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Abstract
Background
The purpose of this study is to evaluate the effects of the forward bending (FB) test versus the
standing erect (SE) position on back trunk asymmetry (TA). The Scoliometer in the FB position
and the 4D Formetric (4DF; Diers International, Schlangenbad, Germany) readings in the SE
position were assessed.

Method
The angle of trunk inclination (ATI) was measured at the midthoracic, thoracolumbar, and
lumbar levels using the Scoliometer in the FB position and the 4DF in the SE position.

A total of 134 subjects attending the scoliosis clinic (86 girls and 48 boys), age ranging from
seven to 18 years, were assessed. The children and adolescents were divided into three groups
according to the severity of TA, symmetric group 1 (0-2 degrees), asymmetry group 2 (2 to 6
degrees), and group 3 having asymmetry of seven or more degrees. Children with leg length
discrepancy were excluded from the study.

The IBM SPSS v.20 package (IBM Corp., Armonk, NY) was used for analysis.

Results
At the midthoracic level comparing the Scoliometer to 4DF readings in males in group 1, the
Wilcoxon signed ranks test was p=0.451 while for the Spearman’s Rho, it was -0.138; in group
2, p=0.184 and Rho=0.204; and in group 3, p=0.109 and Rho=0.500. For females in group 1,
p=0.000 while Rho=0.003; in group 2, p=0.008 and Rho=0.000, and in group 3, p=0.003 while
Rho=0.642.

At the thoracolumbar level in males for group 1, p=0.004 and Rho=-0.517; in group 2, p=0.006
and Rho=0.000; and in group 3, p=0.043 while Spearman’s Rho=0.053. For females in group 1,
p=0.000 and Rho=-0.095; in group 2, p=0.000 and Rho=-0.171; in group 3, p=0.001 while Rho= -
0.081. At the lumbar level for males in group 1 p=0.000 while Rho=0.149; in group 2, p=0.003
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and Rho=0.373; while in group 3, p=0.109 and Rho= (-). For females in group 1, p=0.000 while
Rho=-0.072; in group 2, p=0.001 and Rho=0.168; and in group 3, p=0.068 while Rho=0.500.

Conclusion
The results of this study show that the back TA in children and adolescents is not similar in the
FB and SE positions. This phenomenon probably is attributed to the complicated trunkal
(spinal, thoracic, and pelvic) anatomy, and the results of this study may be used as a useful
foundation for further understanding of torso dynamics.

Categories: Orthopedics
Keywords: scoliosis, assessment, scoliometer, formetrics 4d, forward flexion, standing position

Introduction
The purpose of this study is to evaluate the effects of the forward bending test versus the
standing erect position on back trunk asymmetry [1]. The Scoliometer and the Formetrics 4D
(surface topography apparatus; Diers International, Schlangenbad, Germany) readings in both
the forward bending and standing erect positions of 134 examined subjects attending our
scoliosis clinic (86 girls and 48 boys), age ranging from seven to 18 years, were studied.

This is an original study, which was presented at the 13th International Conference on
Conservative Management of Spinal Deformities and First Joint Meeting of the International
Research Society on Spinal Deformities and the Society on Scoliosis Orthopaedic and
Rehabilitation Treatment - SOSORT-IRSSD 2016 meeting, Banff, Canada, 25-28 May 2016 as an
oral presentation by the authors.

Materials And Methods
The angle of trunk inclination was measured at the midthoracic, thoracolumbar, and lumbar
levels using the Scoliometer (Figure 1) and the surface topography method [1-3]. In the standing
erect position, using the Formetrics system (Figure 2), the vertebral rotation, the kyphotic and
lordotic angle, the pelvic obliquity and pelvic torsion, and, finally, the apical deviation were
also calculated. The children and the adolescents were divided into three groups according to
the severity of trunk asymmetry [4-7].

