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Abstract: Background/Objectives: The preschool period plays an essential role in shaping
a child’s overall development, which influences physical, emotional, social, and cognitive
growth. At this stage, establishing proper postural habits is essential, as it can have
lasting effects on health, well-being, helps to prevent future issues, and supports overall
development. Therefore, the present work aims to determine the differences in postural
status between boys and girls of preschool age. Methods: The sample of participants
consisted of 92 children (n = 46 boys and n = 46 girls); the average age for girls was
5.41 £ 0.30 years and for boys it was 5.53 £ 0.31 years. Data were collected using licensed
state-of-the-art diagnostic equipment, Contemplas 3D Posture Compact, using 16 variables
to assess postural status with a Mann—Whitney U test. Results: The results of this study
indicate that boys have more pronounced deformities in the following variables: shoulder
displacement (p = 0.047), pelvic obliquity (p = 0.000), sag. distance cervical spine-sacrum
(p =0.029), sag. distance thoracic spine-sacrum (SDTS) (p = 0.016), and sag. distance lumbar
spine-sacrum (SDLS) (p = 0.005). Conclusions: This study confirmed gender differences in
postural characteristics in preschool children. Boys showed a greater tendency towards
postural deviations, indicating the necessity for specific interventions and programs to
improve their posture. On the basis of the results of this research, it is recommended to carry
out cross-cultural research that would enable the comparison of results among children
from different environments and cultural contexts in order to determine possible differences
and particularities in the development of postural characteristics. Future research should
include larger and more diverse samples of participants, including children from rural and
urban areas, in order to ensure the representativeness and generalizability of the results. In
addition, conducting a longitudinal study that would monitor the postural characteristics
of children through different developmental stages is suggested, aiming to identify critical
periods for intervention and to determine, more precisely, development trends within the
context of gender differences.

Keywords: assessment; body posture; deformities; early childhood; gender differences

1. Introduction

The preschool period encompasses the period from the third year until the beginning
of primary schooling (five to seven years) [1]. During that period, a child masters various
activities, processes a large amount of different information, develops his speech to such a
level that brings him close to the speech of adults, begins to think logically, and develops
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his senses [2]. The important aspects of child development at this age is the development of
postural habits and patterns that can have a lifelong impact on the health and well-being of
a child. In recent years, abnormalities related to body posture, often called postural defects,
have increasingly been diagnosed in children [3-7]. In writing on this topic, many authors
have tried to define what posture, in fact, is. Posture is considered a descriptive term for
the relative position of body segments during rest or physical activity. Therefore, good
posture implies an optimal relation between the reduction in load on the spinal column
and the reduction in muscle work [8], i.e., the musculoskeletal balance that protects from
the formation and gradual development of postural disorders in the structures responsible
for keeping the body upright or stable, whether during movement or at rest [9,10]. On
the other hand, researchers describe the postural status as a quality interrelationship of
individual body segments aiming at maintaining the correct and upright body position
without disturbing its stable position or falling [11]. Therefore, it is considered that each
motor task is performed successfully only if there is no significant disturbance of body
stability (equilibrium position).

Correct body posture implies correct relations between all body segments. This should
be especially emphasized when it comes to children of preschool age because that period
of development is of crucial importance. Given that postural control undergoes significant
transitions between ages 4 and 6 [12], this study aims to assess whether early deviations
can already be observed in this developmental phase. It starts with establishing control of
the head, then the torso, and finally achieving postural stability while standing.

The sensorimotor system, which controls postural stability, undergoes significant
changes between the ages of four and six, reaching full maturity between the ages of
seven and ten [13]. Because of the sensitivity of a child’s body, establishing proper posture is
critically important during the preschool years and the early stages of schooling [14]. In this
period, children begin to adopt basic patterns of movement and body posture. Correct posture
is not only an aesthetic issue but also has important functional and health implications.

