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Chapter

Posture and Back Shape 
Measurement Tools: A Narrative 
Literature Review
Gok Kandasamy, Josette Bettany-Saltikov and Paul van Schaik

Abstract

The clinical assessment of spinal deformities often involves the assessment of 
posture and 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 assess-
ment tools available for clinical use. The choice varies from conventional approach 
to advanced structured light methods. The advanced methods like ultrasound, 
3D radiography and inertial sensors are not easily accessible to most clinicians, 
as they are either expensive, require specialist training or are complex and/or 
difficult to use. Thus, simple conventional methods like eyeballing, photography 
and the plumb line are still used within clinical practice today. The primary aim of 
this article 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.

Keywords: posture, back shape, tactile, non-tactile, objective, whole body

1. Background

The term ‘spinal deformity’ indicates the abnormal alignment or shape of the 
vertebral column and rib cage. Schwab et al. 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% [1]. These spinal deformities are often linked to a range of different 
types of pain, physical dysfunction and psychosocial wellbeing [2–5]. The clinical 
assessment of these spinal deformities often involves the assessment of posture 
and back shape together with the associated mobility of the spine, pelvis and 
rib-cage. Currently, there are a wide range of posture and back shape assessment 
tools available for clinical use. The choice varies from conventional approaches to 
advanced structured light methods. The advanced methods like ultrasound [6], 3D 
radiography [7] and inertial sensors [8] are not easily accessible for most clinicians, 
as they were either expensive, require specialist training or are complex or difficult 
to use. Thus, simple conventional methods like “eyeballing” photography [9] and 
the plumb line [10] 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 
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and back shape with regard 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 related to the critical evaluation of assess-
ment methods in terms of cost, safety, reliability and validity of the tools.

2. Methods

2.1 Search strategy

A comprehensive literature search was performed in the following data-
bases, PubMed, EMBASE, Scopus, CINAHL, Medline and 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’ and ‘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 addi-
tion, 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.

2.2 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.

3. 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.

4. 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 PRISMA 
diagram in Figure 1). These included tactile, non-tactile, two-dimensional as well 
as three-dimensional (3D) 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 methods measure 
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posture and back shape without any direct contact to the skin by the operator. These 
included, for example, X-rays and photogrammetric methods. The literature pri-
marily documented the reliability and validity of each postural measurement tool in 
normal individuals including a few patients with spinal deformities. Each method is 
described and critiqued below.

4.1 Two-dimensional analysis of posture and back shape

4.1.1 Tactile methods of measurement

4.1.1.1 Flexiruler

The flexiruler for the evaluation of posture is common for clinical and 
research purposes [11, 12]. This 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 2A and B).

Greenfield et al. [13] used a flexiruler to measure the mid-thoracic curvature, 
while Rheault et al. [14] observed the inter-rater reliability of the flexiruler for mea-
suring cervical lordosis in two different positions (neutral and fully flexed) in 20 

Figure 1. 
PRISMA flow diagram of literature search and selection process.

Figure 2. 
An example of the flexiruler method (A) data collection and (B) measurement of lumbar lordosis based on the 
captured data [15].
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healthy subjects [13, 14]. 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 the distal end of the spine.

Following the measurement of the spine, the flexiruler was placed on a paper, to 
trace its curve. Greenfield et al. [13] reported good to moderate Pearson correlation 
for intrarater (r = 0.90) and interrater reliability (r = 0.70). Furthermore Rheault 
et al. [14] 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 demonstrated a high correlation 
between radiographic and surface measurements for measuring the lumbar spine 
curvature [16, 17]. For example, Hart and Rose [18] compared the angles of the 
curve taken with a flexible ruler to the angle obtained by the standard roentgeno-
graphic technique and found good validity with the Pearson product moment 
correlation of +0.87. Burton further substantiated the result by reporting a correla-
tion of +0.87 for the validity of the flexible ruler in comparison to the radiographic 
method for measuring lumbar lordosis [16]. Even though the above studies demon-
strated 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 
a flexiruler is always two-dimensional. The presentation of spinal curvature is not 
necessary always two-dimensional. There is a possibility of the deviation of curva-
ture being in 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. Other limitations of this method of postural assessment are the 
following. Firstly, it is difficult for patients to maintain 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 [19].

