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Introduction: Current development of civilization and technology makes a sitting position

dominant in everyday life. This applies also to patients with spinal deformities.

Aim: The aim of this study was to analyze the size of physiological spinal curvatures in

standing and sitting posture in girls with left lumbar scoliosis and evaluate usefulness of

Zebris CMS-10 System in the assessment of physiological curvatures in both positions.

Material and methods: A group of 30 girls aged 11–17 years with left lumbar idiopathic

scoliosis, with a Cobb angle in the range of 101–211, was examined. Control group consisted

of 30 healthy girls aged 10–17 years. Studies were conducted with the use of ZEBRIS CMS-10

System (Zebris Medical, Germany) in a standardized standing (P1) and sitting (P2) position.

Mean kyphosis and lordosis angle and differences between kyphosis and lordosis angle

dependent upon positional changes were analyzed in each of the groups.

Results and discussion: Mean kyphosis angle in both positions showed no statistically

significant differences between the study group and control group. Mean lordosis angle

in P1 position in the study group was statistically significantly higher than in control group.

Differences between mean kyphosis angle in P1 and P2 position in the study group in

comparison with control group were not statistically significant. Differences between

mean lordosis angle in P1 and P2 position in comparison with control group showed a

statistical significance.

Conclusions: The presence of low degree lumbar scoliosis can result in deepening of lumbar

lordosis in the standing posture, but it does not significantly affect kyphosis angle

measured in standing and sitting position. Zebris CMS 10 System is a useful tool for the

assessment of physiological spinal curvatures in standing and sitting position.
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1. Introduction

Idiopathic scoliosis (IS) is defined as multi-dimensional
deformity of the spine, where buckling of the spine in frontal
plane is accompanied by abnormal curvature of the sagittal
and transverse alignment of the spine.1,2,4,5,8,10
2. Aim

Analysis of physiological curvatures in standing and sitting
posture in girls with left lumbar IS and evaluation of useful-
ness of Zebris CMS-10 in the assessment of physiological
curvatures in standing and sitting position.
Table 2 – Characteristics of control group.

Values Characteristics of control group (n¼30)

Age Height

Mean 13.90 161.90
SD 1.92 9.05
Minimum 10 140
Maximum 17 176
Median 14 164
3. Material and methods

The studies were conducted in the Department of Rehabilita-
tion, Faculty of Medical Sciences of the University of Warmia
and Mazury in Olsztyn in 2011–2013. Guardians of partici-
pants of the study provided a written informed consent for
the conduct of the tests.

In total, 284 subjects, including 146 girls and 138 boys,
were examined in a relaxed standing position. A group of 30
girls aged 11–17 years with left lumbar IS, with a Cobb angle
of 101–211, not treated with orthoses, was separated from the
study population. Measurements of the scoliotic curve were
performed on radiographs in accordance with Cobb metho-
dology (Table 1).13

Control group consisted of 30 girls without scoliosis, with
an acceptable trunk asymmetry and the value of the angle of
trunk rotation (ATR) up to 51, measured with Bunnel scolio-
meter (Table 2).9,12

The study was conducted in standing (P1) and sitting
position (P2).5,15,19

3.1. Basic standing position (anthropometric)– P1

Examined patients were standing upright with their heads
slightly elevated, in Frankfort horizontal plane (planum
horizontale frankfurtensis), i.e. tangent to the lower border of
the orbit and upper margin of the external auditory meatus
was parallel to the floor, with shoulders straight and relaxed,
no tension of back muscles, upper limbs hanging by the sides
with the palms facing (but not pressed against) the thigh,
lower limbs straight (no hyperextension of the knee joints)
Table 1 – Characteristics of patients with left lumbar scoliosis.

Values Characteristics of study group (n¼30

Age Height

Mean 14.0 162.3
SD 1.7 7.1
Minimum 11 146
Maximum 17 177
Median 14 163
with feet resting parallel to each other on the selected test
square.6,16
3.2. Sitting position (anthropometric)– P2

Examined patients sat on a stool with their entire lower
buttocks, with ischial tuberosities and back of the thighs leaned
on the surface of the stool. The head, trunk and shoulders were
positioned as in the basic standing position. Arms hanging
vertically in line with the trunk with the palms facing the stool.
Thighs set horizontally to achieve a 901 angle between the
shank and the thigh, feet parallel to each other.16 In the study, a
square-shaped flat top stool was used. Its height was adjustable
and matched the popliteal height.6,16