Primary health care emphasizes the importance of preventing, diagnosing, and treating
postural deformities in children early. Identifying postural disorders is extremely important,
especially at the preschool age, as poor posture can indicate serious health issues if left
uncorrected. However, these problems are often overlooked [15-18]. The reason lies in the
necessity of the early formation of a “pattern of proper body posture”, which, if created in
early childhood, not only contributes to the proper growth and development of children
but also has a positive impact on their health and quality of life [19]. Poor body posture in
children of preschool and school age is an indicator of health problems that can become very
serious if not corrected in time [20]. Nevertheless, these issues often go unnoticed until it is
too late. This highlights the importance of educators’ role in supporting healthy growth and
development. By consistently monitoring and periodically evaluating children’s posture
using 3D analysis models, many health problems can be identified early—before they
become serious. The Contemplas Templo 3D apparatus [18,21] is one of these methods,
which enables the objective and detailed measurement of body position, i.e., postural status,
by analysis in three-dimensional space. Contemplas 3D technology is a modern method
that combines optical analysis, computer algorithms, and specialized software to obtain
precise data on body posture. The method is non-invasive and identifies asymmetries in
postural segments (head, shoulders, torso, pelvis) and changes in the curvature of the spine,
such as kyphosis, lordosis, or scoliosis, with clear reference values and visual interpretation.
Unlike traditional postural assessment methods, 3D motion capture provides quantifiable
and objective data, reducing observer bias and improving reproducibility [20].

However, the results of previous research are inconsistent regarding the dynamics of
the development of sagittal curves of the spinal column and the identification of critical
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periods regarding the postural status of children and adolescents [13,18,21-24]. Common
to all these studies is their recognition of specific age-related dynamics. Moreover, one key
finding is the identification of patterns in upright posture development, showing that as
children grow, changes generally lead to reduced spinal mobility and more pronounced de-
viations from correct posture. Therefore, the present study aimed to test these assumptions
with the main aim of discovering the differences in postural status between boys and girls
aged 5 to 6 in the Sarajevo Canton area.

2. Materials and Methods
2.1. The Sample of Participants

The present study is of a descriptive cross-sectional design, where the sample of par-
ticipants consisted of 92 children, of which n = 46 girls (5.41 £ 0.30 years; 115.82 £ 5.61 cm,
21.05 £ 3.37 kg (body mass); 16.74 £ 2.19 kg (fat-free mass; 15.84 = 2.09 kg muscle
mass)) and n = 46 boys (5.53 &= 0.31 years; 119.29 & 5.39 cm, 23.44 £ 5.12 kg (body mass);
17.58 £ 2.93 kg (fat-free mass); 16.53 £ 2.78 kg (muscle mass)) from the Public Institution
“Children of Sarajevo”, from the area of Sarajevo Canton. The sample was selected us-
ing a simple random sampling method, by which an equal share of boys and girls was
achieved. The G*Power software (Version 3.1.9.7, Universitit Kiel, Kiel, Germany) was
used to determine the number of participants through a priori power analysis for an in-
dependent T-test [25]. The results were taken by the following assumptions: two-tailed
test, with significance level set at « = 0.05, study power set at 0.80, effect size set at 0.3,
and distribution ratio set at 1 [21]. The recommended total number of samples was 82
(41 per group). However, we recruited 46 participants per group, resulting in an actual
study power of 0.95. Considering that all the children included in the research were minors,
their parents/guardians signed a written consent form regarding the participation of their
children in the research. The participants had no associated diseases from the spectrum of
possible influence on postural disorders/deformations.

All procedures were carried out in accordance with recommendations of the Helsinki
Declaration and ethical standards of the Ethics Committee of the University of Sarajevo. Ad-
ditionally, the study received an ethical committee approval from the Ministry of Education,
Science, and Youth of Sarajevo Canton No. 11/03-34-37155/20.

2.2. Testing Protocol
2.2.1. Anthropometry

Body height was measured with an anthropometer, according to Martin. During
the measurement, the subjects were barefoot and in underwear (girls in undershirts) and
stood in an upright position on a firm horizontal surface. The head of the subject was
in the horizontal Frankfort plane. The examiner stood on the left side of the subject and
controlled whether the anthropometer device was placed vertically and directly along the
back of the body. The horizontal arm of the anthropometer is lowered to the top of the
head (vertex point) and supported firmly but without pressure. The measurement result
for body height values was read with an accuracy of 0.1 cm. An experienced examiner
performed the measurements.

2.2.2. Body Composition

Body composition was measured using a Tanita BC-420MA digital scale (Tanita BC
420 MA Segmental Body Composition Analyzer, Tanita Corp., Tokyo, Japan, 2015) [26].

