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Abstract
Objective: Photographic posture analysis is a useful, inexpensive, time-eﬃcient, and non-invasive method to assess posture. The primary purpose of this study was
to compare PPA and trunk control between children with Diparetic and Hemiparetic Cerebral Palsy (CP).
Methods: Fifty-two children with hemiparetic and diparetic CP whose GMFCS levels I and II were compared with PPA in sitting position and also trunk control was
measured with Trunk Control Measurement Scale (TCMS).
Results: There was no scientific difference in craniovertebral angle, sagittal head tilt, sagittal shoulder-C7 angle, thoracic kyphosis angle, coronal head tilt, coronal
shoulder angle, coronal pelvic angle in PPA and TCMS between groups (p>0.05), however, there was a scientific difference in lumbar lordosis angle in PPA between the
groups (p<0.05).
Conclusion: Lumbar lordosis is more common in children with hemiparetic CP than diparetic CP. It can be thought that this situation requires children to change their
body biomechanics to compensate their affected sides more than the children with diparetic CP. The physicians should take care of the postural alignment of the lumbar
and pelvic girdle of hemiparetic CP. We think that muscle strength, muscle shortness, and other lower extremity biomechanics that could increase lordosis should be
examined in detail in hemiparetic CP regardless of where the origin of lumbar lordosis (pelvis or lumbar region).

Introduction
Cerebral Palsy (CP) is a group of non-progressive permanent
disorders if the fetal and neonatal brain is affected by various
reasons in the prenatal, perinatal, and postnatal period
first described by William Little in 1862. As a result, activity
limitations affect muscle control, movement, posture, and
balance [1]. Damage to the central nervous system in children
with CP affects the motor and sensory system and causes these
children to reach normal stages of development lately. As a
result of primary brain lesion, abnormal muscle tones, muscle
weaknesses, decreased selective control, impaired balance and
coordination are observed.
Increased

coactivation

of

antagonist’s

muscles

and

impaired reciprocal innervation in selected muscle groups
cause poor postural control and postural misalignments
in children with CP [2]. Therefore, children with CP have
developed compensator mechanisms to deal with secondary
musculoskeletal system problems associated with poor
postural strategies [3-5]. During the rehabilitation process, the
therapist aimed to improve postural control of the antigravity
torso muscles to achieve a stable sitting position, which is
important for maintaining upper extremity functions, eyehand coordination, self-care activities, social interaction, and
cognitive skills in children with CP [6,7].
Current research has shown that postural control and
postural misalignment deficiency in the sitting position occurs
in children with CP and is usually measured by a goniometer,
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inclinometer, flexicurve, spinal mouse, and modified head
posture spinal curvature tool to evaluate posture in the sitting
position [8-13]. Photographic Posture Analysis (PPA) is the
most commonly used method for noninvasive measurement
of postural measures that evaluate the position of the spine
in the sitting posture using anatomical reference points and
is a digital, valid, and reliable measurement. PPA is calculated
by

specially

designed

software

that

measures

postural

evaluation by measuring linear distances and angles (created
between body markers and lines produced through horizontal
or vertical lines) in digital photos using software specifically
designed for this purpose [14-17]. Based on these advantages,
PPA is a convenient and useful method for evaluating sitting
posture [14,15,18,19]. Many studies investigated the reliability
and validity of PPA in adolescents [14,20,21]. Lee, et al. (20)
demonstrated the test-retest reliability of PPA was good to
high for sitting, standing, walking, and running conditions
to evaluate the head-positions in young adults. Also, they
indicated that comfort sitting position had high ICC values
and in contrast to literature tragus C7 was a more reliable
marker than craniovertebral angle for PPA. Similarly, Niekerk,
et al. [14] showed fair to high reliability of the photographic
measurement of high school students in sitting posture. In
addition, this previous study was demonstrated a moderate to
good correlation when compared by radiography. In the light of
these findings, the PPA can be a promising method to estimate
the posture in children and adolescents [14,20]. On reviewing
previous studies, it can be seen that, although many studies
have been conducted on children and adolescents with typical
development, there are very few studies in CP that investigated
the PPA [22] and no study compared PPA between hemiparetic
and diparetic CP. Therefore, the main objective of this study
was to compare PPA in sitting position and trunk control
between children with diparetic and hemiparetic CP.

