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Abstract  

Different standing postures in frontal and lateral views during scoliosis 
progression monitoring using X-ray radiography over time may suffer from 
postural irreproducibility risks which bring about inaccurate quantification. The 
application of ‘fist on clavicle with stick’ arm position may provide one standing 
posture for both frontal and lateral views which produces more reproducible 
posture. Furthermore, a balancing device, the BalancAid, has been proposed to 
position the subject in a reproducible position during spinal X-ray radiography 
and has proven to provide a more reproducible posture in healthy volunteers. 
However, evaluation of both defined arm position and the BalancAid on scoliotic 
patients has not been done. In this study, we present an observational prospective 
analysis of posture reproducibility of X-ray radiography by investigating the 
influence of ‘fists on clavicle with stick’ arm position and standing on a balancing 
plate on 29 scoliotic patients. The objective is to examine the hypothesis that 
performing ‘fists on clavicle with stick’ arm position and standing on a balancing 
plate improve the posture reproducibility during X-ray radiography on scoliotic 
patients. A simple stick was used to position the arms with fists on the clavicles. 
The BalancAid was utilized to perform a standing position. The posture 
reproducibility measurement was determined by analyzing photographs of body 
marks in posterior-anterior (PA) and lateral (LA) views acquired in two 
consecutive sessions with 90 minutes delay. Nine PA- and three LA-angles 
between lines through body marks placed in T3, T7, T12, L4 of the spine were 
analyzed to confirm any movements between the first and second measurements. 
The measurement included 3 different postures: the common standing position as 
control (position 1), standing on the ground and positioning the fists on clavicle 
with a stick (position 2), and standing on the BalancAid with fists on clavicle 
with stick (position 3). A statistical analysis using student’s t-test (paired samples) 
on all body marks angles in both PA- and LA- views in two sessions have 
confirmed that in only one case there is a significant difference between two 
positions. In all other cases there are no significant differences among the three 
positions (P < 0.05). However, the means of the paired differences in PA- and 
LA-views of position 1 and position 2 have demonstrated that angles in position 1 
has less reproducibility than those of in position 2 (5 vs 7 angles, where 3 vs 6 in 
PA-view and 2 vs 1 in LA-view). Similar trend has also been shown in angles of 
position 1 against position 3 (4 vs 8 angles, where 2 vs 7 in PA-view and 2 vs 1 in 
LA-view). In comparison between position 2 and position 3, angles in position 2 
provide a slightly higher reproducibility than those of in position 3 (7 vs 5 angles, 
with 5 vs 4 in PA-view and 2 vs 1 in LA-view). When comparing the sum of the 
mean of the differences between two positions, position 3 is superior. To 
summarize, the use of a stick in positioning the arms with fists on clavicle for 
both PA- and LA-positions results in a better posture reproducibility than the 
generalized arm position. The combination between positioning fists on clavicle 
with a stick and standing on the BalancAid is likely to improve the posture 
reproducibility on the tested scoliotic patients.  
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5.1. Introduction 

The full spinal X-ray radiography as standardized imaging procedure to measure 
scoliosis in a period of time requires acceptable accuracy and reproducibility to 
ensure that the deformity progression can be monitored properly resulting in the 
best treatment decision [1;2]. Reproducibility is considered to be important for 
the reason that an irreproducible posture could lead to a false measurement, a 
wrong diagnosis or an unnecessary or delayed treatment [3-6].  

In general X-ray radiography procedure, a radiographer instructs scoliotic patient 
to stand up in a relaxed position. Such relaxed position is preferred as it is the 
functional balance posture which represent the actual stance [7;8]. Nevertheless, 
relaxed positions are complex and lacking consistency due to variability per 
measurement [9]. Therefore, the application of a postural standardization device 
is recommended to minimize variabilities and guarantee a correct measurement 
[1]. A pair of weight scales has been employed to obtain a balanced posture by an 
equal distribution of the body weight via both feet and a visual direction while the 
subject was standing on it [10]. Koreska [11] introduced the use of a device, the 
‘Throne’, to reproduce patient positioning. On the other hand, a sitting position 
during X-ray radiography does not reflect natural stance. A balance control 
device has also been applied by Kohlmaier to generate a standardized upright 
position [12]. However, only balance in the frontal plane was taken into account.  

A balancing plate, the BalancAid, has been introduced in Chapter 3 to improve 
standing posture reproducibility during X-ray radiography. The BalancAid design, 
which is comprised of a flat square board with a cylindrical disc in the center 
point on the bottom side, enables to generate a forced standing balance in all 
directions and so directs the posture in a specific upright position. Our study on 
posture reproducibility by means of the BalancAid on healthy young subjects 
with good balance control as presented in Chapter 3 confirmed that standing on 
the BalancAid is capable of improving posture reproducibility.  