4.1.1.2 Goniometry

In clinical practice, goniometers are commonly used to measure joint range of 
motion (ROM) [20]. Icn et al. reported the use of a goniometer for the assessment 
of a number of posture variables [21]. 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 demonstrated moderate correlation (r = 0.47) to 
measure the tibiotarsal angle, knee flexion/extension angle, quadriceps angle as well 
as the sub-talar angle in relation to photogrammetry.

Conversely, Harrison et al. reported poor interrater reliability when using 
manual goniometry for the measurement of sagittal postural angles in the neck 
inclination angle (craniovertebral angle) and cranial rotation (sagittal head tilt) 
(see Figure 3) [22]. 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 attrib-
uted the poor results to the difficulty in maintaining the arm of the goniometer 
parallel with the horizontal axis.

Fortin et al. ([9], pp. 381-382) suggest that the main limitation for this type of 
individual measurement of postural variables is the lengthy evaluation process 
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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’.

4.1.2 Non-tactile methods of measurement

4.1.2.1 Plumb line method

The two-dimensional evaluation of posture, using a plumb line, is very com-
mon, due to its low-cost and simplicity [23]. Kendall et al. postulated guidelines 
to evaluate posture in accordance with the alignment of the ideal plumb line for 
the measurement of the sagittal and frontal planes [24]. Kendall et al. state that 
the ideal alignment of sagittal plane posture is when the plumb line intersects the 
ear lobe, through 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 mal-
leolus of the ankle before it reaches the floor. Williams and McClay reported that 
the plumb line method had 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 [10]. The standard error of the mean (SEM) reported was 
between 2 and 5 mm for the lower limb 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 [25], p. 214). Furthermore, Hickey et al. evaluated the reli-
ability of using the plumb line to measure resting head posture in a large sample 
size of 122 healthy volunteers (80 women and 42 men, ages 18–60 years) [26]. In 
this study, all participants were screened for cranial, cervical and/or upper tho-
racic dysfunction. The results of this study demonstrated the plumb line 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 plumb line method has been 
reported to have good intra-rater reliability and is a useful and easy to use instru-
ment for measuring posture, its limitations include the difficulty of minimising 
movement error or postural sway [9, 27]. Additionally, this plumb line method 
only measures one plane.

4.1.2.2 Radiography

Schwab et al. considers the radiographic method of spinal screening to be 
the traditional and “gold standard” method for the assessment and screening of 

Figure 3. 
Measurement of shoulder and neck inclination angle using goniometer (reproduced from Harrison et al. [22]).
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patients with spinal deformities [28]. Furthermore, Schwab et al. suggests that 
radiography is an essential tool for the accurate diagnoses of spinal abnormalities/
deformities and accurately reveals the degree and severity of the problem [29].

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. suggests 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 [30].

In addition to the assessment of spinal curvature, X-rays are also used to record 
and monitor the progression of spinal deformities and dysfunction [31, 32]. 
Therefore, in adolescent patients it is performed every few months in order to detect 
any changes in the progression of the spinal deformity.

The main drawback of the radiographic method of spinal assessment is associ-
ated with the increased radiation that has been found to increase the incidence 
of cancer in later years [33, 34]. Doody et al. in their retrospective cohort study 
estimated the carcinogenic risk and the patterns in breast cancer mortality among 
female patients with scoliosis [35]. 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 in his review, 
reported that the exposure to radiation during periods of rapid growth, potentially 
amplified the deleterious biological effects [36].

Due to its high cost and risk of exposure towards harmful radiation, studies 
by van Niekerk et al. and Kilinç et al., recommended using alternative non-
invasive methods for the assessment and screening of postural variables [37, 38]. 
In the next section, photogrammetry tools, together with methods to analyse 
postural variables are discussed. As stated by Furlanetto et al., the simplicity and 
convenience, has made the photogrammetry method very popular among clinical 
practitioners [39].

