increased thoracic kyphosis or lumbar lordosis as well as marked
asymmetries between the right and left sides of the back).
Davies et. al. (2006) explain that any significant asymmetries in back posture/deformity
may lead to abnormal stresses and loading on the spinal musculoskeletal structures.
Hence, the shape of the spine or whole back is a key aspect for the clinical assessment
of various spinal disorders. Spinal back shape (e.g. asymmetry of the back surface)
assessment helps in identifying a variety of diseases (Stokes et al., 1988). Grivas et
al. (2009) suggest that back shape assessment helps to identify the early signs of any
disease prior to its occurrence, such as Scheuermann’s disease. An additional
advantage of measuring the shape of the spine as well as the whole back as a baseline
outcome measure is that it helps to objectively quantify the effect of treatment together
with the patient prognosis and recovery rate.
1.6 Tools used in measuring postural variables
In order to assess and treat spinal patients, there is a need for the appropriate valid
and reliable objective tools to measure and monitor changes in posture and back
shape (Kotwicki et al., 2007; Berryman et al., 2008; Fortin et al., 2010; Betsch et al.,
2013). Furian et al. (2013) have proposed various techniques to record the shape of
the back (spine). This includes instruments ranging from the simple Flexi-rule to the
much more complex three-dimensional radiographic method. Due to the cost
effectiveness and ease of availability, two-dimensional (2D) images are also currently
being used in clinical practice in order to treat any patient with a spinal disorder. Since

21

numerous back shape or posture variables of spinal deformity such as the sagittal and
coronal curvatures are detectable through 2D images, photogrammetric methods have
been used extensively in the evaluation of back shape and spinal curvature (Vrtovec,
Pernuš et al., 2009; Stolinski et al., 2014).
The scoliometer (Bunnell, 2005), flexi-ruler and spinal rotation meter (Pruijs et al.,
1995) are all examples of tactile methods for the measurement of posture and back
shape. However, examples of non-tactile methods include Moiré´ topography (Adair,
1977; Grivas et al., 1997) and structured light techniques (Turner-Smith et al., 1988).
Non-tactile methods have the advantage of having minimal interference with the
subject, thereby reducing operator error. The advantages and disadvantages of every
method of posture screening are extensively discussed in the subsequent literature
review chapter (Chapter 2, section 2.7).
1.7 Clinical Acceptance
Ventola (2014) identifies that technological innovation is critical to all health-care
professionals for improving the quality of clinical practice. The opportunities these
technologies can offer to clinicians can occur by enhancing their decision-making skills
and thereby improve patient outcomes (Califf et al., 2016). Although there are
numerous tools/methods available for the assessment of posture and back shape,
most systems are not utilised to their full potential as they are heavy, complex and
expensive for regular clinical use. Nilsen et al. (2015) suggest that a major factor for
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the clinician’s adaptation to use the innovation of technology within their clinical
practice is their acceptance of the technology.
As reported by Marangunic and Granic (2015), research into the acceptance of
technology is important and considerable progress has been made since the 1970s.
In accordance with Venkatesh and Davis (2000), Venkatesh et al. (2003), Venkatesh
and Bala (2008) and Venkatesh et al. (2012), it is generally agreed that user
acceptance is the fundamental issue determining the success or failure of any tool or
system. The main theory used to explain acceptance is through the Technology
Acceptance Model (TAM). The model suggests that when users are presented with a
new technology, a number of factors (perceived usefulness and perceived ease of use)
influence their decision about how and when they will use it. Similarly, Succi et al.
(1999) suggested extending the TAM to take into account a new dimension of
perceived usefulness, that of professional status such as in the clinical environment
for health-care professionals.
To understand the challenges and obstacles faced by health-care professionals there
is a need to understand the acceptance of technology within clinical practice. Chapter
5 aims to understand clinicians’ perceptions together with their intention to use the
novel MSTS for measuring posture and back shape. A study by Kuru and Erbuğ (2013)
reported that clinical acceptance, perceived usefulness and perceived ease-of-use are
fundamental determinants of an individual’s behavioural intention to use a novel
device. They also discovered the importance of other factors, such as perceived
satisfaction and perceived positive experience together with their aesthetic attributes
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might also influence the decision to use technology within clinical practice. The term
aesthetic refers to the exterior design characteristics together with their ease of use.
The current clinical acceptance study is based on Brown et al’s. (2014) technology
acceptance model (TAM). Brown et al. (2014) suggest that the expectation
confirmation is a strong predictor of perceived satisfaction and perceived usefulness;
positive expectation disagreement is a predictor of ‘level of use’ and predictor of
‘perceived usefulness’. It is a widely used model used by researchers and practitioners
to understand and explain users’ acceptance of technology based on their perceived
usefulness and ease of use. It is important to note that the purpose of this study was
not to prove or disprove the technology acceptance model, but rather to identify factors
that are correlated with the behavioural intention of clinical practitioners’ using the
MSTS in clinical use.
1.8 Personalised Patient-Centred Care in the Management of Low Back Pain
(LBP)
The author postulates that the latest advancement in mobile technology, together with
its capability for capturing and viewing three-dimensional data with accuracy and ease,
can act as powerful persuaders in improving the quality of health-care practice. For the
implementation of any new health technology to be successful, meeting the demands
of users and other beneficiaries is equally important. The following section highlights
the importance and usefulness of the latest mobile technology for beneficiaries. In the
current thesis, the beneficiaries were patients with low back pain.
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The latest systematic review by Sawesi et al. (2016) found that using the latest
technology platforms in health-care management not only increases patient
engagement, but also results in positive behavioral outcomes. In support of this
numerous studies (Von Korff et al., 1998; Smeets et al., 2006; Van Tulder et al., 2006;
Furlan et al., 2009) have indicated that the active participation of patients is important
in the management of low back pain (LBP). Any intervention involving poor patient
engagement is more likely to lead to poor outcomes in their clinical care (Sundararajan
et al., 2004; Sen et al., 2005). Previous studies (Verbeek et al., 2004; Snelgrove et al.,
2009) on the management of LBP have reported high levels of patient dissatisfaction
due to poor patient engagement. In relation to the cost of care, a recent study by
Hibbard and Greene (2013), found that healthcare costs were as much as 21% higher
for patients with low patient engagement measured scores (a scale designed to
measure one’s knowledge, skills, and confidence in managing their own health needs).
Patient engagement has always aimed at improving three key things: patient
experience, satisfaction and outcome measures.
In order to address patients’ dissatisfaction and improve engagement, Koes et al.
(2006), Montori et al. (2013) and Constand et al. (2014) advise healthcare practitioners
to adopt a patient-centred model of care. Similarly, Burton et al. (2002) proposed a
method of engagement through a standard educational booklet which aimed to provide
advice on the pain coping mechanism, staying active at work or an early return to work
in LBP patients. Along with booklets, information provided through the generalised
leaflets in the primary care centres helps to improve patient beliefs on LBP (Henrotin
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et al., 2006; NØst et al., 2018). As booklet are easy to deliver and inexpensive it has
become common practice to provide them to patients for the self-care management of
LBP (Coudeyre et al., 2006; Henrotin et al., 2006; Liddle et al., 2007).”.
However, little is known on the effectiveness of self-care management through
personalised educational booklet in LBP patients. There is a relative dearth of studies
and a complete lack of evidence in existing studies on the efficacy of personalised
education in improving patients’ psychosocial variables in LBP. Despite a
comprehensive search, to the author’s knowledge there is no previous study has
investigated the effectiveness of standard educational booklet to personalised
educational booklet containing 3D interactive material. Therefore, one of the purposes
of the research presented in the current thesis was to explore the use of the MSTS in
providing personalised educational booklet for self-management of both acute and
chronic LBP patients. This is detailed in Chapter 6 of the current thesis.
1.9 Objectives
The main goal of the current study was to develop a low-cost, portable, easy-to-use,
posture and back-shape measurement system capable of measuring posture variables
in standing. The current study includes the following stages: firstly, the development
of a novel approach to using a 3D imaging mobile surface topography system (MSTS)
along with freeware measurement software for measuring posture variables; secondly,
the evaluation of the reliability and validity of the MSTS for measuring posture
variables; thirdly, the evaluation of the clinical acceptance of the MSTS by clinicians;
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and fourthly a randomised control design study to evaluate the use of the MSTS for
providing personalised educational biofeedback for the self-management of both acute
and chronic low-back pain patients.
1.10 Outline of the thesis
The current thesis consists of an introductory chapter together with seven further
chapters. A brief description for each chapter is provided below.
Chapter 1 introduces the thesis, reviews the normal features of the vertebral column,
and spinal deformity together with the alignment of optimal standing posture. This
chapter includes the summary, the background and rationale of the study together with
the outline of the thesis as a whole.
Chapter 2 reviews the literatures on different postural deviations of the spine, together
with different methods and technologies used for the measurement of posture/back
shape measurements.
Chapter 3 introduces the novel mobile surface topography system (MSTS) system and
discusses the results of the intra and inter-rater reliability study for the measurement
of different posture and back shape variables.
Chapter 4 demonstrates the method of using the MSTS for the measurement of
posture variables. Within this chapter, the results of the validation study, for measuring
posture variables using the MSTS is discussed.
Chapter 5 evaluates the clinical acceptance of the MSTS tool within clinical practice.
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Chapter 6 demonstrates and evaluates the method of using the MSTS together with
its output in providing personalised educational biofeedback for patient selfmanagement for both acute and chronic low back pain patients.
Chapter 7 Provides the overall discussion and draws together the findings from all the
research studies in terms of the objectives raised within the first chapter. It also
attempts to provide useful insights about the clinical implications of using the MSTS in
the measurement of posture and back shape. Additionally, this chapter points out the
limitations and implications of future research studies on the MSTS. Finally, this
chapter concludes by presenting ideas for further development of the MSTS to improve
the knowledge generated in this thesis.
Please see Figure 1.7 for the flow chart of the whole thesis.
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Figure 1.7 Flow chart for the structure of the current thesis.
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Chapter 2. Posture and
Back Shape Measurement
Tools: A Narrative
Literature Review
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2.1 Chapter Aim
The primary aim of this chapter is to give an overview of different tactile and non-tactile
measurement systems that have been developed for the measurement of posture and
whole-body analysis. Various two and three-dimensional posture measurement
systems and imaging modalities have been proposed over the past few decades. In
this chapter, the underlying measurement techniques, their application and
advantages together with the limitations and methods of each system are presented
and critiqued. The current chapter also discusses the recent advances in mobile
technology for the fast and accurate acquisition of three-dimensional posture and back
shape. Finally, this chapter presents the novel mobile surface topography system
(MSTS), together with its working principle and mechanism for data acquisition and
processing.
2.2 Background
As described in the previous chapter, the term ‘spinal deformity’ indicates the abnormal
alignment or shape of the vertebral column and rib cage. Schwab et al. (2005) identifies
the most common spinal deformities found in the population are scoliosis, lumbar
lordoscoliosis, pelvic obliquity and either increased or decreased lumbar lordosis, with
a high prevalence rate of 68%. These spinal deformities are often linked to a range of
different types of pain, physical dysfunction and psychosocial wellbeing (Fallstrom et
al., 1986; Burt and Punnett, 1999; Danielsson et al., 2001; Tyson, 2003). The clinical
assessment of these spinal deformities often involves the assessment of posture and

31

back shape together with the associated mobility of the spine, pelvis and rib-cage.
Currently, there is a wide range of posture and back shape assessment tools available
for clinical use. The choice varies from conventional approach to advanced structured
light methods. The advanced methods like ultrasound (Cheung et al., 2015), 3D
radiography (Cheriet et al., 2007) and inertial sensor (Fathi and Curran, 2017) are not
easily accessible for most clinicians, as they were either expensive, required specialist
training or were complex or difficult to use. Thus, simple conventional methods like
photography (Fortin et al., 2011) and the plumb line (Williams and McClay, 2000) are
still used within clinical practice.
A comprehensive literature review was undertaken firstly to search and retrieve
research papers related to the tools and scientific methods for assessing posture and
back shape and secondly to critique which methods were best for assessing posture
and back shape with regards to their cost, safety, reliability, validity, ease of use and
duration. The primary research question for the current narrative review was ‘what are
the different types of tactile and non-tactile measurement systems, for the
measurement of posture and whole-body analysis in adults with spinal disorders?’ and
the secondary research question is to critically evaluating the methods in terms of cost,
safety, reliability and validity of the tool.
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2.3 Methods

2.3.1 Search strategy
A comprehensive literature search was performed in the following databases (PubMed,
EMBASE, Scopus, CINAHL, Medline, Science Direct) for articles on posture and back
shape from 1980 to 2017. The search keywords were ‘posture’, ‘back shape’, ‘spinal
mobility’, ‘postural assessment’, ‘back surface measurement’, ‘postural alignment’,
‘posture’ and ‘reproducibility’, ‘posture’ and ‘reliability’, ‘posture’ and ‘accuracy’,
‘posture’ and ‘validity’, ‘posture’ and ‘spinal pain’, ‘posture’ and ‘low back pain’. The
author also combined each human body segment with ‘posture’ as keywords, ‘head
posture’, ‘neck posture’, ‘cervical posture’, ‘thoracic posture’, ‘trunk posture’, ‘lumbar
posture’, ‘shoulder posture’, ‘arm posture’, ‘upper limb posture’ and ‘lower limb
posture’. In addition, the author searched for related articles from references cited in
the articles identified from the original search. The search was limited to articles only
written in English. No wildcards were used in this study.

2.3.2 Criteria for inclusion and exclusion
All articles that assessed posture and back shape were considered in order to identify
all possible methods for the evaluation of posture. Reviews of postural assessment
and articles that discussed posture in some manner that could help the discussion
were also included. Letters to the editor and conference proceedings were excluded.
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2.4 Data collection and analysis
The titles, keywords and abstracts of all research articles identified during the search
were read to confirm whether they satisfied the inclusion criteria. Full text copies of all
articles that met the inclusion criteria were obtained for analysis and data extraction.
Preference was given to recent reviews on posture and back shape assessment and
research papers on new or unusual forms of postural evaluation. Older articles with
the same information contained in newer ones were excluded.
2.5 Results and Discussion
The author identified 66 articles representing 15 principal instruments that are currently
used to assess posture and back shape (please refer to the below PRISMA diagram
Figure 2.1). These included tactile, non-tactile, two-dimensional as well as threedimensional methods. Tactile measurement methods are defined as methods used to
measure posture or back shape through contact for example the Flexiruler and
Goniometry. Whereas non-tactile measurement method measure posture and back
shape without any direct contact to the skin by the operator for example X-rays and
photogrammetric methods. The literature primarily documented the reliability and
validity of each postural measurement tool in normal individuals with few including
patients with spinal deformities. Each method is described and critiqued below.
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Figure 2.1 PRISMA flow diagram of literature search and selection process
2.5.1 Two-Dimensional Analysis of Posture and Back Shape
2.5.1.1 Tactile methods of measurement
2.5.1.1.1 Flexiruler
The flexiruler is currently used for numerous clinical and research purposes due to its
low cost and simplicity of use. The flexiruler for the evaluation of posture is common
for clinical and research purposes (Elabd et al., 2017; Raupp et al., 2017). This
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objective method of postural measurement requires the manual placement of the
flexiruler onto the contours or curvatures of the spine followed by the tracing and
calculation of these angles onto paper (see Figure 2.1A A and B).
Greenfield et al. (1995) used a flexiruler to measure the mid-thoracic curvature, while
Reheault et al. (1989) observed the inter-rater reliability of the flexiruler for measuring
cervical lordosis in two different positions (neutral and fully flexed) in 20 healthy
subjects. In both studies, the flexiruler was placed on the curvature of the spine, with
its tip at the most proximal part of the curvature and the other end at distal end.

Figure 2.1A An example of the flexiruler method A) data collection and B)
measurement of lumbar lordosis based on the captured data (Hecimovich & Stomski,
2016).
Following the measurement in the spine, the flexiruler was placed on a paper, to trace
its curve. Greenfield et al. (1995) reported good to moderate Pearson correlation for
intrarater (r = 0.90) and interrater reliability (r = 0.70). Furthermore Rehault et al. (1989)
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reported no significant difference between raters (t = 1.24; p>0.05) at the two different
positions of the cervical spine. The results of both Greenfield et al. and Rehault et al.
studies suggest that the flexible ruler is a reliable measuring tool between raters for
measuring sagittal plane curvature.
Concerning validity, many researchers have also demonstrated a high correlation
between radiographic and surface measurements for measuring the lumbar spine
curvature (Willner, 1981; Portek et al., 1983; Burton. 1986; Bryan et al., 1990;). For
example, Hart and Rose (1986) compared the angles of the curve taken with a flexible
ruler to the angle obtained by the standard roentgenographic technique and found
good validity with the Pearson product moment correlation of + 0.87. Burton (1987)
further substantiated the result by reporting a correlation of + 0.87 for the validity of the
flexible ruler in comparison to the radiographic method for measuring lumbar lordosis.
Even though the above studies demonstrated good validity, the main limitation was
that the results were based on a very low sample size (n = 8). In addition, the
measurement of postural variables through flexiruler is always two-dimensional.
Measurement of spinal curvature not necessary it should be always two-dimensional,
there is a possibility of deviation of curvature more than one plane. In this scenario,
the obtained spinal curvature angle might not represent the real degree.
It is important to note that most of the above studies reported their results based on
the data collected from young normal healthy participants. Although the use of the
flexible ruler is important for this population, there is a possibility that the flexible ruler
may be more difficult to use for patients with pain, disease, or postural deformity. The
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positions that were used in the normal population may be unattainable for patients with
a known pathology, as most of the spinal deformities were bi- or tri-planar. Therefore,
it is likely that the validity and the inter-rater reliability coefficients may be lower for
patients with different spinal disorders and deformities.
Other limitations of this method of postural assessment are the following. Firstly, it is
difficult for patients to maintain in one position during data collection. Secondly, the
literature reports only one measurement plane (sagittal). It is difficult to measure both
the frontal and the transverse plane posture variables. Third, this method of postural
assessment has a high possibility of manual error during data collection and angle
measurement (Wu et al., 2014).
2.5.1.1.2 Goniometry
In clinical practice, goniometers are commonly used to measure joint range of motion
(ROM) (Hogeweg et al., 1994). Sacco et al. (2007) reported the use of a goniometer
for the assessment of a number of posture variables. This method of direct body
measurement used a goniometer to quantify posture variables with a value from zero
to 360 degrees. The results of their study show moderate correlation (r = 0.47) to
measure tibiotarsal angle, knee flexion/extension angle, quadriceps angle as well as
the sub-talar angle in relation to photogrammetry.
Conversely, Harrison et al. (1996) reported poor interrater reliability when using
manual goniometry for the measurement of sagittal postural angles in neck inclination
angle (craniovertebral angle) and cranial rotation (sagittal head tilt) (see Figure 2.2).
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The ICC measures were found to be r = 0.68 and r = 0.34 for the cervical rotation angle
and neck inclination angle, respectively. The authors attribute the poor results to the
difficulty in maintaining the arm of the goniometer parallel with the horizontal axis.
Fortin et al. (2011, p381-382) suggests that for the measurement of reliability the main
limitation for this type of individual measurement of postural variables is the lengthy
evaluation process involved for both the therapist and the patient. The author states
that “this approach may be appropriate for the assessment of one body segment or a
variable, but not for the whole body or posture.”

Figure 2.2 Measurement of shoulder and neck inclination angle using goniometer
(reproduced from Harrison et al., 1996).
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2.5.1.2 Non-tactile methods of measurement
2.5.1.2.1 Visual Observation Method
Visual observation methods are still the most common method used within clinical
practice for the measurement of posture (Iunes et al., 2009). Visual postural evaluation
methods require the observation of the patient from front, back as well as both side
views. Schwertner et al. (2016) and Watson et al. (2000) suggest that any visible
deviations or asymmetries of posture are being analysed by the therapist using a
predetermined guide as the ideal alignment of back posture. For example, the ideal
sagittal alignment of the upper trunk is defined as “the gravitational line that passes
through the external acoustic meatus, the bodies of the cervical vertebrae and the tip
of the shoulder” (as discussed in Chapter 1, Section 1.3.4).
Iunes et al. (2009) compared the interobserver agreement between visual postural
assessment and the photogrammetry method. In their study, three experienced
physical therapists visually evaluated postural symmetries and asymmetries of twentyone healthy adult volunteers. The agreement between the raters on each postural
assessment variable was determined using Cramer’s V coefficient, with the
significance level set at 5%. The results indicated a poor interrater agreement (p =
0.00) for the visual observation method in comparison to photogrammetry.

This

suggests that it is difficult to evaluate postural variables using visual observation
method.
The main advantage of this method is that it does not require any equipment or
specialised space. On the other hand, the biggest limitations of this method are (1) its
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inability to quantify the observed data (i.e. non-evidence-based and (2) its difficulty in
detecting and recording any minor postural alterations (Nichele et al., 2001; Singla et
al., 2014).
2.5.1.2.2 Plumbline method
The two-dimensional evaluation of posture, using a plumbline is very common, due to
its low cost and simplicity (Hickey, 2000; Yip et al., 2008; Perry et al., 2008). Kendall
et al. (2006), postulated guidelines to evaluate posture in accordance with the
alignment of the ideal plumb line for the measurement of sagittal and the frontal planes.
Kendall et al. states that the ideal alignment of sagittal plane posture is when the plumb
line should intersect the ear lobe, then run to the shoulder joint, then through the
greater trochanter of the hip, just in front of the knee joint and finally slightly in front of
the lateral malleolus of the ankle before it reaches the floor. William and McClay (2000)
reported the plumbline method to have a good intra-rater reliability for measuring
postural variables with an average ICC of 0.80 in both 10% and 90% of body weight
bearing scenarios in standing. The standard error of the mean (SEMs) reported was
between 2 and 5 mm for the lowerlimb indices and from 5 to 10 mm for patients with a
trunk list or lateral shift. List is defined as “the lateral displacement, in millimetres, of a
surface marking of the spinous processes of T12 from that of S1” (McKenzie and May,
2003, p214).
Hickey et al. (2000), evaluated the reliability of using the plumbline to measure resting
head posture in a large sample size of 122 healthy volunteers (80 women and 42 men,
ages 18 to 60 years). In this study, all participants were screened for cranial, cervical,
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and/or upper thoracic dysfunction. The results of this study demonstrated the plumbline
method to have high intra-rater reliability with ICCs ranging from 0.83 to 0.84 for the
measurement of resting head posture. Although the plumbline method has been
reported to have good intra-rater reliability and is a useful and easy to use instrument
for measuring posture, its limitations are its difficulty to minimize movement error or
postural sway (Perry et al., 2008; Fortin et al., 2011). Additionally, this plumbline
method only measures in one plane.
2.5.1.2.3 Radiography
McCloskey et al. (1993), Glassman et al. (2005), Wang and Mummaneni (2010) and
Schwab et al. (2010) considers the radiographic method of spinal screening to be the
traditional and “gold standard” method for the assessment and screening of patients
with spinal deformity. Furthermore, Schwab et al. (2002) suggests radiography is an
essential tool for the accurate diagnoses of spinal abnormalities/deformities and
accurately reveals the degree and severity of the problem.
In this method, an X-ray image is captured when a beam of X-ray light is passed
through the spine and the amount of radiation emerging on the other side is recorded.
Since the bones of the spine absorb the radiation and soft tissues allow it to pass
through, a clear image of the spine is captured. McVey et al. (2003) suggest that the
captured radiographic image provides essential information on spinal bone structure,
which can be used to analyse individual vertebrae and the overall contour of the spine.
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In addition to the assessment of spinal curvature and X−rays are also used to record
as well as monitor the progression of spinal deformities and dysfunction (McCloskey
et al., 1993; O’neill et al., 1996; Rea et al., 1998). Therefore, in adolescent patients it
is performed every few months in order to detect any changes in the progression of
spinal deformity.
The main drawback of the radiographic method of spinal assessment is associated
with the increased radiation of the carcinogenic factor (Knott et al., 2014; Zhang et al.,
2015). Doody et al. (2000) in their retrospective cohort study estimated the
carcinogenic risk and the patterns in breast cancer mortality among female patients
with scoliosis. This study included a large sample size (5,573 female patients with
scoliosis, or abnormal curves). The results suggested that due to the high exposure to
cumulative x-ray radiation of 10.8 cGy (from childhood to adolescence), breast cancer
risk increased by 70%. Similarly, Beir (1990) in his review, reported that the exposure
to radiation during periods of rapid growth, potentially amplified the deleterious
biological effects.
Due to its high cost and risk of exposure towards harmful radiation, studies by van
Niekerk et al. (2008) and Kilinc et al. (2009), recommended using alternative noninvasive methods for the assessment and screening of postural variables. In the next
section, photogrammetry tools, together with methods to analyze postural variables
are discussed. As stated by Furlanetto et al. (2016), the simplicity and convenience,
has made photogrammetry method very popular among clinical practitioners.
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2.5.1.2.4 Photogrammetric method
In the last two decades, the photogrammetric method of postural evaluation and its
applicability has been widely reported in the literature (Fortin et al., 2011; Furlanetto et
al., 2016; Sutkowski et al., 2017; D’Amico et al., 2017; Andrade et al., 2017). Low-cost,
quantitative evaluation together with its use in reducing the exposure to radiation,
makes this method much more feasible for healthcare practitioners to use within their
clinical practice. Following are a number of research studies that have assessed the
reliability, the validity and its application in different scenarios:
Souza et al. (2011), Fortin et al. (2011) and Furlanetto et al. (2012; 2016) have all
proposed a number of diverse photographic methods for evaluating postural variables
and conducting postural diagnosis. While standing in their normal anatomical position,
photographs were taken in the sagittal and the frontal plane using a digital camera.
The captured data were uploaded into the two-dimensional analysis software to
calculate postural angles. Angles were then drawn between the markers by drawing
horizontal and/or vertical lines (please see figure 2.3). With the use of this method, the
sagittal and frontal plane postural variables for example head/ shoulder posture,
cervical lordosis, thoracic kyphosis, lumbar lordosis, lower limb posture and pelvic tilt
were measured. The type of software used to analyse the postural variable varied from
study to study.
Several authors (Sacco et al., 2007; Iunes et al., 2009; Santos et al., 2009; Thigpen et
al., 2010) have reported the use of photographic methods for the quantification
together with the reliability of measuring postural variables. Santos et al. (2009)
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reported good to excellent inter-rater reliability (interclass correlation coefficient [ICC]
values were between 0.84 and 0.99) for the photographic measurement of 33 postural
variables in standing in 122 normal healthy children aged 7 to 10 years.
However, Souza et al. (2011) in their study on measuring 20 postural variables found
mixed results. The ICC values for inter and intra-rater reliabilities for trunk and hip
angle were found out to be 0.62 (p value was 0.12) and 0.56 (p value was 0.43)
respectively. The level of reliability of these two angles was thus classified as not
acceptable. The ICC values for lower leg postural variables (bilateral hind foot angle)
ranged from 0.74 to 0.86 (p < 0.05). This level of reliability was classified as good and
acceptable. The interrater reliability for rest of the sixteen posture angles reported
excellent ICC values (greater than 0.90). Except trunk and hip angle, the rest of the
sixteen variables yielded non-repeatable intra-rater values. The authors of this study
concluded that frontal-view postural variables, such as alignment of head, trunk and
lower limbs, measured using the photography method were reliable for measuring
various postural asymmetries.
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Figure 2.3 Measurement of thoracic kyphosis and lumbar lordosis using a
photogrammetric method (reproduced from Furlanetto et al., 2016)
Although numerous studies (Chang, 2008; Fortin et al., 2011; Salahzadeh et al., 2014;
Rosario, 2014; Ruivo et al., 2015; Furlanetto et al., 2016; Sutkowski et al., 2017) have
reported the photogrammetric method of posture analysis, the most common limitation
is the inconsistency used in the data collection procedure. For example, the distance
between the subject and the placement of the camera varied between studies. The
body segment length increases or decreases depending on how close the camera is
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to the surface of the human body. Additionally, from 2D photographic methods, it is
very difficult to study the deformities which has a rotational component in the
transverse plane (Fortin et al., 2011; Viazzi et al., 2014). Similarly, in the sagittal plane,
there is a possibility that the muscle mass of the erector spinae can obscures the
median furrow of the back surface; thereby it is very difficult to study the true spinal
curvature (Bettany-Saltikov et al., 2012).
In summary, two-dimensional spinal assessment tools do not provide a complete
description of the three-dimensional nature of the back and other spinal deformities.
To obtain the detailed three-dimensional description of spinal deformities together with
the information of the 3D back surface, various three-dimensional surface and posture
measurements tools have been reported in recent years. In the following section,
three-dimensional measurement systems (both tactile and non-tactile methods) used
to assess posture and back shape variables are reviewed.

2.5.2 Three-Dimensional Analysis of Posture and Back Shape
In the last decade, three-dimensional analysis of posture and back shape has not only
developed significantly, but its use in both the spinal research and clinical environment
has also been extended to include both tactile and non-tactile instruments, which will
be discussed below in turns.
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2.5.2.1 Tactile tools of measurement of spinal curvature
2.5.2.1.1 Posturometer-S
The Posturometer-S, is a specially designed, electronic, objective, non-invasive body
posture measuring device (M.Stachoń et al., 2012) (see Figure 2.4). This tool consists
of three coupled systems: ‘P’ a pointer to indicate the position of a measured point
(mechanical), an element to compute the position of the pointer in a three-dimensional
space (electronic), and informatique which is used to analyse the results obtained. This
system not only enables a practitioner to visualise the curvature of the spine in all three
planes, but also provides a quantitative description of the postural parameters.

‘P’ Pointer
An element to
compute
position of the
pointer

Figure 2.4 Schema of Posturometer-S device (source: Stachoń et al., 2012)
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Previous research (Vernon, 1983; Sliwa et al., 1994; Lichota, 2008; Stachon et al.,
2012; Mroczkowski, 2013) has not only demonstrated the reliability of the
posturometer, but also its applicability in the assessment of posture in different age
groups. Lichota et al. (2011) using the Posturometer-S examined the postures of 46
athletes who were aged between 20 – 24 years. Total of four sports groups were
examined, namely handball (n = 16), athletics (n = 9), taekwondo (n = 5) and volleyball
(n = 13). In this study, the “Posturometer-S” was used to describe various angles of
the spine, for example lumbar lordosis, thoracic kyphosis, upper thoracic segment (α
angle), the thoracolumbar segment (β angle) and the lumbosacral segment (γ angle).
The highest values for α angle, β angle and γ angle were reported in volleyball (15.2°),
athletics (12.6°) and taekwondo (14.0°) groups, respectively. The lowest values for the
α angle, β angle and γ angle were observed in athletics (12.4°), handball (8.8°) and
handball (8.0°) groups, respectively. The authors contended that posture was affected
by the specific type of sports training and that the type of sport influenced the type of
posture. The main limitation the authors reported in the study were that the
posturometer-S was not user-friendly, consumes more space in the room and it
requires a thorough understanding of the equipment together with training before it can
be used.
2.5.2.1.1 Ultrasound
Cheung et al. (2015) demonstrated the use of a radiation-free three-dimensional
ultrasound system for the assessment of spinal curvature in twenty-nine scoliosis
patients. Similarly, Kowalski et al. (2013) used an ultrasound-based volume projection
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imaging method to compare the lumbar lordosis and thoracic kyphosis angle in patients
with scoliosis as well as normal subjects or other people with spinal disorders. In this
volume projection imaging method, the 3D representation of the spinal anatomy was
generated using the ultrasound images together with corresponding 3D spatial
information (see Figure 2.5). The structure of the spine anatomy was reconstructed
from image data ranging from 16MB to 96MB in size (Cheung et al., 2015). The results
of this feasibility study, showed good intra- and inter-rater reliability with ICCs larger
than 0.92, p < 0.001. The results also showed that the spinal curvature obtained by the
new method had a good linear correlation with the X-ray Cobb method (r2 = 0.8; p <
0.001).

Figure 2.5 Illustration of 3-D ultrasound system for measurement of spinal deformity
(Cheung et al., 2015).
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Although these results suggest that the ultrasound volume projection imaging method
can be a promising approach for the assessment of spinal deformity, there were still a
number of factors that contributed to errors. For example, the ultrasound system and
its data were susceptible to the distortion of the electromagnetic field, leading to a
system offset/counteract or transient jitter in the spatial and orientation data. Therefore,
precaution must be taken especially if the supporting frame is made of metal. The
additional limitations of using the ultrasound volume projection imaging method were
(a) it was heavy to carry around, (b) expensive (c) relatively dependant on the skilled
operator (Scholten-Peeters et al., 2014; Graaf et al., 2014) (d) it only measures the
spinal curvature and not the whole back and (d) time-consuming for the assessment
of the whole spine. Therefore, this suggests that it is not an appropriate tool for clinical
practice.
In summary, the main disadvantage of all tactile posture measurement systems is the
error produced due to electromagnetic and patient interference during data acquisition
process. This is because it is difficult for patients to maintain a static standing position
for a long time.

2.5.2.2 Non-tactile tools of measurement of spinal curvature
In the following section, non-surface measuring systems, such as 3D radiographic
imaging systems and inertial measuring units will be discussed. This is followed by
various surface measurement tools, such as Moiré topography, integrated shape
imaging system, laser triangulator system and the kinect sensor system.
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2.5.2.2.1 Non-Surface Measuring Systems
2.5.2.2.1.1 3D Radiographic imaging
CT SCAN
Three-dimensional computed tomography (CT) scan is traditionally used for diagnostic
purposes. It uses special X-ray equipment to produce cross-sectional images of body
tissues and organs from different angles and planes. The computer-processed image
helps to visualize the apical and the transient zone of the pelvis. The transverse plane
data helps to study the rotation and distortion components of the spine. In addition to
visualising the success of surgical spinal implants, CT scans are also useful in
situations when preliminary diagnostics or symptoms indicate an abnormal condition
requiring further analysis (Oestreich et al., 1998).
Although the CT images can produce high-quality 3D data, within current clinical
practice CT scans are not routinely used to assess posture and back shape. One of
the main limitations is its high risk of exposing patients to ionising radiation.
Additionally, the duration for acquiring cross-section imaging induces errors and
causes motion problems (Adams, 2009).
3D X-RAY
Cheriet et al. (2007) demonstrated the use of bi-planar X-ray images for the
reconstruction of the three-dimensional spine and rib cage. These images are useful
in evaluating patients with spinal deformities like scoliosis. In this method, the
reconstruction of images is based on a direct linear transformation technique (DLT),
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which requires the explicit calibration of an object with known 3D co-ordinates (see
Figure 2.6). This method produced accurate 3D reconstruction of six manually
identified anatomical landmarks per vertebra (centers of superior and inferior vertebral
endplates and the tips of both pedicles). Similarly, the absolute differences between
the Cobb angle obtained with the standard DLT and the explicit calibration methods
were as low as 0.3 ± 0.42 degrees. The absolute differences of the frontal and sagittal
balance were 0.15 ± 0.15 degrees and 0.37 ± 0.25 degrees respectively.
Using 3D X-rays for clinical or research purposes has the same motion and radiation
issues as the use of 2D X-rays. Additionally, most of these tools are complex to setup, heavy and only can be applied in laboratory environments.

Anatomical Marker Set

Calibration Frame

Figure 2.6 Biplanar X-ray (posterior anterior (PA) and lateral view) acquisition system
with calibration apparatus (Cheriet et al., 2007)
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2.5.2.2.1.2 Inertial Sensors
The recent advancement and application of electronic systems and sensors namely
accelerometers, gyroscopes, flexible angular sensors, electromagnetic tracking
systems and sensing fabrics have enhanced the quality of clinical practice. Allum and
Carpenter (2005), Wong et al. (2007), Godfrey et al. (2008), Tao et al. (2012) and Fathi
and Curran (2017) all reported the use of sensors in the evaluation of human posture.
The following section reviews their clinical applications, together with their problems
and limitations.
An inertial measurement unit (IMU) is an electronic device, that primarily contains
accelerometers, gyroscope and magnetometer sensors. All these sensors are based
on measuring and converting the global position of human body segment,
momentum/inertia or changes of path length. An accelerometer is a sensor which
measures a specific force and acceleration. In this context, an accelerometer is used
to determine the orientation of the spinal segment in relation to Earth’s gravitational
field. A gyroscope sensor measures the rate of change of angles. Using these sensors,
a three-dimensional (3-D) position together with displacement data is calculated by
combining inertial sensors orientation data, together with its known distance between
the sensors (Wong and Wong, 2008; Voinea et al., 2016).
Kent et al. (2015) in their randomised controlled study, used DorsaVi’s hardware
(which contains two IMU movement sensors) (see Figure 2.7) to measure posture and
movement in sub-acute and chronic low-back pain patients (n = 58). The results not
only demonstrated the procedure for posture measurement, but also its applicability in
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providing postural bio-feedback. Similarly, Fathi and Curran (2017) demonstrated the
effective application of wireless IMU sensors to detect the curvature of the spine with
85% to 95% accuracy in Ankylosing Spondylitis patients.