Seeing that different arm position in both PA- and LA-views may trigger 
variability, prescribing one arm position for both views for standing on the 
BalancAid is also likely to improve the posture reproducibility. Furthermore, this 
can be beneficial for three-dimensional (3D) image reconstruction systems of the 
spine (e.g; the EOS system) which applies one arm position for both views to be 
taken in one time. For that reason, we performed a study as described in Chapter 
4 on defining the best arm position for a reproducible standing posture on the 
BalancAid during spinal X-ray radiography. Five arm positions have been tested 
on healthy volunteers. The ‘fists on clavicle with stick’ arm position appeared to 
produce the most reproducible posture.  

However, these studies were performed on healthy volunteers that at most reflects 
the performance of scoliotic patients with minor scoliosis. Therefore, in this study 
we aim to investigate posture reproducibility on scoliotic patients by comparing 3 
different set-ups: posture 1 generalized standing position with the currently used 
arm position with arms relaxed hanging along the body in PA-view and the arm 
raised with shoulder flexion of 90˚ in LA-view (as control), posture 2 standing 
on the ground by positioning the fists on the clavicle with a stick, and posture 3 
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standing on the BalancAid accompanied by fists on the clavicles with a stick. We 
hypothesize that scoliotic patients are capable of improving their posture 
reproducibility during X-ray radiography by performing the determined ‘fists on 
clavicle with stick’ arm position and standing on the BalancAid. It is expected 
that with this procedure, erroneous variability in the spinal X-ray radiography can 
be diminished and the deformity measurement can be determined more accurately 
leading to better diagnosis. 

 

5.2. Materials and Methods 

Patients 

Twenty nine scoliotic patients participated in this observational study. The 
recruitment was based on approval by the Medical Ethical Committee of the 
University Medical Center Groningen (UMCG). The exclusion criteria includes 
gender (male), age (other than 12-18 years old), last measured Cobb angle>60˚, 
not able to stand up straight without support, back pain, spinal fusion, pregnancy, 
and having neurological diseases. Our objective of recruiting young female 
scoliotic patients was that this group is in the growth age where the spinal 
deformity is statistically progressing significantly. Therefore, monitoring the 
progression is usually done in this period with the intention that the best treatment 
can be decided when the age reaches maturity. The subjects had a mean age of 
14.3 ± 1.55 [12 - 17] (average ± standard deviation [range]) years old, weight 
50.48 ± 11.64 [26 - 81] kg and height 1.63 ± 0.10 [1.37 - 1.79] m. Based on the 
observation on 17 patients, 8 subjects had a thoracic curve, 4 had thoracolumbar 
curve, 2 had a double curve (thoracic and thoracolumbar) and 3 had a 
thoracolumbar and lumbar curve. The mean of the thoracic Cobb angle was 27.8˚ 
± 12.64 [14 – 47˚]. The thoracolumbar curve has a mean of 26.17˚ ± 8.52 [11 – 
35˚]. The combination between the thoracic and thoracolumbar curves has a mean 
of 22.50˚ ± 2.12 [21 – 24˚]. The combination between the thoracolumbar and 
lumbar curves has a mean of 29.67˚ ± 0.58 [29 – 30˚]. 

The materials used for this study is mostly similar to which has been reported in 
the previous chapters, including the BalancAid, posture quantification with body 
marks, measuring set up, and photographic acquisition lay out. The BalancAid is 
employed to adjust the patient’s posture in a specific equilibrium state where the 
balance is obtained. The patient was required to undress the torso to fully expose 
her back to apply body marks and perform the examination. The body marks for 
scoliotic patients was placed in the same method as for healthy volunteers. Eight 
markers were located approximately at both sides of T3, T7, T12 and L4 of the 
spine in PA-view and 4 markers were placed in LA-view at same level as the 
markers on PA-view. However, since the deformity of the spine may alter the 
position of the trunk in scoliotic patients, the exact positions of the body marks in 
scoliotic patients may differ from that of in healthy volunteers. For the reason that 
the quantification of the body marks were performed twice and necessitates 
reproducibility, it is important to ensure that the body marks remain visible and in 
the same position until the measurement is finished.  
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Measuring Set-up 

The measuring set-up of the abovementioned 3 positions was established to 
mimic the set-up of the real X-ray imaging of the spine procedure. Such positions 
were acquired by taking photographs in PA- and LA-views. Two digital cameras 
were positioned perpendicularly to each other at 1 m from the subject. The centre 
of the lens is used as calibration mark. The cameras were adjusted to obtain the 
proper setting, height, and distance before the photography session. The layout of 
the measurement set-up is comparable to that of the posture reproducibility in the 
previous chapter. All measurements were taken by two examiners. 