Materials and methods
The design of the present study was a cross-sectional
study. The University Ethics Committee approved the study
(KA19/126 19/52) and all of the participants and their parents
were informed about the objectives and procedures of the
study, and an informed written consent form was obtained.

Participants
Fifty-two children with hemiparetic and diparetic CP were
referred by pediatric neurologists were included in the study.
The inclusion criteria were (1) a diagnosis of CP (hemiparetic or
diparetic), (2) age 5-12 years, (3) motor function classified as
level of “I, II” according to Gross Motor Function Classification
System (GMFCS), (4) ability to sit without assistive devices, (5)
able to understand all verbal commands. The exclusion criteria
were (1), applied spinal surgery, botulinum toxin (BoNT),
and surgical treatment in the last 6 months, (2) another
neurodevelopmental or congenital disease other than CP.

Clinical measurements
Mobility was classified using the Gross Motor Function
Classification System (GMFCS) [23].

Postural evaluation
The postural evaluation was done using the photographic
method. All measurements were made by a researcher
experienced in postural analysis evaluation. Nikon digital
camera (Nikon Corp., Japan), model D5100, with a serial
number of 8359844; a national geographic tripod with a double
spirit level, 15- mm polystyrene reflective balls, double-sided
adhesive tape. The camera was placed on a 115 cm high tripod,
1.5 m away from the participants. Spirit levels have been
adjusted so that the tripod is completely flat on the ground.
The tripod was taped to the floor to maintain the same distance
between the camera and the participants. Three photographs
of each child whose feet were on the ground, in a free-sitting
position, one from the front and two from the sides were taken
by the researchers. In PPA we used external bony landmarks
to estimate spinal posture, on the understanding that what
is being measured externally reflects the shape of structures
underlying the spine. Before taking pictures affixing of small
polystyrene reflective balls to the skin at indicated anatomical
points of the participants for more accurate and easier angular
calculations. These points are cantus, tragus, acromion, the
midpoint of humerus, the spinal process of cervical 7 and
torocal 12, Spina iliaca anterior superior, trochanter major. The
photographic analysis was subsequently performed using a
software program that was made by the faculty members of the
biomechanics program for postural analysis which determined
the coordinates of the anatomical points on the photographs.
The zoom was standardized at 200%, and the angles were
measured in degrees between 3 points [14,17,24]. The angles
calculated for the PPA were:
1. Craniovertebral angle: Where a line drawn from
the tragus of the ear to the C7 vertebra intersects a
horizontal line, the Craniovertebral angle is formed. It is
used to measure the value of forward head posture, and
the greater the value of this angle, the more forward the
head is positioned on the neck (Figure 1) [24].
2. Sagittal head tilt: It is a measure of the posture of
the upper cervical spine. This angle, which is formed
between a line from the canthus of the eye and the
tragus of the ear and the horizontal, is a measure of
the posture of the upper cervical spine. The smaller the
value of this angle, the higher forward head posture
(Figure 2) [24].
3. Sagittal shoulder-C7 angle: Where a horizontal line
passing through the lateral shoulder meets the line
drawn from C7 to the lateral shoulder, the point of
intersection forms the sagittal shoulder-C7 angle. It
indicates the degree of protraction of the shoulders. The
value of this angle decreases as the degree of protection
increases (Figure 3) [24].
4. Thoracic kyphosis angle: The point where the lines
produced perpendicular to the skin surface from the T12
and C7 spinal processes intersect each other forms the
thoracic flexion angle. The smaller the angle, the less
the degree of kyphosis (Figure 4) [24].
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5. Lumbar lordosis angle: The angle between the lines
drawn from the Spina iliaca anterior superior to the T12
spinal process and to the trochanter major forms the
lumbal lordosis angle (Figure 5) [25].
6. Coronal head tilt: It is a measure of the lateral flexion
of the head formed between the line drawn from the
tragus and the horizontal line. Its normal value should
be 180 degrees (Figure 6-A) [24].
7. Coronal shoulder angle: It is defined as the angle formed
between the line connecting the coracoid protrusions
and the horizontal line. It is used to determine whether
the left and right shoulders are straight. Its normal
value should be 180 degrees (Figure 6-B) [24].
8. Coronal pelvic angle: The angle formed between the
line connecting Spina iliaca anterior superiors and the
horizontal line. Used to assess pelvic deviation (Figure
6-C) [18].