Figure 2.7 ViMove wearable motion-sensor system with IMU sensors and Surface
EMG electrodes (Kent et al., 2015)
Other portable, non-invasive sensors used in the assessment of posture are E-textiles.
Many studies (Lorussi et al., 2004; Mattiman et al., 2007; Rajdi et al., 2012; Sardini et
al., 2015) have reported the use of textile sensors to detect the curvature of the spine.
The specially designed fabric contains an inductive sensor, a circuit board, and a
piezoelectric actuator (a component of a machine responsible for moving and
controlling the piezoelectric system) (see Figure 2.8). Any change in posture and spinal
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movement is calculated by a change in the length or position of the sensor’s together
with the percentage of change in electrical resistance.
Sardini et al. (2014) compared the E-textile output data with an optical motion system
(Vicon). The trials performed on four subjects obtained on different days demonstrated
that the wireless wearable sensor described in this paper is capable of producing
reliable data compared with the data obtained with the optical system.
As the above IMU and e-textile tools were low-cost, portable and easy to use, it might
be appropriate to use these for monitoring movement. The reliability of the above tools
for measuring spinal curvatures or other back parameters has not yet been reported.
The potential limitation of the IMU and e-textile tools is that their interaction with metal
in the environment could affect the sensor data extraction due to its capacity to distort
electromagnetic waves. In addition, these tools do not provide back surface and wholebody data.

Figure 2.8 E-textile with inductive sensors (Sardini et al., 2014)
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2.5.2.2.2 Surface Measuring Systems
Berryman et al. (2008), Betsch et al. (2013) and Furian et al. (2013) detail that back
surface observation and measurement methods have been widely used by both
clinicians and researchers for the evaluation of posture and spinal curvature in patients
with spinal disorders patients. The following section aims to review both the qualitative
and quantitative studies that describe skin surface measurement tools.
MOIRÉ TOPOGRAPHIC METHODS
Moiré topography and rastersterophotography systems are the most valuable and
widely used non-radiographic tools in the measurement of posture/back-surface.
Additionally, these instruments are also used for screening three-dimensional spinal
deformities, furthermore for quantifying the progression of the 3D spinal curvature.
The above topographical systems work on the basis of projecting a structured light
onto the back surface. Based on the reflection of the structured light from the subject,
Moiré topography images are produced (see Figure 2.9). The contour map image, help
to visualise back asymmetry and record the spatial information of the subject’s threedimensional back shape and posture. The quantification of Moiré fringes typically
involves the derivation of quantitative angular and/or linear measures by comparing
the left and right side back surfaces.
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Figure 2.9 Example of Moiré topographic images of a subject with scoliosis
(reproduced from Kotwicki et al., 2007).
Numerous authors (Sahlstrand, 1986; Stokes and Moreland, 1989; Grivas et al., 1997;
Uetake et al., 1998; Kotwicki et al., 2007 and Rankine et al., 2012) have described the
use of the Moiré topography method to evaluate back shape and spinal deformity. The
main limitation of Moiré topography method is that the measurement depends on the
absolute order of Moiré fringes.
A Moiré pattern is a low-frequency line image produced from two high-frequency line
images or grids. For example, by projecting a high-frequency grid onto an object and
viewing the reflection of this projected pattern through another high-frequency grid is
called Moiré fringes (Chiang, 1975). The formation of the Moiré fringes depends on a
patient’s position. A slight change in the patient’s position or movement can produce
considerable changes in the Moiré topogram. Thus, a direct inspection of Moiré fringes
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may be misleading. Further Stokes et al. (1987) states that the data analysis is a
complex procedure, requiring much expertise. Additionally, Nissinen et al. (1989) also
reported that the correlation of Moiré topographs with X-rays is poor and ranges from
r = 0.24 to 0.45. This suggests it is unsuitable for objective back shape measurements.
THE INTEGRATED SHAPE IMAGING SYSTEM 1 AND 2 (ISIS1 & 2)
The integrated shape imaging system (ISIS) is a widely used optical scanning system
for the measurement of human back shape and posture within a clinical environment
(Turner-Smith et al., 1981; Turner-Smith et al., 1988). The ISIS system consists of an
optical scanner (A), which projects a horizontal beam of structured white light onto the
patient’s back (B). The camera (C), mounted below the projector, captures the position
of the light blade on the back from different perspectives (see Figure 2.10). Based on
the geometry of the illumination/camera system together with the coordinates of the
blade of light, the three-dimensional shape information is derived.
The validation of this system was carried out in the late 1980s and early 1990s (Weisz
et al., 1988; Legaye et al., 1992, Bettany-Saltikov et al., 2002). Although the reliability
and validity of this tool was good to excellent for clinical use, the original ISIS system
was getting old and data acquisition was slow which led to potential movement errors.
The system was modified and redesigned by Berryman (2008) with the new addition
of a clinical parameters and renamed ISIS2. This automated non-invasive surface
topography system measures three-dimensional shape of the back with improved
speed, accuracy, reliability and ease of use (Zubovic et al., 2008).
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Berryman (2008) described the data collection procedure, involving palpation and
marking bony landmarks on the subject’s back with small coloured stickers. A digital
camera is then used to take a photo. The projector then projects a grid of horizontal
black lines onto the patient’s back. The pixel size is approximately 0.5 mm with fringe
frequency of approximately 0.16 fringes/mm. Fourier transform profilometry is used to
convert the distortion of the reference grid lines into a three-dimensional surface map
of the back.
The data processing with ISIS2 takes only 40s, compared to 10 minutes in ISIS. Knott
et al. (2012) suggests that by reducing the duration of data collection, the error due to
natural postural sway of the body decreases, thereby the accuracy (±1 mm) increases.
The results are stored in a database so that the data of the particular patient can be
recalled at any given point of time. ISIS2 helps in the screening and monitoring of the
development of spinal deformity over time (Patias et al., 2010; Glinkowski et al., 2014;
Talasila et al., 2017; Pino-Almero et al., 2017).
Zubovic et al. (2008) carried out a study to validate the ISIS2 system against X-rays.
They reviewed 520 ISIS2 scans on 242 scoliosis patients not only for quantifying
postural variables but also to assess their validity. The average number of scans per
patient was 2.01 with a range of 1-10 scans. The median values and 95% CI were
reported for the linear, angular and volumetric asymmetry of scoliosis patients. The
results of this study showed no statistically significant differences in their investigations
between ISIS measurements and X-ray images.
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Similarly, Berryman et al. (2008), in their study on measuring three-dimensional back
shape in scoliosis patients, found good correlations (r=0.84) between the Cobb angle
and the lateral asymmetry of the ISIS scans.

Optical
scanner (A)

Patient’s
back (B)

Camera (C)

Figure 2.10 Integrated shape imaging system (ISIS2) (reproduced from Porto et al.,
2010).
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As seen in Figure 2.11, the ISIS2 system provides additional data to simple
radiographic examination, describing the three-dimensional characteristics of back
surface (Berryman et al., 2008; Anwary, 2012). Previous studies (Patias et al., 2010;
Glinkowski et al., 2014; Talasila et al., 2017; Pino-Almero et al., 2017) have
demonstrated that the ISIS2 produces reliable, valid and accurate data that can
monitor the progression of spinal deformities. Berryman et al. (2008), Frerich et al.
(2012), Sadani et al. (2012), Brewer et al. (2013) and Knott et al. (2014) suggest that
the additional advantage of ISIS2 is to reduce the exposure to radiation.
However, Fortin et al. (2011) and Bettany-Saltikov et al. (2012) identify the ISIS2
system as being very heavy, is not easily moved and requires skilled clinicians to
operate it. In addition, Berryman et al. (2008) suggests that identifying the bony
landmarks for marking spinous process is more difficult for patients who are extremely
obese or have heavy musculature. Similarly, the above authors also found it difficult to
mark bony landmarks in patients with congenital curves that had little rotation. The
main limitation of the ISIS2 system is that it can only measure back shape and not the
whole body.
Non-contact optical imaging techniques for the assessment of back shape and posture
has also been achieved by using the laser triangulators method.
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C

D

E

Figure 2.11 Illustration of data processing and a sample report of ISIS2 method
(Anwary, 2012). A - The reference frame with calibration markers; B - example of
patient image with fringes projected on to the back; C – representation of symmetry
line analysis in frontal and sagittal plane to obtain lateral deviation, kyphosis and
lordosis angles; D - back height map with rib hump, contour plot (representing the
shape using contour lines and colour; blue lowest to red highest) and E – Example of
ISIS2 report with representation of contour plot and quantification of curve in all planes.
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Laser Triangulators
Celan et al. (2015) and Poredoš et al. (2015) used the laser triangulation method to
evaluate the three-dimensional human spine curvature. The main purpose of these
studies was to estimate the spatial bend of the thoracic and lumbar spine curvature in
all three planes. The laser triangulation imaging system used in Poredoš et al.’s study
consisted of two basic elements: a grey-scale camera (A) and a laser line projector (B)
(see Figure 2.12). The spinal path or region of interest (ROI) of the human model is
manually marked by the palpation of the subject’s bony landmarks. The laser projector
illuminates the light on to subjects back and the intersection of the laser line with the
spinal path or region of interest (ROI) provides the intersection curve, which is then
measured using a greyscale camera. The distance between the laser projector and the
camera is known. The intersection angle in 3D space is calculated using the triangular
method (Amann et al., 2001).
The laser scanning triangulation method was assessed for both validity and
repeatability. Using a point-to-point analysis, the average error (±1 mm S.D) (distance
between markers) for a regular shape (cylinder) was as low as 4.99 ± 1.56 mm, versus
6.91 ± 2.29 mm for an irregular shape (mannequin) (Chang, 2008). Research by Majid
et al. (2005) demonstrated the performance of the 3D laser scanning system. In this
laboratory-based study, craniofacial measurements of mannequins demonstrated that
the photogrammetric/3D laser scanning system had an accuracy of ±0.7 mm (1
standard deviation [SD]).
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The same measurement in human models demonstrated an accuracy of ±1.2 mm. This
decrease in accuracy was due to facial movement during data acquisition.
However, this method also has limitations. The manual spinal path determination is
also likely to cause palpation errors. This limits the usage of the system to only
experienced health-care practitioners who have good palpation skills. Additionally, this
tool is capable of only measuring the shape of the human spine and not the complete
back or human body.

A

B

Figure 2.12 Illustration of one-laser-plane triangulation method in all planes.
(Reproduced from Poredos et al., 2015).
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Kinect Sensors
Microsoft kinetic sensors are currently being used in a range of disciplines from
biomechanics to clinical applications (Lange et al., 2011; Zhang, 2012; Nguyen et al.,
2012). Castro et al. (2017) described the use of the Microsoft’s KinectTM to measure
back surface and posture. The Kinect sensor used in their study is similar to the
Structure Sensor(R) (used in the research reported in the current thesis). The Kinect
sensor consists of two cameras; a colour camera (RGB camera) (A), a depth (infrared
IR) camera (B), and a projector (C) (please see Figure 2.13). These cameras does not
require passive markers to determine anatomical landmarks. By measuring the
deformations of the projected speckle pattern, a 3D map of the dorsal skin surface is
created by using the appropriate software.

C

A
B

Figure 2.13 Microsoft Kinect Sensor
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The results from previous studies have demonstrated that the depth sensor is valid in
measuring 3D back surface in patients with scoliosis and in healthy volunteers
(Kyeong-Ri Ko et al., 2013; Lachat, 2015; Castro et al., 2017). The Microsoft KinectTM
system had comparable inter-trial reliability (ICC difference = 0.06 + 0.05; range, 0.00
– 0.16) and excellent concurrent validity against a benchmark reference, a multiplecamera 3D motional analysis system, with Pearson’s r-values > 0.90 for the majority
of measurements (r = 0.96 + 0.04; range, 0.84 – 0.99).
Whilst the Microsoft KinectTM is inexpensive, portable and offers good repeatable of
the 3D map of the back surface, it also has a few limitations. The measurements are
limited only to the back surface and not the whole body. Additionally, the Kinect system
software is mainly restricted to the Microsoft operating system and is not applicable to
any other mobile applications.
2.6 Requirements for a Novel System
A number of different techniques for the assessment of posture and back shape within
clinical practice and research have been described above. Most are expensive, difficult
to use, need specialised training are heavy to move or cannot be used for regular
clinical use (Fortin et al., 2011). When considering a new system, the following
requirements are necessary.
1. A novel tool needs to be simple, portable, low cost, easy to use and less timeconsuming for the purpose of using within clinical practice. This can be achieved by
innovatively using a mobile low-cost scanner, such as the Structure SensorTM together
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with freeware software. This has previously been used in the construction and fashion
industry (D’Apuzzo, 2007; Yap & Yeong, 2014; Taneva et al., 2015).
2. The most conventional photographic systems, used in clinical practice at present,
do not provide the three-dimensional information of patients’ posture and back shape.
A novel portable system providing three-dimensional information of patient’s posture
and back shape would help to better understand the three-dimensional nature of spinal
deformities.
3. Most existing systems described in this chapter provide information either on back
shape or spinal posture and not the whole body. A system providing information on the
whole body and its relation to spinal posture would yield more information on the
relationship between the orientations of the extremities to the trunk.
4. Technological advances in imaging and computerized image-processing led to the
development of new three-dimensional (3D) image acquisition techniques. There is a
demand for bridging the gap between technological advancement and medical practice
for the assessment and treatment of spinal disorders (Eysenbach, 2002; Gammon et
al., 2005). The continuous increase in 3D imaging technology provides opportunities
for the development of a novel system that provides reliable and valid results for
assessment of whole-body posture and back shape.
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2.7 The ‘Structure SensorTM’

2.7.1 Technical specifications
In the current thesis, the author innovatively used a highly original novel system to
capture the back and body shape and posture: an iPad based three-dimensional
mobile scanning tool called ‘Structure Sensor’, manufactured by the spatial
computing company called Occipital. The sensor is similar to the Kinect sensor that
straps onto a commercially available iPad. The Structure sensorTM weighs only 95
grams, its dimensions are 119.2 mm in length, 28 mm breadth and 29mm height (see
Figure 2.14). Consists of an infra-red (IR) camera and IR projector; these are designed
to be incorporated into both iPads and iPhones.

Figure 2.14 Dimension of Structure SensorTM
2.7.2 Capturing the image
Valgma (2016) detail the depth sensor of Structure SensorTM which has three infrared
light sources that project waves at different amplitudes to a known structure pattern.
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The image capture or scanning process involves the projection of a series of known
patterns onto the object being scanned. The red green blue (RGB) camera of an iPad
and the infra-red (IR) or depth camera captures the scene together with the reflected
wave. Three different amplitudes of lights are then emitted by the sensors to enable
good resolution 3D data and to measure the long distance.

Figure 2.15 The orientation and position of an object is captured by two cameras. This
allows the formation of a common reference point in three-dimensional space
(reproduced from Herakleous & Poullis, 2014)
The method of measuring the distance is through the optical Time of Flight (ToF)
technique. The ToF principle is based on measuring the time required by the light wave
emitted by the infrared light source to travel to the object and back to the depth sensor.
Thousands of invisible infrared light waves projected onto the object are distorted
70

according to the geometry of the object being scanned. The geometry of the object is
then computed by identifying the corresponding IR dots or pixels in the captured image.
In order to be able to identify these pixel correspondences, the projected pattern is
encoded such that every pixel in the projected pattern can be uniquely identified in the
images captured by the cameras. This provides an efficient and accurate method of
mapping corresponding pixels between the images captured by the two cameras (see
Figure 2.15). The mapping between corresponding image pixels, makes it possible to
calculate the accurate 3D positions and geometric pattern of the pixels.

2.7.3 Decoding and processing the patterns
Herakleous and Poullis (2014) suggest that mapping between the depth and colour
cameras is required as they are two different sources of information. In order for
surface matching and registration, each pixel in the captured image is decoded into
their corresponding decimal number (1 or 0) representing the column (x) and the row
(y). This numbering of each pixel helps in mapping corresponding pixels in the
captured images, which corresponds to the same projector (as shown in Figure 2.16).
By repeating the process for all images and cameras, the whole object is then mapped
for model reconstruction.
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Figure 2.16 Two different cameras (1 and 2) view a 3D point in the object. The
decoding aims to derive a map between pixels of two cameras, corresponding to the
same 3D point (reproduced from Herakleous & Poullis, 2014).
2.7.4 Reconstruction of the model
Sansoni et al. (2009), Herakleous and Poullis (2014) and Grivon et al. (2014) state that
a 3D point is computed by relating and combining all decoded captured pixels and
points in both rows and columns (x and y points). This reconstruction is achieved by
creating a mesh of an object through the triangulation method (see Figure 2.17). As
described by Herakleous and Poullis (2014), the first step in creating a 3D mesh is by
inter-connecting the points, vertices and edges to each other to produce the surface of
an object (see Figure 2.18). Each point in the cloud represents the area in the surface
that is lit by the related projectors’ pixels.
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B

C

Figure 2.17 Illustration of converting point-cloud to mesh. A) 3D points, B) first level
connection to form quadrilateral surfaces, C) further combining points obliquely leads
to triangular surfaces (reproduced from Herakleous & Poullis, 2014).
The depth camera sensor is able to sense a depth of up to 12 feet; hence it is highly
suitable for scanning in indoor rooms (Geng, 2011). The Structure SenorTM captures
3D high-quality imagery data instantaneously, which helps to create highly reliable 3D
models with high resolution in seconds. This system, based on structured-light
scanning, has emerged as the most cost-effective and accurate method to capture
three-dimensional geometry and appearance of a real object. Furthermore, Structure
sensorTM is able to carry out 3D scanning of a subject very rapidly.
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Figure 2.18 Repeating the triangulation process for all viewpoints allows aligning all
the point clouds and thus recreating the entire object surface.
In summary, the accurate three-dimensional reconstruction of a surface through the
triangulation method is potentially highly beneficial to study the surface of the body and
back surface in patients with spinal deformities. The aim of this study was to explore
the use of the novel mobile surface topography system (MSTS) system (both hardware
and software) to capture and measure human back shape and whole-body posture in
all three planes. Specifically, to evaluate reliability and validity of the MSTS.
Furthermore, the research presented the clinical acceptability of the tool together with
evaluation of personalised self-care management of patients with low-back pain.
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Chapter 3. Measurement of ThreeDimensional Back Shape of Normal
Adults Using a Novel ThreeDimensional Imaging Mobile Surface
Topography System (MSTS): An Intraand Inter-Rater Reliability Study
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3.1 Chapter Aim
The main purpose of this chapter is a) to describe the MSTS equipment together with
the process used to measure three-dimensional back shape and b) to assess the intra
and inter-rater reliability of the posture screening MSTS in healthy adults. The validity
of the MSTS will be discussed in Chapter 4.
3.2 Introduction and Literature Review
Musculoskeletal (MSK) disorders are the second-most-common cause of disability
worldwide, with spinal pain being one the most frequently cited symptom (Menken et
al., 2000, Driscoll et al., 2014). Anderson (1999) projected the worldwide annual
incidence of spinal pain in adults to be 15% together with the point prevalence to be
as high as 30%. Similarly, Papageorgiou et al. (1996) identified that at least 50% of
adults would have experienced an LBP episode in their life time. In the adult
population, several contributing factors (varying from physical to psychosocial factors)
for spinal pain have been identified (Valat et al., 1997; Yeung, 2012; Ganesan et al.,
2017).
One of these major contributing factors is postural or spinal deformity (for example:
scoliosis, increased thoracic kyphosis or lumbar lordosis as well as marked
asymmetries between the right and left sides of the back) (Glassman et al., 2005).
Significant asymmetries in back posture/deformity can lead to abnormal stress and
loading on the spinal MSK structures (Davies et al., 2006). The main risk and
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predisposing factors for low-back pain are primarily due to any mechanical or postural
changes in the shape of the back (Glassman et al., 2005; Davies et al., 2006).
In the adolescent and older adult population, one of the most common causative factor
for spinal pain is idiopathic scoliosis (2-3%) ( Bunnell, 2005; Asher and Burton, 2006;
Fong et al., 2010). This three-dimensional deformity of the spine increases
substantially with increasing age from adolescent to adulthood (Ohrt-Nissen et al.,
2016). There is a consensus that correction of posture at an early age in school can
prevent progression and reduce morphologic deformities (Torell et al., 1981; Ashworth
et al., 1988; Thilagaratnam, 2007). This can, therefore, reduce the need for subsequent
surgery (Morais et al., 1985).
Conservative management applied at the early stages of onset have been reported to
result in better clinical outcomes particularly on pain, functional activities, appearance
as well as participation in activity (Berdishevsky et al., 2016). This biomechanicalbased approach addressing the 3D deformities based on the causative factors and has
been actively promoted over the past few decades as a means of improving patient
management ( Gallagher, 2006; Vardeh et al., 2016). Therefore, it is critical to screen
larger populations at an early stage thereby helping to lower curve magnitude in the
growing child at skeletal maturity.
Musculoskeletal screening is a form of secondary prevention, aimed at improving
outcomes through earlier diagnosis. Willner and Uden (1982) and Soucacos et al.
(1997) and suggest early detection/screening is the most-effective management of
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spinal deformities. Recently, Prowse et al. (2017) identified screening as a powerful
tool to identify children who might perhaps have scoliosis or at high risk of developing
scoliosis. Scoliosis screening in schools is generally a subjective assessment by visual
inspection of the alignment of spine to look for asymmetry of the shoulders, scapular
prominence, and hips (Adobor et al., 2011). Several techniques and equipment have
been proposed for the early detection of spinal deformity (Altaf et al., 2017; Kuroki et
al., 2018). Zaina et al. (2009) suggest that it is of great importance that the clinical
evaluation tool used to either screen or monitor spinal deformity needs to be reliable,
valid, feasible and acceptable by clinicians for evidence-based practice. Furthermore,
Grivas et al. (2007) and Prowse et al. (2017) and suggest that the tools used for
screening need to be easy to administer, portable, safe and inexpensive and with
ability to provide essential topographical back surface information thus replacing the
need for repeated radiation from radiographs.
Traditionally, the gold-standard method for assessing any spinal morphologic
deformity was through X-ray imaging. However due to its radiation risk, it is not
frequently used in children and adults for assessment and screening purposes (Knott
et al., 2014; Richards & Vitale, 2008; Dutkowsky et al., 1990). Various tactile and nontactile techniques have been used to measure the shape of the back and spinal
curvature (see Chapter 2). The problems associated with tactile and non-tactile
techniques are discussed in detail in Chapter 2, Section 2.5.
In the last decade the most well-known non-tactile methods to assess the degree of
deformity were structured-light techniques, such as the well known ISIS scanner
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(Integrated Shape Imaging System; Turner-Smith et al., 1988) Quantec (Oxborrow,
2000; Goldberg et al., 2001) and Jenoptik Formetric (Frobin & Hierholzer, 1991; Drerup
& Hierholzer, 1996). Non-tactile methods have the advantage of minimal interference
with the subjects. These instruments have the capacity to produce convincing pictures,
quickly.
Furthermore, most of the current tactile and non-tactile equipment is laboratory-based,
very expensive, very heavy to carry around, and can only measure the back and not
the whole body. All these factors significantly reduce the use of the afore mentioned
equipment in school- or large-population-screening. There is a demand for a reliable,
quick, low-cost, easy-to-perform, portable, mobile back-shape measurement system
that will allow an extended full body and back-shape measurement in all planes (Fortin
et al., 2010; Nilstad et al., 2014).
In posture screening and assessment, recent technological advancement, together
with its application in biomechanics, has embraced a new mode of data capture.
Capturing the 3D surface pattern using the Kinect sensor together with its clinical
implications is one example (Macpherson et al., 2016). In the current study, the author
evaluates the both intra and inter repeatability of using a mobile structured light sensor
with a structured light pattern for building an accurate 3D human model together with
its use in postural screening.
According to Fortin et al. (2011), the key postural variables commonly measured in
posture screening are lumbar lordosis, thoracic kyphosis and cervical lordosis in
79

sagittal plane, shoulder elevation and lateral pelvic tilt in the frontal plane and scapular
prominence in the transverse plane. Chen and Wei (2009) and Jang et al. (2009)
suggest that these postural variables are the crucial components in maintaining
balance in neutral upright alignment. It is also important to note that different authors
propose different evaluation methods for measuring posture variables in posture
screening.
The presented mechanism is currently being used commercially in fashion, objectscanning and 3D-printing ( D’Apuzzo, 2007; Yap & Yeong, 2014; Taneva et al., 2015),
but its use in healthcare has so far been limited. The main aim of this study was to
introduce a novel MSTS, together with the evaluation of the intra- and inter-rater
reliability, for assessing back and full-body shape in normal subjects. The research
question guided in the study is in the following: is there any variation in intra-rater
reliability and inter-reliability of the posture and back shape measurement variables by
using MSTS?
The originality of this tool lies in the fact that 1) the researcher has developed the tool
from previously available software and mobile applications that were used for other
purposes. 2) To the authors’ knowledge, no research studies have to date used this
tool for the measurement of posture/back shape; together with the measurements of
its reliability.
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3.3 Methodology

3.3.1 Sample Characteristics
A convenience sample of 16 young males (age: 25 + 5.6 years, height: 172 + 5.3 cm,
weight: 69 + 8.6 kg) participated in this study (refer Table 3.1). The participants were
healthy asymptomatic subjects without any musculoskeletal pain or pre-existing leg or
spinal abnormalities.
Table 3.1. Descriptive statistics of both participants and raters.

n

Gender

Participants 16 Male
Raters

5

Age
Height
(Years) (Cms)

Weight
(Kgs)

Mean
(SD)

Mean
(SD)

Mean
(SD)

25 (5.6) 172 (5.3) 69 (8.6)

Male (4)

36 (7.6)

-

-

Female
(1)

32

-

-

Profession

Years of
Experience
Mean (SD)

Physiotherapist (2)

10(7.0)

Sports Therapist (2) 8.5(4.9)
Bio mechanist (1)

2

Prior to testing, all participants were informed about the study both orally and in writing
and completed consent forms before participating. Five raters (four males and one
female) took part in the inter-rater reliability study. The mean clinical experience of the
raters were 10 + 7 years for the physiotherapists and 8.5 + 4.9 years for the sports
therapists and 2 years for the biomechanist. The summary of the descriptive statistics
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of participants in each group is seen in Table 3.1. The protocol and the procedure for
the current study received ethical clearance from Teesside University (February 2016).

3.3.2 Equipment
A commercially available iPad based 3D mobile scanning tool ‘Structure SensorTM’
(Figure 3.1a) was used to capture the participants’ back and whole-body shape.
Structure Sensor (Figure 3.1b) 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 3.1c) (Structure Sensor,
2016). RGB-D cameras consist of an infrared (IR) projector, which emits a known
pattern of structured IR light, an IR camera and an RGB camera.
As explained in Chapter 2, the estimation of depth is based on the internal triangulation
process. The IR structured light source emits a constant pattern of speckles projected
onto the back and body. When a speckle is projected onto an object, whose distance
to the sensor is smaller or larger than that of the reference plane, the position of the
speckle in the infrared image will be shifted towards the direction of the baseline,
between the IR projector and the projection centre of the IR camera. These shifts are
measured for all speckles by a simple image correlation process to generate a disparity
map (see Figure 3.2).
For each pixel the distance to the sensor can then be retrieved from the corresponding
disparity pixel (Alhwarin et al. 2014). This pattern is acquired by the infrared camera
and is correlated against a reference pattern.
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(A)
Base and camera
mounted on iPad
Circuit
IR Camera
IR Projector

(B)
Frequency matched IR
Projector
IR Camera

(C)
Figure 3.1 Equipment used in data capture (3D depth surface topography imaging
tool). A) iPad along with Structure SensorTM; B) Tear down of structure Sensor; C)
Structure Sensor circuit with camera and projector. b) and c) reproduced from
https://www.allaboutcircuits.com/news/teardown-tuesday-occipital-3d-structuresensor/ (Hughes, 2017).
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The reference pattern is generated by capturing a plane at a known distance from the
sensor and is stored in the camera’s memory. This sensor along with the normal iPad
camera provides real-time anatomical landmarks and reconstructs the whole back and
body shape using the triangulation method (Poredos et al., 2015) (see Figure 3.3).

Figure 3.2 Illustration of structured light projection system. The IR projector projects
the infrared light pattern generated in the Structure Sensor TM system. The IR camera
records the structured light pattern projected on the object surfaces. The iPad RGB
camera captures the colour and texture of the surface. ‘Φ’ is the angle between the
projection and viewing directions.
This method is popular due to its robustness for point cloud reconstruction. There are
multiple reasons for greater accuracy. Firstly, there is the capability of the MSTS to
reduce the influence of the ambient light and part reflection (Tortschanoff et al., 2014).
Secondly, a structured-light figure, when combined with stereo photogrammetry to
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measure the light figure precisely, for generation of an accurate 3D plan (Karatas &
Toy, 2014). Thirdly, the mobile surface-topography system triangulates depth by
solving a correspondence problem between each camera and projector pixel. This is
often framed as a local stereo-matching task, correlating patches of pixels in the
observed and reference image. Moreover, the requirement for accurate performance
is achieved by the primitive pattern where the pixel-to-pixel calibration strategy is
utilized to increase the accuracy of the surface capture system (Xu et al., 2011).
In the current study, the data (3D model) that was collected was realigned and
processed in the open-source software called Netfabb BasicTM. This software was
originally designed for the 3D-model-building and printing in the fashion and civil
engineering industries as well as the mechanical industry. The author adapted this tool
for use in the assessment of posture and back shape.
3.3.3 Procedure
For each subject, five trained raters (two physiotherapists, two sports therapists and a
biomechanist) individually measured three trials of standing back and body posture on
two separate occasions to enable both intra and inter rater reliability to be calculated.
Each rater completed the palpation of bony landmarks and placed nineteen 10mm
spherical reflective markers on the following anatomical landmarks: spinous process
(C2, C4, T1, T4, T7, T12, L3 and S1), occiput, right and left acromion process, anterior
superior iliac spine (ASIS), posterior superior iliac spine (PSIS), knee inter articular
joint line and calcaneus (see Figure 3.4).
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Anatomical reference points, for example the midpoint of the patella and ankle joint
line, were also used for angle calculation. Following the familiarization procedure, each
participant’s standing 3D back shape and whole body were captured manually by the
raters with the commercially available iPad camera and Structure Sensor TM. A
footplate was created with marks to standardize foot position and a chart was placed
on the wall in front of the subject with markers to focus on. Previous work has found
improvements in repeated measurements with foot and vision standardization
(Batavia, 2001; Warren et al., 2002; Braun & Amundson, 1989).

C
A

B

D
Figure 3.3 Result (visualisation) of a reconstructed 3D object from projected structured
light trajectories using the Structure SensorTM. A) Surface reconstruction thorugh
triangulation process B) Texture-mapped model C) Reconstructed 3D model and D)
Visualisation of a 3D model in different perspectives (bottom, top, cross section and
outline border).
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Figure 3.4 A participant in standing with anatomical marker set

In order to capture the data, the rater walked around the subject with the camera
pointing towards the subject in a 360 degrees circle at three different heights
(participant’s shoulder, pelvic and knee). Throughout the data collection, the distance
between the camera and the model was between 0.5 to 1 metres. In order to limit the
variability associated with the participants’ positions and standardize the data
collection process, two reference lines for foot placement were drawn on the floor at
the X and Y axis (Figure 3.5).
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X-axis

Y-axis

Figure 3.5. A participant standing with feet placement towards X and Y axis.
Participants were asked to look straight ahead and stand in a comfortable position.
Data acquisition followed a specific sequence as explained above and took 30 to 40
seconds per trial. To avoid any bias in the selection of a trial and to obtain a better
estimate of the raters’ true score, the mean of three trials for each rater was used to
determine the level of reliability. All the data captured through the 3D imaging MSTS
was uploaded, realigned and processed through the open-source software called
Netfabb BasicTM (see Figure 3.6 A). With the use of this software, nine postural
variables and angular displacements, described in Table 3.2, were individually
measured by the raters.
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A

B

89

C

D

E

Figure 3.6 A - Placement of markers; B - Data collection (triangulation) - Structured light and invisible infrared dots
generate high resolution 3D geometric pattern in seconds (Valgma, 2016); C - 3D model; D - Uploading and Realignment
of the 3D Model in NetfabbTM for Analysing Posture in all 3 Planes. The data were then processed in the software and
back shapes are manually measured by both the raters; E - Measurement of all types of postural objective measures in
all planes.
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Table 3.2 Definitions of the nine postural angles measured by the raters
Angle

Picture
Description

Lumbar
Lordosis
Angle

The angle formed by lines drawn through
upper end vertebrae of the curve to the apex
of the lordosis (T12) and the apex through S1

Thoracic
Kyphosis
Angle

The angle formed by lines drawn through the
upper end-vertebra of the curve (T1) to the
apex of the kyphosis and the apex through
the lower end-vertebra of the curve (T12)

Cervical
Lordosis
Angle

The angle formed by lines drawn through C2
and C4 and through C4 and T1
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3.4 Data Analysis
The intraclass correlation coefficient test (ICC) has been widely used in clinical studies
to evaluate inter-rater and intra-rater reliability (Leach et al., 2003; Clare et al., 2003;
Owens et al., 2004; Cramer et al., 2010; Russell et al., 2012; Houweling et al., 2014;
Battaglia et al., 2014; Koo & Li, 2016). Furthermore, Koo and Li (2016) suggest that
the intraclass correlation coefficient (ICC) is an appropriate statistical test to assess
both the intra- and inter-reliability in clinical studies. Another prominent application of
the ICC is the assessment of consistency or reproducibility of quantitative
measurements made by different observers measuring the same quantity (Portney &
Watkins, 2000; Bruton et al., 2000).
In the current study, intra-class correlation (ICC) was used to test the intra-rater and
inter-rater reliability of posture and back shape variables together with the standard
error of measurement. The ICC test was calculated by using mean squares (ie,
estimates of the population variances based on the variability among a given set of
measures) obtained through analysis of variance. Based on the thresholds provided
by Portney and Watkins (2000), poor intra-class correlation coefficients are interpreted
as fair or below fair in a relationship (< 0.50). Acceptable ICC’s are deemed reliable
and valid if they are found to be moderate to good (0.50 – 0.75) or good to excellent
(> 0.75). To further examine the agreement between the trials and the raters for each
posture variable, 90% confidence intervals (CI) (limits of agreement, LOA) were used.
The LOA method uses the mean difference between the measures plotted against the
standard deviation of the differences (Atkinson & Nevill, 1998).
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It has been argued by Rankin & Stokes, 1998 that the information derived from ICC
coefficients alone has limited utility within clinical practice, as it does not define the
magnitude

of

disagreement

between

measurements.

Previous

researchers

(Roebroeck et al., 1993; Rankin & Stokes, 1998) have shown that the interpretation of
reliability data is more meaningful when ICC analysis is complemented with another
test, the standard typical error (STE; the standard deviation of differences within a pair
of raters or trials), which was performed in the present study. The STE values are more
useful for the clinician in terms of decision-making because they describe the error in
the same unit of measurement and serve to calculate the minimal detectable difference
between two measurements (Roebroeck et al., 1993). As STE is a standard deviation,
the usual scale of standardized effect sizes was halved to interpret STE magnitudes
(Smith & Hopkins, 2011). These thresholds are 0.1 for a small error, 0.3 for a moderate
error and 0.6 for a large error. The author used a customized spreadsheet for all
calculations of ICC and STE (Hopkins, 2015).
3.5 Results

3.5.1 Intra-rater Reliability
The summary of the intra-rater reliability results for each of the postural variables
measured by the MSTS are presented in Table 3.3 and 3.4. The results of the sagittal,
frontal and transverse plane are presented in the following section below.
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Sagittal Plane Variables
The mean lumbar lordosis angle between three trials was 27.37 degrees whereas the
thoracic kyphosis was 25.36 degrees and the cervical lordosis was 31.12 degrees (see
Table 3.3). The overall change in the mean difference between the trials for all the
sagittal plane variables were ranged between 1.45 and 2.43 degrees (see Table 3.4).
The reliability of the sagittal plane variables demonstrated excellent intra-rater
reliability (ICC values ranging from 0.87 to 0.94). The sagittal plane variables also
showed good LOA (90% CI) with ranges from 0.88 to 0.97 for lumbar lordosis, 0.74 to
0.94 for thoracic kyphosis and 0.84 to 0.96 to cervical lordosis angle. As seen in Table
3.3, the standardized typical error (STE) for the sagittal plane variables indicated good
to moderate intra-rater reliability (0.26 to 0.39).

Frontal Plane Variables
The mean shoulder elevation angle between three trials was 3.99 degrees whereas
the lateral pelvic tilt was 3.91 degrees and the frontal knee angle was 4.75 degrees in
right side and 3.94 degrees for the left side (see Table 3.3). The overall change in the
mean difference between the trials for all the frontal plane variables were ranged
between 0.79 and 1.21 degrees (see Table 3.3). The reliability of the frontal plane
variables demonstrated moderate to good intra-rater reliability (ICC values ranging
from 0.60 to 0.93). The frontal plane variables (frontal knee angle) showed good to
excellent LOA (90% CI) with ranges from 0.70 to 0.98, whereas the shoulder elevation
angle demonstrated low to moderate LOA (90% CI) with ranges from 0.24 to 0.84. The
Standardized Typical Error (STE) indicated moderate intra-rater reliability (0.30 to
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0.57) for lateral pelvic tilt and frontal knee angle and low (0.67) for shoulder elevation
angle (see Table 3.3).