Protocol 

In order to quantify the reproducibility between 2 standing postures, standing on 
the ground and on the BalancAid, each patient was instructed to perform 3 
different standing positions. The description is given as follows : 

• General posture:   

This position is based on the current methods used in orthopaedic clinics. The 
arms are hanging relaxed along the body in PA-view (see Figure. 3.2a) and the 
arms raised with a shoulder flexion of 90˚ in LA-view. The measurement with 
this arm position is performed while the subject is standing on the ground. 

• Fist-on-clavicle with stick while standing on the ground: 

This position is based on the fists-on-clavicle position, where the fists are 
placed on the clavicles, as described by Faro et al [13]. Our previous study on 
arm position which has proven that the use of a stick during this arm position 
produces improved reproducibility was employed in position 2. The elbows are 
fully flexed and the hands are grasping a stick, with the palm of the hands 
facing the body. The distance between the hands is 6 cm and the degree of 
shoulder flexion is 30˚ (see Figure. 4.1 position 3). The patient is standing on 
the ground for this position. 

• Fist-on-clavicle with stick position while standing on the BalancAid: 

The arms are positioned like the previous position (see Figure. 4.1 position 3). 
The difference is that the subject is standing on the BalancAid, instead of 
standing on the ground. The procedure of standing on the BalancAid is given in 
Chapter 3. 

Data Analysis 

Each scoliotic patient was examined at 2 different times, before and after the 
consultation with the orthopaedic surgeon. The delay time was approximately 90 
minutes in between. Both measurement sessions  were performed with the same 
procedure. The body marks location on the acquired photographs was defined by 
the coordinates of the geometric centre of each mark. A custom Matlab script 
(The MathWorks, Inc) was utilized to identify this geometric centre on the 
acquired photographs in both PA- and LA-views, determine the coordinates, and 
calculate the angles of each points.  
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Twelve angles (indicated by a, b, c, …, l) and 6 angles (indicated by m, n, o, … , 
r) were defined out of the body marks in PA- and LA-views, respectively. Any 
redundancy in the quadrilateral analysis was avoided by taking into consideration 
3 out of 4 angles in the quadrilateral body marks in PA-view. For the same reason 
in PA-view, 3 out of 6 angles in the LA-view were dispensed. So we analyzed 9 
angles (a, b, c, e, f, g, i, j, k) in PA-view and 3 angles (m, o, q) in LA-view.  

 

Statistical Calculation 

The measurement of the 3 positions was evaluated by means of student’s t-test 
(paired samples) to determine the reproducibility of the posture acquired in two 
measurement sessions. First, for all patients, the absolute differences between the 
two consecutive sessions per angle was calculated for each position. The 
difference between these absolute differences was calculated per angle. It was 
checked per angle if these differences (in absolute sense) follow a normal 
distribution.  

Then, we compared the 3 positions in 3 sessions:  

1. Position 1 versus Position 2 

2. Position 1 versus Position 3 

3. Position 2 versus Position 3 

Per angle, the absolute differences of 2 positions were subjected to a paired 
student’s t-test, and Pearson method was used to identify correlation between the 
tested positions, with P < 0.05 considered to be statistically significant. Statistical 
analysis was performed using commercial statistical software (SPSS 16.0 for 
Windows; SPSS, Inc.) to compare the paired measurements.  

 

5.3. Results 

The normality distribution check have confirmed a normal distribution in all 
cases. The paired student’s t-test on all angle differences in both PA- and LA-
views are presented in Table. 5.1, Table. 5.2, and Table. 5.3. In only one case 
there is a significant difference between two positions. In all other cases there is 
no significant difference between the three positions.    

Table. 5.4 presents the comparison of the 3 positions, based upon the mean value 
of the paired differences in all angles in both views. A negative value of the mean 
in the paired student’s t-test indicates that the first position is better and vice 
versa. The comparison of position 1 and position 2 have resulted in 5 superior 
angles (3 in PA- and 2 in LA-view) for position 1 and 7 superior angles (6 in PA- 
and 1 in LA-view) for position 2. When comparing position position 1 against 
position 3, position 1 has 4 superior angles (2 in PA- and 2 in LA-view) and 
position 3 has 8 superior angles (7 in PA- and 1 in LA-view). The comparison 
between position 2 and position 3 have revealed that position 2 has 7 superior 
angles (5 in PA- and 2 in LA-view) and position 3 has 5 superior angles (4 in PA- 
and 1 in LA-view).  
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In Table. 5.4, we also demonstrate the sum over all angles of the mean value of 
the paired differences between two positions. A negative value of the sum 
indicates that the first position is better than the second position. From this result 
clear trends are visible: position 3 is preferrable over position 1 and position 2; 
position 1 is preferrable over position 2. 