Figure 3: Sagittal shoulder and C7 angle.

Evaluation of trunk control
Trunk control was evaluated with Trunk Control
Measurement Scale (TCMS). TCMS is a scale that measures

Figure 4: Thoracic kyphosis angle.

Figure 1: Craniovertebral angle.

Figure 5: Lumbal lordosis angle.

Figure 2: Sagittal head tilt.

the static and dynamic sitting balance in children with CP. It
consists of 15 items in total, 1-5 items measure Static Sitting
Balance, 6-15 items measure dynamic sitting balance. Static
sitting balance assesses the ability of children to maintain the
trunk posture as they move their upper and lower limbs in the
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Discussion
Photographic posture analysis is a useful, inexpensive,
time-efficient, and non-invasive method to assess posture.
The primary purpose of this study was to compare PPA and
trunk control between children with diparetic and hemiparetic
CP. We found no scientific difference in craniovertebral angle,
sagittal head tilt, sagittal shoulder-C7 angle, thoracic kyphosis
angle, coronal head tilt, coronal shoulder angle, coronal pelvic
angle in PPA and in TCMS between groups p>0.05, whereas
found a scientific difference in lumbar lordosis angle in PPA
between the groups p<0.05.

Figure 6: A) Coronal head tilt B) Coronal shoulder angle C) Coronal pelvis angle.

sitting posture. Dynamic sitting balance is divided into two
sub-scales; selective motion control scale and dynamic reach
scale. The maximum score that can be obtained from the test
is 58. Higher scores perform better [26]. TCMS was measured
after the PPA.

Statistical analysis
The results of tests were expressed as the number of
observations (n), mean ± standard deviation. The results of the
homogeneity (Levene’s test) and normality tests (Shapiro Wilk)
were used to decide which statistical methods to apply in the
comparison of the study groups. Normally distributed and with
homogeneous variances groups were compared to two groups
by Student’s t-test. According to those tests results, parametric
test assumptions were not available for some variables, so the
comparisons of two independent groups were performed by
the Mann-Whitney U test. Categorical data were analyzed with
Fischer’s Exact Test and Chi-square test. Expected to be less
than 20% of cells in cases for inclusion in the analysis of those
cells “Monte Carlo Simulation Method” and the values were
determined. All statistical analyses were performed with the
SPSS software (IBM Corp. Released 2017. IBM SPSS Statistics
for Windows, Version 25.0 Armonk, NY: IBM Corp.). p-value
of <.05 and <.01 was considered statistically significant. Before
the study, trunk control was determined as a result of the
power analysis and the required sample width was at least 50
individuals in total. The expected value of the power of the test
was determined to be approximately 82.4%.

Results
Table 1 provides demographic characteristics of children. In
our study, the groups were similar in terms of age, gender,
GMFCS levels and parental characteristics (p>0.05), but there
was a significant difference between body weight results
(p<0.05). Table 2 shows PPA and TCMS results between
hemiparetic and diparetic CP. All parameters were similar
between the groups (p>0.05) whereas there was a significant
difference between the groups in Lumbar lordosis angle
(p<0.05).

It was difficult to compare the present results with those in
the literature because most of these studies involved healthy
children and adolescents. Domagalska-Szopa, et al. [26] made a
study showing standing sagittal postural alignment in bilateral
CP and found three types of posture: 1) lordotic postural pattern
corresponding to forward-leaning posture; 2) a swayback
postural pattern corresponding to backward-leaning posture,
and 3) a balanced postural pattern corresponding to balanced
posture but did not explain how these postures emerged. Our
study is different from this study because we used a sitting

Table 1: Demographic Characteristics of Children with CP.
Hemiplegia
n=26
x ±SD

Diplegia
n=26
x ±SD

p

Age (years)

8.80±2.57

10.11±2.06

0.061

Weight (kg)

30.61±12.50

37.88±10.88

0.033*
1.000

GMFCS Level

1.50±0.50

1.50±0.50

Gestational Age (weeks)

37.19±3.34

35.50±4.25

0.117

Maternal Age (years)

35.76±4.90

36.88±2.98

0.174

Paternal Age (years)

38.96±4.92

39.84±3.23

0.321

% (n)