Transverse Plane Variables
The mean shoulder prominence angle between three trials was 30.27 degrees for the
right side and 28.6 degrees for the left side. The overall change in the mean difference
between the trials for the transverse plane variables ranged between 1.37 and 1.85
degrees. The reliability of the transverse plane variables demonstrated excellent intrarater reliability (ICC values ranging from 0.93 to 0.99). The transverse plane variable
(Scapular prominence angle) showed good to excellent LOA (90% CI) with ranges
from 0.83 to 0.99. The Standardized Typical Error (STE) indicates good to moderate
intra-rater reliability (0.17 to 0.31) for both the right and left scapular prominence
angles.
.
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Table 3.3 Mean, standard deviation (SD), minimum and maximum values of postural variables in all planes.
Trial 1
Trial 2
Trial 3
Overall
SD of
Variables
mean of
all
(In degrees)
all three
three
Min
Mean
SD
Mean
SD
Mean
SD
trials
trials

Sagittal Plane
Variable

Frontal Plane
Variable

Lumbar
lordosis angle

27.3

5.7

27.4

5.9

27.4

5.4

27.37

5.41

18.66

34.92

Thoracic
kyphosis angle

25.3

5.9

26.6

5.8

24.3

6.6

25.36

5.6

13.55

34.08

Cervical
lordosis angle

30.6

7.5

31.9

7.1

30.9

8.8

31.12

7.33

22.49

48.33

3.9

2.2

3.9

1.8

4.2

1.6

3.99

1.56

1.71

7.04

3.6

2.4

3.9

1.9

4.3

1.3

3.91

1.62

2.05

7.64

4.7

3

4.9

3.4

4.6

3

4.75

2.88

0.96

9.12

3.8

2

4

2.1

3.9

1.8

3.94

1.77

1.23

6.72

30.2

6.2

30

5.2

30.6

6.7

30.27

5.57

21.14

39.73

27.9

8.7

28.9

8.1

28.9

7.9

28.6

7.71

16.12

40.68

Shoulder
elevation in
angles
Lateral pelvic
tilt in angles
Frontal knee
angle (Right)
Frontal knee
angle (Left)

Transverse
Plane
Variable

Max

Scapular
prominence
(right)
Scapular
prominence
(left)
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Table 3.4 Intra-rater reliability of posture variables measured using the MSTS.
Overall change in mean
difference between trials
(in degrees); (±90% CI)

ICC
R value; (±90% CI)

Lumbar lordosis angle

1.45 (1.18 to 1.94)

0.94 (0.88 to 0.97)

0.26 (Small)

Thoracic kyphosis angle

2.37 (1.93 to 3.16)

0.87 (0.74 to 0.94)

0.39 (Moderate)

Cervical lordosis angle

2.43 (1.98 to 3.24)

0.92 (0.84 to 0.96)

0.30 (Moderate)

Shoulder elevation in
angles

1.21 (0.94 to 1.78)

0.60 (0.24 to 0.84)

0.67 (Large)

Lateral pelvic tilt in
angles

0.95 (0.73 to 1.38)

0.73 (0.44 to 0.90)

0.57 (Moderate)

Frontal knee angle
(right)

0.94 (0.72 to 1.37)

0.93 (0.84 to 0.98)

0.30 (Moderate)

Frontal knee angle (left)

0.79 (0.61 to 1.16)

0.87 (0.70 to 0.96)

0.40 (Moderate)

Scapular prominence
(right)

1.85 (1.42 to 2.70)

0.93 (0.83 to 0.98)

0.31 (Moderate)

Scapular prominence
(left)

1.37 (1.06 to 2.00)

0.98 (0.95 to 0.99)

0.17 (Small)

Variables

Sagittal Plane
Variables

Frontal Plane
Variables

Transverse Plane
Variables
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Standardized
Typical Error

3.5.2 Inter-rater Reliability
The summary of the inter-rater reliability for each of the postural variables measured
by the MSTS are presented in Table 3.5.

Sagittal Plane Variable
The overall change in the mean difference between the raters ranged between 2.80 to
5.03 degrees for the sagittal plane variables. The reliability of the postural sagittal plane
variables demonstrated good to moderate inter-rater reliability (ICC values ranging
from 0.56 to 0.79). The STE score for the lumbar lordotic angle demonstrated good
inter-rater reliability with low error of 0.48, whereas thoracic kyphosis and cervical
lordosis demonstrated large errors between 0.63 and 0.69 score (see Table 3.5)

Frontal Plane Variable
The overall change in the mean difference between raters ranged between 1.35 to
2.14 degrees for the frontal plane variables. Moderate to low reliability was shown for
frontal plane variables (shoulder elevation, frontal knee angle and pelvic tilt) (ICC
values ranging from 0.09 and 0.40) (see Table 3.5). These variables also showed very
low LOA (90% CI) ranging between -0.06 and 0.52 with large STE scores (0.70 to
0.96).

Transverse Plane Variable
For the transverse plane variable, the shoulder prominence (SP), overall change in the
mean difference between the raters ranged between 3.70 to 4.67 degrees (see Table
3.5). The reliability of the transverse plane variables demonstrated good to moderate
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inter-rater reliability (ICC values were 0.67 (left SP) and 0.75 (right SP). The transverse
plane variable (Scapular prominence angle) showed moderate to good LOA (90% CI)
with ranges from 0.49 to 0.87, together with a poor (large) STE score (0.60) for the left
SP and moderate (0.53) for the right SP.
Table 3.5. Inter-rater reliability of posture variables measured using MSTS.

Variables

Sagittal
Plane
Variables

Frontal
Plane
Variables

Transverse
Plane
Variables

Overall Change
in Mean
difference
between raters
(in degrees);
(±90% CI)

ICC
R value; (±90%
CI)

Standardized
Typical Error

Lumbar Lordosis
Angle
Thoracic Kyphosis
Angle

2.80 (2.40 to
3.48)
3.89 (3.33 to
4.83)

0.79 (0.65 to
0.90)
0.56 (0.36 to
0.75)

Cervical Lordosis
Angle

5.03 (4.30 to
6.24)

0.63 (0.44 to
0.80)

0.63 (Large)

Shoulder
Elevation in
Angles

1.36 (1.17 to
1.69)

0.26 (0.07 0.52)

0.87 (Large)

Lateral Pelvic Tilt
in Angles

1.35 (1.15 to
1.67)

0.09 (0.07 0.34)

0.96 (Large)

Frontal Knee
Angle (Right)

2.10 (1.79 to
2.60)

0.40 (0.20 0.64)

0.70 (Large)

Frontal Knee
Angle (Left)

2.14 (1.83 to
2.66)

0.10 (-0.060.35)

0.89 (Large)

Scapular
prominence
(Right)

3.70 (3.16 to
4.59)

0.75 (0.60 0.87)

0.53 (Moderate)

Scapular
prominence (Left)

4.67 (4.00 to
5.80)

0.67 (0.49 0.82)

0.60 (Large)
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0.48 (Moderate)
0.69 (Large)

3.6 Discussion

3.6.1 Summary
The objective and evidence-based evaluation of postural parameters is essential for
health-care practitioners to enable both the quantitative assessment of spinal
conditions, as well as the longitudinal evaluation of clinical interventions. The current
study evaluates the use of a portable, 3D MSTS to quantify posture during standing.
This innovative postural screening tool is designed for use by healthcare professionals
in both clinical and non-clinical settings. To the best of the author’s knowledge, this is
the first study to report the intra-rater and inter-rater reliability of an infra-red structured
light mechanism that captures the 3D human body surface. The results indicated good
to excellent intra-rater and good to moderate inter-rater reliability for measuring 78%
(7 out of 9) of postural variables with an ICC ranging from 0.70 to 0.98. The remaining
22% of variables (2 out of 9; lateral pelvic tilt and right frontal knee angle) showed
moderate to low inter and intra-rater reliability with ICC’s ranging from 0.26 to 0.79.
While the STE values in the current study had a wide range of scores having a large
magnitude, the author believes it is important to acknowledge that the overall change
in means between trials were very low (0.94 –2.43º for intra-rater and 1.35 –5.03º for
inter-rater reliability). In biomechanical assessments, these mean difference scores of
5 or less than 5 degrees are within the standard acceptable range of errors (Winter,
2009). For example, Akizuki et al. (2016) demonstrated that intra-rater reliability less
than 5 degrees of error is acceptable in measuring knee flexion using universal
goniometer in healthy adults. In another study by de Carvelho et al. (2012) evaluated
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the intra- and inter-examiner reliability and reproducibility of goniometry in relation to
photogrammetry of hand, comparing the angles of thumb abduction, PIP joint flexion
of the second finger and MCP joint flexion of the fifth finger. The results of the study
reveal that no significant differences were found between the groups for most of the
measurements and any difference in angle less than 5 degrees is acceptable in
biomechanics study.
In the current study, an overall comparison of change in means and STEs do, however,
show an apparent contradiction: the former (difference in means) indicates clinically
consistent very small differences, whereas the latter (STE scores) varies considerably.
The results of the current study were similar for both the intra-rater as well as the interrater reliability for most posture variables in the sagittal, frontal and transverse planes.
In the following section each postural variable in each plane is discussed in turn.

3.6.2 Sagittal Plane Variables
The overall 3D MSTS demonstrated excellent to good reliability results for measuring
lumbar lordosis, thoracic kyphosis and cervical lordosis. Each variable is discussed in
turn below.

Lumbar Lordosis (LL)
Adams et al. (1999), Chen and Wei (2009) and Jang et al. (2009) infer that LL is a
crucial component in maintaining sagittal balance or neutral upright sagittal alignment
of spine. Furthermore, Jang et al. (2009) and Been and Kalichman (2014) identify that
the measurement of the LL angle as a major sagittal-plane variable is due to its wide
use in assessing postural abnormalities. Although the LL measurement method and
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its angle are widely reported in the literature, different authors propose different
evaluation methods and describe different factors that influence the lumbar lordotic
angle. Cil et al. (2005), Suzuki et al. (2010), Schuller et al. (2011) and Been and
Kalichman (2014), suggest that the most common method for measuring LL is by the
angle formed between the five lumbar segments (L1 to L5) (as shown in Figure 3.7).

Figure 3.7. Lumbar lordosis curve measured between the superior endplate of L1 and
S1 vertebrae (reproduced from Been & Kalichman, 2014).
However, Neuschwander et al. (2010) propose the Cobb method (line connecting
superior endplate of L1 and S1) to measure LL. Mac-Thiong et al. (2007) however
interpret the radian of the 180 degrees arc formed between L1 and S1 vertebrae (as
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seen in Figure 3.8), while Gigilo and Volpon (2007) use the line intersecting the spinous
process of L1 and L5.
In the current study the lumbar lordotic angle (as seen in Table 3.2) is formed by the
intersection of lines drawn through T12 spinous process to the apex of the lordosis (L3
vertebrae) and the apex through the S1 spinous process. The mean lumbar lordotic
angle (27.37 + 5.4 degrees) presented in the current study is similar to that from
previous studies using the same calculation. Vialle et al. (2005) reported that the LL
angle measured by the radiography method can widely vary between 14 degrees to
69 degrees. Similarly, Danielson and Willen (2001), Been et al. (2010) and Hong et al.
(2017) presented LL angles ranging from 31.1 degrees to 42.9 degrees in healthy
normal adults and patients with low back pain. Further, Pezzan et al. (2011) reported
a LL angle in an adolescent female (n = 50) normal healthy population as 40 ± 5.3
degrees when measured through the photographic method.
The large variation in the LL angle may be due to several inter-related factors. For
instance, the alignment of the spine is influenced by both the balance as well as the
position of the upper trunk such as thoracic kyphosis, occupational loading, athletic
training and physical fitness (Vialle et al., 2005; Been & Kalichman, 2014 and Bailey
et al., 2016). Several non-mechanical factors such as age, sex, height and body mass;
genetic factors have also be shown influence LL (Been & Kalichman, 2014).
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Figure 3.8. Lumbar lordosis curve measured using 180-degree arc between L1 and S1
vertebrae (adapted from Been & Kalichman, 2014).
The measurement of LL using the 3D MSTS demonstrated excellent intra-rater
reliability (ICC value of 0.94) and good inter-rater reliability (ICC value of 0.79). The
results of the current study are similar to previous studies using photography,
radiography and Moiré topography methods where a mean intra class correlation
coefficient (ICC) > 0.98 was found ( Grivas et al., 1997; Dunk et al., 2004; McAlpine et
al., 2009; Fortin et al., 2012; Frerich et al., 2012).
Poussa et al. (2005) and Penha et al. (2008) demonstrated the reliability of the
photogrammetry method for LL measurement to be relatively high (interobserver ICC
with 0.70–0.85) in an adolescent population. Similarly, Fortin et al. (2012) presented
the postural assessment of the back based on the calculation of body angles and
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distances on photographs demonstrated good inter-rater and intra-rater reliability (ICC
> 0.99).
In contrast, a recent study by Sedrez et al. (2016) demonstrated the reliability of the
flexicurve to measure LL in children and in the young adolescent population (n = 40).
The reliability was moderate in terms of intra- (ICC = 0.50; p<0.01) and inter-rater
reliability (ICC = 0.56; p<0.01). Similarly, Vrtovec et al. (2009) identified that the
reliability was not as good as radiologic methods (interobserver ICC is >0.87).
According to the authors, the results may be due to the large variation in the
participants’ age (5-15 years).
Furthermore, in the current study, together with good reliability, the absolute changes
in mean values across trials that achieved 90% confidence limits was as low as 1.45º.
This is similar to the surface topography method (Frerich et al. 2012), demonstrated
with a 2.1º difference between trials. The good intra-rater reliability (retest
reproducibility) with small STE values for the measurement of LL variable makes the
MSTS an ideal tool to use within a clinical environment; one that is comparable to
photogrammetry and radiography.

Thoracic Kyphosis (TK)
In the current study, the TK angle (as seen in Table 3.2) is formed by lines drawn
through the upper end vertebrae of the curve (C7 spinous process) to the apex of the
kyphosis and the apex through the lower end vertebrae of the curve (L1 spinous
process). The mean TK angle (25.3 + 5.6 degrees) presented in the current study was
similar or marginally lower than in previous studies. The measurement of the spinal
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angle by the radiographic method is considered as the gold-standard method for
clinical assessment (Schwab et al., 2002). Fon et al. (1980) reported the normal TK
angle to be 26.27 + 8.12 degrees in the age group 20 – 29 years and 29.04 + 7.93 in
the age group 30 – 39 years. Sedrez et al. (2016) presented the mean TK angle as
measured by the flexicurve to be as high as 37.5 + 9.3 degrees in children. Similarly,
Czaprowski et al. (2017) reported a mean of 33.1 + 11.3 degrees when TK was
measured by an inclinometer within a large sample (n = 193; age group 10 - 14). In
addition, Morais et al. (2016) reported 31.40 + 6.90 degrees when TK was measured
by the photographic method in a small sample (n = 15 adults). Furthermore, Kaya et
al. (2017) presented a non-radiographic method of measurement using the Spinal
Mouse. Higher ranges for the mean TK angle (38.35 + 9.19) in an adult population (n
= 53) were demonstrated. It is important to note that the variability in the TK angle is
due to the different population groups as well as variations in the instruments as well
as in the measurement methods.
With regards to the reliability of measuring TK, the MSTS demonstrated excellent intrarater reliability (ICC value of 0.87) and moderate inter-rater reliability (ICC value of
0.56). The results were similar to those of previous studies using the flexicurve
(Hinman, 2004; Teixeira & Carvalho, 2007), photogrammetry (Dunk et al., 2004; 2005;
Saad et al., 2012), inclinometer (Lewis & Valentine, 2010; van Blommestein et al.,
2012; Czaprowski et al., 2012), radiography (Rillardon et al., 2003) and Moiré
topography (Melvin et al., 2010; Frerich et al., 2012) methods, with mean ICC > 0.83.
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The flexicurve method is a recognized technique to measure TK in clinical
environments due to its portability, easy of use and low cost (Kado et al., 2009; Arnold
et al., 2000; Yanagawa et al., 2000). Greendale et al. (2011) reported that the
flexicurve method had good intra-rater and inter-rater reliability coefficients of 0.88 and
higher (p < 0.01) for measuring TK. Similarly, Wongsa et al. (2012) established the
indirect TK measurement method using the wall-distance method (distance between
C7 vertebrae to the wall), demonstrated excellent reliability among raters
(ICC > 0.90, p < 0.001) in elderly women (n = 179). However, the photogrammetry
method showed mixed results. Saad et al. (2012), reported excellent intra-rater (ICC
0.93 to 0.95) and inter-rater (ICC, 0.97) reliability. In contrast, Dunk et al. (2004) and
(2005) reported moderate reliability with ICC values of 0.69 and 0.72 respectively. The
trivial variability in the reliability results maybe due to the natural variation of the
thoracic kyphosis between different age groups as well as between different postural
standing poses between trials (D’Osualdo et al., 1997) or due to the instrument itself.
To summarise, in the current study, the absolute differences in mean values of TK
were as low as 2.37º across trials with 90% confidence limits. The good intra-rater
reliability (retest reproducibility) together with the moderate STE value for the
measurement of TK variable makes the MSTS a suitable tool to use within the clinical
environment, comparable to photogrammetry.

Cervical Lordosis (CL)
In the current study the CL angle (as seen in Table 3.2) is formed by intersection of
lines drawn through C2 and C4 spinous process and through C4 and C7 spinous
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process. The mean CL angle (31.12 + 7.33 degrees) presented in the current study
was similar to previous studies. Harrison et al. (1996), Grob et al. (2007), Motta et al.
(2017), Been et al. (2017) and Hey et al. (2017), and reported that the mean cervical
lordotic angle ranged from 25.2 to 39.2 degrees when measured using the radiography
method. Further, Been et al. (2017) identified no difference in the CL angle when
comparing between genders. The non-symptomatic (n = 61) males presented with 39.2
+ 11.5 degrees of CL and females (n = 60) with 36.7 + 9.5 degrees. Similarly, AbelinGenevois et al. (2014) reported normal CL angles in a paediatric population as 32.1 +
11.3 degree.
Furthermore, Raupp et al. (2017) reported that the CL angle measured using the flexicurve method was marginally higher than reported in the current study at 51.2 + 8.9
degrees. The variation in the above reported angles between radiography and the flexicurve methods was likely due to the different methods of measurement and
instruments. Within radiography, Ohara et al. (2006) described several techniques to
measure the CL angle in lateral radiographs, for example an angle formed between
C1 and C7 endplates or C2 and C7. Therefore, there is no single universally applicable
method for measuring the CL angle. Similar to the present study, the angle formed
between C2-C7 angle is the most widely reported method for measuring the CL angle
in the sagittal plane (Reitman et al., 2004; Grob et al., 2007; Erkan et al., 2010; Radcliff
et al., 2011). Moreover, Harrisson et al. (1996) reported that the main limitation in
standardising the CL angle is that it is not always lordotic. The alignment of the curve
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varies from lordosis to neutral to kyphosis and may take complex forms such as an S
shaped or inverted S shaped curves.
Harrison et al. (2000) and Shin et al. (2016) reported good intra-rater (ICC, 0.97) and
inter-rater reliability (ICC, 0.95), with a smaller standard error of measurement when
the CL angle was measured through lateral cervical radiographs. Furthermore, Raupp
et al. (2017) reported that the low-cost, easy-to-use flexi-curve method produced good
to moderate intra-rater (ICC = 0.65; p = 0.001) and inter-rater (ICC = 0.679; p > 0.01)
reliability in measuring the CL angle. These results are similar to the current study. The
CL angle measured through the 3D MSTS demonstrated excellent intra-rater reliability
(ICC = 0.92) and moderate inter-rater reliability (ICC = 0.63).
Although there are several studies that have reported the quantification of the CL
angle, majority of studies used radiographic method with only a few studies using nonradiographic methods (flexi-curve and photogrammetry method) (Fedorak et al., 2003).
Thus, the novel, moderately reliable, low-cost, easy-to-use MSTS would be useful
within a clinical environment, in addition to radiography or the flexi-curve method.
Overall each method of evaluation of the sagittal plane variable has its advantages
and disadvantages, but the major problem is that it is difficult to compare
measurements when performed by different methods and instruments. The results of
the study need to be interpreted with caution as the manual placement of markers and
measurements of the variables are prone for error. Further development of the MSTS
to automated process will reduce the measurement error, this needs to be confirmed
in the further studies. The main advantage of measurements using the MSTS is the
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lack of radiation, thus allowing for the frequent evaluation of spinal curves and
monitoring of the changes in the alignment of spine in the sagittal plane.

3.6.3 Frontal Plane Variables
Despite good to excellent reliability for majority of sagittal plane postural variables,
moderate to low inter-rater and intra-rater reliability was found for two of the frontal
plane variables (shoulder elevation and lateral pelvic tilt). Additionally, these variables
had the larger STE values together with wider limits of agreement. Each frontal plane
variable is discussed in detail in the subsequent section.

Shoulder Elevation (SE)
In the current study the SE angle (as seen in Table 3.1) is formed by a line drawn
between the left and right acromion process markers and the angle of this line to the
horizontal. The mean SE angle (3.9 + 1.56 degrees; range between 1.74 and 7.04
degrees) presented in the current study was marginally higher than those found in
previous studies. Ferreira et al. (2011) reported that the mean SE angle measured by
the photographic method as 1.3 + 2.0 degrees (ranging from 3.5 to 7.0 degrees) in
healthy young adults. Similarly, Raine and Twomey (1997) reported the mean SE
angle as being1.2 + 2.2 degrees in a large sample size (n = 78) with wide range of age
group between 17 and 55 years and above. The marginal variations of 2 degrees in
SE angle may be due to the different instruments used. This difference in SE angle is
small and unlikely to be observable by naked eyes (Raine & Twomey, 1997).
With regards to the reliability of measuring SE, the 3D MSTS demonstrated moderate
intra-rater reliability (ICC value of 0.60) with a low inter-rater reliability (ICC value of
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0.26). In contrast the photographic method for measuring the SE angle demonstrated
high reliability (ICC = 0.89) (Raine & Twomey, 1997; Ferreira et al., 2010). Similarly, in
idiopathic scoliosis (n = 70) patients, Fortin et al. (2012) presented excellent intra-rater
(ICC = 0.95) and inter-rater (ICC = 0.98) reliability when measuring the SE angle using
a photographic method.
In the current study, the potential reason for the low LOA and inter-rater reliability
between five raters is perhaps due to the combination of raters (experienced vs nonexperienced; health-professionals’ vs bio-mechanist) included. Given the small sample
size, it was not possible to perform subgroup analysis between raters. Future studies
need to compare both the reliability between different professions groups as well as
different raters. Another potential challenges in similar reliability studies, is the accurate
palpation of anatomical landmarks, especially when the angle is small (less than 5
degrees). Billis et al. (2003) and Haneline and Young (2009) noted that the accuracy
of palpation of anatomical landmarks generally depends on the skill of the raters.
Further analysis of the results obtained between raters may perhaps provide additional
information for the differences obtained. Good to moderate intra-rater reliability (retest
reproducibility) for measuring the SE angle makes the MSTS an excellent tool to
evaluate this coronal plane variable in the clinical environment one that is comparable
to photogrammetry.

Lateral Pelvic Tilt (LPT)
Freburguer and Riddle (1999), Vialle et al. (2005), Gangnet et al. (2006), De Carvalho
et al. (2010) and Ferreira et al. (2011) stated that comparing pelvic position data with
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other studies was challenging. The potential reason for the inconsistency in reporting
pelvic tilt measures was due to not only different methods of assessment used but also
different instruments was used. For example, the pelvic tilt in the coronal plane can be
measured by comparing the position of the illiac crest, ASIS anteriorly and/or PSIS
posteriorly (Gajdosik et al., 1985; Burdett et al., 1986; Ferreira et al., 2011). Most pelvic
parameters described in the literature used radiographic (De Carvalho et al., 2010),
photographic (Ferreira et al., 2011; Fortin et al., 2012) or goniometric (Lavy et al., 2003)
methods.
The evaluation of pelvic tilt in the coronal plane used in present study was based on
the posterior views of the frontal plane of the 3D model. The LPT angle was calculated
between the horizontal line and by the line joining the two posterior superior iliac spines
(PSIS) (see Table 3.2). The mean LPT angle presented in the current study (3.91 +
1.62 degrees; minimum 2.05 and maximum 7.64 degrees) was marginally higher than
those reported in previous studies. Pinto et al. (2008) presented the normal lateral
pelvic tilt measured by a 3D optoelectronic device as being -0.77 + 1.83 degrees in
small sample size of n = 14 healthy young adults. Using photogrammetry methods,
Fortin et al. (2012) and Ferreira et al. (2011) reported the coronal pelvic angle as being
-1.9 + 3.2 degrees and -0.9 + 2.2 degrees, respectively, in a large sample size (n =
115). Even though the MSTS estimated the mean LPT angle to be 2 degrees higher
than previous published results, it is difficult to compare, as the measurement method
used in the current study were based on surface topography data.
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Fortin et al. (2012) reported excellent intra-rater (ICC = 0.90) and inter-rater (ICC =
0.93) reliability, with a smaller standard error of measurement when the LPT angle was
measured through photogrammetry. However, Hagins et al. (1998) presented good
intra-rater reliability (ICC = 0.84) and moderate inter-rater relaibilty (ICC = 0.65) when
measured using a palpation meter (PALM). In contrast, the current study results
demonstrated moderate intra-rater reliability (ICC value of 0.73) and low inter-rater
reliability (ICC value of 0.09) when the LPT angle was measured with the MSTS. As
explained above, the potential reasons for poor inter-rater reliability might perhaps
have attributed to variations in the experience of raters and their palpation skills.

Frontal Knee Angle (FKA)
The mean FKA angle presented in the current study (3.94 + 1.77 degrees on the left
side and 4.75 + 2.88 degrees on the right side) was consistent with previous studies
using the photogrammetry method. Fortin et al. (2012) and Tomkinson and Shaw
(2013) presented the left and right mean FKA as being < 4.1 and < 4.9 degrees,
respectively. To the author’s knowledge, this is the first study reporting the FKA using
a surface topography method. As there are not many posture studies that have
reported the FKA it is difficult to compare the results of the current study with previously
published results.
Similarly, the intra-rater reliability was similar to previous studies. Fortin et al. (2012)
and Tomkinson and Shaw (2013) demonstrated excellent reliability when the FKA was
measured using photography at different times on the same day where an ICC of >
0.95 was found. Like other frontal plane variables, the current study found poor inter114

rater reliability with an ICC = 0.10. However, Berryman et al. (2008) suggests that the
amplitudes of curvature lower than two-degree variations remain less relevant within
clinical practice.

3.6.4 Transverse Plane Variables
Scapular Prominence (SP)
The mean SP angle presented in the current study was 30.2 + 5.57 degrees on the
right side and 28.6 + 7.71 degrees on the left side. Although SP measurement methods
together with its angle are widely reported, different authors have proposed different
evaluation methods and describe SP using various terminologies, such as shoulder
rotation, scapular asymmetry and trunk rotation. Furthermore, numerous methods
have been used to evaluate the scapular prominence, ranging from complex
radiographic methods (Seoud et al., 2011) to simple two-dimensional photographic
(Fortin et al., 2010; Stolinski et al., 2014) and three-dimensional surface-topographic
methods (Pazos et al., 2007; Seoud et al., 2010; Gorton et al., 2012; Seze et al., 2013).
Non-standardised procedures together with various definition of SP, make it very
difficult to compare the current results with existing literature.
The intra-rater reliability results was similar to those reported in previous studies.
Seoud et al. (2010) demonstrated excellent intra-rater reliability (ICC < 0.91) of upper
trunk rotation in the transverse plane when measured using a three-dimensional
surface topographic method. Similarly, Seze et al. (2013) demonstrated moderate to
good inter-rater reliability (ICC, 0.70 to 0.74) for the measurement of thoracic humps
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(‘gibbosites’ – as described by the author) using a surface topographic method in
scoliotic patients (n = 46) with a minimum 15 degrees of cobb angle in the frontal plane.
Likewise, the current study presented excellent intra-rater (ICC = 0.93 and 0.98) and
moderate inter-rater (ICC = 0.75 and 0.67) reliability, when SP was measured using
the novel MSTS. Therefore, this highly reliable MSTS was useful to measure both the
sagittal and transverse plane postural variables within the clinical environment. This
was found to be comparable to radiography or other complex surface topographic
methods.

3.6.5 Practical Implications
Although there are various commercially available tools that are able to measure 3D
posture and back shape with high reliability, these instruments are mostly used within
a research setting and not within a clinical environment. The difficulty is that these tools
are either complex to use, very expensive or heavy to carry around. For example, the
duration for data collection in Fortin et al.’s postural screening method using
photographs took 20 -25 minutes of patient time on average (Fortin et al., 2012), and
the ISIS technique took 10 minutes (Bettany-Saltikov & Cole, 2012), whereas the
MSTS method took an average of less than 6 minutes per subject (which includes
marker placement). In addition, the current study reveals details of the whole-body
profile, as recommended by Fortin et al., which to date has not been documented.
The MSTS has the advantage of presenting objective outcome measures that similar
to the human observation of posture. The MSTS method of quantification of postural
variables also has the advantage of minimal interference with the patients. In addition,
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the instrument has the capacity to produce good quality pictures very quickly and
shown to the patients. The images can be captured at the time of measurement and
stored for further or later analysis. This tool is easy to use within a clinical setting as
the components (iPad, Structure SensorTM and software) is accessible. The training of
therapists is minimal (2 hours were allocated in this study) and the time required for a
global whole-body evaluation is less than 10 minutes. Furthermore, the MSTS has the
secondary advantage of allowing users to capture and measure different poses like
the forward-bend test, which is recommended for patients with scoliosis and other
spinal deformities.

3.6.6 Limitations
There are a few limitations to this study. Firstly, although the author used only a small
and homogenous population (people being scanned and not the practitioner). As the
MSTS together with the methodology was successfully able to measure small angular
differences between participants, trials and raters accurately, the author believes that
the results also apply to other clinical populations (participants with spinal deformity)
as well as spinal pain patients. Further research is required to confirm this. Secondly,
although the current study minimized the measurement error by setting up standard
procedures, as well as training the raters, the results need to be interpreted with
caution, as this study could not quantify any influence of postural sway on the results.
Further studies on different standing/starting position are needed to evaluate this.
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3.6.7 Further Research
Developing a tool with automatic recognition of markers as well as the calculation of
automatic angles may potentially decrease measurement error and further reduce the
time required to collect and analyse posture data. Future development of an automated
bespoke 3D posture mobile application. This automation could further benefit clinicians
by decreasing the time required for data capture and help improve the reliability of
measurement as well as evidence-based clinical practice. In order to decrease the
duration of data acquisition further the author is also considering the feasibility of using
more than one structure sensor together with synchronized data capture. This will
further help by not only decreasing the duration but will also improve the quality of the
data for both screening patients as well as for the assessment of patients with back
pain or different types of spinal disorders.
Since the MSTS used in this study was found to have moderate to good reliability for
the measurement of sagittal and transverse plane postural variables, several possible
future studies can be identified. As the posture and back shape variables differ in
populations with different ages, gender and ethnicity, studies with a larger and wider
sample size on healthy participants could provide a normative database for wide range
of population. Additionally, the MSTS has the potential to measure more posture
variables for example, forward head posture. Similarly, mass screening could be
undertaken to develop risk-factor modelling for different types of spinal deformities.
This is because numerous research studies have shown that early intervention can not
only keep spinal deformity to a minimum, but also reduce future discomfort and
deterioration (Hawes, 2003). Potential studies on patients with spinal deformities may
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also be related to different postures and medical conditions for example ‘Schuerman’s
disease’. Furthermore, the MSTS can also be used for the objective measuring of preand post-treatment clinical trials to measure the impact of both conservative and
surgical interventions.
3.7 Conclusions
The current study has examined the inter-rater and intra-rater reliability of a mobile
application-based 3D modelling method for the objective quantification of clinically
identified postural alignment. The variables of the neck, trunk and lower limb in
standing were measured. This is the first study to evaluate the inter-rater and intrarater reliability of the MSTS system. These reliability results provide a base for future
studies. This device has the potential to be used as a complementary tool alongside
subjective assessment for patients with a wide variety of spinal pathologies.
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Chapter 4. Validation of a Novel 3D
Imaging Mobile Surface Topography
System (MSTS) for the Measurement
of Posture and Back Shape
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4.1 Chapter Aim
The main purpose of this chapter is to describe and discuss the methods and results
from the validation study of the 3D imaging mobile surface topography system (MSTS)
system in measuring the standing posture variables. Both the MSTS and the posture
variables used in this study will be discussed in detail in the following sections. The
tool’s clinical uses are examined in the subsequent chapters.

4.2 Introduction and Literature Review

Spinal pain refers to pain that originates from either the cervical, thoracic or lumbar
segments of the spine. This can be associated either with or without radiation of the
pain to the extremities. The prevalence of spinal pain in the UK population is 12-35%
(Cross et al., 2014; Fayaz et al., 2016). Spinal pain is very commonly encountered
within clinical practice as well as one of the leading causes of disability (Vos et al.,
2012). Linton et al. (1998) estimated that the prevalence of spinal pain in the general
population in the UK as 66%, with 44% of these patients reporting pain in the cervical
region, 56% in the lumbar region, and 15% in the thoracic region. In addition to the
high prevalence of spinal pain, pain is also associated with a significant negative
impact on the economic, societal and health status of patients (Manchikanti et al.,
2009). The total UK costs to the economy, including work days lost and care for spinal
pain was estimated to be £512 million per year in 2012 (Maniadakis & Gray, 2000;
NICE, 2012).
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Spinal pain is associated with numerous risk factors (biomechanical, psychological and
physical conditions) that have all been postulated to be possible causative factors. The
biomechanical factors influencing spinal pain have been explored in several studies
(Nelson-Wong et al., 2010; Chou et al., 2016; Kayla et al., 2016). For instance, NelsonWong et al. (2010) reported that prolonged standing on a sloped surface (+ 160)
resulted in a 59.4% decrease in low back pain scores.

From a theoretical standpoint, postural misalignments may include numerous
deviations from an ideal symmetrical back shape and posture; this can occur anywhere
between the left and right as well as between the front and back sides of the body
(Kendall et al., 2005; Egoscue & Gittins, 2014). The physical function of the spine (its
mobility and movement pattern) within regular activities of daily living (ADL) have also
been found to affect the severity of any resulting postural deviations (Katzman et al.,
2007), for example, Mcclure et al. (1997), demonstrated that patients with LBP have
an altered movement pattern. In healthy individuals, hip movement dominates the
movement pattern during extension from trunk flexion. However, participants with LBP
demonstrate that a greater percentage of the extension motion originates from the
lumbar spine rather than from the hip.

Therefore, to assess and treat spinal pain patients, there is a need for appropriate valid
and reliable objective tools that are capable of measuring and monitor any changes in
posture. Assessing the validity of any new instrument is imperative for the practice of
evidence-based clinical practice to ensure that the instrument is measuring what is it
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supposed to be measuring. This would assist practitioners and patients in making
decisions about appropriate healthcare and improve guidelines.

As discussed in the previous chapter, there are various approaches as well as a
diverse range of tools for postural assessment and screening. These include subjective
measurements (Fourchet et al., 2014), handheld tools (Greendale et al., 2009;
Sheeran et al., 2012), photographs (Dunk et al., 2004; Fortin et al., 2011), X-ray
images (van Niekerk et al., 2008; Fortin et al., 2011), as well as three-dimensional
images (Ehara et al., 1997; Thewlis et al., 2013; Sahin et al., 2013). Although 3Dimaging is often used for motion and gait analysis, it can also be used to determine the
relative position of static anatomical landmarks (Godwin et al., 2009; Brink et al., 2013;
Galna et al., 2014), such as in postural assessments.

Several studies have reported both radiographic and non-radiographic (flexi-ruler,
Photogrammetry and inclinometer) instruments in the validity of measuring postural
and back shape variables in all planes (Fortin et al., 2010; Oliveira et al., 2012; Saad
et al., 2012). The non-radiographic MSTS used within this study used a structured light
pattern that is able to capture the 3D human position data at different points and with
different postures. Whilst the reliability of an instrument is the most paramount
importance, additionally other variables like size, portability and low cost has great
potential for use in clinical environment. However, the actual use of this tool in
healthcare is very limited. Despite numerous comprehensive searches, no studies to
the authors knowledge could be found that have used the MSTS in clinical practice.
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The current study explored the use of a mobile structured light pattern for building an
accurate 3D human model to measure posture and back shape variables. The MSTS
has not yet been widely used for measuring posture variables as it was developed by
the author and hence further validation is required. The validity (the extent to which the
tool is measuring what it is supposed to be measuring i,e the true value) of the tool has
important decision-making clinical implications for both clinicians for whom the main
use of the tool is to obtain objective evidence-based spinal measures for the
assessment and monitoring spinal posture/back shape.

4.2.1 Objective
The objective of this study was to evaluate the concurrent validity of the 3D imaging
MSTS for measuring posture and back-shape variables. In the current study, the
optoelectronic system (Vicon Motion System, Ltd, UK) was used as the gold standard
criterion to measure 3D posture and back-shape variables.

4.2.2 Hypothesis
The hypotheses were as follows.
For this validation study, the hypothesis and null hypothesis were considered to be the
same.
The null hypothesis was that there would be no differences between the
measurements taken with the 3D MSTS tool and the Vicon measurements (gold
standard) for the assessment of three-dimensional posture and back shape variables.

The postural and back shape variables measured within this study were as follows.
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Sagittal plane variables: Cervical lordosis, Thoracic kyphosis, Lumbar lordosis
Frontal plane variables: Shoulder elevation, Lateral pelvic tilt, Front knee angle
Transverse plane variables: Scapular prominence
4.3 Methods

4.3.1 Research Design
A repeated measures design using a linear regression model was used. The
concurrent validity of the 3D imaging MSTS was tested for the measurement of the
posture and back shape variables. Within the current study, the optoelectronic system
(Vicon Motion Systems Ltd, UK) was used as the gold-standard comparison to
measure posture.