2019 Maragkoudakis et al. Cureus 11(12): e6334. DOI 10.7759/cureus.6334 2 of 9



FIGURE 1: Evaluating trunk asymmetry in adolescents with
idiopathic scoliosis using the Scoliometer

FIGURE 2: Evaluating trunk asymmetry in adolescents with
idiopathic scoliosis using the Diers Formetrics 4D system
Diers International, Schlangenbad, Germany

In the first group, the examined subjects were symmetric (0º-2º). In the second group, the
asymmetry was two to six degrees, and in the third group, it was seven or more degrees.
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For the statistical analysis, IBM SPSS v.20 (Armonk, NY) was used, calculating p-value using the
Wilcoxon signed ranks test and Spearman’s Rho was used correlation coefficiency. Statistical
significance (p) was set at a value of less than 0.05.

Results
Tables 1-2 show the frequency of asymmetry in boys and girls, respectively.

Asymmetry Scoliometer™ ️ Formetric™ ️

0-2º 37% 28%

2-6º 38% 35%

7º or >7º 23% 37%

TABLE 1: The mean frequency of asymmetry in the three groups in boys

Asymmetry Scoliometer™ ️ Formetric™ ️

0-2º 63% 72%

2-6º 62% 65%

7º or >7º 77% 63%

TABLE 2: The mean frequency of asymmetry in the three groups in girls

In our sample, the mean frequency of symmetry (0º-2º) in boys and in girls was 37% and 63%,
respectively, using the Scoliometer and 28%-72% using the Formetrics 4D. The mean frequency
of asymmetry (2º-6º) for the boys was 38%, and for the girls, it was 62% using the Scoliometer
and 35% for boys and 65% for girls using Formetrics 4D. The mean frequency of asymmetry of
7º or more was 23% for the boys and 77% for the girls using the Scoliometer and 37% for boys
and 63% for girls using Formetrics 4D.

At the midthoracic spinal level in group 1 (0º-2º), for males, the p-value was 0.451 while
Spearman’s Rho for the correlation coefficiency was -0.138. In group 2 (2º-6º), for males, the p-
value was 0.184 and Spearman’s Rho for the correlation coefficiency was 0.204. For the males
in group 3 (7º+), the p-value was 0.109 while Spearman’s Rho for the correlation coefficiency
was 0.500. See Figure 3.
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FIGURE 3: Male groups 1, 2, 3 at the midthoracic level (Q-Q
Plot)

At the midthoracic level in group 1 (0º-2º), for females, the p-value was 0.000 while Spearman’s
Rho for the correlation coefficiency was 0.003. In group 2 (2º-6º), the p-value was 0.008 while
Spearman’s Rho for the correlation coefficiency was 0.000. In group 3 (7º+), the p-value was
0.003 while Spearman’s Rho for the correlation coefficiency was 0.642. See Figure 4.

FIGURE 4: Female groups 1, 2, 3 at the midthoracic level
(Boxplot)

At the thoracolumbar spinal level in group 1 (0º-2º), for males, the p-value was 0.004 while
Spearman’s Rho for the correlation coefficiency was -0.517. In group 2 (2º-6º), the p-value was
0.006 and Spearman’s Rho for the correlation coefficiency was 0.000. In group 3 (7º+), the
p=value was 0.043 while Spearman’s Rho for the correlation coefficiency was 0.053. See Figure
5.
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FIGURE 5: Male groups 1, 2, 3 at the thoracolumbar level (Q-Q
Plot)

At the thoracolumbar level in group 1 (0º-2º), for females, the p-value was 0.000 while
Spearman’s Rho for the correlation coefficiency was -0.095. In group 2 (2º-6º), the p-value was
0.000 while Spearman’s Rho for the correlation coefficiency was -0.171. In group 3 (7º+), the p-
value was 0.001 while Spearman’s Rho for the correlation coefficiency was -0.081. See Figure 6.

FIGURE 6: Female groups 1, 2, 3 at the thoracolumbar level
(Boxplot)

At the lumbar spinal level in group 1 (0º-2º), for males, the p-value was 0.000 while Spearman’s
Rho for the correlation coefficiency was 0.149. In group 2 (2º-6º), the p-value was 0.003 and
Spearman’s Rho for the correlation coefficiency was 0.373. In group 3 (7º+), the p-value was
0.109 while Spearman’s Rho for the correlation coefficiency was (-). See Figure 7.
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FIGURE 7: Male groups 1, 2, 3 at the lumbar level (Q-Q Plot)

At the lumbar spinal level in group 1 (0º-2º), for females, the p-value was 0.000 while
Spearman’s Rho for the correlation coefficiency was -0.072. In group 2 (2º-6º), the p-value was
0.001 while Spearman’s Rho for the correlation coefficiency was 0.168. In group 3 (7º+), the p-
value was 0.068 while Spearman’s Rho for the correlation coefficiency was 0.500. See Figure 8.