The scale’s measuring platform features four electrode plates on which the subject
stands barefoot, wearing only underwear. A low-strength direct current is transmitted
through these contact plates to the body, and the scale measures the body’s total electrical
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resistance. Using the integrated software, along with inputted data such as body height,
age, and sex, the device calculated the following variables: body mass, muscle mass, and
fat-free mass. The results for body composition are displayed with a precision of 0.1 kg
and 0.1%.

2.2.3. Posture Assessment

The CONTEMPLAS Templo professional motion analysis software is a reliable and
modern tool for diagnosing and detecting postural disorders. Due to its 3D analysis,
Contemplas provides much more data on postural status compared to previous methods
used to diagnose this problem. The validity of the system was confirmed by the Sports
University of Cologne with an acceptable to excellent ICC (ICC > 0.70) agreement to the
3D Vicon system [27], while the inter and intra-rater reliability was also reported with
acceptable to excellent consistency (ICC > 0.75) [22]. Such a method provides a wide
range of possibilities for many specific needs and may be adapted to many hardware
solutions with the help of which various analyses of movement and passive positions can
be performed, resulting in conclusions about needs, knowledge, or cause of deformity [10].
3D Compact is an analysis for assessing the postural status and status of the legs using
three cameras that synchronically record and analyze the body from three perspectives
simultaneously. In the 3D analysis, retroreflective marker balls were used (Figure 1b) [28].

Cervical spine—____ . Acromion

Toracal spine-

Lumbal spine
Sacro-iliac
joint —
Sacrum——

Lateral condyle

Malleous —

(b) (©)

Figure 1. The Contemplas Templo apparatus ((a)—calibration frame; (b)—V camera frame; (c)—marker
positions for 3D posture Compact protocol) [29].

Postural status in a standing position involves testing postural characteristics using
3D Contemplas software [27]. The procedure involves projecting the position of specific
points on the body, after which a 3D kinematic model is created in the frontal plane.
The CONTEMPLAS GmbH TEMPLO photometric apparatus, which includes a camera
system and software analysis, by which it determines the position of marked points in
space according to the 3D protocol, detects the positions of body segments in the calibrated
space [22]. The measuring plate is placed on a flat surface. After determining the flat surface
and placing the measuring plate, the Contemplas 3D posture compact mode is placed and
fixed on the surface to avoid movement during the children’s positioning and additional
space calibration. The 3D calibrator is placed on the surface with fluorescent markers. The
3D calibrator must be placed exactly in the center of the measuring plate, and the upper
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and lower beams, together with the vertical beam, must be ideally aligned and leveled
(Figure 1a). The next step is to install a “V” frame that supports three cameras, which
enable 3D analysis (Figure 1c). The camera’s distance from the center of the measuring plate
must be at least 2 m and 15 cm. The images captured by the camera must be sharpened
in software programming to begin space calibration. After completing the calibration,
the 3D calibrator is packed away and testing can begin. An experienced examiner placed
16 reflective markers on the body of the subject, who only wore underwear, on specific
points on the body: acromion (left and right), cervical spine, thoracic spine (kyphosis),
lumbar spine (lordosis), crista iliaca posterior superior (left and right), sacrum, trochanter
major (left and right), condylus laterallis (left and right), and malleolus laterallis (left and
right), after which the subject is positioned in calibrated space with the back turned to the
cameras, feet parallel and hip-width apart, and in the frontal plane. After that, the subject
is instructed to take an upright position, look straight ahead, and relax his arms next to his
body. Then, the projection takes place for 12 s, and photos are taken using three cameras
(Basler acA645-100 gm/gc). The subject is photographed in an upright position. After the
test, the markers were removed from the subject and placed on the next subject to be tested.
The procedure of assembling and testing the instrument calibration is repeated whenever
the place of testing is changed [22].

Four experienced certified measurers from the Sports Institute, with more than
7 years of experience working with the equipment, carried out the complete measurement
procedure. To avoid subjectivity, only one person placed reflective markers in accordance
with the protocol.