4.3.2 Ethics
This study was submitted and approved by Teesside University Research Ethics
Committee, Middlesbrough, UK.

4.3.3 Participants
A sample of twenty-five healthy volunteers (16 males (64%), 9 females (36%), mean
age group of 27.76 (SD = 4.97) years) with no history of spinal pain participated in this
study. The summary of the descriptive statistics of participants in each group is seen
in Table 4.1. All the participants were students from Teesside University. Participants
with complaints of any type of current pain or the inability to stand pain-free for one
hour were excluded from the study.
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4.3.4 Informed consent
Participants were informed of all information relevant to participation in this study via
an information sheet. Participants were informed that they could keep the information
sheet. The author further discussed the study with the participants who were given the
chance to clarify any questions and concerns. Informed consent was gained.
Table 4.1 Descriptive statistics of participants
Height

Weight

Age

164.48

70.64

27.76

Std. Error of Mean

1.05

2.64

.99

Std. Deviation

5.26

13.20

4.97

Variance

27.76

174.32

24.77

Skewness

-.05

.63

1.86

Std. Error of Skewness

.46

.46

.46

-1.35

-.24

4.99

.90

.90

.90

Range

17.00

52.00

24

Minimum

156.00

50.00

21

Maximum

173.00

102.00

45

Mean

Kurtosis
Std. Error of Kurtosis

4.3.5 Recruitment
The author contacted potential participants in person, email and/or by telephone. For
all the potential recruits’ full details of the study and a consent form was given before
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the study. Additional enquiries about their general health confirmed their eligibility to
take part in the study.

4.3.6 Equipment
Three-Dimensional Imaging MSTS
A commercially available iPad based 3D mobile scanning tool Structure SensorTM, was
used to capture the shape of the back as well as the participant’s whole body. The
details of the equipment was previously discussed in the Chapter 2 and 3 (see Section
2.7 and 3.3.2).

Optoelectronic system (Vicon) (Reference system)
The 3D imaging of the MSTS data from the Structure SensorTM system was compared
with concurrently collected data from a commercially available six-camera motion
capture solution (Vicon MX13 and Vicon Nexus 1.7, Vicon Motion Systems, UK). This
six-camera system is a passive video-based 3D motion capture system.
Following the manufacturers’ guidelines, the Vicon system was calibrated prior to every
session, with the image error set to below 0.18 mm. Sampling frequency for the sixcamera system was set to 100 Hz. All the cameras of this six-camera system were set
at a height of 1.9m for good visibility of passive marker set.
This three-dimensional motion analysis imaging requires placement of a set of passive
retroreflective markers on participants’ anatomical landmarks (please see Figure 4. 1).
The infrared light emitted from the camera lenses is reflected to the cameras and is
used to determine the position of the markers as X, Y and Z coordinates.
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The position of markers relative to each other was used to determine the distances
between markers and joint angles. Due to the precise measurement (15 µm) for the
location of reflective markers, the 3D imaging technology (Vicon) was a criterion
measure for positional measurements of the human body (Brink et al., 2013; Godwin
et al., 2009). Although this 3D imaging (Vicon) is often used for motion and gait
analysis, it can also be used to determine the relative position of static anatomical
landmarks (Godwin et al., 2009; Brink et al., 2013; Galna et al., 2014), such as in
postural assessments. The Nexus 1.4 116 software was used to analyse the data
measured by Vicon system.
Within this study, nine postural variables were compared between the Vicon system
and the MSTS. These were the lumbar lordosis, cervical lordosis, thoracic kyphosis,
lateral pelvic tilt, shoulder elevation, left and right frontal knee angle and left and right
scapular prominence.

4.3.7 Procedure
During the first measurement session, participants were asked to read and sign the
consent forms, complete the demographic questionnaire and then change to
appropriate clothing for data collection. Male participants wore shorts, whilst the female
participants’ wore shorts, and sports bra. Female participants with long hair were asked
to tie their hair up above their neck. Additionally, all the participants’ height and body
mass were measured to the nearest 0.1 kg using a digital scale (Seca, 875, Seca
Weighing and Measuring Systems, Birmingham, England).
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Before data collection, spherical reflective markers, with a diameter of 14 mm were
placed on the following bony prominences and spinous processes: C2, C4, T1, T4, T7,
T12, L3, S1, posterior superior iliac spine (PSIS) and anterior superior iliac spine
(ASIS) (see Figure 4.1). Double-sided tape was used to attach markers onto the skin
and tight clothing.

C4

C2
T1

T4

T7

T12
L3
S1
PSIS

Figure 4.1. Placement of reflective markers (14 mm)
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ASIS

After walking around for 5 minutes for the familiarization session, each participant was
asked to assume and stand in their ‘normal’ standing posture on a standard footplate,
with a drawing of X and Y-axis facing the Vicon system (see Figure 3.5).
The standard foot plate was used to standardize the data collection among all the
participants. The standing platform was positioned in such a way so as it can capture
the volume of data recorded by both systems (Vicon and 3D imaging MSTS). Previous
work by Batavia (2001) and Braun and Amundson (1989) has found improvements in
repeated measurements with foot- and vision standardization in posture and gait
analysis.
Measurement of standing posture
Three trials of standing posture data were collected simultaneously by both the
systems. To capture the data through the 3D imaging MSTS, the author walked around
with the camera pointing towards the participant in a 360-degree circle at three different
heights (participant’s shoulder, pelvic and knee).
Throughout the data collection, the distance between the camera and the model was
kept between 0.5 and 1 meters. As mentioned above, the data acquisition followed a
specific sequence and took 30 to 40 seconds per trial. To avoid any bias in the
selection of a trial and to obtain a better estimate of a true score, the mean of three
trials were used for inter-device comparison.
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(a)

(b)

(c)

Figure 4.2. An example of posture and back shape data collected using the 3D imaging
MSTS, seen from (a) front, (b) back and (c) top.

(a)

(b)

Figure 4.3. An example of standing posture data collected using Vicon system. (a)
Unprocessed data with reflective marker set; (b) Processed data with applied spine
model.
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All the data captured through the 3D imaging MSTS was uploaded, realigned and
processed through an open-source software called Netfabb BasicTM. Please see
Figure 4.2 for an example of data captured through the MSTS. All the data captured
through Vicon system were processed through the Nexus 1.4 116 software. Please
see Figure 4.3 for an example of data captured through Vicon system. The software
program used to calculate postural and back shape variables are described in Table
3.2 in Chapter 3. There are total nine variables (lumbar lordosis, thoracic kyphosis,
cervical lordosis, lateral pelvic tilt, shoulder elevation, frontal knee angle, bilateral
frontal knee angle and bilateral scapular prominence) measured by both The MSTS
and Vicon system.
4.4 Data Analysis
A paired t-test was used to assess any significant differences in mean values between
the two systems. The relationship between the values obtained using the two devices
were further evaluated using the Pearson product moment correlation (r) (this gives an
indication of the consistency of the relative measurement of variables within the group).
To examine the level of agreement between the two measurement methods, the
method recommended by Bland and Altman (1996) was used. The Bland and Altman
plot analysis is a simple way of evaluating bias between the mean differences between
the measurement tools together with its agreement interval (Giavarina, 2015). A
statistical significance of 5% was used.
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4.5 Results
The main objectives of the current study were to evaluate the concurrent validity of the
3D-imaging MSTS with the 3D Vicon system for measuring posture and back-shape
variables.

4.5.1 Comparison of postural variables
This section presents the findings of the validity study comparing the MSTS and Vicon
systems for measuring postural variables. The mean scores for each of the nine
postural measurements are presented in Table 4.2. Included are the mean difference,
the standard error, 95% confidence interval (CI), Pearson’s correlation ‘r’ value and ‘p’
value.

Sagittal Plane Measurements
Lumbar Lordosis. The comparison of the mean differences between Vicon and MSTS
for measuring lumbar lordosis were identical with only a mean of 0.51 degrees
difference. The 95% confidence interval (CI) was low with -2.05 as the lower limit and
1.02 as the upper limit. This was supported the ‘t’ test results which showed nonsignificant differences (p = 0.49) in the mean values. The lumbar lordosis angle as
measured by Vicon system and MSTS also showed good correlation at r = 0.77 (see
Table 4.2).
From Figure 4.4 (A), The Bland and Altman limits of agreement (LoA) graph
demonstrated that the MSTS was able to measure lumbar lordosis values, with only 6.81° differences in the lower values and 7.84° difference in the upper values. Along
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with the low mean difference, the LoA falls within the acceptable range. The results
from the current study indicated that the two methods used to measure lumbar lordosis
angle were interchangeable.

Difference between Vicon and
MSTS

A. Lumbar Lordosis
7.84

10.00
8.00
6.00
4.00

0.51

2.00
0.00
-2.00
-4.00

- 6.81

-6.00
-8.00
-10.00

Average lumbar lordosis angle measured by two systems

Figure 4.4 (A) The Bland and Altman graph for the measurement of lumbar lordosis
angle. The graph displays a scatter diagram of the differences plotted against the
averages of the two methods of measurement (Vicon and MSTS). Horizontal lines
represent the mean difference of LL angles whilst the dotted lines represent the limits
of agreement. The ‘Limits of agreement’ are given by the +2 SD limits.
Thoracic kyphosis. The comparison of the mean differences between the Vicon system
and MSTS for the measurement of thoracic kyphosis only demonstrated marginal
mean differences of 3.37 degrees with a small 95 % CI (-5.88 to -0.85). The Pearson’s
correlation of measurement for the thoracic kyphosis angle as measured by the two
methods showed a statistically significant correlation at r = 0.47. Even though there
were small mean differences and stronger correlation between the two instruments,
the comparison of the mean values through the paired ‘t’ test showed statistically
significant differences (p = 0.01) (see Table 4.2). The Bland and Altman’s limits of
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agreement graph demonstrated that the MSTS was able to measure thoracic kyphosis
values, with only -8.56° differences in the lower values and 15.31° difference in the
upper values than those measured by Vicon (see Figure 4.4 (B)).

Difference between Vicon and MSTS

B. Thoracic Kyphosis
25.00
20.00

15.31

15.00
10.00

3.37

5.00
0.00
-5.00

- 8.56

-10.00
-15.00

Average thoracic kyphosis angle measured by two systems

Figure 4.4 (B) The Bland and Altman graph for thoracic kyphosis angle.
Cervical Lordosis. Comparison of the mean differences between the Vicon system and
the MSTS for the measurement cervical lordosis was found to be 7.35 degrees with a
high 95 % CI (0.28 to 14.42). The Pearson’s correlation of measurement of cervical
lordosis angle measured by the two methods showed a statistically non-significant
correlation with r = 0.15. The above result is supported by a paired ‘t’ test which showed
a statistically significant difference (p = 0.04) (see Table 4.2). The Bland and Altman’s
limits of agreement graph was extremely wide with a -40.93° lower limit and a 26.21°
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higher limit (see Figure 4.4 (C)). This indicated that the two methods used in this study
to measure cervical lordosis angle was unacceptable.

Difference between Vicon and MSTS

C. Cervical Lordosis
26.21

30.00
20.00
10.00
0.00

- 7.35
-10.00
-20.00
-30.00

- 40.93

-40.00
-50.00

Average cervical lordosis angle measured by two systems

Figure 4.4 (C). The Bland and Altman graph for cervical lordosis angle.
Frontal Plane Measurements
Shoulder elevation and pelvic tilt. Comparison of the mean differences between the
Vicon system and the MSTS for the measurement of shoulder elevation and lateral
pelvic tilt angle was identical at 0.06 and 0.28 degrees respectively. The 95 % CI was
also small for both the variables with -0.9 to 0.76° for shoulder elevation and -1.1 to
0.53° for lateral pelvic tilt. The results of the paired ‘t’ test showed a non-significant
difference (p = 0.86 and 0.48 respectively).
Lateral pelvic tilt angle measured between two methods demonstrated good
correlation (r = 0.40) and moderate (r = 0.28) for shoulder elevation (Please refer to
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Table 4.2). The Bland and Altman’s limits of agreement graph suggest that the MSTS
was able to measure shoulder elevation values, with a mean of -3.90° lower or 4.04°
higher than those measured by the Vicon. The lateral pelvic tilt values also small limits
of agreement with a -3.61° lower and a 4.17° higher limit (Figure 4.4 (D and E)).

D. Shoulder Elevation
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Average shoulder elevation angle measured by two systems

Difference between Vicon and
MSTS

E. Lateral Pelvic Tilt
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- 3.61
Average lateral pelvic tilt angle measured by two systems

Figure 4.4, D and E. The Bland and Altman graph for shoulder elevation and lateral
pelvic tilt angle
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The result indicated that the two methods compared within the current study to
measure shoulder elevation and lateral pelvic tilt angle are able to be used
interchangeably.
Frontal knee angle (right and left). The comparison of the mean difference scores
between the Vicon system and the MSTS for the measurement of the frontal knee
angle on both sides was only marginal different of 2.61 and 3.99 degrees respectively.
The 95 % CI, for the front knee angle was small for both sides (-0.61 to 5.84 for the
right knee and 1.40 to 6.58 for the left knee). The results of the paired ‘t’ test showed
a non-significant difference (p = 0.10) for the right-side knee and a statistically
significant difference p < 0.001 for the left side. The frontal knee angle measured
between the two methods showed poor correlation for both sides (r = -0.27, right and
r = -0.14, left) (see Table 4.2). The Bland and Altman’s limits of agreement graph
suggest that the MSTS measured the right front knee angle, with -17.97° lower or
12.73° higher than those measured by Vicon. The left front knee angle also showed
wider limits of agreement with a -16.30° lower value and a 8.30° higher value (see
Figure 4.4, F and G). The above results indicated that the two methods used in this
study to measure front knee angle cannot be used interchangeably.
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Difference between Vicon and MSTS

F. Right Frontal Knee Angle
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G. Left Frontal Knee Angle
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Figure 4.4, F and G. The Bland and Altman graph for frontal knee angle.

139

Transverse plane measurement
Scapular prominence (left and right). Comparison of the mean difference scores
between the Vicon system and the MSTS for the measurement of the scapular
prominence angle on both the right and left sides found only a marginal difference of
6.47 and 6.59 degrees respectively. The 95% CI for the scapular prominence angle
was wide for both sides (ranging -0.01 to 12.96 for right and 0.16 to 13.01 for left). The
results of the paired ‘t’ test showed significant differences between the Vicon and the
MSTS (p = 0.05 and 0.04, respectively) on both sides. The scapular prominence angle
as measured between the two methods found poor correlation on both sides (r = 0.03,
right and r = 0.11, left) (see Table 4.2). The Bland and Altman’s limits of agreement
graphs suggest that the MSTS is capable of measuring the scapular prominence angle,
with wider limits of agreement (-37.28° lower limit and 24.34° higher limit in right side
of the body; -37.08° on the lower or 23.90° higher limit in left) than those measured by
the Vicon (see Figure 4.4, H and I). The above results indicate that the two methods
used in this study to measure scapular prominence angle cannot be used
interchangeably.
In summary, the above results demonstrated mixed results. The estimation of the
MSTS for measuring the sagittal and frontal plane variables (lumbar lordosis, thoracic
kyphosis, shoulder elevation and lateral pelvic tilt) was found to be as good as the
Vicon system. For the measurement of the cervical lordosis and transverse plane
variables those measured with the MSTS either under- or overestimated angle. The
results are further discussed in the discussion section.
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Average right frontal knee angle measured by
two systems

H. Right Scapula Prominence
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I. Left Scapular Prominence
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Figure 4.4, H and I. The Bland and Altman graph for scapular prominence angle.
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Table 4.2. Comparison of accuracy of standing postural measurements between 3D imaging MSTS and the gold standard
Vicon three-dimensional analysis system.
95% CI of the
difference

Mean (SD)
Variables

Sagittal
Plane

Frontal
Plane

Transver
se Plane

Vicon

MSTS

SE Mean
Differenc
e

Mean
differe
nce

LL

UL

t value

p
valu
e

Pearson
Correlati
on (r)

Lumbar Lordosis

28.33 (5.58)

27.81 (5.59)

0.74

-.51

-2.05

1.02

-0.68

.49

0.77*

Thoracic Kyphosis

26.34 (5.90)

22.97 (6.00)

1.21

-3.37

-5.88

-.85

-2.76

.01*

0.47*

Cervical Lordosis

29.96 (8.34)

37.32 (13.7)

3.42

7.35

.28

14.42

2.14

.04*

-0.25

Shoulder Elevation

3.77 (1.7)

3.84 (1.66)

0.40

-.06

-.90

0.76

-0.17

.86

0.28

Lateral Pelvic Tilt

3.86 (2.06)

4.15 (1.46)

0.39

-.28

-1.10

0.53

-0.71

.48

0.40*

Front Knee Angle
(Right)

4.53 (2.93)

7.14 (6.50)

1.56

2.61

-.61

5.84

1.67

.10

-0.27

Front Knee Angle
(Left)

3.71 (2.51)

7.71 (5.39)

1.25

3.99

1.40

6.58

3.18

.00*

-0.14

Shoulder
Prominence (Right)

27.78 (8.34)

34.25 (13.61)

3.14

6.47

-.01

12.96

2.05

.05*

0.03

Shoulder
Prominence (Left)

27.97 (7.48)

34.56 (14.54)

3.11

6.59

.16

13.01

2.11

.04*

0.11

SD, Standard Deviation; SE, Standard Error; CI, confidence Interval; LL, Lower limit; UL, Upper Limit; * - Significant
difference in p value (p < 0.05)
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4.6 Discussion
The main objectives of the current study were to validate the use of the 3D imaging
MSTS to quantify posture and back shape using an optoelectronic system (Vicon) as
a standard reference. To best of the authors knowledge, this is the first study to report
the measures of validity of the MSTS for the measurement of posture and back-shape
variables in all three planes. The validity results of the posture and back shape
variables for twenty-five healthy adults are discussed in detail.

4.6.1 Overall Summary
The summary of results of the current study on healthy young adults found 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. The mean difference for all these
variables ranged only from 0.06 to 3.99 degrees. Secondly, for the measurement of
cervical lordosis and the right and left scapular prominence showed that the MSTS too
either under- or overestimated the angle provided by the Vicon. The mean difference
for these transverse plane variables ranged from 6.47 to 7.35 degrees. Thirdly, the
patterns found for the Pearson correlation (r) suggested moderate to good correlation
for both the sagittal and frontal plane variables (r with a range of 0.40 to 0.77). Poor
and negative values for the measurement of frontal knee angle, scapular prominence
and cervical lordosis was found with r value ranging from -0.14 to 0.11. Fourthly, the
Bland and Altman’s limits of agreement were narrow and strong for the sagittal and
frontal plane variables, but wider for the transverse plane variables.
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4.6.2 Postural Variables
Sagittal plane Variables
Several studies have reported the validity of sagittal plane postural variables measured
by both radiographic and non-radiographic instruments. The non-radiographic
instruments widely range from the flexi-ruler (Dunleavy et al., 2010; Greendale et al.,
2011; Letafatkar et al., 2011; MacIntyre et al., 2011; Oliveira et al., 2012),
photogrammetry (Van Niekerk et al., 2008; Fortin et al., 2010; Saad et al., 2012) and
inclinometer (Lewis et al., 2010; Czaprowski, 2012) to surface topography (Kovac &
Pecina, 1999; Fortin et al., 2010).
In the current study, a novel MSTS was used to measure posture variables in all three
planes. Within the sagittal plane, the estimation of the lumbar lordosis (LL) variable
demonstrated good correlation (r = 0.77; p = 0.49) when compared to the
optoelectronic Vicon system. However, for the thoracic kyphosis (TK) variable as well
as for cervical lordosis (CL) demonstrated fair to moderate correlation with r = 0.47 (P
= 0.01) and -0.25 (p = 0.04) respectively. The current study’s correlation results and
SEM values (0.74 to 3.42) for the sagittal plane variables are comparable to those
previously reported by photogrammetry (Fortin et al., 2010), the plumbline (Grunstein
et al., 2013) as well as the surface topography method (Frerich et al., 2012).
Further, Fortin et al. (2010) and Frerich et al. (2012) reported high correlations between
surface topography and radiography methods for the measurement of LL (r = 0.81;
mean difference of 8 degrees) and TK (r = 0.799; mean difference of 10.6 degrees) in
adolescent idiopathic scoliosis patients (n = 78). In addition, Fortin et al. (2010)
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identified fair to moderate correlation for the TK, LL and thoracolumbar or lumbar
scoliosis spinal indices when comparing 2D photographs with 3D trunk surface. In
support, Stokes et al. (1987), Gracovetsky et al. (1995) and Chockalingam et al.
(2002), suggested that the estimation error for the reconstruction of spinal curvature,
based on external markers in optoelectronic and surface topographic system were
minimized due to the technical and procedural advances in both data capture as well
as in data processing.
Even though Fortin et al. (2010), Melvin et al. (2010) and Sedrez et al. (2016) used
surface topography for the evaluation of kyphosis and lordosis, reported excellent
concurrent validity, these studies cannot be directly compared because they refer to
different systems (InSpeck 3D Digitizer System, Moiré Topography and Jenoptik
Formetric).
Similarly, the tactile (Flexi-ruler, Kyphometer) method of measurement of LL and TK
(Teixeira & Carvalho, 2007; Souza et al., 2009; Letafatkar et al., 2011; Greendale et
al., 2011; Oliveira et al., 2012) demonstrated moderate to excellent correlation in
comparison to radiological methods. Van Niekerck et al. (2008) proposed a
photographic technique using reflective markers on the spinous processes. They
showed a good correlation (r = 0.81) with X-rays for the measurement of thoracic
kyphosis in an upright sitting position among normal youths.
It is important to note that most of the postural studies did not report or validate the
cervical lordosis angle using the surface or optical measurement method, so the results
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presented in the current study could not be compared. The results of the current
validation study, indicated good to moderate correlation when compared to an
optoelectronic system for measuring sagittal plane variables using a novel MSTS. This
could be attributed to the fact that the estimation of curves in both systems were made
using the same reflective marker set. It is also important to note that the size of the
curvature directly influences the estimation of angle. According to Mior et al. (1996)
and Cheung et al. (2002), the larger the curvature the lower the estimation error. The
lumbar and thoracic sagittal plane curvatures are comparatively larger in relation to
cervical lordosis. The low mean differences and SEM values makes the MSTS a very
suitable tool to use within a clinical environment for the measurement of sagittal plane
variables.

Frontal Plane Variables
In the current study, the estimation of the variables shoulder elevation (SE), lateral
pelvic tilt (LPT) and frontal knee angle (FKA) demonstrated fair to moderate correlation
(r = 0.28, 0.40 and -0.27 respectively). The comparison of mean differences between
the two instruments (the MSTS and Vicon systems) demonstrated non-significant
differences with a p value of 0.86, 0.48 and 0.10, respectively. The current study’s
correlation results and SEM values (0.40 to 1.56) of the frontal plane variables are
comparable to those previously reported by photogrammetry (Fortin et al., 2010), the
scoliometer (Prowse et al., 2017), the plumbline (Hickey et al., 2000) and other surface
topography methods (Fortin et al., 2010; Gorton et al., 2012; Pino-Almero et al., 2017).
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Fortin et al. (2010) and Gorton et al. (2012) further reported a high correlation between
the surface topography and photogrammetry methods for the measurement of LPT
and SE angles (r = 0.88 and 0.90; mean difference of 1.2 and 1.6 degrees
respectively). Similarly, Gorton et al. (2012) identified good correlation (r = 0.704; p <
0.001) of shoulder obliquity together with moderate correlation for pelvic tilt (r = 0.333;
p = 0.04) when comparing surface topography methods with optoelectronic measures.
In the same study, Gorton et al. reported a moderate correlation (r = -0.528 and 0.554;
p = 0.02 and 0.017 respectively) when the surface topographic method was compared
with a qualitative based Spinal Appearance Questionnaire (SAQ).
It is important to note that even though the current study did not demonstrate excellent
correlation (between MSTS and Vicon system) as within previous studies, the mean
difference between the two-measurement systems (p value was 0.10 to 0.86) were
similar or lower to those reported in previous studies (Fortin et al., 2010; Gorton et al.,
2013). In addition, most of the postural studies did not report or validate the frontal
knee angle using a surface or optical measurement method, so the results presented
in the current study could not be compared.
The fair to moderate correlation within the current study might perhaps be attributed to
the low sensitivity of the MSTS for measuring smaller angles in the frontal plane
variables in normal healthy adults. Prowse e al. (2017) provided similar justification for
their similar results when the frontal plane measurements were compared between the
scoliometer and radiograph methods. Additionally, in comparison with the automatic
estimation of angles in the optoelectronic systems, a small manual error for the
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identification of the centre of markers in the MSTS might have contributed to a larger
variation in the angle calculation (Sheeran et al., 2010; van Blommestein et al., 2012).

Transverse plane variables
In the current study, the estimation of transverse plane variables such as the right and
left scapular prominence (SP) demonstrated low correlation (r = 0.03 and 0.11).
However, the comparison of the mean differences between the two instruments (the
MSTS and Vicon systems) demonstrated non-significant difference with p value 0.05
and 0.04 for the left and right scapular prominence respectively. The transverse plane
variables correlation results of the current study are in contrast to those reported by
some previous studies, stating a strong correlation when using Scoliometer (Coelho et
al., 2013; Prowse et al., 2017); radiography (Somoskeoy et al., 2012) and
Photogrammetry (Fortin et al., 2010). Similar to the current study, few authors have
reported a poor correlation when using a scoliometer (Mubarak et al., 1984; Amendt
et al., 1990) and surface topographic method (Pearsall et al., 1992) to measure
transverse plane variables.
Even though the above studies reported direct and indirect methods (though axial trunk
rotation) for measuring the SP, the result of these studies cannot be directly compared
because they refer to both different instruments as well as different measurement
methods as also a lack of standardised agreement at the thoracic level of
measurement.
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Furthermore, in the present study the SP measurements obtained by the MSTS were
not similar to the optoelectronic system, indicating that the presented method not
essentially replace the optoelectronic method for calculating SP values from transverse
profiles. The reference Vicon system used in this study calculated the scapular
prominence angle by estimating the relative position of the reflective markers like
acromion process, medial border of scapula and T7 spinous process. In contrast, the
MSTS calculates the shoulder prominence angle in a cross-section of the mid-thoracic
segment. The calculated angle formed by lines drawn through T7 vertebrae of the
curve to the apex of the scapula prominence and the lower end angle of curve (please
see Table 3.2). It is also important to note that the current MSTS also needs to be
validated or verified with the other surface topographic system such as ISIS2 machine.
The measurement of posture variables is critical for the clinical diagnosis of patients
with spinal disorders. This also helps the practitioner to diagnose and understand the
impact of prolonged faulty postures on the development of musculoskeletal problems.
The current advanced posture and back shape measurement methods are often too
expensive, time consuming to set up and lack portability for the average clinical use.
Thus, the current validity findings support the idea of using the novel MSTS for
measuring posture variables in clinical practice.
4.7 Limitation and Further Studies
This study is not without its limitations. The sample size was small and only young
healthy adults were included in this study; consequently, the results and conclusions
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only apply to a limited section or proportion of the population. Nevertheless, similar
validation is warranted in mixed samples of participants with spinal deformity to
determine if any differences exist. The author also anticipates that bias and variation
in postural measurements would be greater in populations who had difficulty
maintaining a standing position, for example, the elderly and frail or individuals who
complain of pain. Although in this study only one investigator was responsible for all
data capture and analysis, the variability in the placement of the retroreflective markers
on the subjects may have occurred. In gait analysis research, marker displacement is
a major source of error in three-dimensional imaging (Della et al., 1999; Groen et al.,
2012).
Based on the presented method and the results from the current study there is
sufficient justification for the future development of an automated bespoke 3D-imaging
posture-analyzing mobile application that recognizes markers and calculates angles
which might perhaps be used in a clinical setting. This will also reduce any manual
error in calculating postural variables. There is also a need for a study comparing the
estimation of posture variables with and without reflective markers.
The duration of data collection for each trial using the Vicon system with six cameras
lasted only an average of 3 secs. However, the limitation of MSTS is that it took an
average of 30 – 40 seconds using one camera. Further studies on the simultaneous
use of more than two MSTS cameras may potentially reduce the duration of data
collection of the MSTS system and strengthen the quality of the 3D data produced and
thereby strengthen the current validation results.
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4.8 Conclusion
The results of the current study suggest that the 3D MSTS is a valid tool to measure
most of the three-dimensional posture variables in standing. This is the first study to
quantify the 3D imaging MSTS for the measurement of standing posture. The current
study also detailed the magnitude of postural and technical sources of error. The MSTS
tool has been used widely within the clothing and textile design industries (Fraser &
Olds, 2008; Gill, 2015), ergonomics (Kupke & Olds, 2007), sport (Raine & Twomey,
1997) and health (Su et al., 2006). The current study shows that the MSTS also has
potential clinical applications in measuring standing posture and back shape variables.
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Chapter 5. The Clinical Acceptance of a
Novel Method of Measuring Back and
Body Shape Using a 3D Imaging Mobile
Application in Health-Care Professionals
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5.1 Chapter Aim
The research presented in Chapters 3 and 4 investigated the reliability and validity of
the MSTS for measuring three-dimensional posture and back shape. The purpose of
the current chapter is to explore the clinical acceptance of the MSTS among healthcare
professionals. A mixed-method design was adopted to investigate the clinical
acceptance of the MSTS by exploring perceived usefulness, ease of use, user
satisfaction and user experience. Semi-structured interviews and questionnaires were
used to evaluate clinical acceptance variables among 23 clinical practitioners. In
addition, this exploratory study also identified any barriers that prevent clinician from
adopting this new novel method of measuring back shape and posture. The author
believes that a greater understanding of clinical acceptance variables helps to improve
the usefulness and user experience of the MSTS within a clinical environment.
5.2 Introduction and Literature Review
For any healthcare practitioner, the measurement of the shape of the spine is an
essential aspect of their clinical assessment in various spinal disorders. The
assessment of spine and back shape helps to identify a variety of diseases. It can also
help to identify the early signs of any disease prior to its occurrence. Been and
Kalichman (2014) identified that reduced lumbar lordosis or limited lateral bending are
the key predictors for the onset of a serious spinal pain. Another important reason for
measuring back shape within clinical practice is that it can be used as an objective tool,
to quantify the recovery rate of the patient as well as the outcome of the treatment. In
the absence of standard method to measure the shape of the spine, it becomes difficult
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to analyse the impact of treatment over time. Thus, there is a demand for a method to
measure physical parameters (for example, the lordotic or kyphotic curves, lateral
deviation and asymmetries) of the spine within a clinical environment. As discussed in
previous chapters, many authors have proposed various techniques to measure back
shape, using both tactile to non-tactile methods. Even though they were found to be
reliable and valid, most were either laboratory-based, exceedingly expensive or
exceedingly heavy to carry around. Therefore, in this study, the author set out to
develop a low-cost, portable, mobile back-shape measurement system, that would
allow an extended assessment of the full-back shape within the clinical environment.
According to Gagnon et al. (2016), the use of mobile or portable technology by
healthcare practitioners’ in clinical use, has grown significantly in the last decade. In
support of this, Putzer et al. (2010) suggests that the recent advancement in computer
processing power, improved mobile phone features (for example capturing 3D data)
together with a high spec digital camera have enabled mobile technologies to perform
functions that were previously not possible. In accordance with Safran (2001) and
Spaziano (2001), high-quality three-dimensional digital objective information for the
assessment of the spinal curvature and back posture is a major resource for spinalhealthcare practitioners in order to improve their clinical decision-making, efficiency,
accuracy and quality of care. These high-quality images may also reduce any potential
medical errors in diagnosing and managing patients with spinal pain or deformity.
However, Free et al. (2013) suggest these mobile tools were not fully utilised by healthcare practitioners in terms of their functions within their clinical environment. In spite of
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a multitude of potential benefits, there are still many barriers to the adoption and
acceptance of technology within clinical use.
As reported by Marangunic and Granic (2014), research into the acceptance of
technology is significant and considerable progress has been made since the 1970s.
Furthermore, Davis (1993), Taylor and Todd (1995) and Venkatesh et al. (2012), all
agreed that user acceptance is the fundamental issue determining that the success or
failure of any tool or system. Out of this consensus, theories have arisen either predict
user acceptance or attempt to quantify it.
The main theory used to explain acceptance is through the Technology Acceptance
Model (TAM). The model suggests that when users are presented with a new
technology, a number of factors (perceived usefulness and perceived ease of use)
influence their decision about how and when they will use it. In examining the adoption
and acceptance of technological innovations, a number of previous studies have
applied the Technology Acceptance Model (TAM) as well as the Diffusion of
Innovations (DOI) theory as underlying models. The Diffusion of innovations theory is
a theory that seeks to explain how, why, and at what rate new ideas and technology
spread. TAM focuses on the factors and decision-making processes an individual will
go through in any decision to accept and use a technology (Davis et al., 1989; Ward,
2013). The original research on TAM by Davis’s (1989) has been repeated and
validated many times (Davis, 1989; Adams, Nelson, & Todd, 1992; Szajna, 1994;
Subramanian, 1994). Adams et al. replicated Davis’s work and demonstrated the
validity and test-retest reliability of the measurement scales. They also demonstrated
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that the internal consistency and replication reliability of the perceived use and
perceived ease of use scales. Hendrickson et al. discovered high reliability and good
test-retest reliability. Davis’s theory and measurement scales have been validated by
the literature and shown that they can be used with different types of users as well as
different types of health technologies (van Schaik et al., 2002; van Schaik et al., 2004;
Robinson et al., 2015; Berry, 2016;).
Similarly, Davis’s (1989) TAM has evolved over time with slight revisions and
integration of different variables related to both human and social change processes
(Szajna, 1996; Venkatesh et al., 2003; Legris, Ingham, & Collerette, 2003; Lu, Yu, Liu,
& Yao, 2003; King & He, 2006; Tsai, Wang, & Lu, 2011). Various TAM theoretical
paradigms such as expectation confirmation, together with disconfirmation theory,
have employed behavioural intention (BI) or conceptually similar constructs as
determinants of technology use (Venkatesh et al., 2003; Bhattacherjee, 2001).
Brown et al’s. (2014), expectation-confirmation theory (ECT) is regarded as the most
popular model in TAM research (Chalomba, 2016). The ECT’s ability to predict the
adoption of technology or system together with its use has been demonstrated over a
wide range of disciplines, for example information technology (Brown et al., 2016;
Good et al., 2017), mobile applications (Kujala et al., 2017), education (Schwartz &
Zhu, 2015) and health-care technology (Li et al., 2016; Zhang et al., 2017). The key
variables used in ECT for for predicting the adoption of technology were, perceived
usefulness, perceived ease of use, perceived enjoyment, perceived satisfaction and
resistance to technology.
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According to Luxton et al. (2011) and Connor and O’Reilly (2016), perceived
usefulness and perceived ease of use were identified as the most important positive
predictors of healthcare professionals’ intention to use technology. In addition,
Venkatesh (2000) identifies perceived enjoyment and perceived satisfaction as
valuable predictors within clinical acceptance model. Offenbeek et al. (2013) suggest
that the resistance to use of technology emphasizes on factors like social and power
relationships within in the organization.
Furthermore, studies by Vaezi et al. (2016), Liao et al. (2017) and Islam and Mantymaki
(2017) have verified the positive relationship between satisfaction and behavioural
intention to use a particular system, which provides the foundation for the current
clinical acceptance research study.
Ventola (2014) and Borek (2018) suggest that using appropriate technology in healthcare settings can improve the quality of clinical practice and enhance patients’
experiences. In contrast any technological failure together with the complexity of using
it, can also hamper the use of technology within a clinical environment (Rhoda &
Brown, 2017; Sternberg et al., 2017). A lack of insight about the benefits of the tool,
together with, a lack of knowledge about the measurement tool’s capabilities and
ambivalence about the changes that the technology could bring to improve their clinical
practice discourages clinicians to use and allows the system to fail (Mair et al., 2012).
Wright et al. (2016) observes that a small number of clinicians are still hesitating to use
technology either completely or partly in their clinical practice. One of the major reason
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for a lack of acceptance of technology is due to its usability failure. The term usability
failure refers to the complexity of the tool and its difficulty to use in regular clinical
practice. In addition, factors such as fear of cost, confidentiality, security and privacy
of patient data play a critical role for clinical acceptance (Johnson, 2001; Mair et al.,
2012). Furthermore, Venkatesh and Davis (2000), Legris et al. (2003), Venkatesh et
al. (2003), Venkatesh and Bala (2008) and Venkatesh et al. (2012) identify that limited
computer knowledge, lack of training, fears concerning the effects of the system and
low expertise in using the technology as additional factors that contribute to hesitation
in using technology by clinicians within their clinical practice.
According to Esmaeilzadeh et al. (2010), clinicians are also burdened by the stress of
anxiety about the new technology/system, resulting in high levels of stress and feelings
of vulnerability in their profession. Nilsen et al. (2016) suggest that, lack of acceptance
can also translate to active resistance to new practice implementation. According to
Johnson (2001), users who have little psychological ownership and who resist the
implementation of the tool can result in the failure of a technically appropriate system.
Without an appropriate analysis of the demand of healthcare practitioners and their
prior knowledge of technology in clinical use, the implementation of new technologies
could have a negative impact, ranging from the simple annoyance to total failure.
Therefore, the aim of this study was to investigate the clinical acceptance and
perceived user satisfaction and usefulness of this novel low-cost, innovative MSTS to
capture and measure posture and three-dimensional back shape.
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5.2.1 Hypothesis
The hypotheses that will be tested in this study were as follows:
H1. Perceived user satisfaction (PS), perceived usefulness (PU), perceived ease of
use (PEOU) and perceived experience (PE) would be correlated with behavioral
intention to use the MSTS within a clinical environment.
H2. Expectation confirmation would be correlated with perceived satisfaction and
perceived usefulness.
5.3 Methods

5.3.1 Research Design
The aim of this study was to examine the clinical acceptance of the MSTS for capturing
and measuring three-dimensional posture and back shape. The purpose of this study
was not to prove or disprove the technology acceptance model, but rather to identify
factors that determine the behavioural intention of clinical practitioners’ using the
MSTS in clinical use. In this study, a mixed-methods design was used, using of both
qualitative and quantitative methods for data collection and analysis (Gall, Gall, & Borg,
2010). This overarching analytical approach enables author to take advantage of the
strength of both qualitative and quantitative methods.
From a quantitative perspective, the purposes were to evaluate the expectation and
acceptance of the MSTS by using Brown et al’s. (2014) TAM variables (perceived
usefulness, ease of use, satisfaction, enjoyment and behavioural intention). The aim
of using qualitative methods was to explore and articulate specific or additional reasons
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for acceptance and rejection of the MSTS (for example, affordability, ease of use, time
taken for data collection and analysis as well as clinical practitioners’ intention to use
the MSTS in a clinical setup). In the current study, as part of the qualitative research,
interviews and observations were used to elicit information from the participants about
the acceptance and usefulness of the MSTS within their own clinical practice.
At the end of each section of the expectation confirmation/disagreement questionnaire
open-ended items were added. This provided an opportunity for the participants to add
more information and share ideas that had not been previously covered in the closed
items. This additional information provided the author with emergent themes and
interesting quotes that was used to validate and embellish the quantitative survey
findings (Creswell & Plano Clark, 2011).
The rationale for the use of both qualitative and quantitative components in this mixedmethod design was to explore the interaction between the data sets. A further reason
was to seek to use the results from one approach to help develop or inform the other
approach (Bryman, 2006; Creswell & Clark, 2017). The author believed that this would
develop a deeper understanding of the expectation and acceptance of the MSTS
among clinical practitioners.
Results were reported in both numeric and narrative forms. According to Duncan and
Nicol (2004), this combined approach to reporting is used to address the complexity of
health-care research. Combining multiple methods and analytic strategies can provide
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an overarching evaluation of the research question and can further provide rigor to the
integrative efficacy (combined effects) of the results (Teddlie & Tashakkori, 2009).