In the main study analysis of trunk postures of the IS girls
in the sagittal plane was performed. The test was conducted
in two positions with the use of Zebris CMS-10 Measuring
System.11,17,19

The Zebris CMS-10 Posture Measuring System (Zebris
Medical GmbH) uses the WinSpine software that runs under
Microsoft Windows XP operating system.17,19 This software
contains a database of information on the projects, patients
and individual measurements. The second component of the
measuring system was a measuring device, ultrasonic marker
and reference marker. Measuring device was fixed on the
floor stand with the adjustable height. Pointer stick, which is
directly touched to the bony landmarks, has two ultrasonic
markers, center of which is in line with the tip of the sensor.
The program precisely calculates position of the tip of the
sensor. A reference marker in the form of a belt is fastened
laterally below the posterior superior iliac spine and anterior
superior iliac spine, not to cover measuring points. It is used
to eliminate position changes during the conduct of the
study. Prior to each test, the device was calibrated in relation
to the ground. Average duration of the test in standing and
)
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Fig. 1 – Study in a standing position P1 (A) and sitting position P2 (B) using Zebris CMS 10 system (own patients).

Fig. 2 – Zebris CMS 10 system – marking of bony landmarks
(own patients).
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sitting position was 5–10 minutes. Measurement accuracy of
the apparatus in respect to the calculated parameters is
stated by the manufacturer in medical description, that is
2.2 mm or 1.961. Each measurement of the spine was per-
formed three times. Measuring unit consisted of a platform
integrated with the sensors of Zebris CMS-10 Measuring
System and computer with Microsoft Windows XP software.
Measuring platform was divided into sections. In one third of
platform length a transverse lock was mounted in order to
immobilize Zebris CMS-10 device. It enabled placing the
device in a fixed location and reduced unintentional move-
ments associated with the use of the device. At a distance
of 80 cm from the transverse lock a permanent transverse
red line was drawn. It was the base of a square measuring
25�25 cm, outlined by a black line. Sides of the square
determined foot position of subjects during the standing
measurement. Red transverse line also determined a point
in front of which heels of a subject were placed (Fig. 1).

Prior to the conduct of the posture measurement, anato-
mical bony landmarks were marked. Bony landmarks were
marked in accordance with the principles of palpable anat-
omy, with an accuracy of 1 cm, including skin mobility
(Fig. 2).16,18

In the first part of the study the patient was positioned in
P1 position with feet placed on the drawn square and heels
touching the red line. The investigated subject was standing
back to the measuring device, always at the same distance
from the apparatus. Second part of the study was conducted
in P2 position. The stool was placed on the platform at a
distance of 80 cm from the measuring device, near the red
transverse line. The whole study procedure was performed
identically in both P1 and P2 position, in accordance with the
user manual. A floor stand of the measuring device was
adjusted to patient's occiput height. In both measurements
anatomical bony landmarks were marked with the ultrasonic
pointer. First left and right acromion (acromion) were marked,
and then bony landmarks of the pelvis, i.e. left and right
posterior superior iliac spine (spina iliaca posterior superior), left
and right anterior superior iliac spine (spina iliaca anterior
superior) and the highest point of the left and right iliac crest
(crista iliaca). Afterward, a thoracolumbar junction (processus
transversus Th12/L1) was marked. In the next step, left and
right inferior angle of the scapula (angulus inferior scapulae)
and spinous processes (processus spinosi) of C7–S3 were
entered to the system. Location of the spinous processes
was introduced three times. WinSpine software calculated the
average of the values entered. Through the spinous processes
virtual planes were passing, which created a surface of
projection of the calculated angles along the line of spinous
processes. Report from the described studies showed a line of
spinous processes in the sagittal, frontal and transverse plane.
This is a line of spinous processes automatically divided by
the number of anatomical vertebrae.

For a detailed analysis of results in P1 and P2 positions,
several parameters reflecting the analysis of trunk position in
the sagittal plane, including local kyphosis and lordosis
angles, were chosen.19

In the descriptive statistics of the studied quantitative
variables, means, standard deviations, medians and quartiles
were used. While comparison of average quantitative
variables in both groups was based on Student's t-test and
permutation test.
4. Results

In a group of girls with left lumbar scoliosis, at a significance
level of p≤.05, the mean values of kyphosis angles were
higher than in control group in both evaluated positions,
but the differences were not statistically significant (Table 3).
Values of lordosis angles in P1 position in the study group were



Table 3 – Mean values and standard deviations of kyphosis and lordosis angles in P1 and P2 positions and differences of
kyphosis and lordosis angles in P1 and P2 positions.