% (n)

Gender
Effected side

Girls

50.0 (13)

50.0 (13)

1.000

Boys

50.0 (13)

50.0 (13)

1.000

Right

57.7 (15)

Left

42.3 (11)

-

-

CP: Cerebral Palsy; GMFCS: Gross Motor Function Classification System *p<0.05

Table 2: Comparing PPA and TCMS results between hemiparetic and diparetic CP.
Hemiplegia
n=26
x ±SD (°)

Diplegia
n=26
x ±SD (°)

p

Craniovertebral angle

148.30±11.95

144.80±11.58

0.385

Sagittal head tilt

156.54±7.15

157.51±9.71

0.667

Sagittal shoulder and C7 angle

56.41±8.79

57.95±9.49

0.546

Thoracic kyphosis angle

53.54±9.40

52.23±9.57

0.826

Lumbar lordosis angle

101.68±13.13

108.98±13.88

0.046*

Coronal head tilt

1.91±1.87

2.68±2.43

0.252

Coronal shoulder angle

2.62±2.81

1.76±1.50

0.516

Coronal pelvis angle

2.40±1.55

2.09±1.73

0.231

TCMS Static sitting

18.92±1.71

18.53±1.90

0.402

TCMS Selective movement

14.92±3.49

14.38±3.34

0.762

TCMS Dynamic reach

9.26±1.56

9.34±2.46

0.422

TCMS Total score

43.11±5.03

41.84±5.36

0.533

TCMS: Trunk Control Measurement Scale; CP: Cerebral Palsy; *p<0.05 **p<0.01
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position to eliminate the postural sway of the body and we
wanted it to be a clinically convenient measurement. In this
study, while no difference was observed between the groups
in the coronal plane in hemiparetic and diparetic CP, it was
revealed that there was only a difference between the lumbar
lordosis angle in the sagittal plane. The lumbar lordosis angle is
greater in diparetic children than in hemiparetic children. The
smaller the angle, the greater the hyperlordosis. The greater
the angle, the greater the rectification [27]. Accordingly, it can
be said that lumbar lordosis is more common in hemiparetic
children. It can be thought that this situation requires children
to change their body biomechanics to compensate their
affected sides more than the children with diparetic CP. While
there is symmetrical involvement in diparetic children, there is
asymmetrical involvement in hemiparetic children. We think
that it is difficult to compensate for the asymmetry and try
to compensate the body biomechanics accordingly. According
to Bendix, et al. [28] these changes occurred because of trunk
displacements to reduce the anterior body tilt perceptions
and the tendency to hyperextend the hip due to the posterior
pelvic tilt. The pelvis is considered a key structure of body
alignment, and any changes in its neutral position will cause
compensatory movements in various regions, with the lumbar
spine being one of the most affected segments. Lumbar spine
posture is directly related to pelvic postures, and therefore,
the literature describes the changes in lumbar lordosis in
conjunction with changes in the pelvic segments. Maybe lower
body compensations moved the center of gravity anteriorly,
and therefore, there was a need to regain balance; hence,
they ended up tilting their pelvis posteriorly, just as what
happened with lumbar rectification. However, as previously
described, it is worthy to note that pelvic positioning is related
to lumbar lordosis because pelvic movements are closely
related to the biomechanics of the lumbar spine. Lapierre [29].

and altered sagittal alignment of the spine, although neither
study measured the lumbar curve radiographically. McCarthy,
et al. showed that the lumbar lordosis decreases as the popliteal
angle increases; therefore, children with tight hamstrings sit
with a hypolordotic or even kyphotic lumbar spine [33].
According to Harada, et al. [34], the average angle of
lumbar lordosis in spastic patients in the standing position
was greater than in normal subjects and increased with age in
radiography. The patients had a decreased sacrofemoral angle
which caused an increase in Ferguson’s angle and explained
the increased angle of lumbar lordosis. Three radiography
studies have explored and described the spinopelvic sagittal
alignment of walking CP patients, who often present retraction
of hip flexors (right anterior, iliopsoas) [35-37]. Pelvic
incidence was found to be similar to that of healthy controls,
indicating that the shape of the pelvis was not affected by the
disease [35]. However, the pelvis was anteverted (low pelvic
tilt) and the sacrum was more horizontal (high sacral slope).
Lumbar lordosis was reduced compared with controls and
not correlated with pelvic incidence. As a result, ambulant
CP patients usually had an anterior imbalance in standing
position. Furthermore, hip flexion contractures and abnormal
pelvic orientation may play associative and causative roles in
the onset and evolution of sagittal abnormalities secondary
to the abnormal forces exerted between the lumbar spine and
pelvis [35]. Generally, lumbar hyperlordosis is responsible for
pelvic anteversion, and the anterior flexion of the pelvic ring
in CP and lumbar hyperlordosis in CP is assumed to be related
to combinations of proximal (spinal) and distal (pelvic) causes
[38-40]. Therefore, we believe that analyses of pelvic position
and lumbar-pelvic sagittal alignment should be a fundamental
part of the patient assessment and that a comprehensive
analysis of the spinopelvic parameters affected by sagittal
deformities is needed.