5.3.2 Ethics
This project was submitted and approved by Teesside University’s Research Ethics
Committee, Middlesbrough, UK.

Informed consent
Participants were given information relevant to participation in this study via an
information sheet and were offered a discussion with the author, giving the chance to
clarify any questions and concerns. Informed consent was gained and two copies of
the signed consent form were produced: one was to keep for study records and
subsequently stored at Teesside University, the other made available for the
participants to keep as a record for themselves.

Right to withdraw
It was made clear to participants that they could withdraw from the study at any time
throughout the study period by contacting the author. The author was in regular contact
(on a daily basis) with the participants, which allowed the monitoring of any additional
needs throughout the whole process of data collection and analysis.

Confidentiality
This project was conducted in accordance with the Data Protection Act (1998):
participants were allocated a code by which data was collected and stored
confidentially. Additionally, the laptop used for data storage were password-protected.
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5.3.3 Participants
The target population for the study was clinical practitioners who were mainly involved
in assessing and treating patients with spinal pain. Patients were eligible to participate
if they were aged 18 years and over, experiencing non-specific LBP for a minimum of
2 - 12 weeks and reported at least a moderate level of pain recorded as 3 or above on
a numeric pain rating scale (Appendix 6). Participants (clinical practitioners) recruited
in this study were health-care practitioners from private clinical-practice settings in the
Northeast region of England. The author contacted private clinics in person, email
and/or by telephone. Based on an advertisement through posters and leaflets in the
private clinics, the private practitioners were given an option to contact the author.
Participants were selected by the author from a group of clinical practitioners who had
expressed an interest to participate in the study. Twenty-three health-care practitioners
participated in this clinical-acceptance study. As presented in Table 5.1, the majority
of participants were physiotherapists (n = 16; 69.60%), followed by sports therapists
(n = 5; 21.70%) and osteopaths (n = 2; 8.70%). Over half of the sample (n = 15;
65.20%) had a postgraduate degree with a mean work experience of 6.91 (SD = 4.43)
years (see Table 5.1 and 5.2). This indicates that the sample was highly qualified and
had good clinical experience.
Regarding the average use of digital technology (for example, using PC or smart phone
for Internet-browsing, e-mail and/or social activities) in their day-to-day activities at
home and at work, the majority of participants spent 4-6 hours (n = 10; 43.50%); 2-4
hours (n = 6; 26.10%) or 6–8 hours (n = 4; 17.40%). Participants rated their level of
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digital technology expertise from very low (1) to very high (5). A majority (52.20%) rated
themselves as 4 (high expertise) followed by eleven (47.80%) participants rated
themselves as 3 (average expertise), with an overall mean rating of 3.52 (SD = 0.51).
The participants age, average use of digital technology in hours per day and use of
technology rating was positively skewed in the current study. According to Pallant
(2010) the skewness value is an indicator for analysing the symmetry of distribution,
whereas kurtosis provides information about the height of the distribution. A negative
skew indicates that the distribution is shifted to the right; whereas negative kurtosis
indicates a flatter distribution. A positive skew indicates a shift to the left, whereas the
positive kurtosis value indicates a peaked distribution. Z-score is a statistic expression
on how far a particular result or score is from the mean in terms of standard deviation
units. According to Tabachnick and Fidell (2007), the normal range for standardised
skewness-kurtosis values (Z-scores) is ± 2.58. A summary of variance, skewness and
kurtosis of the entire descriptive variable is presented in Table 5.2.
All the participants in the study used the MSTS to capture and measure 3D back and
body shape in a minimum of ten patients each. The patient population was a mixture
of both genders of all age groups and with either acute or chronic spinal pain.
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Table 5.1
Descriptive statistics of all participants
Background

Number of participants

Percentage

Age
20-30
30-40
40-50
50-60
Gender
Male
Female
Profession
Physiotherapist
Sports Therapist
Osteopaths
Qualification
BSc
MSc
Average use of digital technology
2-4 hours
4-6 hours
6-8 hours
8-10 hours
10-12 hours
>12 hours
Use of technology rating
3
4

8
12
1
2

34.7%
52.1%
4.3%
8.6%

9
14

39.10%
60.90%

16
5
2

69.60%
21.70%
8.70%

8
15

34.80%
65.20%

6
10
4
1
1
1

26.10%
43.50%
17.40%
4.30%
4.30%
4.30%

11
12

47.80%
52.20%
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Table 5.2
Descriptive statistics of all the participants with Skewness and Kurtosis.
Average use of Digital
Experience
Age (Years)
Technology
(Years)
(hours/day)
Mean
33.13
6.91
2.3

Use of
Technology
Rating
3.52

Median

32

6

2

4

Mode

32

2

2

4

SD

7.94

4.43

1.29

0.51

Variance

63.11

19.62

1.67

0.26

Skewness

1.59

0.819

1.43

-0.09

SE (Skewness)

0.48

0.481

0.48

0.48

Z (Skew)

3.3

-1.42

3.09

2.97

Kurtosis

2.37

0.72

2.2

-2.19

SE (Kurtosis)

0.93

0.94

0.93

0.93

Z (Kurtosis)

2.53

-1.8

1.27

2.35

Inclusion Criteria
Health-care professionals had a minimum of two years work experience in treating
patients with spinal pain within clinical settings. They had also experience in using a
computer or smartphone for different activities such as work, hobbies, the internet,
administration and data storage (see Appendix 1). The participants were not excluded
on the basis of any demographics or other individual factors.
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5.3.4 Materials and Equipment
3D Data Collection Equipment – MSTS
Both the mobile hardware and software used to collect posture and back shape data
are described in detail in Chapters 2 and 3 (section 2.7 and section 3.3.2).

5.3.5 Data Collection Tools
The quality of psychometric measurement is generally evaluated by the validity
and reliability of the instrument. The author first examined the content validity of
the measurement scales. This established the degree to which a measure was
represented the corresponding construct (Dinev et al., 2013). Six constructs were
measured in this study: perceived usefulness (PU), perceived ease of use (PEOU),
perceived satisfaction (PS), behavioural intention (BI), perceived enjoyment (PE)
and resistance to technology (RT). All constructs were measured using multiple
items. The expectation measurement questionnaire consisted of two constructs
(perceived usefulness and perceived ease of use) with 10 items and the experience
measurement questionnaire consisted of all six constructs (PU, PEOU, PS, BI, PE
and RT) with 24 items. Each item used a five-point Likert agreement scale with the
end-points of Strongly disagree (1) to Strongly agree (5). Although all the constructs
had been validated by previous studies, the author also evaluated them to ensure the
validity and reliability was within an acceptable range.
Reliability measures the degree to which a tool produces consistent results during
multiple measurements (Hair et al., 2016). This internal consistency was checked
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using a Cronbach’s alpha value ranging from 0 to 1. Individual items greater than score
of 0.7 are considered acceptable (Fornell & Larcker, 1981).

Expectation Confirmation/Disagreement Questionnaire
According to Brown et al.’s (2014) technology acceptance model (TAM), expectation
confirmation was a strong predictor of satisfaction and perceived usefulness; positive
expectation disagreement was a predictor of the level of use as well as being a strong
predictor of perceived usefulness.
Within this study, items from Brown et al.’s (2014) questionnaire were adapted. These
had been rigorously validated in Brown et al.’s previous technology acceptance
studies. Three to six item scales were used to measure PU, PEOU, PS and BI.
Perceived usefulness (PU) refers to the belief that a user believes that their job
performance can be improved by using a specific tool or system (Chen et al., 2007;
Aizen, 1991). This presumption also positively affects the user’s intention to use this
system. In the current study, PU is defined as the overall assessment and perception
clinical practitioners hold on the usefulness of the MSTS in the assessment and
measurement of human posture and back shape. The PU scale used in the current
study had six items that had previously demonstrated high reliability (Cronbach’s alpha
ranges from 0.88 to 0.92) and validity across multiple studies (for a review, see Hess
et al., 2014).
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The items used to measure the expectation of perceived usefulness were as follows.
Q1 I expect that the new method of capturing and analysing 3D back shape using Structure
SensorTM and Netfabb basic software will enable me to accomplish tasks more quickly.
Q2 I expect that the new method of capturing and analysing 3D back shape using Structure
SensorTM and Netfabb basic software will improve the quality of the work I do.
Q3 I expect that the new method of capturing and analysing 3D back shape using Structure
SensorTM and Netfabb basic software will make it easier to do my job.
Q4 I expect that the new method of capturing and analysing 3D back shape using Structure
SensorTM and Netfabb basic software will enhance my effectiveness on the job.
Q5 I expect that the new method of capturing and analysing 3D back shape using Structure
SensorTM and Netfabb basic software will give me greater control over my job.
Q6 I expect that the new method of capturing and analysing 3D back shape using Structure
SensorTM and Netfabb basic software will improve my productivity.

According to Revels et al. (2010), PEOU has been identified as a major component in
evaluating a user's acceptance of a particular technology. PEOU refers to the users’
perception of performing a particular task that requires the amount of mental effort
(Rouibah et al., 2011). In the current study, PEOU is defined as the overall perception
of clinical practitioners believing their system that would be free from effort to use within
their clinical practice. The PEOU scale used in the current study had four items that
demonstrated high reliability (Cronbach’s alpha ranged from 0.86 to 0.90) across
multiple studies (for a review, see Hess et al., 2014).
Items used to measure the expectation of perceived ease of use were as follows.
Q7 I expect that it will be easy to get the new method of capturing and analysing 3D back shape using
Structure SensorTM and Netfabb basic software to do what I want it to do.
Q8 I expect that overall, the new method of capturing and analysing 3D back shape using Structure
SensorTM and Netfabb basic software will be easy to use.
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Q9 I expect that learning to operate the new method of capturing and analysing 3D back shape using
Structure SensorTM and Netfabb basic software will be easy for me.
Q10 I expect that interacting with the new method of capturing and analysing 3D back shape using
Structure SensorTM and Netfabb basic software will not require a lot of my mental effort.

Two separate studies by Davis (1989) and Adams et al. (1992) demonstrated good
convergent and discriminant validity (r = 0.54 to 0.93) of both PU and PEOU scales
with the help of a multitrait, multimethod evaluation technique. The PU is highly
correlated with self-reported current usage and self-predicted future usage. Whereas
the PEOU was highly correlated with current usage and future usage (Davis, 1989).
This reflects favourably on the convergent, discriminant and factorial validity of the
usefulness and ease of use scales.
The items in both PU and PEOU were worded appropriately in order to measure
expectations immediately after training (pre-use response) and experiences after using
(post-use response) the MSTS in clinical practice (see Appendix 2 and 3).
Consistent with prior research, the actual use was operationalized using system log
data (recorded manually) of the duration of use (in hours) minus idle time (e.g.,
Venkatesh et al., 2003). This measure provided the advantage of eliminating the
common method bias and limited the potential for social desirability biases given the
elimination of idle time.

Perceived Satisfaction (PS)
Perceived user satisfaction (PS) is defined as the feeling of positive experience
resulting from a tool/system’s performance of initial expectations (Cho et al., 2011;
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Amin et al., 2014). The questionnaire used in this study was adapted from Brown et
al.’s (2014). Perceived satisfaction in this study was assessed by asking each clinical
practitioner to respond to the following four statements.
Q11. I am an enthusiastic user of the new method of capturing and analysing 3D back shape using
Structure SensorTM and Netfabb basic software to measure back shape and posture
Q12. All things considered, my continuing to use the new method of capturing and analysing 3D
back shape using Structure SensorTM and Netfabb basic software in my job is (Extremely Negative to
Extremely Positive).
Q13. All things considered, my continuing to use the new method of capturing and analysing 3D
back shape using Structure SensorTM and Netfabb basic software in my job is (Extremely Bad to
Extremely Good).
Q14. All things considered, my continuing to use the new method of capturing and analysing 3D
back shape using Structure SensorTM and Netfabb basic software in my job is (Extremely Harmful to
Extremely Beneficial).

Previous studies that used similar PS items within their studies (Wixom & Todd, 2005;
Kim & Chang 2007; Konradt et al., 2007; Hess et al., 2014) demonstrated good
reliability (Cronbach’s alpha > 0.82) and construct validity.

Behaviour Intention
Oliver et al. (1997) suggests that behavioural intention refers to the user’s likelihood to
engage in a certain behaviour. Based on this definition, behavioural intention as used
within this study was described as the clinical practitioners’ likelihood of engaging with
and using the MSTS in their regular clinical practice. Behavioural intention was
assessed by asking each clinical practitioner who participated in this study to answer
the three statements below.

Q15. I intend to continue using the new method of capturing and analysing 3D back shape using
Structure SensorTM and Netfabb basic software.
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Q16. I predict I would continue using the new method of capturing and analysing 3D back shape
using Structure SensorTM and Netfabb basic software.
Q17. I plan to continue using the new method of capturing and analysing 3D back shape using
Structure SensorTM and Netfabb basic software.

Previous studies have used similar behavioural intention items within their studies (Ryu
et al., 2008; Barua, 2012; Hess et al., 2014; Joo et al., 2014) and demonstrated good
reliability (Cronbach’s alpha 0.87 to 0.89) and construct validity.

Perceived Enjoyment (PE)
In this study, ‘perceived enjoyment’ was conceptualised as an intrinsic-motivation
variable. Intrinsic motivation is defined as the doing of an activity for its inherent
satisfaction rather than for some separable consequence (Ryan & Deci, 2000). In
contrast, ‘extrinsic motivation’, such as perceived usefulness (discussed above under
expectation agreement), is a construct that pertains to whenever an activity is done to
attain some external outcome. The three items for perceived enjoyment were
adapted from previous published work by Sun and Zhang (2008) and developed
and validated by Agarwal and Karahanna (2000), Liu and Li (2011), Teo and Noyes
(2011) and Al-Debei (2014). The results of their studies demonstrate high reliability
with cronbach’s alpha ranging from 0.86 to 0.92. Perceived enjoyment was assessed
by asking each clinical practitioner who participated in this study to answer the three
statements below.
Q18. I find using Structure SensorTM and Netfabb basic software to capture and analyse 3D back
shape to be enjoyable.
Q19. The actual process of using Structure SensorTM and Netfabb basic software to capture and
analyse 3D back shape is pleasant.
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Q20. I have fun using Structure SensorTM and Netfabb basic software to capture and analyse 3D
back shape.

User Resistance to the Technology
User resistance or the opposition of users to perceived change to adopt to new
technology has been conceptualized as an adverse reaction to the implementation of
new technology in clinical practice. Klaus and Blanton (2010) refers to user resistance
as the behavioural expression of a user’s opposition to the implementation of a system.
The attribution then leads to outcome and efficacy expectancies; negative
expectancies lead to user resistance. Within the current study, Kim and Kankanhalli
(2009) scales based on Bovey and Hede’s (2001) framework were adapted to measure
user resistance.
This classification distinguishes between overt (open and expressive) and covert
(concealed or hidden) resistance as well as between active (originating action) and
passive (inert or not acting) resistance. The degree of resistance is considered to
increase from covert passive (e.g., ignoring or indifference) to overt active (e.g.,
obstructing) behaviours. Following the framework, the author adapted four items
representing resistance behaviour, with each item corresponding to a category of the
framework: “not comply with” (passive and covert), “not cooperate” (active and covert),
“do not agree” (passive and overt), and “oppose” (active and overt). All items in this
tool were adapted from the previous published work by Kim and Kankanhalli
(2009), which demonstrated a good reliability with cronbach’s alpha of 0.94 (Hsieh,
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2015). The resistance to technology were assessed by asking the clinical practitioner
to answer the four statements below.
Q21. I will not comply with the change to the new way of capturing and analysing 3D back shape
using Structure SensorTM and Netfabb basic software.
Q22. I will not cooperate with the change to the new way of capturing and analysing 3D back shape
using Structure SensorTM and Netfabb basic software
Q23. I oppose the change to the new way of capturing and analysing 3D back shape using
Structure SensorTM and Netfabb basic software
Q24. I do not agree with the change to the new way of capturing and analysing 3D back shape
using Structure SensorTM and Netfabb basic software

Interview
A further approach used in this study to evaluate the use of the MSTS was through
recorded semi-structured interviews. An interview guide was developed to make sure
that no questions were omitted during each interview (see Appendix 4). Yet, in keeping
with the exploratory nature of the interviews, questions were kept as open as possible.
Each interview lasted forty-five minutes to an hour and was held at the clinical
practitioner’s site. The purpose of the project and the reason for the interview were
explained to the interviewees beforehand. All the participants were interviewed
regarding their impression of the system, expectation confirmation, any aspect they
liked or disliked in the system and anything missing in this system. More in-depth
questions were asked about the functionality of the system and duration to capture and
analyse patients’ three-dimensional data. Participants were also asked whether they
would be able to use the system in their own clinical practice. The questions were
derived and adopted from the technology acceptance literature, in particular
the Unified Theory of Acceptance and Use of Technology (Venkatesh et al., 2003) and
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the Technology Acceptance Model (Davis, 1985). Together with each participant, the
interviewer also reviewed video data, giving the participant the opportunity to clarify
their queries on the use of MSTS.

5.3.5 Protocol
All participants filled in a background questionnaire (Appendix 1). This included their
age, gender, highest educational level attained, day-to-day digital technology and
Internet usage (for personal and work-related activities), discipline, scope of practice
and years of experience as a practitioner.
There were four stages within this research project (please see Figure 5.1).
Stage 1 (demonstration and training). All the participants in this study were trained and
familiarised to use the MSTS to capture and analyse back shape through a one-day
workshop.
Stage 2 (expectation measurement). At the end of the training-and-familiarisation
session, all the participants in this study were given a questionnaire (Appendix 2) to
capture their expectations of using the MSTS to assess back shape.
Stage 3 (system use). Within their clinical practice, all the participants were asked to
use the MSTS to capture and measure 3D back and body shape for at least 10 patients
who had spinal pain of whom at least two had acute low back pain and another two
had chronic low back pain. One of their patients’ data capture and measurement was
videoed by the author or by the practitioner for further qualitative analysis. All the
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participants were also asked to log the time taken to capture, measure and analyse
their patients’ data.

Figure 5.1 Protocol of clinical-acceptance study design
Stage 4 (evaluation). After they had completed using the tool on a sufficient number of
patients in Stage 3, each participant was assessed for their technology acceptance.
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Feedback on the MSTS together with its design features was obtained using an
expectation confirmation/disconfirmation questionnaire and open-ended questions.
Interviews were also conducted to capture advantages and disadvantages of the
MSTS together with the use of the system and factors that would facilitate participants
using the tool. Participants were also asked questions regarding the possible
applications of the system and its affordability.

5.3.6 Procedure
All potential participants who met the inclusion criteria were given a participant
information sheet. This included a summary of the background of the study, what
taking part involved, what the practitioner could expect if they took part, the risks and
potential benefits of taking part, together with the details of the research team.
Participants were given time to read the information sheet as well as the opportunity
to ask questions about the study before making their decision as to whether to
participate or not. Participants were informed that the decision to take part in the study
was completely voluntary, and that taking part would not change the treatment they
provide to their patients. Those who made a decision to take part in the study were
asked to give their written consent by signing a consent form and fill in the background
questionnaire.
After a minimum of 15 participants (heath-care practitioners) had been recruited, a
one-day hands-on training session was conducted in order to train the participants on
using the MSTS to capture and measure 3D back shape. Therefore, a total two days
of training were provided with fifteen participants on one day and ten on the second
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day. In this training session, each participant had to collect and analyse 3D back data
on at least one human model. The data were collected using a commercially available
iPad camera and Structure SensorTM (see section 5.3.4).
In order to capture the data, the clinical practitioner walked around with the camera
pointing towards the patient in a 360 degrees circle at three different heights (patient’s
shoulder, pelvis and knee). Throughout the data collection, the distance between the
camera and the model was between 0.5 to 1 metres. In order to limit the variability
associated with participants’ positions and standardizing the data collection, two
reference lines for the placement of feet were drawn on the floor towards X and Y axis
(see Figure 3.5).
The collected data (3D model) were then realigned and processed in the open-source
software called Netfabb BasicTM. The variables were then measured and reported
these included lumbar lordosis angle, cervical lordosis angle, thoracic kyphosis angle,
shoulder elevation angle, lateral pelvic tilt angle, frontal knee angle and scapular
prominence angle (in degrees).
Along with the hands-on training, all the participants were also provided with a digital
handbook with illustrations of a step-by-step guide and video guide on using the MSTS
within their clinical practice. Following the demonstration and training, each
participant’s expectations of using this MSTS were measured using the expectation
measurement questionnaire. After using the MSTS in their clinical practice, all the
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participants were evaluated their clinical acceptance of the MSTS using expectation
agreement/disagreement questionnaire.
5.4 Data Analysis
According to Hair et al. (2010), establishing the presence of normal distribution of data
is fundamental to parametric analysis. This degree of normality of a distribution may
influence the validity and reliability of the results. Tests of skewness-kurtosis tests were
employed to establish the degree of deviation from a normal distribution.
The questionnaire data included expectation (after training and before use of the
system) and experience (after use in clinical practice) measures. Experience measures
were compared with expectation measures using a paired t-test and effect size using
Cohen’s D. Correlations were also calculated between expectation measures,
experience and resistance to technology measures. The mean scores of the different
components (usefulness, EOU, satisfaction and BI) were compared to expectation and
experience measures. All the quantitative data were analysed with the IBM Statistical
Package for the Social Sciences (SPSS Version 23.0) software.
In the current study, all the interview data were transcribed manually, followed by the
thematic analysis of data. Thematic analysis is a type of qualitative analysis which aims
at noticing, analysing and reporting repeated themes across a data set that has been
collected through the interview (Guest et al., 2012). Braun and Clarke (2012) suggest
that thematic analysis is compatible with theoretical approaches to analysing
qualitative data. Additionally, along with Braun and Clarke (2012), Patton (1990),
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(2005), identifies thematic content analysis as having the advantages of flexibility and
simplicity, together with the ability to capture the dynamic and evolving nature of
events.
NVivo (Version 11), a piece of computer-assisted qualitative data analysis software,
was used to code the qualitative data according to the domains that were identified.
NVivo is a powerful tool that is capable to do sophisticated data-coding. It supports
several approaches to building themes of either local or more global (Bazeley &
Jackson, 2013). Within the data analysis software, the data were coded to identify subthemes for each of the themes. The author reviewed the data to identify issues that
were consistently raised by participants or appeared to be very important to a
participant. The author then conducted a taxonomic analysis by identifying sub-themes
within each theme. During the analysis process, the author looked for negative cases
that contradicted the sub-domains. When negative cases were identified, the author
adjusted the themes by either merging or forming new categories, so as to include
distinctly different data (in terms of content). After a final list of domains and subdomains was created, the data were re-coded a final time through a cross-comparison
of the quotes included in each category.
5.5 Results
This section presents an in-depth presentation of the results from the questionnaire
and semi-structured interviews. The current study investigated the clinical acceptance,
perceived user experience and perceived satisfaction by health-care practitioners of
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the MSTS to capture and measure 3D back shape. Twenty-five health-care
professionals were recruited in the study; two of them withdrew after the initial training
due to personal reasons.

5.5.1 Reliability Analysis of pre- and post-use questionnaires
According to Brown et al.’s (2014) technology acceptance model, expectation
confirmation is a strong predictor of perceived usefulness and perceived satisfaction.

5.5.1.1 Perceived Usefulness
Participants’ perceived usefulness of the MSTS to measure posture and back shape
was assessed (before and after) using the questionnaire that contained the six items.
The overall mean score for this scale was high for both before and after use of the tool
with 4.09 (SD = 0.06) and 4.17 (SD = 0.09) respectively. The 95%-confidence interval
was ranged as high as 3.95 and 4.37. The pre-use interaction experience of these
items in the questionnaire demonstrated moderate reliability with Cronbach’s alpha of
0.57, but this score improved to 0.72 by removing Items Q4, Q5 and Q6. The post-use
interaction of six items demonstrated good reliability with Cronbach’s alpha of 0.77
(see Table 5.3 and 5.4).

5.5.1.2 Perceived Ease of Use
Participants’ perceived ease of use of the MSTS to measure posture and back shape
was assessed (before and after use) using the questionnaire with four items. The
overall mean score for this scale was high for both before and after use of the tool with
4.01 (SD = 0.08) and 4.29 (SD = 0.07) respectively. The 95%-confidence interval
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ranged between 3.83 and 4.45. The pre-use interaction experience of the items in this
questionnaire demonstrated moderate reliability with Cronbach’s alpha of 0.66 but this
score improved to 0.76 by removing item Q10. The after-use interaction items
demonstrated good reliability with Cronbach’s alpha of 0.70 (see Table 5.3 and 5.4).

5.5.1.3 Perceived Satisfaction
After using the tool, participants’ perceived satisfaction mean score of was high with
4.23 (SD = 0.07). The 95%-confidence interval ranged between 4.08 to 4.39. The afteruse interaction experience of this questionnaire items demonstrated moderate
reliability with Cronbach’s alpha of 0.61. This score improved to 0.65 by removing Item
Q21 (see Table 5.3 and 5.4).

5.5.1.4 Behavioural Intention
The participants’ behavioural intention item’s mean score was high after-use of the tool
with 4.08 (SD = 0.08). The 95%-confidence interval ranged between 3.91 and 4.25.
The items demonstrated moderate reliability with Cronbach’s alpha of 0.65 (see Table
5.3 and 5.4).

5.5.1.5 Perceived Enjoyment
Participants’ perceived enjoyment after use of the MSTS to measure posture and back
shape was assessed using the questionnaire with three items (see Appendix 3).
Overall mean score for this item was high for after-use of the tool with 4.23 (SD =0.48).
The 95%-confidence interval ranged between 4.02 and 4.43. The items demonstrated
moderate reliability with Cronbach’s alpha of 0.68 (see Table 5.3 and 5.4).
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5.5.1.6 Resistance to Technology
Participants’ resistance to technology after use of the MSTS to measure posture and
back shape was assessed using the questionnaire with four items (see Appendix 3).
The overall mean score for this item was high for after use of the tool with 1.60 (SD =
0.09). The 95% confidence interval ranged between 1.42 and 1.79. The items of these
scale demonstrated good reliability with Cronbach’s alpha of 0.69 (see Table 5.3 and
5.4).

5.5.2 Comparison of Expectation and Experience
In order to evaluate clinical acceptance, the perceived usefulness and ease-of-use
score were compared between before and after use of the MSTS. The differences
between expectation and experience scores were investigated using paired t tests to
assess the (dis)confirmation of (initial) expectations. The results are summarised here
and fully presented in Table 5.5. In comparing the expectation to the experience score
for perceived usefulness, there was a small increase in mean value, d = 0.21. The
difference in means over time was statistically non-significant. The above result
indicates that their expectations have been met after using the tool in their clinical
environment (see Table 5.5).
The change in mean scores for perceived ease of use from expectation to experience
was large (d = 0.72) and statistically significant (p = 0.01) (see Table 5.5). The change
over time indicated that regular usage of the tool for a longer period, gets easier for
practitioners to use it in their clinical environment.
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Table 5.3
Descriptive statistics for individual outcome measures measured before and after-use of the MSTS.
PEOU
PEOU
PU
PU
Perceived
(Expectation) (Experience) (Expectation) (Experience) Satisfaction

BI

PE

Resistance

Mean

4.01

4.29

4.09

4.17

4.23

4.08

4.23

1.60

Median

4.00

4.25

4.16

4.16

4.25

4.00

4.33

1.50

Mode

4.00

4.00

4.33

4.50

4.25

4.00

4.33

2.00

Std. Dev

0.40

0.38

0.33

0.45

0.36

0.39

0.48

0.43

Variance

0.16

0.14

0.11

0.2

0.13

0.15

0.23

0.18

Skewness

-0.14

0.01

-0.23

-0.22

-0.78

0.54

-0.13

0.06

SE(Skewness)

0.48

0.48

0.48

0.48

0.48

0.48

0.48

0.48

Z Skew

-0.29

0.03

-0.49

-0.46

-1.62

1.13

-0.27

0.13

Kurtosis

-0.85

-0.62

-0.84

-0.64

0.97

0.31

-0.34

-0.99

SE (Kurtosis)

0.93

0.93

0.93

0.93

0.93

0.93

0.93

0.93

Z Kurtosis

-0.91

-0.66

-0.9

-0.68

1.04

0.33

-0.36

-1.06

95% CI (LL)

3.83

4.12

3.95

3.97

4.08

3.91

4.02

1.42

95% CI (UL)

4.18

4.45

4.23

4.37

4.39

4.25

4.43

1.79

Note: LL – Lower limit; UL - Upper limit; PEOU – Perceived Ease of Use; PU – Perceived Usefulness; BI – Behavioural Intention; PE – Perceived
Enjoyment; Resistance – Resistance to Technology
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Table 5.4
Reliability analysis

Categories

Mean

SD

No. of
items

Overall
Cronbach's
Alpha

Cronbach's
Alpha after
items
deleted

Perceived Usefulness (expectation)

4.09

0.07

6.00

0.57

0.73

Q4, Q5 and Q6

4.17

0.10

6.00

0.77

0.53

Q14, Q15 and Q16

Perceived EoU (expectation)

4.01

0.09

4.00

0.66

0.76

Q10

Perceived EoU (experience/after use)

4.29

0.08

4.00

0.70

-

Perceived Satisfaction (after use)

4.23

0.08

4.00

0.62

0.65

Behavioural Intention (after use)

4.08

0.08

3.00

0.66

-

-

Perceived Enjoyment (after use)

4.23

0.10

3.00

0.69

-

-

Resistance to Technology (after use)

1.60

0.09

4.00

0.69

-

-

Items deleted

Perceived Usefulness (experience/after
use)

Note: EOU – Ease of Use
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Q21

Table 5.5
Comparison between expectation and experience (paired t test)
Mean (SD)

Cohen’s
d

CI (95%)
T

Expectation

Experience

4.09 (0.33)

4.17 (0.45)

-0.21

-0.72

Ease
of
use Score 4.01 (0.40)

4.29 (0.38)

-0.72

-2.83

Usefulness
Score

p
Lower
Limit

Upper
Limit

0.47

-0.30

0.14

0.01*

-0.48

-0.07

Note: CI – Confidence Interval; * Significant difference in p value (p < 0.05)

5.5.3 Correlations between variables
In order to explore the relationship between the measures of both expectation and
experience, correlation coefficients were calculated for baseline measures and the
questionnaire scales.
The results presented in Table 5.6 shows that, for most of the variables related to
participants’ background data and their digital expertise showed no significant
correlation (Pearson’s correlation coefficients ranging from -0.16 to 0.30) with clinical
acceptance variables (perceived usefulness, ease of use (EoU), satisfaction,
behavioural intention, perceived enjoyment and resistance to technology). After using
the equipment, age and years of experience were negatively correlated with perceived
ease of use, r = -0.32 and r = -0.41, respectively. Therefore, older and more
experienced professionals perceived the system as less easy to use. From the results,
it is also apparent that more experienced professionals were more resistant (r = -0.48)
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to using the system. Physiotherapists showed greater perceived enjoyment (r = -0.44)
than other health-care professionals.
To explore the relationships between the clinical acceptance measures, correlation
coefficients were calculated between the scales (see Table 5.7, Figure 5.3). Except for
perceived usefulness and behavioural intention, most of the variables related to clinical
acceptance measures showed no significant correlation (Pearson’s correlation
coefficients ranging from -0.00 to 0.37). However, perceived usefulness was
substantially correlated with ease of use and behavioural intention (r = 0.42 and r =
0.46 respectively). This indicated that if practitioners see the benefits of the MSTS their
interest in using the system increases and consequently find the system easier to use.

Figure 5.3 Inter-relationship between clinical acceptance variables. (Note: NS – nonsignificant; PU – perceived usefulness; PEOU – perceived ease of use; PE- perceived
enjoyment; PS – perceived satisfaction; RT – resistance to technology; BI –
behavioural intention)
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Table 5.6
Correlations between demographics and clinical acceptance measures
Resistance
Usefulness Usefulness EoU
EoU
Behavioural Perceived
Satisfaction
to
Expectation Experience Expectation Experience
Intention
Enjoyment
Technology
Age

.21

.00

.08

-.32

.09

-.09

-.13

-.29

Gender

.09

-.15

-.09

.15

-.08

-.36

.08

.31

Professiona

-.03

-.03

-.01

-.16

.06

-.07

-.44*

-.07

Qualification

.30

.08

.19

-.22

.16

-.07

.10

-.08

.06

.07

.10

-.10

-.00

-.48*

.06

-.14

-.26

Average use
of digital
-.15
.09
.10
.20
-.06
technology
Years of
.07
.00
.30
-.41*
.08
experience
Use of
technology
.32
.24
.13
.17
.03
rating
* Significant difference in p value (p < 0.05); a – Physiotherapist, Sports therapist and Osteopaths
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Table 5.7
Correlations between clinical acceptance variables
PUsefulness
PEOU
PUsefulness
PSatisfaction
(Expectation) (Experience) (Experience)

BI

PResistance

PEnjoyment

PEOU (Expectation)
.34

.27

.04

.21

-.00

.00

.14

PUsefulness
(Expectation)

-

.11

.14

-.02

-.02

.12

.11

PEOU
(Experience/after use)

-

-

.42*

.26

.25

.16

.21

PUsefulness
(Experience//after use)

-

-

-

.26

.46*

.15

.29

PSatisfaction (after use)

-

-

-

-

.37

-.26

.29

BI (after use)

-

-

-

-

-

-.08

.37

PResistance (after use)

-

-

-

-

-

-

-.07

* Significant difference in p value (p < 0.05)
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5.5.4 Qualitative data
5.5.4.1 Analysis of interviews
All interview data were imported into NVivo 11. As recommended by Riffe et al. (2014)
all the interview data were transcribed word for word. The transcribed data were coded
into broad codes (impression, expectation, use, duration, practical implications and
affordability), linked to the primary aim of this clinical acceptability study. The broad
codes were further distinguished by perspective (positive, negative, neutral, like,
dislike, suggestions, yes and no). As a result, 175 units of thought were identified. Units
of thought were defined as expressions of participants’ opinion or judgement about
using the MSTS in clinical use (e.g., duration, presentation, affordability and usability
or expressions of their experience).
The collected units of thought are regarded as genuine and meaningful. Units are
regarded as genuine in the sense that the author did not intentionally bias the
participants’ report of their experiences. The participants only commented on aspects
of their experience that caught their attention and elicited an expression of opinion. All
transcribed units including time codes were used to identify the pages from which the
units of thought were derived.
Using tree nodes in NVivo 11, the codes were organised for conceptual clarity,
explanatory, identifying patterns and meaningful analysis (Bazeley & Jackson, 2013).
The codes were arranged into three main themes: facilitating factors, inhibiting factors
and potential application of the system. The facilitating factors are further
subcategorised into ‘ease of use’, ‘affordability’ and ‘clinical use’ as discussed below.
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Clinical Use
Usefulness in the clinical environment was the category with the highest number of
answers (32), followed by the quality of practice (22), duration (19), visualization (15),
and training/skills (5). Please refer to Figure 5.4 for the word tree (feature-based text
visualization) of the relationship between usefulness, ease of use, duration, feasibility,
future intention to use and clinical applicability through sub-trees. A common view
amongst interviewees was that they were impressed with the quality of the data (for
example, ability to view the three-dimensional nature of human posture) together with
its accuracy; the time taken for data collection; the system’s simplicity and its
portability. The following extracts illustrate the usefulness of the MSTS within
participating therapists’ clinical environment.
“Excellent tool for 3-dimensional posture screening, but I struggled with the analysis
of the data, but after using it in couple of Patient’s I got used to the system. As using it
for a longer time it got better” (P3).
One of the participants in the study mentioned about the minor technical faults during
data collection.
“Brilliant tool for measuring and analysing back shape. Occasionally there were some
technical faults during the data capture, which we should expect in any technology.
These technical faults caused some delay in data capture but by reloading the app it
worked fine” (P4).
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Few participants also mentioned on the duration of data capture and the quality of data
from MSTS.
“Best thing about this tool is that this can capture accurately even the skin folds and
measurable. It will be useful to have both the assessment and measurement part as
one app, so that will be less time consuming” (P10).
“The captured model has got great high definition details, easy to pick up differences
in any posture abnormalities” (P16).
Ease of Use
Ease of use (44) was the most frequent answer in the interviews, followed by the
portability of the tool (27), human-computer interaction (22) and the space it took to
collect data (18). In the interview, one of the clinical practitioner’s commented on the
‘ease of use’ as shown below.
“I really enjoyed using the tool to analyse patients with low back pain and for posture
screening. The one thing I like about this tool is its usability it is easy to use as well as
the fact that is less time consuming” (P2).
Affordability
Most of the participants (n = 20) who responded believed that the new tool was very
much affordable, small proportion of participants had either no opinion (n = 2) or
believed that it would not be affordable (n = 1).
Inhibiting factors
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A minority reported minor technical errors such as iPad freezes up during data
collection, either the mobile APP was slow or shuts down or the connecting to the
internet service was difficult. Additionally, few participants raised that analysing data
took longer duration about 15 – 20 minutes per patient.
Most of the participants agreed that the MSTS improved the quality of their practice by
providing high-quality personal feedback to their patients. Issues related to resistance
for using the MSTS were not mentioned or highlighted in the interview data. A few
suggestions were also made by the participants on the broader and potential
applicability of the MSTS besides postural assessment, for instance its use in the field
of research and education. As one interviewee said; “I wish it had an additional feature
to measure dynamic movements or the range of motion of the spine” (P17). Another
interviewee mentioned; “it will be great if it can be used in many mobiles across
platforms like androids and windows” (P20)
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Figure 5.4 Mapping of clinical use. The visual representation of interview data through
‘word tree’
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5.6 Discussion
The aim of the current clinical acceptance study was to investigate factors that
enhanced clinical acceptance within healthcare professionals when using the MSTS
to capture and measure three-dimensional back shape and posture. Additionally, the
current study examined the relationship between the clinical acceptance variables:
perceived usefulness, perceived ease of use, perceived enjoyment, perceived
satisfaction and behavioural intention. With regards to Brown et al’s. (2014) TAM
variables, the current study adopted two more additional variables, perceived
enjoyment and user resistance to technology, which are considered as essential
measures for any clinical acceptance study (Venkatesh, 2000; Adner & Kapoor., 2010;
Van Schaik & Ling, 2011).
Based on Venkatesh and Davis (2000) TAM was hypothesised that there would be a
relationship between perceived usefulness and perceived ease of use for behavioural
intention. The overall results of the current study partially or fully support hypotheses
H1 and H2. Each hypotheses will be discussed in detail in the forthcoming sections.