 

Table. 5.1. The paired student’s t-test for the comparison between position 1 and position 2. 
Statistical significant results are highlighted in bold italic. 

 

 
 

 
Table. 5.2. The paired student’s t-test for the comparison between position 1 and position 3. 
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Table. 5.3. The paired student’s t-test for the comparison between position 2 and position 3. 
 

 
 

 
Table. 5.4. The superiority table of mean value of the paired differences. 

 

 
 

 

5.4. Discussion 

Currently the relaxed standing posture is most frequently used during X-ray 
radiography for monitoring scoliosis progression. Such generalized position 
which applies arms hanging relaxed on both sides of the body in PA-view is 
considered to be the functional balance posture which represents the actual 
stance. Conversely, blocking visibility of the vertebral landmarks due to the arms 
and glenohumeral joint shadows complicates the arm positioning in the LA-view 
[7;8;13;14]. Therefore, having the arms hanging relaxed on both sides of the body 
for LA-view is considered to be ineffective, so a shoulder flexion of 90˚ arm 
position is commonly applied. However, a drawback of this raised straight arms is 
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that it induces changes in the body posture [15;16]. A number of previous 
investigations on defining the optimum arm positioning have emphasized the 
influence of the arm position on the sagittal spinal alignment, which may affect 
the generation of a reliable 3D representation of the spine and the assessment of 
the spinal disorder [17-19]. Such studies have also proposed better arm 
positioning strategies to define an optimal arm position in LA-view [7;8;13-
15;20]. However, none were focused on defining one arm position for both PA- 
and LA-views. Then again, performing one arm position in both PA- and LA-
views may reduce the risk of yielding an irreproducible measurement. Our goal 
was to study one arm position for both PA- and LA-views, which is further 
applicapble for 3D image reconstruction systems of the spine (e.g; the EOS 
system). So both acquisitions in PA- and LA-views can be performed without 
moving the patient’s position and thus will result in optimal reproducibility. The 
use of a stick in defining an arm position is a simple means to define the position 
of the arms and will have minimum influence on the posture and X-ray 
radiography. In addition to the posture influence, holding the stick in a specific 
manner may reduce any variabilities on positioning the arms.  

Furthermore, the advice from SRS on applying the vertebral body line and axis 
system to define the nature of global spinal deformities with X-ray measurement 
resulted in the recommendation of employing supports to position the anterior 
superior iliac spine parallel to the film plane [1]. The use of the BalancAid in 
aligning the patient’s posture based on the balance capability of the body is in 
accordance with the SRS recommendation. In this study, we address the 
improvement of the standing posture reproducibility for X-ray radiography by 
means of the BalancAid. The BalancAid is proposed to attain a balanced 
reproducible posture in all planes by referring to the see-saw principle in finding 
the stability. The other advantages of the BalancAid are that it is a simple device 
that can be reproduced ubiquitously and is easy to use for scoliotic patients who 
have no standing problem.  

Our previous study on the posture reproducibility using the BalancAid has proven 
to be effective for healthy young subjects with good balance control as presented 
in Chapter 3. These volunteers could represent scoliotic patients with minor 
scoliosis. The positive effect of the BalancAid has motivated us to examine if 
such a balancing plate is also a good candidate to balance more severe scoliotic 
patients. A combination between performing ‘fists on clavicle with stick’ arm 
position and standing on the BalancAid is expected to diminish erroneous 
variability in the spinal X-ray radiography and generate an accurate deformity 
measurement leading to better diagnosis. The scoliotic patients participating in 
this study represent young patients with moderate or severe scoliosis who need to 
take a spinal X-ray radiograph to follow the progression over time. 

Our motivation for applying body marks and normal photography for analyzing 
the posture reproducibility is the absence of radiation exposure to the subject. 
Compared to the real X-ray examination which presents the posture that is related 
to the spine, our applied body marks method is less representative. However, we 
assume that any movement between skin and spine is inferior to the movement of 
the markers due to a different posture. The fact that all participating scoliotic 
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patients had a skinny posture will strengthen this assumption. The body marks 
appeared to remain in place within the two consecutive measurements and thus 
did not introduce an error. 