1.  Sample of variables

The variables used for the purpose of this research provide basic information about
the status of body position. The sample variables consist of 16 parameters. Shoulder dis-
placement (SD) measures lateral shoulder asymmetry in the frontal plane; pelvic obliquity
(PO) displays the elevated /lowered left/right pelvic side in the frontal plane; shoulder
rotation (SR) measures left/right (L/R) shoulder displacement in the transversal plane;
pelvic rotation (PO) measures L/R rotation in the transversal plane; trochanter rotation
(TR) measures L/R trochanter rotation in the transversal plane; condylus rotation (CR)
measures knee rotation in the transversal plane; the sagittal distance of the cervical spine
(SDCS) indicates the distance of the most protruded cervical (neck) vertebra in regards
to the vertical line projection of the sacrum in the sagittal plane; the sag. sacrum/sagittal
distance of the thoracic spine (SDTS) indicates the distance of the thoracic spine in regard
to the vertical line projections of the sacrum in the sagittal plane; sag. distance lumbar
spine-sacrum/sagittal distance of the lumbar spine (SDLS) indicates the distance of the
lumbar (lower) spine in regards to the vertical line projection of the sacrum in the sagit-
tal plane; varus/valgus left/X/O left leg (VVL) indicates the varus/valgus alignment
angle of the left leg (medial/lateral) at the knee joint; varus/valgus right/X/O right leg
(VVR) indicates the varus/valgus alignment angle of the right leg (medial/lateral) at the
knee joint; flexion/extension left leg hyperextension/flexion of the left leg (FEL) indicates
the hyperextension and flexion of the left leg at the knee joint in the sagittal plane; flex-
ion/extension right leg (FER) indicates the hyperextension and flexion of the right leg at the
knee joint in the sagittal plane; the frontal cervical spine (CS) indicates the distance of the
cervical spine in the frontal plane in relation to the vertical line projection of the sacrum; the
frontal thoracic spine (TS) indicates the distance of the thoracic spine in the frontal plane in
relation to the vertical line projection of the sacrum; frontal lumbar spine (LS) indicates the
distance of the lumbar spine in the frontal plane in relation to the vertical line projection of
sacrum. These measurements were obtained using the 3D posture compact test protocol
of the Contemplas measuring instrument [20]. The obtained parameters indicate possible
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deviations from zero (normal) values of the posture status in all three planes. A higher
deviation value (positive or negative) implies a higher level of deformity [29].

2.3. Statistical Analysis

The data analysis was performed using SPSS V30.0 statistical software for the social
sciences (SPSS Inc., Chicago, IL, USA). The following descriptive statistics were used
to determine the basic descriptive parameters: mean and standard deviation (SD). The
normality of data assessment was determined using the Kolmogorov-Smirnov test. As
variables were not normally distributed, the nonparametric Mann-Whitney U test was used
to determine differences between boys and girls in postural status. Cohen’s r value was
used to measure the effect size with r > 0.10 indicating a small effect; r > 0.30 indicating a
medium effect; and r > 0.50 indicating a large effect [30-32]. There were no missing data.
The Alfa level was set at p < 0.05.

3. Results

Perusing the results of the posture recording by the Contemplas-Templo 3D compact
mode procedure (Table 1), large variations in the angular parameters that describe the
status of the legs in boys and girls are noticeable. A wide range of variable values show the
status of the participants’ legs: varus/valgus left (VVL)/X/O left leg, varus/valgus right
(VVR)/X/O right leg, flexion/extension left leg (FEL)/hyperextension/flexion left leg, and
flexion/extension right leg (FER) /hyperextension/flexion right leg for relations between
extension and flexion of the knee joint in the sagittal plane (legs are either slightly flexed
or in hyperextension—sagittal plane, which shifts the angle ratios, e.g., from —163.18° to
+174.27°). A similar finding is also present in the varus/valgus relation of the upper leg in
relation to the lower leg (frontal plane of —173.97° to +179.55°). Such a range of results is
determined by the position of the active, spherical benchmarks that represent the center of
the hip joint—Tlaterally, the center of the knee joint—laterally and the lateral malleolus, both
for the right and for the left side (the position relationship of the mentioned benchmarks
valorizes the angular values of the above variables). The position of the spherical markers
is adjusted by software for 3D analysis and, in this case, reflects the state of a potential
slight flexion or hyperextension in the knees in the upright position, recorded from the back
for the variables flexion/extension left leg (FEL)/hyperextension/flexion of the left leg and
flexion/extension right leg (FER) /hyperextension/flexion of the right leg. In addition, the
spherical rappers reflect the potentially accentuated “Q” angle position of the center of the
hip joint and the center of the knee joint, ending at the corresponding malleolus, in relation
to the status of the subjects’ legs.