FIGURE 8: Female groups 1, 2, 3 at the lumbar level (Boxplot)

Discussion
For the past several years, there has been a great evolution of the technology and knowledge of
surface topography. The reliability of the measurements has been widely researched and many
publications have been elaborated throughout the literature. On the other hand, the
Scoliometer has been broadly used since its invention by W.P. Bunnel in 1984 during a scoliosis
assessment. The key point of the measurements' comparison study is the posture of the object
studied.
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It is obvious that in all three anatomical regions of the spine, in both males and females, the
change from a forward bending position to a standing erect position shows a reduction of the
mean trunk asymmetry, probably due to the vertebral relation changes during the change of the
two positions [8].

We already know from past clinical studies that the three main mechanical components of a
primary structural scoliosis curve of the usual rotatory type are rotation, tilt, and lordosis [9].
The initial event is usually a failure of rotation control in the spine. This develops principally
during gait due to asymmetrical forces resulting from rib-vertebra angle asymmetry, which, in
turn, is caused by abnormal developmental mechanisms in the central nervous system. The
changes of vertebral tilt in each of the frontal and sagittal planes of the spine are usually
secondary to the vertebral rotation [10].

In 1865, Adams published the fact that vertebral rotation causes lordosis and lateral curve. At
the ends of the spinal curve, the thoracic vertebrae are rotating about a normal anterior axis of
rotation. In contrast, at the curve apex, the thoracic vertebrae are rotating about an abnormal
posterior axis of rotation, more like a lumbar vertebra [11]. It must also be mentioned at this
point that there is also the so-called intravertebral and discal torsion, which is present along
the length of the spine and are minimal at the curve apex [12].

Certain muscles, through the central nervous system (sacrospinalis, iliocostalis, levator
scapulae, rhomboid, serrates anterior, external and internal oblique muscles, and so on), play a
role in trunk rotation and gait by elevating the upper ribs to change the rib-vertebra angles
from a funnel-shaped chest at birth to a more broad-shaped thorax in adolescence. The
musculature complex is the so-called spiral composite muscle trunk rotator [13].

The sagittal configuration of the spinopelvic complex (crucially different between humans and
other vertebrates) has obvious consequences for its biomechanical loading, but often-used
parameters like thoracic kyphosis and lumbar lordosis are relatively useless for understanding
biomechanical loading since the same numerical value for kyphosis can have any different
position relative to gravity. It is well-understood that in the standing erect position and in the
forward bending position, all the above-mentioned characteristics of the spine and thoracic
cage undergo changes, which explains the findings of this study.

The necessity of a scoliosis assessment has led to the school screening program in which
students from all over the country get examined in all three anatomical regions of the spine (
thoracic - thoracolumbar - lumbar ) in both positions. There is no doubt that in the future, due
to the technological evolution of the surface topography apparatuses and the broad use of
computers in everyday life and in medical practice, scoliosis will be assessed both in the forward
bending position and in the standing erect position.

Conclusions
The results of this study show that the back trunk asymmetry in children and adolescents is not
similar in the forward bending and standing erect positions. This phenomenon probably is
attributed to the complicated trunkal (spinal, thoracic, and pelvic) anatomy, and the results of
this study may be used as a useful foundation for a further understanding of torso dynamics.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Quotes of the 33rd
meeting of the Ethical Committee of our Hospital [Tzaneio General |Hospital of Pireus] in the
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30th of January 2013 issued approval 33-30/01/2013. This project was IRB approved and the
patients consented. (Quotes of the 33rd meeting of the Ethical Committee of our Hospital
[Tzaneio General |Hospital of Pireus] on the 30th of January 2013). Verbal consent from the
parents of the children was obtained to participate in the research approved by the ethics
committee. Animal subjects: All authors have confirmed that this study did not involve
animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at
present or within the previous three years with any organizations that might have an interest in
the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.
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