The comparison of the three positions (position 1 vs position 2, position 1 vs 
position 3, and position 2 vs position3) regarding reproducibility of the tested 
standing postures, quantified by a paired student’s t-test in Table. 5.1, Table. 5.2, 
and Table. 5.3 have revealed that the three positions have no significant different 
results (P < 0.05) for almost all angles in both PA- and LA-views. We found that 
there is an optimal position (the BalancAid) for healthy volunteers but there is no 
optimal position concerning reproducibility for scoliotic patients. There are 
several explanations for this: 

First, the variety among the scoliotic patients is large: they have a different type 
of scoliosis (thoracic, thoracolumbar, lumbar; primary and secondary curvature) 
with different severity of the spinal deformity (Cobb angle), which may have an 
effect on their arm positioning and balanced standing capability. Second, the 
short time delay (90 minutes) between the two measurement sessions may trigger 
similar posture capability. Such short time delay does not represent the actual 
situation. As an alternative we could have increased the time delay between the 
two sessions, for instance to a two day period. However, that would have 
introduced a major problem on keeping the body marks in place within that two 
day period. Since this problem cannot be solved easily, we decided to stick to a 
relative short time interval. Third, the number of patient, 29, is rather small. 
Fourth, although the paired student’s t-test is considered to be a reliable statistical 
method to analyze the repeated measures, such method is not powerful enough in 
our study because the comparison cannot include the three different postures in 
one analysis. Therefore, we first will recrute more patients and then perform a 
more comprehensive statistical method, complex multilevel analysis by means of 
mixed effects model, to verify the posture reproducibility analysis in a more 
dependable and robust manner.  

Although the 3 tested positions were statistically not significant different, from 
Table. 5.1, Table. 5.2 and Table. 5.3 an indication of the preferred method can be 
derived. If the mean of the paired differences is negative, the first method is 
superior, and vice versa. The comparison of position 1 against position 2 resulting 
on 5 superior angles (3 in PA- and 2 in LA-view) for position 1 and 7 superior 
angles (6 in PA- and 1 in LA-view) for position 2 have revealed that angles in 
position 1 generally have the tendency to be less reproducible than those of in 
position 2. On the other hand, the results in PA-view is slightly different from that 
of in LA-view. Angles in position 1 against position 2 are inferior in PA-view and 
superior in LA-view. Nevertheless, the mean of the paired differences of the 
angles in both views has similar tendency in term of the angles location. It seems 
that the angles located in the upper trunk (thoracal – thoracolumbar area) have 
better reproducibility in position 2 than those of in position 1 for both views.  

Similar trend has also been shown in angles of position 1 against position 3, 
where position 1 has 4 superior angles (2 in PA- and 2 in LA-view) and position 3 
has 8 superior angles (7 in PA- and 1 in LA-view). Such results confirm that 
angles in position 3 in general tend to generate better reproducibility than those of 
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in position 1. Separated analysis on each view is comparable to that of in the 
previous comparison between position 1 against position 2. The results of 
comparison between position 1 versus position 2 and position 1 versus position 3 
may direct to the conclusion that positioning the arms with fists on the clavicles 
with the support of a stick improves the posture reproducibility in the upper trunk. 
These results have also brought the possibility of applying one arm position for 
both PA- and LA-views for X-ray radiography and EOS system.  

In comparison between position 2 and position 3, the means of the paired 
differences have revealed that position 2 has 7 superior angles (5 in PA- and 2 in 
LA-view) and position 3 has 5 superior angles (4 in PA- and 1 in LA-view). This 
can be translated that angles in position 2 provide higher reproducibility than 
those of in position 3. In spite of this, the comparison results in PA-view have 
also shown the tendency that position 2 is more reproducible in the thoracal – 
thoracolumbar trunk, and position 3 is more reproducible in thoracolumbar – 
lumbar trunk. While the comparison results in LA-view have explained that 
position 2 is more reproducible in thoracal and lumbar area and position 3 is 
superior in thoracolumbar area.  

Also the sum of the mean of the differences, as given in Table. 5.4, is useful as 
indication of the performance of the three positions. From Table. 5.4 it is clear 
that position 3, our preferred method that applies the BalancAid with a specific 
arm position in PA- and LA-views, scores best. The mean of the differences is 
smaller than that of position 1 and 2. We expect that with more patients and a 
more robust and powerful statistical method the superiority of this position will 
be statistically significant.  

 

5.5. Conclusions 

The ‘fists on clavicle with stick arm position’ has a tendency to improve the 
posture reproducibility. The reproducible posture generated by the BalancAid also 
tends to be superior over standing on the ground. However, the differences 
between the three positions are statistically not significant. More patients and a 
more powerful statistical method will be performed in the future to have 
statistically significant results. 
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