Table 1. A table containing descriptive statistics of selected variables, Mann-Whitney U test between
genders, and effect size.

) Girls Boys Mean Rank

Variables Mean SDv Mean SDv Girls Boys z P d
SD (cm) —4.7 8.78 —-9.94 12.32 52.0 41.0 803.5 —-1.99  0.047 * 0.21
PO (cm) 0.49 11.8 —3.62 3.06 56.4 36.6 603.5 —3.55  0.000 * 0.37
SR (°) 26.95 42.4 32.6 46.13 44.8 48.2 981.5 —0.60 0.550 0.06
PR (°) 26.6 459 27.26 53.88 47.9 451 994.5 —0.50 0.620 0.05
TR (°) 40.87 474 49.99 58.69 439 49.1 937.5 —0.94 0.347 0.10
CR(°) 4.17 55.1 16.84 73.68 42.1 50.9 857.5 —-1.57 0.117 0.16
SDCS (cm) —181 45.7 —44.7 48.98 52.6 404 778.5 —218  0.029 * 0.23
SDTS (cm) —8.67 37.9 —27.8 33.21 53.2 39.8 748.5 —242 0.016* 0.25
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Table 1. Cont.

) Girls Boys Mean Rank

Variables Mean SDv Mean SDv Girls Boys v z P ’

SDLS (cm) 1.75 20.7 —4.85 9.69 54.3 38.7 699.5 —2.80 0.005* 0.29
VVL (°) 10.47 84.3 2212 62.22 419 51.1 848.5 —1.64 0.102 0.17
VVR (°) —27.1 92 —46.1 101.1 48.0 45.0 987.5 —0.55 0.582 0.06
FEL (°) 5.34 74.1 —14.8 68.07 47.5 45.5 1014 —0.35 0.728 0.04
FER (°) —36.1 91.7 —53.3 101.2 49.3 43.7 927.5 -1.02 0.308 0.11
CS (cm) 0.22 14.7 —0.59 27.89 48.3 44.7 975.5 —0.64 0.519 0.07
TS (cm) 2.4 11.5 2.99 26.67 49.5 43.5 921.5 -1.07  0.286 0.11
LS (cm) 1.14 7.13 297 14.62 49.4 43.6 926 -1.03 0.303 0.11

sD

Legend: All values are presented as mean + standard deviation. Variables marked with * indicate statistically
significant differences (p < 0.05); standard deviation (SDv); shoulder displacement (SD); pelvic obliquity (PO);
shoulder rotation (SR); pelvic rotation (PO); trochanter rotation (TR); condylus rotation/knee rotation (CR); sag.
distance cervical spine-sacrum/sagittal distance of the neck part of the spinal column (SDCS); sag. distance thoracic
spine-sacrum/sagittal distance of the thoracic spine (SDTS); sag. distance lumbar spine-sacrum/sagittal distance of
the lumbar part of the spinal column (SDLS); varus/valgus left/X/O left leg (VVL); varus/valgus right/X/O
right leg (VVR); flexion/extension left leg hyperextension/flexion of the left leg (FEL); flexion/extension right
leg /hyperextension of the right leg (FER); frontal cervical spine/frontal distance of the neck part of the spinal
column (CS); frontal thoracic spine/frontal distance of the chest part of the spinal column (TS); frontal lumbar
spine/frontal distance of the lumbar part of the spinal column (LS); Mann-Whitney U test statistic (U); Mann—
Whitney U test Z statistic (Z); Mann—-Whitney U test significance value (p); Cohen’s r effect size ().