5.6.1 Measurement of Acceptance
The scales used in the current study tested for its reliability, despite its good reliability
has been proven by earlier studies (Taylor & Todd, 1995; Wixom & Todd, 2005; Davis
& Venkatesh, 2004; Konradt et al., 2007; Kim & Chang 2007; Ryu et al., 2008; Barua,
2012; Joo et al., 2014; Hess et al., 2014). The Cronbach’s alpha reliability coefficients
for all the measurement scales in the present study indicated moderate to good internal
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consistency. The Cronbach’s alpha reliability coefficient score is marginally lower than
minimum value necessary to prove reliability (0.7) (Nunnally & Bernstein, 1994).

5.6.2 Level of Acceptance
In addition to the quantitative results, the qualitative results further supported the
current study’s clinical acceptance variables. In the thematic analysis, the usefulness
within the clinical environment was the category with the highest number of answers,
followed by the quality of practice. Ease of use was the most frequent answer in the
interview. The above mixed method study results indicated that the majority of clinical
practitioners who participated in this study perceived that the MSTS was useful, easy
to use, satisfied and keen to continue using the system for measuring posture and
back shape within their clinical practice.
The results of the current study are consistent with those reported in previous studies
that have evaluated on healthcare professionals’ adoption of technology (Van Schaik
et al., 2002; Chismar et al., 2003; Liu & Ma 2006; 2005; Barker et al., 2005; Yi et al.,
2006; Orruno, 2011; Lim et al., 2011; Pynoo et al., 2012; Kuo et al., 2013). The results
of these studies will be discussed in detail in the following sections.

5.6.3 Expectation Confirmation
The current clinical acceptance study investigated clinical practitioners’ expectations
together with their experience of using the MSTS to assess posture and back shape.
The results from the paired t test and qualitative data confirmed that the MSTS to
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measure back shape and posture either met or exceeded clinical practitioners’
expectations.
In concordance with the current study, several studies reported expectation
confirmation. Most of these studies were either in education or business settings,
involving students, customers and managers. Only a few studies (Van Schaik et al.,
2002; Chismar et al., 2003; Barker et al., 2005; Liu & Ma 2005; 2006; Yi et al., 2006;
Lim et al., 2011; Pynoo et al., 2012; Kuo et al., 2013) reported the acceptance of
technology within health-care professionals.
The results of the current clinical acceptance study are consistent with the previous
study by Van Schaik et al., (2002) when evaluating the clinical acceptance for a
postural

assessment

system

the

Microscibe

digitizer

among

forty-nine

physiotherapists. The quantitative results on the relationship between perceived ease
of use and perceived usefulness were similar in both studies. Although this is the only
study, directly related to the current study, Van Schaik et al’s acceptance result was
based on the participants’ perceptions without hands-on experience of using the
system.
Further, Bhattacherjee (2001a, 2001b) identified expectation confirmation as a strong
determinant of perceived usefulness, perceived enjoyment, and satisfaction. The
clinical acceptance result of the current study was also supported by positive
expectation disconfirmation, with a high perceived level of use and positive perceived
usefulness. The majority of the previous evidence from Venkatesh et al. (2003), Kim
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and Malhotra (2005) and Limayem et al. (2007) demonstrated that PU is the strongest
determinant of intention to use. However, a small number of studies by Igbaria et al.
(1997) and Agarwal and Prasad (1998) demonstrated that ease of use has a nonsignificant direct impact on intention to use.
As reported by Van Schaik et al. (2002), Barker et al. (2005) and Hanif et al. (2011),
the facilitating factors influencing the satisfaction and acceptance of the system by the
clinical practitioners were system’s ease of use together with its perceived usefulness.
In support, the qualitative results on the ease of use, clinical use and affordability of
the MSTS supported the findings of the quantitative results for perceived usefulness
and perceived ease of use. According to the participants, they perceive that the threedimensional visualisation of posture and back shape together with its clinical
applicability of the system for both the diagnosis and evaluation of treatment outcomes,
not only will improve the quality of clinical practice but also it will improve the user
experience.
Therefore, as stated by Hadji and Degoulet (2016) and Kabra et al. (2017), it is
important to observe that the initial acceptance of the MSTS by clinicians was regarded
as the first step to the successful deployment of the tool. Subsequently, the overall
system’s success depends on the continuous use of the system within practice.
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5.6.4 Associations between TAM variables
Relationship of PEOU and PU on Behavioural Intention
Luxton et al. (2011) and Connor and O’Reilly (2016), state that PU and PEOU were
identified as the most important positive predictors of healthcare professionals’
intention to use technology. Similarly, in the past decade, several TAM studies by Lee
et al. (2003), Luxton et al. (2011) and Connor and O’Reilly (2016) explained the
important effect that PEOU (as a facilitator) has on behavioral intention to use
technology within a clinical environment. The quantitative and qualitative results of the
current study confirmed two main findings which were consistent with the results of
Venkatesh and Davis (2000). Firstly, after using the system, PU and PEOU
demonstrated a significant correlation. Secondly, PU correlated with BI (please see
Figure 5.3). These relationships were consistent with other healthcare studies related
to the use of TAM (Rawstorne et al., 2000; Wilson & Murrell, 2004; Yi et al., 2006;
Chen et al., 2008; Wu et al., 2008; Xue et al., 2009; 2012; Aggelidis & Chatzoglou,
2009; Holden et al., 2012; Aldosari, 2012).
In contrast, the relationship between PEOU and PU was not supported by Chau and
Hu (2001), (2002) and Chismar and Wiley Paton (2003). A possible explanation for this
is that most healthcare professionals may place a higher value on PU than on PEOU.
For instance, clinical practitioners regularly use specific complex medical technologies
within their clinical practice, without prior hands-on experience. Thus, the ease of use
does not affect the intention to use a system if the usefulness is given.
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In the current study, during the training sessions, the healthcare professionals got an
opportunity to familiarize themselves with using the MSTS for the measurement and
analyzses of their patients’ back shape. The prior training with the MSTS may have
influenced their expectations and experiences of the PEOU scores. Furthermore,
participants reported limited technical issues or dissatisfaction when using the MSTS.
The current practice of posture and back shape assessment by physiotherapists,
osteopaths and sports therapists within a clinical environment is subjective and either
through visual observation (eye balling) or by the analyses of 2D pictures. Due to the
complexity and cost of existing tools (like Integrated Shape Imaging System (ISIS-2)),
most therapists do not use them within clinical practice (Sohn & Yeo, 2016).
Furthermore, clinical practitioners are not willing to spend extra time on lengthy trivial
computer recording jobs during busy patient caring period (Kirkley & Stein, 2004).
Thus, designing a tool that captures posture and back shape data, one that is objective
and easy to use is critical for the acceptance of the MSTS by spinal healthcare
professionals.

Relationship of PS and PE on PU
Venkatesh (2000) identifies perceived enjoyment and perceived satisfaction as
valuable predictors additional to perceived ease of use and usefulness within clinical
acceptance model. In describing the relationship between clinical acceptance
variables, Venkatesh and Bala (2008), identify that the determinants of perceived
enjoyment alone influence PEOU and not PU. Although the results of the present study
demonstrate non-significant correlations between PU, PS and PE, the mean PE and
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PS scores were high. The quantitative result for PS and PE of the current study is
endorsed by the qualitative results where most practitioners perceived that the threedimensional visualization of patients’ data using the MSTS not only improves the
clinicians perceived satisfaction score but also improves their perception of the quality
of clinical practice.
The results of the current study are in agreement with previous studies (Getty et al.,
1999; Boshoff & Gray 2004; Petter et al., 2008; Kim & Park, 2012). There are several
possible explanations for the high PE and PS scores achieved. Firstly, in the present
study, according to the author’s belief that the comprehensive training under taken
before the start of the study together with the technical assistance during the use of
the MSTS in clinical practice may have influenced the results for the PE and PS scores.
This is supported by Getty et al. (1999) and Boshoff and Gray, (2004) who advocate
that by providing technical support before as well as during the implementation of
technology results in satisfaction and increased positive enjoyment. Secondly, Rathert
et al. (2012) state that, a tool or a system which addresses therapists’ needs and
provides high quality patient-centred care is perceived to have a positive satisfaction
score among clinical practitioners.
As explained in the previous section, the user experience, visualisation of threedimensional posture together with its clinical applications might perhaps positively
contribute to PS. Thirdly, in accordance with Petter et al. (2008), a positive experience
with the use of technology (MSTS) contributes to the enhancement of satisfaction that
subsequently leads to greater intention to use. Furthermore, Palm et al. (2010) suggest
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that adoption and integration of advanced health-care technology into clinical practice
is essential to improve the quality of clinical practice and enhance patients’ experience.

Additional Supporting Variables Influencing Clinical Acceptance
In addition to the clinical acceptance variables, the results of this study also
demonstrated minimal resistance to the use of the MSTS in clinical practice. Offenbeek
et al. (2013) suggest that clinical acceptance stresses mainly an individual’s cognition,
but the resistance emphasizes on factors like social and power relationships within in
the organization. A limitation of resistance research is, however, that if tends to focus
on explaining resistive behaviours and largely ignores the opposite end of the
dimension, which is a supportive behaviour. As suggested by Rivard and Lapointe’s
(2012) work on the implementation of new technology, this study provided technical
support not just during the system use in initial training, but also during their clinical
practice; this could have resulted in low resistance.
With reference to affordability, the perception of the participants (physiotherapists,
sports therapist and osteopaths) was that the MSTS was reasonably economical for
regular clinical use. The qualitative results of the current study indicated that eightyseven percent of participants believed that the MSTS was very affordable. Equipment
that is currently in use for posture screening (Photogrammetry method) exceeds
£60,000 (Formetric 4D) while the projected costs (£500) of the new low-cost MSTS.
The demand from practitioners is that the system needs to provide objective and
accurate results in the form of quantitative measures and visual representations within
an affordable range.
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The overall results of this mixed-methods study confirm the clinical acceptance of the
MSTS in terms of (a) perceived usefulness through expectation confirmation and (b)
perceived ease of use within a clinical environment.

5.6.5 Association of Demographics with TAM variables
The study also revealed that the age and digital expertise of the clinician are strongly
associated with PU and PEOU. The positive relationship between age, digital expertise
and professional qualification on PEOU were consistent with previous research (Kwon
et al., 2007; Ng T.W & Feldman, 2008). Three studies (Quinzio et al., 2003;
Ammenwerth et al., 2003; Moody et al., 2004;) suggested that previous computer
experience together with the quality of training program were related to the acceptance
of new technology.
Furthermore, Walczuch et al. (2007) and Kuo et al. (2013) suggested that people who
have digital expertise (or any early adopters of innovative technology) generally use
technology in their clinical practice even when the potential benefits are still not explicit.
Ng T.W and Feldman, (2008) detail that, people with high levels of education and
digital skills are more likely to try new technologies and are more inclined to understand
any new features and usefulness of a new tool. Nowadays, most people, including
healthcare professionals, are familiar with new technologies as well as their advanced
features. In the last decade, there significant increase in research reporting the use of
advanced features to capture patients’ data (for e.g. heart rate, blood pressure,
calories burnt, and measuring of range of motion) in smart phones, tablets as well as
computers (Standing & Standing, 2008; Meankaew et al., 2010; Luxton et al., 2011;
202

Sultan, 2015; Connor & O’Reilly, 2016). Technically proficient adults may not only be
more concerned innovation, but also try to incorporate new technology within their own
clinical practice. A previous study by Agarwal and Prasad (1998) also confirmed that
individuals with higher technological competence, had a greater effect on PEOU.

5.6.6 Practical Implications
This research has provided four practical implications. Firstly, the results suggest that
before implementing new technology it is necessary to set realistic expectations and
strive to achieve them. Secondly, before beginning any tool implementation, it is
necessary to provide a comprehensive explanation and training of the tool.
Communication, providing support and monitoring during early implementation has
demonstrated very good and positive ease of use together with less resistance to using
the tool. Thirdly a portable, less complex interface or software increases the intention
to use of the MSTS in the clinical environment. Finally, the usefulness of the system
plays a vital role for using it within a larger population of clinicians.

5.6.7 Limitations and future studies
Future research should attempt to gather data from a larger and broader sample size.
For example, the acceptance of the MSTS needs to be explored in a wide range of
practitioners varying from spinal nurses to spinal consultants/surgeons. Additionally,
there is a need for a longitudinal study to look at the long-term acceptance of the MSTS
within a clinical environment.
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5.7 Conclusions
The present study evaluated various factors contributing to the clinical acceptance of
a new MSTS in a private clinical set-up. The 3D MSTS provided objective results in
the form of quantitative measures and high-spec three-dimensional visual images.
Clinicians saw these images as a baseline measurement as useful to monitor both
progression or deterioration of their patients’ clinical condition.
Even though the current study was for a short span of time (a week), the results affirm
that variables that contributed to the acceptance of a mobile-based the MSTS together
with its application within the clinical practice. Smartphones and tablets are capable of
changing how healthcare is delivered principally because they merge and integrate
multiple and varied technological functions into a single device that is both versatile
and portable.
The current acceptance study suggests that the innovation characteristics of the MSTS
as a screening tool in conjunction with three-dimensional visualisation of patient
posture data and its ability to quantitatively measure were greatly embraced by
healthcare professionals. Even though the quantitative and qualitative results
presented in this chapter have broadened and strengthened previous clinicalacceptance research, healthcare professionals’ intention towards the acceptance of
technology demands a deeper understanding to further facilitate the creation of
innovative products and thereby enhance the delivery and quality of clinical care.
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Chapter 6. Can a Personalised
Educational (E-Booklet) Intervention
Change Behaviour and Reduce Pain
in Adult Patients with Low Back Pain?
A RCT.
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6.1 Chapter aim
The main theme of the previous chapter was evaluating clinicians’ acceptance of using
the posture-screening tool within a clinical environment. The benefits of the novel
MSTS also include the improvement of treatment of patients with spinal disorders by
providing personalised educational booklet. The aim of this chapter is to evaluate the
effectiveness of a personalised interactive education booklet for patients with low-back
pain and their fear of movement behaviour during their activities of daily living (ADL).
6.2 Introduction and Literature Review
Low-back pain is defined as ‘pain and discomfort, localised below the costal margin
and above the inferior gluteal folds with or without leg pain’ (European guidelines of
low back pain; Burton et al., 2004). However, there is another, more common form of
back pain that arises through unknown pathological processes, otherwise known as
non-specific LBP. This type of LBP is defined as ‘low back pain not attributed to
recognisable, known specific pathology (e.g infection, tumour, osteoporosis,
ankylosing spondylitis, fracture, inflammatory process, radicular syndrome or cauda
equina syndrome) (European guidelines of low back pain, 2004). Low-back pain (LBP)
is one of the most common symptoms prompting patients to seek care (Deyo et al.,
2006; Hoy et al., 2010). Low-back pain is increasingly recognised as highly prevalent
condition. In the young and adult population, LBP is a leading cause of long-term
disability with functional impairment more than any other musculoskeletal
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condition (Vos et al., 2010). Lifetime prevalence estimates of LBP exceed 50% in the
adult population (Deyo et al., 2001). This disabling disorder that greatly effects society
is both a burden for individual patients and a cost for society because of the loss of
work (Luo et al., 2004; Steenstra et al., 2005; Kent & Keating, 2005; Thelin et al., 2008).
Whilst efforts to identify the characteristics of LBP are being attempted (Manek &
MacGregor, 2005; Lorusso et al., 2010; Mitchell et al., 2010), the type of LBP also
needs to be addressed to enable a correct diagnosis and subsequent treatment. There
are three types of LBP, which can be categorised as acute, sub-acute and chronic.
Acute low-back pain is the pain that resolves within 12 weeks of onset. Acute low back
pain is then contrasted with chronic low back pain, which is the pain that has endured
for longer than 12 weeks (Koes & van Tulder, 2006). Some researchers subdivide the
initial 12-week period into acute low back pain that resolves within a six (sometimes
four) week period and sub-acute low back pain for pain that lasts between six (or four)
and 12 weeks. Chronic LBP is defined as “repeated episodes of back or neck pain
continuing for longer than three months” (Van Tulder et al., 1997, p2129; 2000). Due
to pain and impaired function, people with chronic low-back pain often suffer with
anxiety and depression, which affects their social, recreational and work life (Koes,
2006).
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6.2.1 Approaches in the management of LBP
Review studies (Koes et al., 2010; Staal et al., 2013) based on a combination of
evidence and experts’ opinion, shown limited evidence and could not draw firm
conclusions on health outcomes in the management of LBP.
However, the recent guidelines on LBP agree that reassurance, advice to stay active
and early return to work have favourable outcomes in people with acute and sub-acute
LBP. Recently published updated guidelines for LBP in the Netherlands recommend
that a clinician's decision on interventions offered depend on the presence or absence
of psychosocial factors. Three subgroups are specified; ‘normal course of LBP’,
‘abnormal course with absence of psychosocial factors’ and ‘abnormal course in the
presence of psychosocial factors’. Physiotherapy is indicated in all three subgroups,
with the focus on education, graded activity and return to work. For the third subgroup
an additional time-contingent exercise program (3–6 weeks) is recommended, the
patient's progress to be closely monitored by the referring physician (Staal et al., 2013).
With regards to the prevention of LBP, primary prevention refers to interventions
designed to divert the onset of new back pain among those who are and have always
been back pain-free. Secondary prevention refers to an intervention to reduce the
likelihood of repeated low back pain in the future. In the last decade, many studies
encompassing both primary and secondary prevention interventions have been
undertaken. Many of these have been criticised on methodological grounds,
particularly limited power to detect intervention effects because of small sample sizes,
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short follow-up periods and low, or unreported, intervention adherence by participants
(Linton & van Tulder, 2001).
Twenty-seven randomised controlled trials of heterogeneous, prevention interventions
for low-back pain were included in a systematic review by Linton and van Tulder
(2001). Their findings support the effectiveness of exercising as a preventative
measure along with strong evidence that both lumbar supports and back schools were
ineffective. In contrast, Malmivaara et al. (2000) identified four randomised controlled
trials in their Cochrane systematic review where they found back schools were
effective. There are various back schools and they broadly vary in their programmes.
Common findings in all of their programmes are providing education about the back's
anatomy and function, self-management and the teaching isometric (involving
muscular contraction against resistance) exercises.

6.2.2 Importance of Psychosocial intervention
In recent years, there have been extensive studies on understanding the key
psychological variables and barriers in the management of chronic LBP (Grotle et al.,
2004). According to Grotle et al. (2004), the mechanical causes are not always the
origin of chronic LBP, there is a greater psychological association. Picavet et al. (2002)
identify the key psychological barriers in the management of chronic LBP are (1)
negative orientation to pain (2) fear of movement and (3) fear of re-injury.
The most influential Fear-Avoidance (FA) model to explain the above fear factors in
chronic LBP was originally formulated by Vlaeyen et al. in 1995 and recently updated
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in 2007 (Leeuw et al., 2007). The FA model describes how individuals experiencing
acute pain may lead to chronic disability (as seen in Figure 6.1) (Leeuw et al., 2007).
According to this FA cycle (Figure 6.1) if the pain is misinterpreted in a negative
manner this could lead to pain-related fear and associated safety-seeking
behaviours, such as avoidance (Vlaeyen & Linton, 2000). On the other hand,
psychosocial factors could also cause the pain to become worse and enter a
chronic phase due to the disuse and disability (Abbott et al., 2010). This in turn can
lower the threshold at which the person will experience pain.

Figure 6.1 Fear Avoidance Model (Reproduced from Vlaeyen & Linton, 2000)
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Historically, the bio-medical theory was regarded as the ‘golden’ theory (fundamental),
but in recent years the biopsychosocial interventions have been more popular.
Cognitive Behavioural Therapy (CBT) refers to an intervention programme based on
psychological treatment that uses cognitive and behavioural techniques for managing
symptoms in a positive manner. The main aim of this model is to enhance the selfmanagement of patients with chronic LBP, by changing the way they would think and
behave (Beck., 1995)
There are variable factors such as pain perception, fear avoidance behaviour and
perceived disability that may influence the prognosis of both acute and chronic low
back pain (Hancock et al., 2007; Vos, 2015; Traeger et al., 2015). There is a consensus
among research studies (Brox et al., 2003; Fairbank et al., 2005; Abbott et al., 2010;
Hoffman et al., 2007) that the patients showed good prognosis on the intensity of pain
levels, disability and quality of life, in application of CBT to patients who have
undergone surgical management. However, the National Institute for Health and Care
Excellence (NICE) guideline insists that there is inconclusive evidence regarding the
effectiveness of CBT in the management of persistent non-specific LBP (NICE, 2009).
Results from studies by Koes et al. (2010), Lamb et al. (2010), Hill et al. (2011) and
Vibe Fersum et al. (2013) shown increasing empirical evidence supporting the use of
CBT strategies. Therefore, the current study intends to evaluate the clinical
effectiveness of part of CBT when it is delivered through E-booklet using mobile
technologies.
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6.2.3 The Back Book
The ‘Back Book’ is an evidence-based educational booklet written by a
multidisciplinary team of researchers. This educational booklet helps to deliver
psychosocial interventions. It advocates active coping, maintaining activities and either
staying at work or an early return to work after an episode of LBP. It is also designed
to encourage self-management by patients (Burton et al., 2002).
A double-blind, randomised controlled trial investigated the effectiveness of ‘The Back
Book’ on back pain beliefs, fear avoidance beliefs, self-reported functional disability
and pain intensity among 162 individuals. The results demonstrated that those who
had received the booklet showed greater, early improvement in their beliefs in
managing back pain actively. In addition, these statistically significant (p < 0.001)
improvements were maintained at one-year follow up. Additionally, early reductions of
initial high fear avoidance beliefs among the experimental group were significantly
reduced in self-reported functional disability at three months (Burton et al., 1999).
A recent systematic review by Traeger et al. (2015) on evaluating the effectiveness of
patient information materials for non-specific low back pain included 14 randomized
controlled trials. The reviewers concluded that patient information booklets improved
both knowledge and back pain-related beliefs. Additionally, the authors reported
moderate – to high quality evidence that patient education in primary care can provide
long-term support through reassurance for patients with acute or subacute LBP. Taken
together, these findings indicate there can be a role for early education and advice that
can help challenge unhelpful beliefs and behaviours with regard to non-specific low212

back pain. Furthermore, Henrotin et al. (2006) and Waddell et al. (2007) suggest that
the improved clinical outcomes extend to reduce absenteeism at work and costs
associated with sick leave and disability.
In contrast, evidence for improved outcomes from preventative, education-based
interventions in the workplace is still less compelling. A systematic review of 10
controlled trials in various occupational settings found no evidence of effect of
educational booklet on back pain related absenteeism or of economic savings for
employers (Tveito et al., 2004). In addition, the reviewers reported weak evidence or
no effect on future episodes of low-back pain. However, the occupational interventions
included in the review were education in back schools, which have variable
programmes and may often give more emphasis to physical factors and to teaching
lifting techniques rather than to psychosocial factors.
As booklet are easy to deliver and inexpensive they have become common practice in
the self-care management of LBP (Coudeyre et al., 2006; Henrotin et al., 2006; Liddle
et al., 2007). Along with educational booklets, personalised face-to-face advice is
believed to have many advantages. For example, patients often become more aware
of other treatment options and able to understand their source of pain (Burton et al.,
1999).

6.2.4 Personalised management
Successful management of LBP requires patients’ active participation in care. Seeking
accurate advice from health-care professionals also enhances patients’ active
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participation. Any intervention which has poor patient engagement is more likely lead
to poor outcome in their clinical care (Sundararajan et al., 2004; Sen et al., 2005).
Previous studies on management of LBP have reported high levels of patient
dissatisfaction due to poor engagement (Verbeek et al., 2004; Snelgrove et al., 2009).
A recent systematic review of 43 studies identified three key areas of patients’
perceived need: (1) patients wanted health-care practitioners to provide information
including the cause of their LBP together with the legitimisation of their symptoms. (2)
patients needed good and effective communication and shared decision-making and
(3) patients valued both holistic individualised care as well as continuity of care (Chou
et al., 2018).
To address patients’ dissatisfaction, health-care practitioners were advised to adopt a
patient-centred model of care (Koes et al., 2006; Montori et al., 2013; Constand et al.,
2014). Yet, very little is known on the effectiveness of self-care management of
personalised educational booklets in LBP patients. No previous study has investigated
the effectiveness of a standard educational booklet in comparison with a personalised
educational booklet which contains 3D interactive material. There is a relative dearth
of studies and complete lack of support in the existing studies on the efficacy of
personalised education in improving patients’ psychosocial variables in LBP.

6.2.5 Objectives and Hypothesis
The first objective of this study was to determine the effect of a personalised
educational intervention (E-booklet) in comparison to standard booklet on the
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perceptions of pain, disability and fear of movement in people with both acute and
chronic low-back pain. The second objective was to compare the effectiveness of
personalised educational booklet between acute and chronic low-back pain patients.
Therefore, the following hypotheses are tested in this research.
Null hypothesis 1: There is no difference between the standard and the experimental
groups in pain, fear of movement and disability in four weeks of intervention time.
Hypothesis 1: For personalised patient education, the mean scores of pain, disability
and fear of movement are lower than for non-personalised patient education.
Hypothesis 2: Compared to the chronic low-back pain patients, patients with acute lowback pain show greater improvements in their perceived disability and fear avoidance
to movement.
6.3 Method
This section describes the recruitment strategies for the trial, the participants and the
randomisation process, the intervention materials, outcome measures and procedures
that were followed as well as statistical analyses that were employed.
The design of the study was a randomized clinical trial (RCT) to investigate the effect
of a personalised educational (E-booklet) for patients with a low-back pain (N = 40)
with a four-week follow-up. The independent variables were time (Week1 and Week
4),

personalisation

of

treatment

(standard/non-personalised
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education

or

experimental/personalised education) and back condition (acute back pain or chronic
back pain).

6.3.1 Design
According to the hierarchy of evidence, randomised clinical trials (RCTs) are generally
used to evaluate new interventions and constitute level II evidence (NHMRC, 2000).
RCTs are considered as the gold standard method in experimental research. Sibbald
and Roland (1998) and Stolberg et al. (2004) describe RCT’s as the most rigorous way
of identifying whether or not a cause-and-effect relation exists between the intervention
and the outcome.
In the current experimental study design, a study population was selected and
randomisation was done in selecting participants to minimise bias (Polit & Beck, 2010).
According to Creswell (2017), the randomisation of sample reduces allocation bias by
randomly allocating participants to an experimental or control group. All the participants
in the study would have the same opportunity to be assigned to the experimental
group(s) or to the control group.
In the current study, RCT was used to investigate the efficacy of personalised
educational intervention in low back pain patients. This provide the most rigorous way
to determine whether a cause-and-effect relationship exists between intervention and
outcome (Sibbald & Roland, 1998).

216

6.3.2 Ethics
This project was submitted to and approved by Teesside University’s Research Ethics
Committee, Middlesbrough, UK.

6.3.3 Informed consent
Participants were informed of all information relevant to participation in this study via
an information sheet for them to keep and were offered a discussion with the author,
giving the chance to clarify any questions and concerns. Informed consent was gained
and the signed consent form was copied twice: one to keep for study records and
consequently was stored at Teesside University. The other was made available for the
participants to keep as a record.

6.3.4 Right to withdraw
It was made clear to participants that they could withdraw from the study at any time
throughout the study period, by contacting the researcher and their supervisor without
any consequence for their care.

6.3.5 Confidentiality
This project was conducted in accordance with the Data Protection Act (1998):
participants was allocated a code by which data was collected and stored
confidentially. iPad and Laptop used for data storage was password encrypted.

6.3.6 Recruitment
The author contacted potential participants in person, email and/or by telephone, using
the contact details they had given to the respective clinical practitioners. Clinical
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practitioners act as advocates for recruitment. Based on an advertisement through
posters and leaflets in the private clinics, the potential recruits were given an option to
contact the author. To all the potential recruits, full details of the study and a consent
form was given prior to the study. Additional enquiries about their back-pain symptoms
and general health confirmed their eligibility for a trial concerned with non-specific back
pain. Between May 2017 to November 2017, a total number of N = 40 patients
participated in this study from five different private physiotherapy departments.

6.3.7 Participants
Participants were patients with acute (n = 21) and chronic low back pain (n = 19) with
an overall mean age group of 41.65 (SD = 13.32) years. Patients were categorised as
having acute LBP group if the symptoms are less than 4 weeks and as chronic if
symptoms last more than 12 weeks.

Inclusion Criteria
Participants were eligible to participate if they were aged 18 years and over,
experiencing non-specific LBP for a minimum of 2 - 12 weeks and reported at least a
moderate level of pain recorded as 3 or above on a numeric pain rating scale (Ferraz
et al., 1990) (Appendix 6). The symptoms could be new or part of a recurrent episode.
Participants had to be able to read and write English and have access to PC or any
mobile device to access the personalised E-booklet.
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Exclusion Criteria
Exclusion criteria included the following: non-English speaking participants, lumbar
surgery in the past 12 months; painful chronic illness; current diagnosis of clinical
depression or severe depressive symptoms on screening; dementia; symptoms due to
direct traumatic or evidence of serious spinal pathology; an unrelated condition that
might impact movement and substantial visual impairment. Participants were also
excluded if they had previously participated in any back-pain management
programme, for example physiotherapy management with a CBT component.
A qualified health-care practitioner carried out screening for eligibility. If the practitioner
found any signs of abnormal or danger from their screening, which indicated evidence
of serious or sinister pathology, were directed to seek medical advice and they were
not included in the study.

6.3.8 Sample Size
Although researchers are generally interested in drawing conclusions about their
hypotheses, statistical analyses of study results provide conclusions about the null
hypotheses. Hypothesis testing gives the probability of finding the result that was
observed if the null hypothesis were true or the probability of a Type 1 error. If the
probability of a Type 1 error is less than a specified value (alpha), the null hypothesis
is rejected (and the researcher's hypothesis is supported). Alpha is commonly set at
.05, although it is set at this level by convention. Beta is the probability of a Type 2
error, that is, of accepting a false null hypothesis. The power of a study is defined as
the probability of correctly rejecting the null hypothesis and is given by 1-beta. Again,
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by convention, a power of 80% is normally considered acceptable (Cohen, 1988;
Kraemer & Blasey, 2015). The sample size needed to detect a true difference between
groups, depending on the magnitude of the effect, can be calculated using alpha, the
study power and the estimated effect size based on, for example, clinical knowledge,
previous research findings or conventions for small, medium or large effect sizes for
different types of statistical test (Cohen, 1988).
For this study, a priori sample size calculation was carried out using G*Power software
(Faul et al., 2007). The power calculation required a sample size of 52 patients with an
alpha level of 0.05 and a power of 80%, based on an expected clinical change of 2
points for the main outcome measure. When the recruitment process started it soon
became obvious that it would not be possible to include that number of people within
a reason-able time. The trial was designed to be exploratory, investigating the
effectiveness of new intervention materials for which there are no previously published
data to indicate an expected effect size.

6.3.9 Instrumentation
Pain Intensity (Numeric Pain Rating Scale) (NPRS) (Appendix 6)
The NPRS is a segmented numeric version of the visual analog scale (VAS) in which
a participant selects a whole number (0–10 integers) that best reflects the intensity of
his/her pain. The common format is a horizontal bar or line. Similar to the VAS, the
NPRS is anchored by terms describing pain severity extremes (Hawker, 2011). This
pain scale has shown high test-retest reliability in both literate and illiterate patients (r
= 0.96 and 0.95 respectively) (Ferraz et al., 1990). The validity of this tool is high in
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terms of correlation with the VAS in patients with chronic conditions (r = 0.86 to 0.95;
Ferraz et al., 1990).
In the current study, patients were given anatomically simple pictures that show the
front and back of the human body. They had to identify the location(s) of their pain in
the picture. Patients were asked to rate their present pain intensity using a 0 to 10
ordinal scale located at the bottom of the page. A “0” rating corresponded with no pain
and a “10” rating corresponded with maximum pain intensity.

Figure 6.11 Numerical Pain Rating Scale
Fear Avoidance Belief Questionnaire (FABQ)
The second instrument used was the Fear Avoidance Belief Questionnaire (FABQ) to
measure fear-avoidance beliefs about physical activity. The FABQ is a 16-item
questionnaire and each item is scored from 0 to 6 (see Figure 6.12). Higher numbers
on the FABQ indicate increased levels of fear-avoidance beliefs related to low back
pain. Two subscales within the FABQ have been identified: a four-item scale
measuring fear-avoidance belief about physical activity (FABQ-pa) and a seven-item
scale measuring fear-avoidance belief about work (FABQ-W). The FABQ has
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demonstrated high levels of reliability in previous studies of patients with low-back pain
(Crombez et al., 1999; Grotle et al., 2005).

The FABQ (total) has shown high test-retest reliability with ICC = 0.97 (Kovacs et al.,
2006). The subscale, FABQ physical activity has shown moderate to good reliability
with ICC = 0.72 to 0.90 (Pfingsten et al., 2000; Chaory et al., 2004). The FABQ work
subscale has also shown moderate to good reliability, with ICC = 0.80 to 0.91 (Holm
et al., 2003; Williamson, 2006). In terms of construct validity, the FABQ is moderately
correlated with the Roland and Morris Disability Questionnaire. The correlation
coefficients for the FABQ scale, the FABQ Work subscale and the FABQ Physical
Activity subscale are 0.52, 0.63, and 0.51, respectively. The FABQ was also shown
to be correlated with the Tampa Scale of Kinesiophobia (Swinkels-Meewisse et al.,
2003), another measure of fear avoidance. The correlation coefficients for the
FABQ Work subscale and the FABQ Physical Activity subscale are 0.53 and 0.76,
respectively (Williamson, 2006).
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Figure 6.12 Fear Avoidance Belief Questionnaire (FABQ)
Oswestry Disability Questionnaire (ODQ)
The third instrument used in this clinical trial was the disability from low-back pain,
which was measured by the Oswestry Disability Questionnaire (ODQ). The ODQ is a
disease-specific measure of functional disability in patients with low-back pain. This
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patient-completed questionnaire gives a subjective percentage score of the level of
function

Figure 6.13. Oswestry Disability Questionnaire (ODQ)
(disability) in activities of daily living. This questionnaire consists of 10 different
functional items. The subject scores each functional item by rating the difficulty from 0
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to 5. The final score is typically expressed as a percentage, with higher percentages
indicating higher amounts of disability (see Figure 6.13). The ODQ has demonstrated
high levels of test-retest reliability (such as ICC 0.93, p<0.00; Bayar et al., 2003) and
is highly recommended for its use as an outcome measure in studies of LBP (Gronblad
& Hupli, 1993). Furthermore, Fisher and Johnston (1997), demonstrates the
concurrent validity of the ODQ scale for measuring the change in disability following
treatment.