4.1.2.3 Photogrammetric method

In the last two decades, the photogrammetric method of postural evaluation 
and its applicability has been widely reported in the literature [9, 39]. 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. The following research studies have assessed the reliability, 
and validity of photogrammetry together and its application in different scenarios. 
Souza et al. and Fortin et al. have proposed a number of diverse photographic 
methods for evaluating postural variables and conducting postural diagnosis [9, 
40]. Several authors [41, 42] have reported the use of photographic methods for the 
quantification together with the reliability of measuring postural variables. Santos 
et al. (2009) reported good to excellent inter-rater reliability (interclass correlation 
coefficient [ICC] values were between 0.84 and 0.99) for the photographic mea-
surement of 33 postural variables in standing in 122 normal healthy children aged 
7–10 years [41].

However, Souza et al. 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 
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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 clas-
sified as good and acceptable. The interrater reliability for the remaining sixteen 
posture angles reported excellent ICC values (greater than 0.90). Except for the 
trunk and hip angles, 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 the alignment of the head, trunk and lower limbs, measured 
using the photography method were reliable for measuring various postural 
asymmetries.

Although numerous studies [9, 43, 44] 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 to the surface of the human body. 
Additionally, from 2D photographic methods, it is very difficult to study deformities 
which have a rotational component in the transverse plane [9, 45]. 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 [46].

In summary, two-dimensional spinal assessment tools do not provide a complete 
description of the three-dimensional nature of the back and other spinal deformi-
ties. 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) have been used to assess posture and back shape variables. These 
are reviewed below.

4.2 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 instru-
ments, which will be discussed below.

4.2.1 Tactile tools of measurement of spinal curvature

4.2.1.1 Posturometer-S

The Posturometer-S is a specially designed, electronic, objective, non-invasive 
body posture measuring device [47] (see Figure 4). This tool consists of three 
coupled systems: ‘P’ which is a pointer to indicate the position of a measured point 
(mechanical), an element to compute the position of the pointer in a three-dimen-
sional space (electronic) and an ‘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.

Previous research [47, 48] has demonstrated not only the reliability of the 
posturometer but also its applicability in the assessment of posture in different 
age groups. Lichota et al. using the Posturometer-S examined the postures of 46 
athletes who were aged between 20 and 24 years [49]. A total of four sports groups 
were examined, namely, handball (n = 16), athletics (n = 9), taekwondo (n = 5) and 
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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 seg-
ment (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 was that the Posturometer-S was not user-friendly, consumes more space 
in the room and requires a thorough understanding of the equipment together with 
training before it can be used.

4.2.1.2 Ultrasound

Cheung et al. demonstrated the use of a radiation-free three-dimensional 
ultrasound system for the assessment of spinal curvature in 29 scoliosis patients 
[6]. Similarly, Kowalski et al. used an ultrasound-based volume projection 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 [50]. In this 
volume projection imaging method, the 3D representation of the spinal anatomy 
was generated using the ultrasound images together with the corresponding 3D 
spatial information (see Figure 5). The structure of the spine anatomy was recon-
structed from image data ranging from 16 to 96 MB in size [6]. The results of this 
feasibility study showed good intra- and interrater 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).

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 ultra-
sound 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 support-
ing frame is made of metal. The additional limitations of using the ultrasound 
volume projection imaging method were as follows: (a) heavy to carry around, 

Figure 4. 
Schema of Posturometer-S device (source: Stachoń et al. [47]).
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(b) expensive, (c) relatively dependent on the skilled operator [51, 52], (d) 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 appro-
priate 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.

4.2.2 Non-tactile tools of measurement of spinal curvature

In the following section, non-surface measuring systems, such as 3D radio-
graphic 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 sen-
sor system.