By analyzing the results in Table 1, it was observed that boys exhibited significantly
greater deviation from 0 in the following variables: shoulder displacement (SD) with
p = 0.047; r = 0.21 (small effect), pelvic obliquity (PO) with p = 0.000; r = 0.37 (medium
effect), sag. distance cervical spine-sacrum (SDCS) with p = 0.029; r = 0.23 (small effect),
sag. distance thoracic spine-sacrum (SDTS) with p = 0.016; r = 0.25 (small effect), and sag.
distance of the lumbar part of the spinal column (SDLS) with p = 0.005; r = 0.29 (small effect)
(Figure 2). The effect size in the SD, SDCS, SDTS, and SDLS variables was small, while in
the PO variable, it was considered medium, suggesting that the observed differences may
have small to moderate clinical relevance.
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32
*
70.00

60.00
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4000
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2000 6
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Figure 2. Cont.
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Figure 2. Boxplots of significant variables for boys and girls. * = an outlier.

4. Discussion

The present study highlighted gender differences in postural characteristics in
preschool children. Boys showed a greater tendency towards postural deviations, in-
dicating the necessity for specific interventions and programs to improve their posture.

Postural deformities in children have been the subject of numerous studies for many
years [3,7,20-22,33-35]. The prevalence of postural deformities (30-80%) is very broad,
reflecting variations in assessment methodologies, age groups, and definitions of postu-
ral abnormalities. A study on children aged 5-18 years [33] reported particularly high
rates of scoliosis (86.5%), kyphosis (71%), and lordosis (28.4%), with 70% of participants
exhibiting multiple disorders simultaneously. Similarly, research on school-aged children
(6-15 years) [36] identified high frequencies of forward head posture (53.5%), shoulder
elevation (74.3%), and winged scapulae (66.3%), highlighting the widespread nature of
postural deviations. Beyond structural misalignments, the impact of body composition on
postural health was evident in a study on children aged 3-18 years [37], where overweight
and obese participants demonstrated significantly higher rates of postural errors (69.2%
and 78.6%, respectively).

Large-scale research involving 595,057 Chinese children [34] found an overall preva-
lence of incorrect posture at 65.3%, with higher rates among older students and girls,
suggesting a need for targeted intervention strategies. In younger populations, research
on children aged 8-10 years [3] revealed that hyperlordosis (24.1%) was the most frequent
condition, while scoliotic posture (33.3%) and flat back syndrome (18.4%) were also preva-
lent. Additionally, a study on children aged 6-8 years [35] reported fallen foot arches in
65% of participants, with 30% showing spinal curvature deformities in the sagittal plane
and 13% in the frontal plane, reinforcing the interconnection between foot structure and
spinal posture.

Further emphasizing the severity of postural issues, research conducted in Bulgaria on
children aged 6-11 years [24] found incorrect posture in 58.85% of cases, while 23.67% were
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diagnosed with spinal deformities, raising concerns about the long-term implications of
these conditions. Lastly, a study focusing on children aged 7-12 years [38] reported postural
disorders in the sagittal plane in 83.9% of participants, indicating that spinal misalignments
are highly prevalent in this age group.

Primary health care considers the prevention, early diagnosis, and treatment of pos-
tural deformities in children to be of great importance [16]. Poor posture in preschool
children is an indicator of health problems that can become very serious if not corrected in
time [15]. However, these issues are often not detected early enough. This underscores the
important role educators play in supporting healthy growth and development. Through
the regular monitoring and assessment of children’s posture, many health problems could
be identified and addressed before they progress and leave serious consequences.

This research indicates that boys have more pronounced deformities in the following
variables (Figure 2): shoulder displacement (SD) p = 0.047; r = 0.21, pelvic obliquity (PO)
p = 0.000; r = 0.37, sag. distance cervical spine-sacrum (SDCS) p = 0.029; r = 0.23, sag.
distance thoracic spine-sacrum (SDTS) p = 0.016; r = 0.016, and in sag. distance of the
lumbar part of the spinal column (SDLS) p = 0.005; r = 0.29 compared to girls. The obtained
values indicate statistically significant differences between the groups with small to medium
effect sizes. Based on the results obtained, it is evident that boys have a more pronounced
shoulder deviation (SD) from the ideal position compared to girls. Such a finding may
indicate that growth patterns or developmental characteristics can influence the resulting
postural differences, or that boys have certain differences in postural habits compared to
girls. In Slovenian studies, postural deformities were found in one-half of the children.
Deviations in the position of the shoulders and shoulder blades were recorded in more
than 80% of children, while flat feet affected 65% of them [35].