Studied variables Study group (n¼30) Control group (n¼30) P value

Kyphosis in P1 position 38.6714.5 34.9711.1 .265
Kyphosis in P2 position 27.7713.4 24.7710.2 .340
Lordosis in P1 position 35.10 (29.9, 40.2)n 27.90 (20.0, 38.2)n .042
Lordosis in P2 position 11.279.1 12.177.2 .704
Difference of kyphosis angles in positions P1 and P2 11.0715.7 10.1711.4 .823
Difference of lordosis angles in positions P1 and P2 26.9 (14.1, 34.0)n 14.1 (9.5, 25.6)n .046

Comments: P1 – standing position; P2 – sitting position; n – results given as median (25th percentile, 75th percentile).

Table 4 – Comparison of mean kyphosis and lordosis values in P1 and P2 positions among individual groups.

Studied variables P1 position P2 position P value

Kyphosis in study group 38.60714.50 27.70713.40 o.01
Kyphosis in control group 34.90711.10 24.70710.20 o.01
Lordosis in study group 34.6078.80 11.2079.10 o.01
Lordosis in control group 29.50710.90 12.1077.20 o.01

Comments: P1 – standing position; P2 – sitting position.
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statistically significantly higher than in the control group
(Table 3). Lordosis angles in P2 position did not differ signifi-
cantly between both groups. Differences between kyphosis
angles in P1 position and in P2 position were also measured.
The same differences were determined for lordosis angles.
Determined differences in case of lordosis were higher in the
study group than in control group (Table 3).

Comparison of mean values of kyphosis and lordosis
angles in different positions P1 and P2 within the same group
showed statistically significant differences (Table 4).
5. Discussion

Evaluation of spinal curvatures in sagittal plane in a clinical
examination without the use of additional diagnostic tools
involves a high level of subjectivity and does not allow monitor-
ing of curvature changes over time. The advantage of examina-
tion performed by a clinician interacting with a patient is the
ability to dynamically evaluate postural changes and response of
spinal curvatures to correction/self-correction, as well as during
certain clinical tests and changes of position, in which the
assessment is conducted. Researchers and clinicians are still
looking for simple, yet reliable tools to support the assessment
and monitoring of individual components of body posture
parameters.3,7,20,21,22,24

Sitting position seems to be currently underestimated in
posture analysis, even though this is the position in which
people are spending increasingly more time, both in the devel-
opmental age and in adulthood. Influence of correct and incor-
rect prolonged sitting position on body posture and secondary
changes in the locomotor system should thus be obvious.5,23,25

Assessment of spinal curvatures with the use of Zebris CMS-
10 – in this case thoracic kyphosis and lumbar lordosis – beside
the evaluation of buckling of the spine in frontal plane, allows a
three-dimensional analysis of the position of the trunk.14

The authors have extended the study in classical standing
position with the assessment in sitting position, in accordance
with methodology presented above. Similar position was used
by Chowańska in the assessment of back topography in children
with IS; however, this was a seated forward bend position.5

Comparison of kyphosis angle in standing and sitting position
shows statistically significant differences regardless of whether it
concerns control group or girls with lumbar scoliosis. Presence of
lumbar scoliosis does not however significantly affect differences
between kyphosis measured in P1 and P2 position.

The results of lordosis angle (statistically significantly higher
in scoliosis group in P1 position), and particularly differences
between measurements in P1 and P2 position (also statistically
higher in scoliosis group) allow to presume to be associated
with lumbar scoliosis. The study shows that in sitting position
physiological thoracic and lumbar curvatures are significantly
reduced. On the other hand, it seems that other factors, such as
age, body weight, height, did not have any significant influence
on the distribution of the evaluated parameters.

Further studies and analysis of other parameters that may
affect spinal curvatures in sagittal plane in children with lumbar
scoliosis, e.g. spinal mobility, coincidence of other spinal defor-
mities (such as Scheuermann's disease), pain and presence of
contractures of pelvic girdle muscles are required.3,10,15
6. Conclusions
1.
 Presence of low-grade lumbar scoliosis deepens lumbar
lordosis in standing position.
2.
 Presence of low-grade lumbar scoliosis does not signifi-
cantly affect kyphosis angle measured in standing and
sitting position.
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3.
 Zebris CMS-10 System is a useful tool for the assessment
of spinal curvatures in sagittal plane in standing and
sitting position.
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