considered that balance seeks stability and should initially
be organized according to the stability of the pelvis over the
hips. Any inclinations of the pelvis would involve simultaneous
movements of the lumbar spine and the hip joints. If the
lumbar paraspinal muscles predominate over the retroversion
muscles, the pelvis will move toward anteversion, aided by
the hip flexor muscles. We think that muscle strength, muscle
shortness, and other lower extremity biomechanics that could
increase lordosis should be examined in detail in hemiparetic
children regardless of where the origin of lumbar lordosis
(pelvis or lumbar region).
Masaki, et al. [30] revealed that lumbar multifidus muscle
thickness and body weight were significant and independent
factors of the lumbar lordosis angle in the sitting position. In
our study, the bodyweight of children with diparetic CP was
significantly higher. We think that this situation should also be
taken into account. Stokes and Abery [31], using tracings from
photographs, found a positive correlation between spine flexion
(kyphosis) and hamstring tightness in normal adult subjects,
but this was not statistically significant. Gajdosik, et al. [32],
using similar techniques, found a decrease in the flexion range
of motion of the spine in patients with tight hamstrings. Both
studies demonstrate an association between tight hamstrings

Trunk control has a crucial role to achieve postural control
mechanisms. Especially, trunk control provides stabilization
and base of support for daily living activities by activating
multifidus and transversus abdominus. Panibatla, et al. [41]
investigated the relationship between trunk control and balance
in children with CP. They found a very strong correlation
between the static component of trunk control and the dynamic
component of balance. Trunk control is one of the basic
components for protecting stable posture during voluntary
activities in CP [42]. We thought that the development of trunk
postural balance and motor skills may have a more positive
effect on posture regulation and stability control. To maintain
balance with optimal efferent muscle activity, afferent sensory
information must be processed from a neurospatial perspective
and there must be an adequate neural control system [43,44].
Only neutral back spine posture (natural and balanced lumbar,
thoracal and cervical curves) and well-balanced pelvis provide
opportunities to keep the line of gravity with optimal energy
[45,46]. Since the GMFCS levels were 1 and 2 in the population
in our study, it is thought that the results related to trunk
control were similar between the groups. However, considering
that it may be related to photographic posture analysis, we
performed trunk control measurement in our study.
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In conclusion, valid and reliable measurement tools which
are easily accessible, cheap, non-invasive, and have no side
effects are crucial for researchers and clinicians. Therefore,
researchers try to find alternative methods to analyze posture
in current literature instead of the radiography that is the gold
standard for assessing sitting posture [14]. The limitations
of this study are that the pelvic horizontal alignment angle
was not measured in the sagittal plane and no standing PPA
was performed. In our study, it was thought that the sitting
measurement would give more accurate results by reducing the
postural sway. Future studies could investigate the PPA in CP
with different GMFCS levels and different types of CP with larger
sample size. We think that muscle strength, muscle shortness,
and other lower extremity biomechanics that could increase
lordosis should be examined in detail. Also, studies evaluating
balance and advanced gross motor skills can be carried out
with PPA. The realization of such studies will guide clinical
rehabilitation professionals. Measuring posture repeatedly and
providing preventive and appropriate intervention guidance
for rehabilitation professionals will be clinically important to
learn about the motor functions of the children.
Clinical trial registration numbers and date of registration:
This trial was registered on ClinicalTrials.gov (NCT04409730)
Registered 27 May 2020
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