Perceived User Satisfaction Questionnaire
Participants’ perceived satisfaction after use of the educational booklet was assessed
using a six-item end-user satisfaction survey (Marshall and Hays, 1994). The items
included in this survey evaluates, general impression, information, presentation, ease
of use and satisfaction of using the educational booklet. All these items used five-point
Likert scales with endpoints strongly disagree (1) and strongly agree (5) or Very bad
(1) and very good (5) (see Figure 6.14 and Appendix 9).
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Figure 6.14. Perceived User Satisfaction Questionnaire
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6.3.10 Procedure
Before and after a four-week of educational intervention, pain, fear avoidance
behaviour and disability were measured using NPRS scale, FABQ, ODQ and user
satisfaction survey respectively.

Figure 6.2 Flow diagram of the study course showing the number of participants in
different groups.
The present study involved participants having a diagnosis non-specific LBP only, that
was not due to any other pathologies as previously mentioned in the exclusion criteria.
There were two groups in this study (acute and chronic LBP). Based on the signs and
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symptoms of LBP together with physical examination by a clinical practitioner, all
participants were categorised as either acute or chronic. Patients were categorised as
having acute LBP group if the symptoms are less than 4 weeks and as chronic if
symptoms last more than 12 weeks. Within each group, the participants were randomly
allocated to standard or experimental intervention, as explained below.

Randomisation
Enrolled participants meeting the inclusion criteria were randomly allocated to either
the experimental (e-booklet (personalised)) or control group (standard (nonpersonalised) care) using computer-generated sequences of random numbers
(http://graphpad.com/quickcalcs/randomize1.cfm).

The

author

generated

the

allocation sequence, enrolled the participants and assigned participants to their group.
Neither the author nor the participants were blinded to the acute or chronic condition
allocations.

Intervention
Along with the standard physical therapy treatment, all the patients received either a
standard (non-personalised) booklet or a personalised educational e-booklet as
described below. Each patient was instructed to read the booklet as part of a home
program and self-management of symptoms.
Standard Educational Booklet
Patients received standard care treatment using the standard ‘Back Care’ educational
booklet (see Appendix 7). A small booklet was used as a supplement to active patient
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management. This traditional approach to patient education emphasises a general
overview of spine anatomy, anatomic sources of pain, explanations of various
(established and unestablished) treatment mechanism, recommendations on
avoidance of pain, bed rest, the use of exercise for aerobic benefit or to strengthen
trunk musculature. This booklet also focusses on patients’ beliefs and attitudes by
teaching the advantages of remaining active and avoiding bed rest, combined with
reassurance that there is likely nothing seriously wrong.
Personalised Educational E-Booklet
An individualised biomechanical book contains the same information as the standard
educational booklet. However, the personalised booklet contained a 3D model of their
own back and body (see Appendix 8). The 3D model used in this study was captured
through a commercially available iPad based 3D mobile scanning tool Structure
SensorTM. The system has been explained in the previous chapters. This high-quality
3D standing and sitting posture image enables participants to visualise (bio-feedback)
their own posture in all planes through the personalised educational E-booklet.
Hoffman et al., (2007) and Sielski et al., (2017) found that biofeedback was more
effective than cognitive behavioral approaches in reducing symptoms in Chronic LBP
patients. The personalised booklet used in the current study aims to educate patients’
in a specific manner with specific do’s and don’ts and uses an intervention that
appropriately addresses their own limitations with completing their activities of daily
living. This E-booklet was presented to patients in two different formats (video and
PDF).
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All the participants in both the groups were asked to keep a diary to record their use of
self-help booklets and to rate their satisfaction with it (Appendix 9). The outcome
measures (i,e NPRS, FABQ, ODQ User Satisfaction) were taken before and after
intervention in all the four groups.
6. 4 Data Analysis
Analysis of covariance (ANCOVA) was conducted to analyse the effects of education
booklet (personalised or non-personalised) and back condition (acute or chronic) as
well as their interaction effect at Week 4, while holding constant the measurement at
Week 1. Outcome measure data were also analysed in a mixed analysis of variance
(also known as a split-plot ANOVA, SPANOVA). With-in group analysis was done
using paired t test. The aim was to establish whether the change over time differs
between the two educational conditions and between the two back conditions, and
whether an interaction effect with time existed. In addition, the Pearson’s correlation
between the measures (pain, fear avoidance, disability and user satisfaction) was
analysed at week 1 and week 4.
6.5 Results
This part of the chapter presents the findings which emerged from the statistical
analysis presented in the previous section.

Participant flow
A flow chart presented in the Figure 6.2, provides a graphic representation of the
participant flow in this study. A total of 43 participants started the trial, three withdrew
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in the first two weeks of trial due to personal reasons. Out of three, two of them were
experimental group and one from standard booklet group. Therefore only data from 40
participants were considered for data analysis. There were total of 21 participants in
the acute LBP group, with 11 participants in the standard educational booklet and 10
participants in the personalised E-booklet group. In the chronic LBP group, there were
total of 19 participants, 11 in the standard and 8 in the personalised E-booklet group.
Table 6.1 Descriptive statistics of participants

Total No. of
participants
(n)
Gender (n)
(%)
Male
Female
Age
Mean (SD)
Std
Error(SE)
Variance
Skewness
Std. Error
of
Skewness
Kurtosis
Std. Error
of Kurtosis

Acute
(Standard)

Acute
(E-Booklet)

Chronic
(Standard)

Chronic
(E-Booklet)

All Groups

11

10

11

08

40

7 (63.6%)
4 (36.4%)

4 (40%)
6 (60%)

8 (72.7%)
3 (27.3%)

3 (37.5%)
5 (62.5%)

22 (55%)
18 (45%)

43.09 (16.6)

44.10 (11.30)

34.18
(12.52)

46.87 (8.72)

41.65
(13.32)

5.00

3.57

3.77

3.08

2.10

275.69
.035

127.87
-.209

156.96
1.31

76.12
0.32

177.56
0.13

0.66

0.68

0.66

0.75

0.37

-1.18

-1.32

1.32

-0.77

-0.99

1.27

1.33

1.27

1.48

0.73
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Baseline Characteristics and Descriptive Statistics
The study sample had a mean age group of 41.65 (SD = 3.32) years, with standard
chronic group is youngest with mean age of 34.18 (SD = 12.52) years. Gender wise,
55% (n = 22) being male participants and 45% (n = 18) female participants. The
summary of the descriptive statistics of participants in each group is seen in Table 6.1.
All the participants were randomly allocated to the intervention or control group. It can
be seen from the Table 6.1 that the groups were broadly similar with regards to
baseline characteristics.

Descriptive statistics of the Dependent Variables
The outcome measures of patients’ physical functioning (pain, fear, disability and
satisfaction) was measured by means of the NPRS, FABQw, FABQpa, ODQ and the
user satisfaction questionnaires.

Pain
Back pain was measured using 11-point numerical pain rating scale (NPRS). In acute
LBP group, the mean score of NPRS at baseline was 6.20 (SD = 1.75) (95% CI, 4.94
– 7.45) for the intervention group and 6.18 (SD = 1.40) (95% CI, 5.24 – 7.12) for the
control group. In the chronic LBP group, the mean score of NPRS at baseline was 4.75
(SD = 1.03) (95% CI, 3.88 – 5.61) for the intervention group and 5.54 (SD = 1.36) (95%
CI, 4.62 – 6.46) for the control group. The summary of this data is reported in Table
6.2. The results indicate that in terms specific to back pain, the groups were
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comparable and no statistical significant difference between the two groups were
found.

Fear of movement
In acute LBP group, the mean score of FABQw at baseline was 15.90 (SD = 4.33)
(95% CI, 12.80 – 18.99) for the intervention group and 18.90 (SD = 4.65) (95% CI,
15.78 – 22.03) for the control group. In chronic LBP group, the mean score of FABQw
at baseline was 11.12 (SD = 5.16) (95% CI, 6.80 – 15.44) for the intervention group
and 13.54 (SD = 3.38) (95% CI, 11.27 – 15.82) for the control group. The summary of
this data is reported in Table 6.3. The results indicate that in terms specific to back
pain, the groups were comparable and no statistical significant difference between the
two groups were found in FABQw score.
The Fear avoidance belief during physical activity (FABQpa) scale was measured
using a 4-item scale. In the acute LBP group, the mean score of FABQpa at baseline
was 28.30 (SD = 3.86) (95% CI, 25.53 – 31.06) for the intervention group and 30.72
(SD = 4.22) (95% CI, 27.89 – 33.56) for the control group. In the chronic LBP group,
the mean score of FABQpa at baseline was 23.25 (SD = 5.52) (95% CI, 18.63 – 27.86)
for the intervention group and 26.00 (SD = 5.63) (95% CI, 22.21 – 29.78) for the control
group. The summary of this data is reported in Table 6.4. The results indicated that
during physical activity, both the intervention and control groups were comparable and
no significant differences in FABQpa scores between the groups was found.
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Disability
In the acute LBP group, the mean score of ODQ at baseline was 51.33 (SD = 3.94)
(95% CI, 48.50 – 54.15) for the intervention group and 55.55 (SD = 4.58) (95% CI,
52.47 – 58.63) for the control group. In the chronic LBP group, the mean score of the
ODQ at baseline was 32.22 (SD = 4.60) (95% CI, 28.37 – 36.06) for the intervention
group and 34.24 (SD = 6.24) (95% CI, 30.04 – 38.43) for the control group. The
summary of this data is reported in Table 6.5. The results indicated that in terms of
functional disability, the groups were comparable and no significant differences in ODQ
scores between the groups was found.
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Table 6.2 Descriptive statistics of pain for both acute and chronic groups
Before
Acute
Acute
Chronic
Chronic
(Standard
(E(Standard
(EBooklet)
Booklet)
Booklet)
Booklet)
Mean
6.18
6.20
5.54
4.75
Std.Error
0.42
0.55
0.41
0.36
Lower
95%
5.24
4.94
4.62
3.88
Bound
Confidence
Interval for Upper
7.12
7.45
6.46
5.61
Mean
Bound
Variance
1.96
3.06
1.87
1.07
Std.
1.40
1.75
1.36
1.035
Deviation
Minimum
4.0
3.0
3.0
3.0
Maximum
8.0
9.0
8.0
6.0
Range
4.0
6.0
5.0
3.0
Interquartile
2.0
2.3
1.0
1.8
Range
Skewness
-.39
-.22
-.11
-.38
Skewness
0.66
0.68
0.66
0.75
Std. Error
Kurtosis
-.81
-.063
.48
-.44
Kurtosis
1.27
1.33
1.27
1.48
Std. Error
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Acute
(Standard
Booklet)
2.36
0.47

After
Acute
Chronic
(E(Standard
Booklet)
Booklet)
2.80
1.81
0.53
0.29

Chronic
(EBooklet)
1.25
0.25

1.31

1.59

1.15

.65

3.41

4.00

2.47

1.84

2.45

2.84

.96

.50

1.56

1.68

.98

.70

.0
5.0
5.0

1.0
5.0
4.0

1.0
4.0
3.0

.0
2.0
2.0

3.0

3.3

1.0

1.0

.21

.04

1.20

-.40

0.66

0.68

0.66

0.75

-.98

-1.83

1.13

-.22

1.27

1.33

1.27

1.48

Table 6.3 Descriptive statistics of fear of movement (work) variable for both acute and chronic groups

Mean
Std.Error
95%
Confidence
Interval
for
Mean
Variance
Std.
Deviation
Minimum
Maximum
Range
Interquartile
Range
Skewness
Skewness
Std. Error
Kurtosis
Kurtosis Std.
Error

Acute
(Standard
Booklet)
18.90
1.40
Lower
Bound
Upper
Bound

Before
Acute
Chronic
(E(Standard
Booklet)
Booklet)
15.90
13.54
1.36
1.02

After
Chronic
(EBooklet)
11.12
1.82

Acute
(Standard
Booklet)
10.00
1.15

Acute
(EBooklet)
5.60
1.10

Chronic
(Standard
Booklet)
5.81
0.76

Chronic
(EBooklet)
3.62
1.13

15.78

12.80

11.27

6.80

7.41

3.09

4.12

.94

22.03

18.99

15.82

15.44

12.58

8.10

7.51

6.30

21.69

18.76

11.47

26.69

14.80

12.26

6.36

10.26

4.65

4.33

3.38

5.16

3.84

3.50

2.52

3.20

9.0
24.0
15.0

8.0
21.0
13.0

6.0
18.0
12.0

3.0
18.0
15.0

4.0
15.0
11.0

1.0
14.0
13.0

2.0
10.0
8.0

.0
10.0
10.0

7.0

7.0

3.0

8.5

6.0

3.3

4.0

3.8

-.82

-.80

-.99

-.029

-.21

1.60

-.16

1.21

0.66

0.68

0.66

0.75

0.66

0.68

0.66

0.75

.479

-.45

1.41

-.94

-1.28

3.62

-.58

1.23

1.27

1.33

1.27

1.48

1.27

1.33

1.27

1.48
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Table 6.4 Descriptive statistics of fear of movement (physical activity) variable for both acute and chronic groups
Before
After
Acute
Acute
Chronic
Chronic
Acute
Acute
Chronic
(Standard
(E(Standard
(E(Standard
(E(Standard
Booklet)
Booklet)
Booklet)
Booklet)
Booklet)
Booklet)
Booklet)
Mean
30.72
28.30
26.00
23.25
18.90
17.70
16.90
Std.Error
1.27
1.22
1.70
1.95
1.41
0.78
1.26
Lower
95%
27.89
25.53
22.21
18.63
15.75
15.91
14.08
Bound
Confidence
Interval for Upper
33.56
31.06
29.78
27.86
22.06
19.48
19.73
Mean
Bound
Variance
17.81
14.90
31.80
30.50
22.09
6.23
17.69
Std.
4.22
3.86
5.63
5.52
4.70
2.49
4.20
Deviation
Minimum
20.0
24.0
14.0
16.0
10.0
13.0
11.0
Maximum
36.0
36.0
34.0
30.0
26.0
21.0
22.0
Range
16.0
12.0
20.0
14.0
16.0
8.0
11.0
Interquartile
3.0
7.0
7.0
11.3
4.0
4.3
8.0
Range
Skewness
-1.78
.94
-.78
.13
-.62
-.59
-.01
Skewness
0.66
0.68
0.66
0.75
0.66
0.68
0.66
Std. Error
Kurtosis
4.08
.085
.88
-1.76
.285
-.25
-1.88
Kurtosis Std.
1.27
1.33
1.27
1.48
1.27
1.33
1.27
Error
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Chronic
(EBooklet)
16.25
1.84
11.87
20.62
27.35
5.23
9.0
23.0
14.0
9.5
-.35
0.75
-1.62
1.48

Table 6.5 Descriptive statistics of disability for both acute and chronic groups

Mean
Std.Error
95%
Confidence
Interval for
Mean
Variance
Std.
Deviation
Minimum
Maximum
Range
Interquartile
Range
Skewness
Skewness
Std. Error
Kurtosis
Kurtosis Std.
Error

Acute
(Standard
Booklet)
55.55
1.38
Lower
Bound
Upper
Bound

Before
Acute
Chronic
(E(Standard
Booklet)
Booklet)
51.33
34.24
1.24
1.88

After
Chronic
(EBooklet)
32.22
1.62

Acute
(Standard
Booklet)
31.11
1.16

Acute
(EBooklet)
27.77
2.50

Chronic
(Standard
Booklet)
29.49
2.05

Chronic
(EBooklet)
21.38
1.10

52.47

48.50

30.04

28.37

28.52

22.10

24.91

18.77

58.63

54.15

38.43

36.06

33.69

33.44

34.07

24.00

20.98

15.58

38.96

21.16

14.81

62.82

46.51

9.78

4.58

3.94

6.24

4.60

3.84

7.92

6.81

3.12

50.0
61.1
11.1

45.6
56.7
11.1

25.6
45.6
20.0

25.6
36.7
11.1

22.2
35.6
13.3

15.6
44.4
28.9

20.0
40.0
20.0

15.6
24.4
8.9

11.1

7.2

8.9

8.9

2.2

10.0

8.9

4.4

.00

.018

.51

-.386

-1.27

.66

.14

-.74

0.66

0.68

0.66

0.75

0.66

0.68

0.66

0.75

-1.68

-1.36

-.24

-1.876

2.06

1.47

-1.10

.22

1.27

1.33

1.27

1.48

1.27

1.33

1.27

1.48
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User Satisfaction
Participants’ perceived satisfaction of the educational booklet was assessed using a
six-item end-user satisfaction survey. The interaction of these items showed moderate
reliability with Cronbach’s alpha of 0.69. the summary of the reliability tests is
presented in the Table 6.6.
The mean scores of the acute LBP group showed that the mean level of satisfaction
was 3.33 (SD = 0.22) (95% CI, 3.18 – 3.48) in the control group and 4.28 (SD = 0.28)
(95 % CI, 4.08 – 4.48) in the experimental group. In the chronic LBP group, the mean
level of satisfaction was 3.25 (SD = 0.31) (95% CI, 3.04 – 3.47) in the control group
and 4.16 (SD = 0.19) (95 % CI, 4.00 – 4.33) in the experimental group. The mean
scores in both acute and chronic LBP groups are high or above average, which
indicates that the educational booklet (standard and personalised) was provided,
useful, easy to use and supported their back-care management (see Table 6.7).

Three-way interactions between time, condition and groups
A mixed methods analysis of variance was performed to analyse all the outcome
measures. This section reports the main effects for each independent variable
(condition, group and time), associated effect sizes, and interaction effects.
A mixed (3 x 3) methods analysis of variance was conducted to compare pain, fear of
movement and disability on patients with acute and chronic LBP (condition) measured
at week 1 (baseline) and at week 4 (4 weeks, follow up) and the impact of study groups
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(standard versus E-booklet). The means and standard deviations are presented in
Table 6.8.
There was a statistical significant effect for time (p < 0.05) in all dependent variables
(see Table 6.9). The pain, fear avoidance behaviour at work and physical activity and
disability all showed significant improvement over time. This is illustrated in Figures
6.5.1 to 6.5.4.
Table 6.6 Reliability of user satisfaction questionnaire
Scale
Corrected
mean if Scale variance
item-total
item
if item deleted
correlation
deleted

Squared
multiple
correlation

Cronbach's
alpha if item
deleted

1. General
impression of the
Booklet

18.10

6.32

.45

.40

.64

2. Information in
the booklet is
useful to
understand and
the advice is
beneficial

18.05

6.49

.61

.45

.59

3. Photos or
videos added
value

17.94

6.16

.58

.36

.59

4. Booklet was
easy to use

17.94

8.16

.23

.11

.70

5. Are you
satisfied with the
booklet

18.10

7.09

.36

.25

.67
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Table 6.7 Descriptive statistics of user satisfaction for both acute and chronic groups
After
Acute
(Standard
Booklet)

Acute (EBooklet)

Chronic
(Standard
Booklet)

Chronic
(EBooklet)

Mean

3.33

4.28

3.25

4.16

Std.Error

0.06

0.08

0.09

0.07

Lower
Bound

3.18

4.08

3.04

4.00

Upper
Bound

3.48

4.48

3.47

4.33

Variance

.05

.08

.10

.04

Std. Deviation

.22

.28

.319

.19

Minimum

3.0

3.7

2.8

3.8

Maximum

3.7

4.7

3.8

4.5

Range

.7

1.0

1.0

.7

Interquartile
Range

.3

.4

.7

.2

Skewness

.00

-1.10

-.03

.00

0.66

0.68

0.66

0.75

-.43

1.62

-.39

.81

1.27

1.33

1.27

1.48

95% Confidence
Interval for Mean

Skewness
Error

Std.

Kurtosis
Kurtosis
Error

Std.
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Numerical Pain Rating Scale (NPRS)
There was a statistical significant main effect for the pain scores (p = 0.00), with a small
effect size (partial eta squared = 0.18) (see Table 6.9). This indicates that there was
significant improvement in pain before and after intervention in both the standard and
E-booklet group. In the acute LBP condition, the mean difference in NPRS scores in a
standard booklet group, before and after the intervention was 3.8 and 3.4 in E-booklet
group. In chronic LBP condition, the mean difference of NPRS score in standard
booklet group, before and after intervention was 3.7 and 3.5 in E-booklet group. The
result of ANCOVA of NPRS score shows no statistical difference between standard
and e-booklet group (p = 0.83) (see Table 6.11). This result supports null hypothesis 1
on perceived pain.

Fear Avoidance Behaviour at Work (FABQw)
In the acute LBP condition, the mean difference in FABQw score between the standard
booklet group, before and after intervention was 8.9 and 10.3 in E-booklet group. In
chronic LBP condition, the mean difference in FABQw score in standard booklet group,
before and after intervention was 7.69 and 7.48 in E-booklet group. The two-way
interaction effect, indicating the changes in the FABQw scores over time and in
conditions (acute and chronic LBP groups) shows statistical significant difference
(p=0.09) with good effect size (partial eta squared = 0.74). In addition, there was a
statistical significant main effect for the study group in FABQw scores (p < 0.05) with
small effect size (partial eta squared = 0.17) (see Table 6.9).
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Further analysis showed there was statistical significant improvement in FABQw score
(p = 0.03) between standard and experimental group in acute LBP conditions (see
Table 6.10 and 6.12; Figure 6.5.5). Although the magnitude of the effect is small, the
result partially supports the hypothesis 1 that there would be significant improvements
in FABQ scores over time in the experimental group compared to the control group.

Fear Avoidance Behaviour in Physical Activity (FABQpa)
In acute LBP condition, the mean difference of FABQpa score in standard booklet
group, before and after intervention was 11.8 and 10.6 in E-booklet group. In chronic
LBP condition, the mean difference of FABQpa score in standard booklet group, before
and after intervention was 9.1 and 7 in E-booklet group. Additionally, significant
difference between acute and chronic LBP condition, patients in acute LBP group
perceived more fear avoidance behaviour compared to chronic group. Fear avoidance
behaviour in physical activity score shows non-significant difference in three-way, twoway and main effect interactions (p < 0.05) with effect size (small partial eta squared
= 0.00 to 0.16) (see Table 6.9). The result of ANCOVA of FABQpa score also confirms
the above result (see Table 6.13 and Figure 6.5.6). This result supports null hypothesis
1 on fear avoidance behaviour in physical activity.

Oswestry Disability Questionnaire (ODQ)
In acute LBP condition, the mean difference of ODQ score in the standard booklet
group, before and after intervention was 24.4 and 23.6 in E-booklet group. In chronic
LBP condition, the mean difference of ODQ score in standard booklet group, before
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and after intervention was 4.8 and 10.9 in E-booklet group. The two-way interaction
effect, indicating the changes in the ODQ scores over time and in conditions (acute
and chronic LBP groups) was significant (p = 0.00) with moderate effect size (partial
eta squared = 0.52). In addition, there was a statistical significant main effect for study
group in ODQ scores (p < 0.05) with small effect size (partial eta squared = 0.28) (see
Table 6.9).
Further between group (standard Vs experimental) analysis showed there is a
statistical significant improvement in ODQ score (p = 0.01) in both acute and chronic
LBP conditions (see Tables 6.10 and 6.14; Figure 6.5.4 and 6.5.7). Within group
analysis (before vs after) using paired ‘t’ test showed that participants using E-booklet
in chronic LBP group, there is a significant improvement in ODQ score (t = 6.67; p =
0.00; 95% CI 6.99 -14.67) (see Table 6.15). Although the magnitude of the effect is
small, the above result supports the hypothesis 1 and reject hypothesis 2. There is a
larger significant improvement in ODQ scores in the chronic LBP condition over time
in the experimental group compared to the control group.

User Satisfaction Questionnaire
The results of the Mixed ANOVA of US questionnaire showed that there was no
statistical significant difference between conditions (Acute vs Chronic) (p = 0.26; effect
size =0.03). In contrast, the comparison between control (standard educational
booklet) and experimental (personalised e-booklet) group in both acute and chronic
condition showed a statistically significant difference (p = 0.00; effect size = 0.77). This
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indicates that most of the participants prefer the personalised E-booklet in place of the
standard educational booklet (see Tables 6.8 and 6.9).
Table 6.8 Comparison of mean and SD between groups
Scores Mean (SD)
Acute

Variables

Chronic

Standard
(n = 11)

E-Booklet
(n = 10)

Standard
(n = 11)

E-booklet
(n = 8)

Before

6.1 (1.4)

6.2 (1.7)

5.5 (1.3)

4.7 (1.0)

After

2.3 (1.5)

2.8 (1.6)

1.8 (0.9)

1.2 (0.7)

Before

18.9 (4.6)

15.9 (4.3)

13.5 (3.3) 11.1 (5.1)

After

10.0 (3.8)

05.6 (3.5)

5.81 (2.5) 3.62 (3.2)

Before

30.7 (4.2)

28.3 (3.8)

26.0 (5.6) 23.2 (5.5)

After

18.9 (4.7)

17.7 (2.4)

16.9 (4.2) 16.2 (5.2)

Before

55.5 (4.5)

51.3 (3.9)

34.2 (6.2) 32.2 (4.6)

After

31.1 (3.8)

27.7 (7.9)

29.4 (6.8) 21.3 (3.1)

After

3.3 (0.2)

4.2 (0.2)

3.2 (0.3)

NPRS

FABQw

FABQpa

ODQ

US

4.1 (0.1)

Note: LL – Lower limit; UL - Upper limit; PEOU – Perceived Ease of Use; PU – Perceived Usefulness;
NPRS – Numerical pain rating scale; FABQw – Fear avoidance behaviour at work; FABQpa – Fear
avoidance behaviour at physical activity; ODQ- Oswestry disability questionnaire; US – User satisfaction
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Table 6.9 Comparison of 2-way and 3-way interactions of variables through mixed ANOVA
F value (Effect Size)
F (1, 36) (ηp2)
Main effects

3-way interactions
(Time, Condition,
Group)

2-way interactions

Variables
Time
NPRS

Group

Condition

230.1 (0.86)*** 0.37 (0.01) 8.00 (0.18)***

(Time,
Condition)

(Time,
Group)

(Condition,
Group)

0.00 (0.00)

0.46 (0.13)

1.51 (0.40)

0.04 (0.00)

FABQw

214.51
(0.85)***

7.64 (0.17)***

14.04
(0.28)***

2.86 (0.74)

0.24 (0.00)

0.41 (0.01)

0.47 (0.01)

FABQpa

165.07
(0.82)***

2.01 (0.05)

7.09 (0.16)

4.45 (0.11)

1.21 (0.03)

0.00 (0.00)

0.08 (0.00)

ODQ

155.51
(0.81)***

14.04
(0.28)***

105.35
(0.74)***

40.43
(0.52)***

1.03 (0.02)

0.29 (0.00)

1.87 (0.04)

-

121.2
(0.77)***

0.26 (0.03)

-

-

0.05 (0.00)

-

User
Satisfaction

Time = Before vs After; Group = Standard vs E-booklet; Condition = Acute Vs Chronic; * Significant difference in p value
(p < 0.05):** p < 0.01; *** p < 0.001
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Table 6.10 Further Analysis of FABQw and ODQ scores by 2x2 ANOVA
p Value (Effect Size)
FABQw

ODQ

F
value

Time*
Group

Time

Group

Acute

0.73

0.40
(0.03)

0.00
(0.88)

0.03*
(0.21)

Chronic

0.18

0.89
(0.00)

0.00
(0.82)

0.12
(0.13)

F
value

Time*
Group

Time

Group

0.59

0.81
(0.00)

0.00
(0.90)

0.01**
(0.27)

3.03

0.09
(0.15)

0.00
(0.53)

0.01**
(0.28)

* Significant difference in p value (p < 0.05); p < 0.01; *** p < 0.001
Table 6.11 ANCOVA of dependent variable: Post NPRS
Source

df

SS

MS

F

p value

Partial eta
squared

PreNPRS

1

10.87

10.87

7.26

.01**

.17

Condition

1

3.58

3.58

2.39

.13

.06

Group

1

.06

.06

.04

.83

.00

Condition,
Group

1

1.15

1.15

.76

.38

.02

Error

35

52.40

1.49

Note: SS – Sum of Squares; MS – Mean of Squares; * Significant difference in p value
(p < 0.05); **p < 0.01; *** p < 0.001
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Table 6.12 ANCOVA of dependent variable: post FABQw
Source

df

SS

MS

F

p

Partial eta
squared

PreFABQw

1

127.51

127.51

16.75

.00***

.32

Condition

1

5.76

5.76

.75

.39

.02

Group

1

40.25

40.25

5.28

.02**

.13

Condition,
Group

1

9.36

9.36

1.23

.27

.03

Error

35

266.39

7.61

Note: SS – Sum of Squares; MS – Mean of Squares; * Significant difference in p value
(p < 0.05); **p < 0.01; *** p < 0.001

Table 6.13 ANCOVA of dependent variable: post FABQpa
Source

df

SS

MS

F

p

Partial
eta
squared

PreFABQpa

1

142.80

142.80

9.94

.00***

.22

Condition

1

.63

.63

.04

.83

.00

Group

1

.15

.15

.01

.91

.00

Condition,
Group2

1

1.14

1.14

.08

.77

.00

Error
35
502.61
14.36
Note: SS – Sum of Squares; MS – Mean of Squares; * Significant difference in p value
(p < 0.05) **p < 0.01; *** p < 0.001
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Table 6.14 ANCOVA of dependent variable: post ODQ
df

SS

MS

F

p

Partial eta
squared

PreODQ

1.00

7.68

7.68

0.22

0.64

0.01

Condition

1.00

61.60

61.60

1.74

0.20

0.05

Group

1.00

320.57

320.57

9.05

0.00***

0.21

Condition,
Group

1.00

50.61

50.61

1.43

0.24

0.04

Error

35.00

1239.51

35.41

Source

Note: SS – Sum of Squares; MS – Mean of Squares; * Significant difference in p value
(p < 0.05); **p < 0.01; *** p < 0.001

Table 6.15 ODQ paired ‘t’ test for chronic LBP group

Before
Vs After

Mean

SD

Std Error
Mean

95% Confidence
Interval of the
difference
Lower

Upper

‘t’

Sig (2tailed)

Standard
Booklet

4.74

9.01

2.71

-1.30

10.80

1.74

0.11

EBooklet

10.834

4.59

1.62

6.99

14.67

6.67

0.00***

* Significant difference in p value (p < 0.05); **p < 0.01; *** p < 0.001
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Pain Scores

Pain Scores
Weeks. 1 – Week 1 (Before); 2- Week 4 (After)

Weeks. 1 – Week 1 (Before); 2- Week 4 (After)
b) Chronic LBP Condition

a) Acute LBP Condition

Figure 6.5.1 Comparison of numerical pain scale between standard and personalised e-booklet. In both acute (a) and
chronic (b) LBP condition, the pain variable demonstrates significant improvement over time in both standard and ebooklet group.
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FABQw Scores

FABQw Scores
Weeks. 1 – Week 1 (Before); 2- Week 4 (After)

Weeks. 1 – Week 1 (Before); 2- Week 4 (After)

a) Acute LBP Condition

b) Chronic LBP Condition

Figure 6.5.2 Comparison of FABQw score between standard and personalised e-booklet. In both acute (a) and chronic
(b) LBP condition, the fear avoidance behaviour at work demonstrates significant improvement over time in both standard
and e-booklet group.
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FABQpa Scores

FABQpa Scores
Weeks. 1 – Week 1 (Before); 2- Week 4 (After)
a) Acute LBP Condition

Weeks. 1 – Week 1 (Before); 2- Week 4 (After)
b) Chronic LBP Condition

Figure 6.5.3 Comparison of FABQpa between standard and personalised e-booklet. In both acute (a) and chronic (b)
LBP condition, the fear avoidance behaviour at physical activity demonstrates significant improvement over time in both
standard and e-booklet group.
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ODQ Scores

ODQ Scores
Weeks. 1 – Week 1 (Before); 2- Week 4 (After)

Weeks. 1 – Week 1 (Before); 2- Week 4 (After)
b) Chronic LBP Condition

a) Acute LBP Condition

Figure 6.5.4 Comparison of ODQ scores between standard and personalised e-booklet. In acute (a) LBP condition, the
disability variable demonstrates significant improvement over time in both standard and e-booklet group. Whereas in
chronic (b) LBP condition, the personalised e-booklet group demonstrate greater improvement in comparison to standard
booklet group.
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FABQw Scores

FABQw scores

a) Acute LBP Condition

b) Chronic LBP Condition

Time: 1 – Week 1 (Before); 2- Week 4 (After)
Figure 6.5.5 Comparison of pre- and post FABQw score between standard and personalised e-booklet. In comparison
to chronic LBP condition (b), acute LBP condition (a) demonstrate significant improvement in FABQw score between
standard and experimental group.
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FABQpa Scores

FABQpa Scores

b) Chronic LBP Condition

a) Acute LBP Condition
Time: 1 – Week 1 (Before); 2- Week 4 (After)

Figure 6.5.6 Comparison of pre- and post FABQpa score between standard and personalised e-booklet. Both acute LBP
condition (a) and chronic LBP condition (b) demonstrate non-significant improvement in FABQpa score between standard
and experimental group.
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ODQ Scores

ODQ Scores

b) Chronic LBP Condition

a) Acute LBP Condition
Time: 1 – Week 1 (Before); 2- Week 4 (After)

Figure 6.5.7 Comparison of pre- and post ODQ score between standard and personalised e-booklet. In comparison to
acute LBP condition (a), chronic LBP condition (b) demonstrate significant improvement in ODQ score between standard
and experimental group.
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Preferences
Within the User satisfaction survey, all the participants were asked whether they prefer
standard or electronic personalised booklet. Most of the participants including people
in the standard booklet group chose the electronic version (E-booklet) for the selfmanagement of both acute and chronic LBP (see Table 6.16).
Table 6.16 Participants preferred choice of booklet (Standard vs Personalised EBooklet).
Frequencies
Total
Standard Booklet
E-Booklet
Acute (Standard Booklet)
Count
% within Groups

5

6

11

45.5%

54.5%

100.0%

0

10

10

0.0%

100.0%

100.0%

3

8

11

27.3%

72.7%

100.0%

0

8

8

0.0%

100.0%

100.0%

8

32

40

20.0%

80.0%

100.0%

Acute (E-Booklet)
Count
% within Groups
Chronic (Standard
Booklet)
Count
% within Groups
Chronic (E-Booklet)
Count
% within Groups
Total
Count
% of Total
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Correlations between dependent variables
In order to explore the relationship between the measures of interaction experience,
correlation coefficients were calculated between the dependent variables on both preintervention and post-intervention scores. Most of the variables related to fear,
disability and user satisfaction showed no significant correlation (Pearson’s correlation
coefficients ranging from -0.01 to 0.18) after the intervention. These results suggest
that the after use of the educational booklet, there is no relation between pain and fear
of movement and perceived disability by the patients with LBP. In contrast, the fear
avoidance behaviour at work (FABQw) was negatively correlated (r = -0.38) to
satisfaction. This indicates that whenever the FABQw score decreases, the perceived
user experience of the booklet increases.
Another finding in the current study was the relationship between pain, fear avoidance
behaviour and disability. Before any intervention the current study finds a significant
positive relationship between pain, fear avoidance behaviour (r = 0.34; p < 0.05) and
disability (r = 0.33; p < 0.05) (see Table 6.17). However, after the intervention and also
at four weeks follow-up, pain was not found to correlate with fear avoidance behaviour
(r = -0.01, p > 0.05) and disability (r = 0.29, p > 0.05). The summary of the correlation
coefficients is presented in the Table 6.17.
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Table 6.17 Correlations between variables
Pre
Pre
FABQw FABQpa
Pre
NPRS
Pre
FABQw
Pre
FABQpa
Pre
ODQ

.18

Pre
ODQ

Post
NPRS

Post
FABQw

Post
FABQpa

Post
ODQ

USMean

.34*

.33*

.49**

.18

.03

.17

-.15

.39*

.56**

-.00

.68**

.16

.29

-.24

.46**

.04

.35*

.51**

.32*

-.12

.27

.48**

.11

.25

.01

.12

-.01

.18

.01

.13

.29

-.38*

.15

.03

Post
NPRS
Post
FABQw
Post
FABQpa
Post
ODQ

-.30

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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Qualitative Data Analysis
At the end of the four-week trial, all the participants were encouraged to give their
feedback about their booklet through written comments. They were asked to provide
information on how they used the booklet at home. They were also asked how satisfied
they felt with the programme and whether they had encountered any problems. Finally,
they were asked if they had any other comments or suggestions for improvements to
the booklet.
The results showed that a common view amongst participants within both the standard
and the experimental group was that they found the e-booklets helped them cope with
symptoms and follow the exercises. Most of them also commented that it was simple,
easy to use, straightforward to follow and understandable.
A couple of participants from the standard booklet group commented that they would
prefer the booklet in the electronic form or as a mobile application. The extract of these
comments is shown below.
“The information on the booklet was good and informative. It is quite good to
follow the exercises in a picture as the description was below. Really appreciate
if this is provided in an electronic or in the mobile application format….so it’s
with me all the time” (P1)
The majority of the participants in the personalised educational e-booklet group
expressed their satisfaction as seen below.
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“I have used the video booklet many times in the last 4 weeks. It’s really given
me the chance to look at my posture in all directions. Importantly this video
reminded and helped me in choosing my best sitting posture at my work. This
made a huge difference and I feel a lot better within a couple of weeks.” (P6)
One of the patient commented on the benefits of biofeedback.
“I really like the format and information given in the educational material. It was
quite good to see my own back shape and try to understand where the pain is
coming from. I am much more relaxed and relieved after knowing what the
source of pain is. It is always happy to know that not to worry.” (P24)
Another patient commented on the adaptation of posture after using the E-booklet.
“Seeing my 3D view of my sitting model, made me to think about my posture
and how I work. I have started doing things differently now, I do not stay sitting
for long period. I make sure I get up and walk around and it’s helping me.” (P33)
In summary, both the quantitative and qualitative results of this RCT study indicate that
the personalised educational booklet helped the patients’ (both acute and chronic LBP
conditions) to improve their disability and fear avoidance behaviour at work.
6.6 Discussion

6.6.1 Summary
The purpose of the current randomised clinical trial study was to compare and evaluate
the effect of a personalised educational intervention on the self-care management of
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acute and chronic LBP patients. The current study investigated the short-term effects
of the personalised educational booklet on the perception of pain, disability and the
fear avoidance behaviour of movement.
Overall the results from this study indicate that the personalised educational e-booklet
is effective in treating pain, disability and fear avoidance behaviour at work in acute
and chronic LBP patients. The results partially reject the null hypothesis 1 and partially
accept hypothesis 2 on movement behaviour and disability.
Patient education on self-help, fear-avoidance behaviour and exercise has been a
prominent part of LBP management (Coudeyre et al., 2006; Cooper et al., 2009). For
the last two decades, the common medium of patient education was through a
standard ‘back book’ educational material (Cohen et al., 1994). The large part of the
educational material currently available is focussed on patients’ beliefs and attitudes
by teaching them the advantages of remaining active and avoiding bed rest, combined
with the reassurance that there is nothing seriously wrong with their backs. In the
current study, along with the above content, the personalised interactive educational
material contained information about the patients’ posture (biofeedback), an overview
of their spinal anatomy, explanations of sources of pain and exercises for aerobic
benefit and exercises to strengthen trunk musculature.