4.2.2.1 Non-surface measuring systems

4.2.2.1.1 3D radiographic imaging

Cheriet et al. demonstrated the use of biplanar X-ray images for the reconstruc-
tion of the three-dimensional spine and rib cage [7]. These images are useful in 
evaluating patients with spinal deformities like scoliosis. In this method, the recon-
struction of images is based on a direct linear transformation technique (DLT), 
which requires the explicit calibration of an object with known 3D coordinates 
(see Figure 6). This method produced accurate 3D reconstruction of six manually 
identified anatomical landmarks per vertebra (centres 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 calibra-
tion methods were as low as 0.3 ± 0.42°. The absolute differences of the frontal and 
sagittal balance were 0.15 ± 0.15°and 0.37 ± 0.25°, respectively.

Using 3D X-rays for clinical or research purposes has the same motion and radia-
tion issues as the use of 2D X-rays. Additionally, most of these tools are complex to 
set up, are heavy and only can be applied in laboratory environments.

Figure 5. 
Illustration of 3-D ultrasound system for the measurement of spinal deformity [6].
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4.2.2.2 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 prac-
tice. Godfrey [53] and Fathi [8] 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 the Earth’s gravita-
tional 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 [54, 55].

Kent et al., in their randomised controlled study, used dorsaVi’s hardware 
(which contains two IMU movement sensors) (see Figure 7) to measure posture 
and movement in subacute and chronic low back pain patients (n = 58) [56]. The 
results not only demonstrated that the procedure was suitable for posture measure-
ment but also demonstrated its applicability in providing postural biofeedback. 
Similarly, Fathi and Curran demonstrated the effective application of wireless IMU 
sensors to detect the curvature of the spine with 85–95% accuracy in ankylosing 
spondylitis patients [8].

Other portable, non-invasive sensors used in the assessment of posture are 
e-textiles. Many studies [57, 58] 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 8). 
Any change in posture and spinal movement is calculated by a change in the 
length or position of the sensors together with the percentage of change in 
electrical resistance.

Sardini et al. compared the e-textile output data with an optical motion 
system (Vicon) [58]. The trials performed on four subjects obtained on differ-
ent 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.

Figure 6. 
Biplanar X-ray (posterior anterior (PA) and lateral view) acquisition system with calibration apparatus 
(Cheriet et al. [7]).
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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 whole-body data.

4.2.2.3 Surface measuring systems

Berryman et al. 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 [59]. The following 
section aims to review both the qualitative and quantitative studies that describe 
skin surface measurement tools.

4.2.2.3.1 Moiré topographic methods

Moiré topography and rastereo photography 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 

Figure 7. 
ViMove wearable motion-sensor system with IMU sensors and surface EMG electrodes (Kent et al. [56]).

Figure 8. 
E-textile with inductive sensors [58].
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spinal deformities and 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 9). The contour 
map image helps to visualise back asymmetry and record the spatial information 
of the subject’s three-dimensional 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.

Numerous authors [60, 61] have described the use of the Moiré topography 
method to evaluate back shape and spinal deformity. The main limitation of the 
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 [62]. 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 may be misleading. Further Stokes and Moreland 
states that the data analysis is a complex procedure, requiring much expertise [63]. 
Additionally, Nissinen et al. also reported that the correlation of Moiré topographs 
with X-rays is poor and ranges from r = 0.24–0.45 [64].

4.2.2.3.2 The integrated shape imaging system 1 and 2 (ISIS1 and 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 [65, 66]. 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 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 
[67, 68]. 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 

Figure 9. 
Example of Moiré topographic images of a subject with scoliosis (reproduced from Kotwicki et al. [60]).
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by Berryman et al. with the new addition of a clinical parameters and renamed 
ISIS2 [59]. This automated non-invasive surface topography system measures three-
dimensional shape of the back with improved speed, accuracy, reliability and ease 
of use [69].

Berryman et al. [59] 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 40 s, compared to 10 min in 
ISIS. Knott et al. [70] suggest that by reducing the duration of data collection, the 
error due to natural postural sway of the body decreases, thereby increasing the 
accuracy (±1 mm). The results are stored in a database so that the data of the par-
ticular patient can be recalled at any given point of time. ISIS2 helps in the screen-
ing and monitoring of the development of spinal deformity over time [71, 72].

Zubović et al. [69] 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 investiga-
tions between ISIS measurements and X-ray images.

Similarly, Berryman et al. [59], in their study on measuring three-dimensional 
back shape in scoliosis patients, also found good correlations (r = 0.84) between the 
Cobb angle and the lateral asymmetry of the ISIS scans.

As seen in Figure 11, the ISIS2 system provides additional data to simple radio-
graphic examination, describing the three-dimensional characteristics of the back 
surface [59, 74]. Previous studies [71, 72] have demonstrated that the ISIS2 produces 
reliable, valid and accurate data that can monitor the progression of spinal deformi-
ties. Berryman et al. [59], Frerich et al. [75], Sadani et al. [76], Brewer et al. [77] 

Figure 10. 
Integrated shape imaging system (ISIS2) (reproduced from Porto et al. [73]).
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and Knott et al. [33] suggest that the additional advantage of ISIS2 is to reduce the 
exposure to radiation.

However, Fortin et al. [9] and Bettany-Saltikov et al. [46] identify the ISIS2 sys-
tem as being very heavy, is not easily moved and requires skilled clinicians to operate 
it. In addition, Berryman et al. [59] 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. 

Figure 11. 
Illustration of data processing and a sample report of ISIS2 method [74]. (A) the reference frame with 
calibration markers; (B) example of patient image with fringes projected onto the back; (C) representation of 
symmetry line analysis in frontal and sagittal planes 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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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 triangula-
tors method.

4.2.2.3.3 Laser triangulators

Čelan et al. [78] and Poredoš et al. [79] 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 curvatures 
in all three planes. The laser triangulation imaging system used in Poredoš et al.’s study 
consisted of two basic elements: a greyscale camera (A) and a laser line projector (B) 
(see Figure 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 onto the subject’s back, and the intersection of the laser line with 
the spinal path or 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 [80].

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) (dis-
tance 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) [81]. Research by Majid 
et al. [82] 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]).

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 determina-
tion is also likely to cause palpation errors. This limits the usage of the system 
to only experienced healthcare practitioners who have good palpation skills. 

Figure 12. 
Illustration of one-laser-plane triangulation method in all planes (reproduced from Poredoš et al. [79]).
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Additionally, this tool is capable of only measuring the shape of the human spine 
and not the complete back or human body.

4.2.2.3.4 Kinect sensors

Microsoft kinetic sensors are currently being used in a range of disciplines from 
biomechanics to clinical applications [83, 84]. Castro et al. [85] described the use 
of the Microsoft’s Kinect™ to measure back surface and posture. The Kinect sensor 
consists of two cameras, a colour camera (RGB camera) (A) and a depth (infrared 
IR) camera (B), and a projector (C) (please see Figure 13). These cameras do 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.

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 volun-
teers [85, 86]. The Microsoft Kinect™ system had comparable intertrial reliability 
(ICC difference = 0.06 ± 0.05; range, 0.00–0.16) and excellent concurrent validity 
against a benchmark reference, a multiple-camera 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 Kinect™ is inexpensive, portable and offers good repeat-
able of the 3D map of the back surface, it also has a few limitations. The measure-
ments 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.

5. Conclusion and 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 expen-
sive, are difficult to use, need specialised training, are heavy to move or cannot be 
used for regular clinical use (Fortin et al. [9]). 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 
time-consuming for the purpose of using within clinical practice. This can be 

Figure 13. 
Microsoft Kinect sensor.
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achieved by innovatively using a mobile low-cost scanner, such as the Structure 
Sensor™ together with freeware software. This has previously been used in the 
construction and fashion industry [87, 88].

2. The most conventional photographic systems, used in clinical practice at pres-
ent, 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 review provide information on either 
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 extremi-
ties to the trunk.

4. Technological advances in imaging and computerised image-processing led to 
the development of new 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 [89, 90]. 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.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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