6.6.2 The Perceived Pain Intensity
The results of this study in both acute and chronic LBP demonstrated significant
improvements in the NPRS mean average score (see Table 6.2) at the one-month
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follow-up in both the standard and experimental groups. Even though there was a
decrease in the intensity of pain over time, pain scores show no statistical differences
between the two groups and LBP (acute and chronic) condition.
The findings of the current study on the duration of recovery of symptoms (pain and
disability) was similar to the study by Hazard et al. (2000), Pengel et al. (2003), Dunn
and Croft (2006) and Axen et al. (2011). In these studies, twelve to eighty-four
percentage of patients with back pain was generally expected to show improvements
and resolved their symptoms spontaneously over the four-week follow-up period of the
study (Croft et al.,1998; Andersson 1999; Pengel et al., 2003; Kongsted et al., 2015;
Silva et al., 2017). The duration it takes to decrease symptoms, particularly the pain is
possibly the most important or understandable outcome to many patients with low back
pain.
Although in general, acute LBP is widely considered to have a good prognosis (Indahl
et al., 1995; Schiottz-Christensen et al., 1999), there are a number of substantial
variable factors that may influence the prognosis of both acute and chronic LBP
patients. Few authors have attempted to develop prediction rules to assist clinicians in
identifying patients with low-back pain with different types of prognosis (Bekkering et
al., 2005; Pransky et al., 2006; Jellema et al., 2007). According to Hancock et al.
(2007), a decrease in pain intensity, duration of current episode, and number of
previous episodes are key predictors for faster recovery rates and prognosis. There is
a possibility that the intensity of pain may have an influence on the recovery of other
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psychosocial outcome measures (fear, disability and user experience) in the current
study.
A finding in the sample of the current study was the relationship between pain, fear
avoidance behaviour and disability. Same as previous studies (McCraken et al., 1992;
1998), before any intervention the current study found a significant positive relationship
between pain, fear avoidance behaviour and disability (see Table 6.17). However, after
the intervention and also at four weeks follow-up, pain was not found to correlate with
fear avoidance behaviour and disability. A possible explanation of this result is that
before any intervention, pain score measured by NPS scale is believed to be high in
individuals with high levels of fear of pain and movement in their normal activities of
daily living and at work (Zvolensky et al., 2001; McCracken et al., 1993). Individuals
with a high fear of pain overpredict the pain intensity that will be experienced during a
given activity (McCracken et al., 1993). This phenomenon was demonstrated in a study
that assessed the effect of performing a painful physical examination test (straight leg
raise test) on patients with low back pain radiating into the lower extremity (McCracken
et al., 1993). Patients with higher levels of fear of pain had a greater tendency to overpredict pain intensity that they would experience from performing the straight leg raise
test; however, their estimations became more accurate with subsequent tests
(McCracken, 1998).
During the rehabilitation process, patients were exposed to exercises that were likely
to cause low-back pain and patients with a high fear of pain could standardise their
pain perception. The pain perception at the end of rehabilitation, combined with the
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overprediction of pain perception at the beginning of rehabilitation, resulted in a larger
perceived improvement in pain and disability for patients with a higher pain perception.
This study suggests that along with the intensity of pain, in-depth future studies
evaluating role of fear of pain and its significant interactions with fear avoidance
behaviour and disability are needed. Additional longitudinal experimental research is
needed to define the relationship between fear of pain and fear avoidance in patients
with acute and chronic LBP. Due to the limitations in sample size, this study did not
consider these complex associations between fear of pain, fear-avoidance, and
disability.
The results of this RCT study, have helped to gain an understanding of different
variables that may have influenced the prognosis of patients with LBP. Greater
understanding of these variables can help practitioners provide an accurate prognosis
and assist in both designing and choosing ‘choice of interventions’ in LBP patients.

6.6.3 Fear Avoidance Behaviour
The complexity of spinal clinical presentations suggests that general information alone
not sufficient in managing and preventing LBP and improving the rates of patients
return to work. The results of the current randomized clinical trial suggest that when
personalised fear avoidance education (with biofeedback) together with an
individualised exercise programme is delivered alongside routine physiotherapy
management this results in decreasing disability for patients with chronic LBP.
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The current study found significant improvements in FABQw scores over time in the
experimental group compared to the control group (see Table 6.9 and 6.12; Figure
6.5.2). However, FABQ in physical activity score showed a non-significant difference
in two-way interactions between the acute and chronic LBP conditions and groups.
The results suggest that, personalised interactive educational materials, containing
patients own 3D posture images as biofeedback, helps patients (1) appreciate their
posture in space (2) understand how to correct their posture themselves (self-manage)
and (3) consequently decrease their fear of movement at work. This implies that the
type of information presented to patients can influence their beliefs about low backpain (Burton et al., 1999; Linton et al., 2000; Buchbinder et al., 2001; Traeger et al.,
2015; Valenzuela-Pascual et al., 2015).
The present findings are consistent with a recently published randomized control trial
(Amorim et al., 2016), evaluating the use of a mobile-web app to self-manage LBP in
a larger sample (n = 199). Although their intervention was not a personalised tool, the
improvements in patients physical and behaviour outcomes translated into significant
improvement in worker productivity and presentism at 4-month follow-up. A possible
explanation of these results is that patients easily adopts to a new behaviour when
their knowledge of the condition improves (Irvine et al., 2015). A recent systematic
review by Shorthouse et al. (2016) also suggests that educational materials are useful
medium to engage workers and provide information regarding practical modifications
to their work environment, activities and potentially reduce psychological distress
regarding ill-health at work. Additionally, there is some support for changing posture
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and beliefs about LBP, alongside evidence that educational approaches specifically
designed to address psychosocial issues can aid self-management (Waddell & Burton
2001).
The personalised educational materials used in the current study not only lower a
patient’s physiological pain perception, but also alter his or her cognitive and
psychosocial perception (fear avoidance behaviour) which, in turn, influence physical
and work-related activities by inhibiting fear beliefs about activities that patients once
avoided.

6.6.4 Perceived Disability
Low-back pain causes more disability globally than any other condition (Hoy et al.,
2014; Vos, 2015). Recent evidence suggests that multidimensional care (biofeedback,
psychological, social and knowledge) is effective in reducing disability in the
management of LBP (Campello et al., 2012). The aim of the current RCT study was to
evaluate the effectiveness of personalised interactive educational material in the
management of LBP.
The results of the current study show that participants using a personalised patient
information report significantly lowered perceived disability than those using standard
patient information. At the enrolment of the study, the baseline scores were the same
in both the acute and the chronic group. After intervention at the four-week follow-up
point, the perceived disability decreased in the acute LBP condition and in the chronic
LBP condition (see Table 6.8 and Figure 6.5.4). With regards to the perceived
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disability, the current study is a successful experiment in clinical practice. Patients in
the chronic-LBP condition, showed a statistically significantly greater improvement in
the perception of disability compared to the acute group. This finding is important, as
increased perceived disability has been linked with long-term outcomes such as
delayed recovery, work status and work retention (Fritz et al., 2001; Campello et al.,
2006;).
This finding complements the fear-avoidance model put forward by Vlaeyen and Linton
(2000). It provides evidence that the LBP patients expected less disability when
education and exercise prescription encourage study participants to engage in
activities. For example, a study participant with high fear-avoidance beliefs who
received the fear-avoidance educational booklet was twice more likely to show an
improvement in disability (Fritz & George, 2002).
These results are consistent with those of other studies by Loisel et al. (1997),
Karjalainen et al. (2003) and Campello et al. (2012). Their results show that a
multidisciplinary biopsychosocial rehabilitation programme was more effective than
usual care for disability in the short term (4 weeks follow-up). A possible reason for this
finding is that the use of a personalised education material included in the intervention
group better approximates the pain and fear of movement in LBP patients and easier
to visualise because its in 3D. The optimal personalised exercise programme is most
likely to de-emphasize pain associated with exercise and thus results in patients have
greater tolerance. Additionally, this also indicates that the intervention was effective in
modifying maladaptive beliefs (Campello et al., 2012; Marin et al., 2017).
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In contrast to the earlier findings, inconclusive results were found in providing a
multidisciplinary biopsychosocial rehabilitation programme for LBP patients in the
management of intermediate and long-term disability (Karjalainen et al., 2003; Anema
et al., 2007; Bultmann et al., 2009; Whitfill., et al 2010). Further research is required
on evaluating the effectiveness of personalised education material and its longer-term
effects.
In summary, it is clear from the results that implementing an early and effective
intervention in the management of patients with acute LBP, can improve outcome
measures like chronic pain and disability (van Tulder et al., 2006).

6.6.5 Perceived User Satisfaction
A previous study by Bettany-Saltikov et al. (2011), on the information needs of spinal
patients, acknowledged that most patients prefer written information alongside verbal
advice. This finding is supported by Treweek et al. (2002), who highlighted that people
forget half of what they are told within five minutes of leaving the consultation room.
Van Schaik et al. (2007) also reported on patients’ self-reported ‘poor’ knowledge
about their condition. To address this issue, providing a standard educational booklet
become common practice in the self-care management of LBP (Coudeyre et al., 2006;
Henrotin et al., 2006; Liddle et al., 2007). The major strength of the standard
educational booklet is that it is cheap and simple to produce and is even less timeconsuming to deliver. It does not require complex training by a physiotherapist to issue
it, but merely requires active support and reinforcement by the physiotherapist to the
patient.
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The aim of the current RCT study was to evaluate a personalised educational booklet,
which contained a 3D model of patients’ own backs and bodies. High-quality interactive
3D standing and sitting postures enabled participants to visualise (biofeedback) their
own posture in all planes. This booklet also educated patients in a specific
personalised manner on do’s and don’ts and to use an intervention that appropriately
addressed their specific and individualised limitations on activities of daily living.
The results show that the patients’ satisfaction with personalised e-booklet was
significantly higher in the experimental group than in the control group. The findings
were similar in both the acute and the chronic LBP conditions. The results from the
user satisfaction questionnaire indicate that the educational booklet was satisfying,
useful, easy to use and benefitted in patients understanding of their back problem and
their self-management.
A possible explanation for these results is that the personalised educational booklet
addresses the patients’ information needs on LBP. In support of this, Bush et al. (1993)
have suggested that patients with LBP have both practical and realistic desires to learn
about their problem, what to expect and what can they do about it.
According to Mead and Bower (2002), the concept of patient-centredness is complex.
Positive associations about patient-centred care and their satisfaction were reported
in six studies (Roter, Hall, & Katz, 1987; Street, 1992; et al., 1996; Cecil & Killeen,
1997; Langewitz, Phillipp, Kiss, & Wossmer, 1998; Kinnersley et al., 1999), but null
findings were reported in another six (Stewart, 1984; Henbest & Stewart, 1990; Butow,
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Dunn, Tattersall & Jones, 1995; Cape, 1996; Winefield et al., 1996; Wissow et al.,
1998). It is generally seen as an approach to a health professional’s attention to
patients' psychosocial (as well as physical) needs and the use of psychotherapeutic
behaviours to convey a sense of partnership and positive regard, together with the
active facilitation of patients' involvement in decision-making about their care.
Another finding in the current study is that whenever the FABQw score decreases, the
perceived user satisfaction score of the booklet increases. The evidence suggests that
there is a congruence between patient satisfaction and patient’s perception of the
problem, prognosis and its long-term management of low-back pain (Cedraschi et al.,
1996).
6.7 Limitations and Future studies
Various limitations of this study are listed below. This also opens up large potential for
further studies. First, the current study did not quantify the frequency of use of the
booklet and the time spent on reading the material each time. This may influence the
results and the effectiveness of the educational material. Second, in both the control
and experimental group, the author finds it difficult to control physiotherapy
management, for example passive mobilisation, manipulation and other administration
of therapeutic modalities. Third, most of the participants in this study were middleaged, well-educated, and from the private health-care sector. In order to generalise the
results, it is important to conduct future studies with samples of a greater selection of
variety of population. It is difficult to provide a comparison of the results of this study
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with other research, due to heterogeneity (diverse of character) of the sample size and
a lack of consistency in the content and structure of existing educational leaflets
(Shorthouse et al., 2016). Fourth, no baseline measure was taken of the number of
previous back pain episodes and patients understanding or knowledge of LBP
condition.
Furthermore, the sample size was modest and no measurement was made of
patients’ engagement with the e-booklet. Moreover, the frequency of participation in
exercise was not measured. The results of this study are limited in their wider
applicability of patients with chronic LBP who have disability for more than a year
(external validity).
In the current study, the duration of the intervention was for 4 weeks. There is a need
for a larger longitudinal study to evaluate the effectiveness and sustainability of the
personalised e-booklet in LBP patients.
6.8 Conclusion
The conclusion of this study is that users of the personalised interactive educational
booklet showed greater improvement compared to the control group in most of the
outcome measures (physical, behavioural and at work) at 4-week follow-up. In
addition, the users of the intervention (e-booklet) group showed greater satisfaction
and scored better on both perceived pain and disability.
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Chapter 7. General Discussion
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7.1 Chapter Aim
The aim of this chapter is to present a general discussion of the empirical work
presented in the preceding chapters of the current thesis. Furthermore, this section
highlights the originality of the work together with its limitations and recommendations
for future work.
7.2 Discussion of findings
The overall aim of the research presented in this thesis was to develop and evaluate
the low-cost 3D imaging mobile surface topography system for the measurement of
3D posture and back shape within a clinical setting. The hypothesis was that the MSTS
would be a reliable, valid tool and one that would be readily accepted by clinicians and
patients for the assessment and management of patients with spinal disorders.
Kimberlin and Winterstein (2008) identify that the reliability and validity are the two key
indicators of the quality of any measuring instrument. Therefore, the first main
objectives of the research presented in the current thesis were to evaluate the reliability
and validate the use of the 3D imaging MSTS to quantify posture using an
optoelectronic system (Vicon) as the gold-standard reference tool.
To the best of the author’s knowledge, this is the first study to report the intra- and
inter-rater reliability and validity of the MSTS that captures the 3D surface of the back
and the whole body.
As presented in the Chapter 3, the reliability results indicated good to excellent intrarater reliability and good to moderate inter-rater reliability for measuring 78% (7 out of
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9; lumbar lordosis, thoracic kyphosis, cervical lordosis, shoulder elevation, left frontal
knee angle and right and left scapular prominence) of postural variables with an ICC
ranging from 0.70 to 0.98. The remaining 22% of variables (2 out of 9; lateral pelvic tilt
and right frontal knee angle) showed moderate to low inter and intra-rater reliability
with ICC’s ranging from 0.26 to 0.79.
The intra- and inter-rater reliability were as good as previous studies using
photography, radiography and Moiré topography methods with a mean intra-class
correlation coefficient of (ICC) > 0.98 ( Grivas et al., 1997; Dunk et al., 2004; McAlpine
et al., 2009; Fortin et al., 2012; Frerich et al., 2012). Furthermore, the absolute changes
in the mean angle (3.4º) across trials with 90% confidence limits for all the posture
variable was very similar to the surface topography method with a difference between
trials was 2.1º (Frerich et al., 2012). Good intra-rater reliability for most of the postural
variables makes the presented device an acceptable device to use within the clinical
environment, one that is comparable to both photogrammetry and radiography. It is
also important to note that the frontal plane variables like LPT and FKA produced poor
reliability. This indicates that the MSTS is not a good system to measure frontal plane
postural variables in the clinical environment.
With regards to the validity of the instrument, several studies have reported the validity
of sagittal plane postural variables measured by both radiographic and nonradiographic instruments. The non-radiographic instruments range widely from the
flexi-ruler (Dunleavy et al., 2010; Greendale et al., 2011; Letafatkar et al., 2011;
MacIntyre et al., 2011; Oliveira et al., 2012), photogrammetry (Van Niekerk et al., 2008;
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Fortin et al., 2010; Saad et al., 2012), inclinometer (Lewis et al., 2010; Czaprowski,
2012) to surface topography (Kovac & Pecina, 1999; Fortin et al., 2010).
As highlighted in Chapter 4, the results from the estimation of measuring 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
on healthy young adults. The mean difference between Vicon and MSTS for all the
above variables ranged from 0.06 to 3.99 degrees. The novel tool (MSTS) is not only
advantageous in its portability and low-cost, but it also demonstrates moderate
reliability and validity for the measurement of posture variables within clinical practice.
The reliability and validity of the tool is critically important for improving evidence-based
practice of posture by clinicians.
Furthermore, as highlighted in Figure 7.1, the clinical acceptance of the tool by clinical
practitioners is of critical importance for the effective use of the MSTS within clinical
practice. Based on Venkatesh and Davis’s (2000) Technology Acceptance Model
(TAM), it was hypothesised at the start of the study that there would be positive
relationship of perceived usefulness (PU) and perceived ease of use (PEOU) to
behavioural intention (BI) to use the MSTS within clinical practice.
In order to evaluate the above, the clinical acceptance study presented in Chapter 5
investigated clinical practitioners’ expectations together with their experience of using
the MSTS to assess posture and back shape. The quantitative and qualitative results
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of the clinical acceptance study confirmed that the MSTS to either meets (PU, p = 0.47)
or exceeds (PEOU, p = 0.01) clinical practitioners’ expectations.
The current practice for posture and back shape assessment by physiotherapists,
osteopaths and sports therapists within a clinical environment is subjective and
generally conducted through visual observation. Sohn and Yeo (2016) suggest that
due to the complexity and expensiveness of existing tools (like the Integrated Shape
Imaging System (ISIS-2)), most therapists cannot afford to buy these. Furthermore,
Kirkley and Stein (2004) reported that clinical practitioners do not appreciate wasting
time on lengthy and trivial computer recording jobs when their time could be better
spent looking after patients in their busy clinics. Thus, designing a tool that captures
posture and back shape data, a tool that is both objective as well as easy to use is
crucial for it to be accepted by healthcare professionals specialising in the treatment
patients with spinal pain or deformity. The significant positive correlation between the
MSTS’s ease of use and intention to use the tool provides some support for the
conjecture that may be indispensable for its usefulness.
In addition, Venkatesh (2000), identifies perceived enjoyment and perceived
satisfaction to be valuable additional predictors of intention to use the tool within the
clinical acceptance model. The quantitative results of the clinical acceptance study
which was endorsed by the qualitative results revealed that practitioners perceived that
the three-dimensional visualisation of a patient’s posture and back shape in both the
diagnosis and evaluation of treatment outcomes not only improve the quality of clinical
practice but also improves user experience. In support of this, Van Schaik et al. (2002),
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Barker et al. (2003) and Hanif et al. (2011) reported that possible facilitating factors
influence both clinical practitioners’ satisfaction as well as their acceptance of the
system, were the system’s ease of use together with the perceived usefulness of the
tool.
The quantitative and qualitative results of the clinical acceptance study indicate that
the majority of clinical practitioners who participated in this study perceived that the
MSTS was useful and easy to use. Most were satisfied, enjoyed using it and were keen
to continue to use the system within their clinical practice. As stated by Hadji and
Degoulet (2016) as well as Kabra et al. (2017), it is important to note that the initial
acceptance of any system is regarded as the first step to successful deployment.
Subsequently, the overall system’s success will depend on the continuous use of the
system.
The key factors that contributed to the clinical acceptance of the system can be
summed up as follows. Firstly, it is very important to provide adequate training before
any practitioner starts using it. Secondly it is also vital to provide technical assistance
to clinical practitioners while they are using of MSTS in clinical practice. thirdly,
according to Rathert et al. (2012), a tool or a system which addresses therapists’ needs
and provides high quality patient-centred care are perceived to have a better
satisfaction score among clinical practitioners. As explained above, user experience
and visualisation of three-dimensional posture together with its clinical applications
may have contributed to a higher “perceived satisfaction” score. Fourthly, in
accordance with Petter et al. (2008), positive experiences through the use of
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technology (MSTS) contribute to the enhancement of satisfaction, that subsequentially leads to greater intention to use. Furthermore, Palm et al. (2010) suggest
that the adoption and integration of advanced health-care technology into clinical
practice is essential to improve both the quality of clinical practice as well as
significantly enhancing patients’ experience.
In addition to clinical practitioners’ acceptance, the benefits of the novel MSTS also
include the improvement of treatment for patients with spinal disorders through
personalised care. In the current thesis, the purpose of the randomised control clinical
trial presented in Chapter 6 was to compare and evaluate the effect of personalised
educational intervention on the self-care management of acute and chronic LBP
patients. A personalised educational booklet, which contained a 3D model of the
patients’ own backs and bodies was provided to personalise the home exercise
program. The high-quality interactive 3D standing and sitting postures provided within
the booklet enabled participants to visualise (through visual feedback) their own
posture in all three planes. This booklet also educated patients’ in a specific
personalised way on the do’s and don’ts that were appropriate for their own backs and
full-body postures. The personalised booklet also provided an educational intervention
that appropriately addressed patients’ specific and individualised limitations of their
activities of daily living. The study investigated found that the short-term effects of the
personalised intervention on the perceptions of pain, disability and fear avoidance
behaviour of movement at work were greater as compared to routine non-personalised
care.
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Patient education on self-help, fear-avoidance behaviour and exercise comprise a
significant component of the LBP management of patients by physiotherapists
(Coudeyre et al., 2006). For the last two decades, the common medium of patient
education was through a standard ‘back book’ that is now nearly 25 years old (Cohen
et al., 1994). The large part of the educational material within it that is currently
available is based on the biopsychosocial model. It is focussed on patients’ beliefs and
attitudes by teaching them the advantages of remaining active and avoiding bed rest,
combined with the reassurance that there is nothing seriously wrong with their backs.
In the current study, along with the above content, the personalised interactive
educational material contained information about the patients’ posture (visualfeedback), together with an overview of their spinal anatomy, explanations of the
sources of pain and exercises both for aerobic benefit as well as exercises to
strengthen the trunk musculature.
The personalised interactive educational materials, containing the individual patients
own 3D posture images as visual feedback, helped patients appreciate their posture
and understand how to correct their posture themselves i,e self-manage their
condition. This enabled them to decrease their perception of fear of movement at work.
The result of this study also demonstrates that the type of information presented to
patients on educating patients’ in a specific manner with specific do’s and don’ts
influenced and alter patients’ beliefs regarding their low back pain (Linton et al., 2000;
Burton et al., 1999; Traeger et al., 2015; Buchbinder et al., 2001; Valenzuela-Pascual
et al., 2015).
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The present findings are consistent with a recently published randomized control trial
(Irvine et al., 2015), that evaluated the use of a mobile-web app to self-manage LBP in
a large sample (n = 199). In this, study Irvine et al. (2015) introduced the application
called FitBack, which is a responsive web application delivering self-management for
non-specific LBP. Although their intervention using a mobile application was not a
personalised tool, the improvements in patients’ physical and behavioural outcomes
translated into significant improvements in both worker productivity and presentism at
the 4-month follow-up. A possible explanation for these results is that patients easily
adopt new behaviour when their knowledge of the condition improves (Irvine et al.,
2015). A recent systematic review by Shorthouse et al. (2016) supports these results
by also reporting that educational materials for the management of LBP were a useful
medium to engage workers and provide information regarding practical modifications
to their work environment and activities. Consequently, psychological distress
regarding ill health at work will potentially reduce.
As reported in Chapter 6, the personalised educational materials used in the current
study not only lowered patients’ physiological pain perception, but also suggest that it
altered their cognitive and psychosocial perceptions on the fear of movement. This, in
turn, potentially could influence their physical and work-related activities by inhibiting
fear beliefs about doing activities that patients once avoided.
As presented in Chapter 6, the RCT results of the current research are consistent with
those of other studies by Loisel et al. (1997), Karjalainen et al. (2003), Campello et al.
(2012). Campello’s results show that a multidisciplinary biopsychosocial rehabilitation
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programme in patients with LBP was more effective than traditional care for disability
in the short term (4 weeks follow-up). An optimal personalised education exercise
programme is most likely to de-emphasize the pain associated with movement and
exercise and this may then result in patients have greater exercise tolerance.
Furthermore, the results of the current RCT study also suggest that the personalised
educational intervention was effective in modifying maladaptive beliefs about posture
and movement in patients with LBP (Campello et al., 2012; Marin et al., 2017).
Mead and Bower (2000) and Mead et al. (2002) state that the concept of patientcentredness is complex and regarded as crucial for the delivery of high-quality care by
healthcare practitioners. Patient-centrednesss is generally described as providing
attention to patients' personalised biopsychosocial needs. Furthermore, it helps with
active facilitation of patients' involvement in decision-making about their care
(Kinnersley et al., 1999).
The results of previous studies conducted on patient-centredness have been
inconsistent. Positive associations about patient-centred care together with patients
satisfaction, have been reported in six research studies (Roter, Hall & Katz, 1987;
Street, 1992; Winefield et al., 1996; Cecil & Killeen, 1997; Langewitz, Phillipp, Kiss, &
Wossmer, 1998; Kinnersley et al., 1999), whilst negative findings have been described
in a further six studies (Stewart, 1984; Henbest & Stewart, 1990; Butow, Dunn,
Tattersall, & Jones, 1995; Cape, 1996; Winefield et al., 1996; Wissow et al., 1998).
The results from the current study have found that the use of a personalised
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educational e-booklet was more effective than a standard booklet for treating pain,
disability and fear avoidance behaviour at work in acute and chronic LBP patients.
The originality of the study lies on with the development and evaluation of the MSTS.
To the best of the researchers’ knowledge, this is the first comprehensive multifaceted
study that has developed and evaluated the novel MSTS together with its reliability,
validity and clinicians’ acceptance by clinicians and patients with spinal disorders
7.3 Research and Clinical Implications
There are currently numerous commercially available tools that measure 3D posture
and back shape; with a number of them having high reliability and validity (Cheriet et
al., 2007; Berryman et al., 2008; Kowalski et al., 2013; Betsch et al., 2013; Furian et
al., 2013 and Fathi & Curran, 2017). However, most of these instruments are primarily
used within a research setting and not within a clinical environment. The difficulty is
that these tools are either complex to use, very expensive or heavy to carry around.
The MSTS is not only portable and low-cost, but also easy-to-use. Within the current
study, this novel instrument has shown that is capable of measuring small angular
differences both between participants, and also between trials. This is important when
considering the use of an instrument for evidence-based clinical use. Further, the
system is also capable of measuring whole-body posture, as recommended by Fortin
et al. (2010), but which to date has not been documented. Furthermore, this novel tool
has the secondary advantage of being able to capture and measure human posture in
different poses like for instance the forward-bend test and sitting posture and can also
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measure spinal mobility; this is essential for patients with spinal disorders and other
spinal deformities (see Appendix 10). The quality and the adaptability of the tool not
only enhances the MSTS use within a clinical environment but also provide
opportunities for screening large number of people at their work place or home.
The high clinical acceptance by healthcare practitioners could be due to all the
following features: its usefulness, portability and a simple software interface. Providing
comprehensive workshops with hands on practice regarding the use of the tool to the
practitioner is essential to both maximise the benefits of the MSTS and also promote
its acceptance and reduce or eliminate any resistance to the use of the MSTS by
practitioners within the clinical environment.
Furthermore, the personalised interactive educational E-booklet that was developed
not only helped low- back pain patients to self-management of symptoms, but it also
lowered their psychological pain perception. This subsequently led in the alteration of
the patients’ movement behaviour, which in turn helped to improved patient
satisfaction. The novelty of this concept could be applied to a diverse range of patients
with spinal disorders, for example in patients with scoliosis and increased thoracic
kyphosis
7.4 Limitations
There were a number of limitations within the current research: Firstly, the sample size
was small and only young healthy adults were included in the reliability and validity
study. Consequently, the results and conclusions only apply to a limited section of the
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population.

Nevertheless, similar validation is warranted in mixed samples of

participants with diverse spinal disorders and deformities.
Secondly, in the both reliability and validity studies, although the author tried to
minimise any measurement errors by setting up standard procedures for both patients
and raters as well as training the raters, the reliability and validity results need to be
interpreted with caution, as any influence of postural sway on the results could not be
quantified. Further research is needed to identify the best way to deal with this. The
author also anticipates that bias and variation in postural measurements would be
greater in populations who had difficulty maintaining a standing position, for example,
the elderly and frail individuals who complain of pain.
Thirdly, the duration of data collection for each trial in the validation study using the
Vicon system with six cameras lasted only for an average of 3 secs whilst, the data
collection using the MSTS took an average of 30 – 40 seconds and only used one
camera. Further studies on the simultaneous use of more than two MSTS cameras
may potentially strengthen the quality of the 3D data collected, thereby strengthening
the current validation results.
Furthermore, as presented in the Chapter 6, the RCT study evaluating the
personalised E-Booklet, did not quantify the frequency of use of the booklet and the
time spent on reading the material each time the patients used it. This may have
influenced the results as well as the effectiveness of the educational material.
Additionally, in both the control and experimental group, the physiotherapy
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management each patient was undergoing was beyond the author’s control, for
example passive mobilisation, manipulation or other administration of therapeutic
modalities. Despite the variability introduced by this lack of controls the results still
demonstrated an advantage for personalised patient education. In summary, the
current study demonstrates that the MSTS is reliable and valid to study the most of the
posture and back surface variables in patients with spinal deformities.
7.5 Further Research and Recommendations
Based on the presented results in the current research, there is sufficient justification
for future development of an automated bespoke 3D posture-analysing mobile
application. Developing a tool with automatic recognition of markers as well as having
the ability to automatically calculate angles could potentially reduce further time
consumption in the data collection and analysis processes.
In order to decrease the duration of data acquisition further the author is also
considering the feasibility of using more than one camera together with synchronized
data capture. This will further help data acquisition in people with pain or balance
disorders by decreasing their stance duration. There is also a need for a similar study
comparing the reliability of the posture results with and without reflective markers.
As the MSTS has good to excellent reliability, several potential future studies could be
implemented; studies with larger and wider sample sizes (in terms of age and gender)
on healthy participants could provide database of normative values. Mass screening
could be undertaken to develop risk-factor modelling for different types of spinal
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deformity. This is because numerous research studies have shown that early
intervention can decrease the progression of spinal deformities but can also reduce
pain, future discomfort and deterioration (Hawes, 2003).
Potential studies on patients with spinal deformity could also analyse the correlation
with different postures and medical conditions, for example Schuerman’s disease and
spondylolisthesis. Furthermore, as shown in the current research the novel MSTS is
appropriate for measuring objective posture and back shape data for use in pre- and
post-treatment clinical trials to measure the impact of conservative and surgical
interventions. Thereby, as recommended by the Chartered Society of Physiotherapy
(CSP) regarding evidence-based practice (CSP, 2016), this objective evidence-based
postural evaluation tool will significantly improve the way the profession currently
assess posture and manages patient care. The ability of the tool, to provide objective
data will hopefully enable researchers to further develop and promote new research in
this field. It has the potential to help in the generation of new evidence, knowledge
transfer as well as service improvement for the management of patients with spinal
disorders.
In order to demonstrate and promote wide system acceptance across relevant
disciplines in the carer of spinal health conditions, the clinical acceptance of the MSTS
needs to be explored in a wider range of practitioners, varying from spinal nurses to
spinal consultants/surgeons. There is also a need for longitudinal study to analyse the
long-term acceptance of the tool within the clinical environment. Furthermore, there is
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a need for evaluation of the long-term effectiveness of the personalised educational
intervention through a larger longitudinal study in the management of LBP patients.
7.6 Conclusions
The originality of this first comprehensive multifaceted study lies firstly in the
development of a novel MSTS that is portable, low-cost and easy to use within current
clinical practice. Secondly, the current study results demonstrate good to moderate
inter- and intra-rater reliability and validity to measure majority of the three-dimensional
posture and back shape variables in standing using the MSTS.
Thirdly, in the affirmation of the clinical acceptance of the tool by clinical practitioners,
suggest that the three-dimensional visualisation of patient posture data and its ability
to quantitatively measure was greatly embraced by healthcare professionals. Even
though the quantitative and qualitative results presented in the current thesis have
broadened and strengthened previous clinical-acceptance research, healthcare
professionals’ intention towards the acceptance of technology demands a deeper
understanding to facilitate further the creation of innovative products to enhance the
delivery and quality of clinical care.
Finally, in the endorsement of the value of the output of the tool by patients for the selfmanagement of their spinal disorders, the personalised interactive educational booklet
showed greater improvement compared to the control group in majority of the outcome
measures (physical, behavioural and at work) at 4-week follow-up. In addition, the
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users of the personalised intervention (e-booklet) group showed greater satisfaction
and scored better on both perceived pain and disability.
Overall the above multifaceted studies not only provide insight understanding of the
MSTS and its applicability but also provide a base for future studies. This low-cost,
portable and easy-to-use instrument has the potential to be used as a complementary
tool alongside the subjective assessment for patients with a wide variety of spinal
pathologies.
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Appendix 9. Perceived User Satisfaction Scale
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Appendix 10. A study evaluating the use of MSTS for the assessment of spinal
mobility
Measurement of spinal Range of Motion (ROM)
Following the standing posture data, simultaneous data acquisition of spinal ROM using
3D imaging the MSTS was performed for a series of different postures. First, participants
kept the knees fully extended and flexed forward as far as possible and attempting to
touch the toes as much as possible. The end-position was held for 30 seconds before
returning to the upright posture. The differences in the lumbar and thoracic curvatures in
the most flexed position, and that of during erect standing was taken as lumbar and
thoracic flexion range. Second, the range of extension was given by the difference in
lumbar and thoracic curvature from erect standing to full extension. So, the variables
measured in sagittal plane are lumbar and thoracic flexion during bending forward and
extension during bending backwards (please see Figure 8.1). Third, the range of lateral
flexion was measured as the subject stood with feet shoulder-width apart, sliding their
hand down the side of the leg whilst maintaining movement in the coronal plane only.
This was carried out both to the left and the right sides. The variables measured in this
plane are left and right lateral flexion in lumbar and thoracic spine. Fourth, the range of
axial rotation was determined with the participants standing with their feet shoulder-width
apart and arms crossed over the chest. The movement was initiated by rotating the head
to the side, keeping a level gaze, and following through with the trunk and pelvis (please
see Figure 8.2 and 8.3). The variables measured in the transverse plane are left and right
rotation in both lumbar and thoracic spine (please see Table 8.1).

Fig 8.1. Measurement of changes in lumbar lordosis angle during sagittal plane
movement. Ø‘– Lumbar lordosis angle in neutral spine; Ø – Angular displacement during
sagittal plane movement. (b) Lumbar flexion = Ø - Ø‘; (c) Lumbar extension = Ø - Ø‘
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A

B

C

D

E

F

G

(i)

(ii)

(iii)
Figure 8.2. Sample of spinal mobility data collected using 3D imaging the MSTS, seen from front, back and top. i) Front
view; ii) Back view and iii) Top view. A) Neutral starting point B) Forward bending movement C) Bending backwards D)
Left side flexion E) Right side flexion F) Left rotation and G) Right rotation.
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Figure 8.3. Sample of spinal mobility data collected using Vicon system. (i) Unprocessed data with reflective marker set;
(ii) Processed data with applied spine model. A) Neutral spine B) Forward bending C) Bending backwards D) Left side
flexion and E) Left rotation.
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Table 8.1 Description of the twelve spinal mobility angles. It is the difference between
standing postures to final position in each plane of movement. For example, the lumbar
flexion angle is the difference between lumbar lordosis angle in standing and the final
position of full forward bending movement.
Variables

Lumbar

Spinal Segment

Sagittal
Analysis

Plane

(While
bending
forward, lumbar and
thoracic spine flexion
angle was measured
and extension while
bending
backward
movement)

Frontal
Analysis

Plane

(Lumbar and thoracic
lateral flexion angle
measured in both
right and left side
flexion movement)

Thoracic

Transverse
Analysis

Plane

(Rotation in lumbar
and thoracic spine
was measured in both
left and right rotation
movement)
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Appendix 11. Evidence of dissemination of results of the studies in conferences
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