Gender differences in this age group have been explored by researchers from several
perspectives. The literature suggests that boys generally develop muscle strength later than
girls, which potentially leads to weaker postural muscles during early childhood. This
delayed development has been connected to higher incidences of postural issues, such as a
winged scapula and shoulder imbalances, among boys, suggesting that scapular fixation
occurs in boys at a later age [39]. The additional factor mentioned is flexibility. It has been
highlighted that boys with limited flexibility exhibit more pronounced knee asymmetry
and anteroposterior body tilt compared to girls, which contributes to a higher prevalence
of postural deformities [40]. Research on posture gender differences, that is not directly
connected to the same age group, suggests that the aforementioned increased flexibility in
females might contribute to greater spinal, pelvic, and sacral mobility, which influences
better posture maintenance in females [41]. Moreover, it has been noted that girls had
better postural stability than boys, which may enable girls to maintain proper posture
more effectively [42]. Additionally, the research has reported significant differences in
male and female morphological characteristics in biceps and thigh and calf skin folds [12].
Furthermore, the results show that boys have a greater deformity compared to girls when
it comes to the pelvic tilt (PO) variable. In Slovenian studies, pelvic anteversion and head
protrusions were recorded in almost half of the cases [24]. Pelvic obliquity (PO) represents
an abnormal position of the pelvic bone. This condition can lead to abnormal posture
due to the compression and misalignment of the spine in order to compensate for any
misalignment. The most common causes of an asymmetrical pelvis are uneven leg length,
scoliosis of the spine, and muscle imbalances or contractures. These problems often occur
in combination. Excessive sitting, poor posture, and muscle weakness can increase the
risk of developing a tilted pelvis. A tilted or asymmetrical pelvis can also be the result of
functional or structural problems. The most common structural causes are scoliosis and
uneven leg lengths. Additionally, the variations in knee alignment observed in the sample
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(e.g., "X’ and ‘O’ leg positioning valorized by variables varus/valgus left (VVL)/X/O
left leg, and varus/valgus right (VVR)/X/O right leg) suggest differing biomechanical
adaptations in boys and girls. Knowing these facts, it can be determined that the results
with large numerical ranges in the mentioned variables are adequate for clarifying the part
of the investigation related to the postural qualities of the treated population in terms of
potential leg deformities.

The obtained results for the variables sag. distance cervical spine-sacrum (SDCS) and
sag. distance thoracic spine (SDTS) indicate a deviation from the physiological curves of the
spinal column in the sagittal plane. The upright position of a person is conditioned by the
continuous maintenance of balance between the paravertebral musculature and centripetal
forces, as well as gravity. In the formation of the upright position in humans during
evolution, physiological formations were created: lordosis in the cervical and lumbar
parts of the spinal column, and kyphosis in the thoracic part. Within physiological limits,
these curves are a normal phenomenon, while their increase or decrease is considered
pathological [43]. It has been reported that deformities in the sagittal plane in first-year
elementary school students can show up in 73.9% of the sample [44]. Excessive pelvic
anteversion can lead to compensatory lumbar hyperlordosis, increasing mechanical stress
on the lower back and predisposing individuals to chronic musculoskeletal discomfort.
It was found that boys have a more frequent problem with cervical lordosis and with
kyphotic body posture, as well as with a problem of holding the head, which should stand
in the extension of the body, but which is actually moved forward. Boys’ posture is more
often characterized by hyperkyphosis and lumbar hyperlordosis compared to girls [45,46].
The results of longitudinal studies indicate a higher incidence and increased tendency of
boys toward the deformity of thoracic kyphosis [47]. Increased kyphosis and scoliosis, as
compensatory postural outliers, in children have been connected to the increasingly greater
lack of physical activity among children at this age [45].

The present study confirms the existence of significant sex differences in postural
characteristics among preschool-aged children, with boys exhibiting more pronounced
postural deviations in the sagittal plane, particularly in the shoulder and spinal regions.
These findings indicate early manifestations of postural irregularities, underscoring the
need for preventive interventions at this developmental stage. Similar patterns of postural
deviations have been reported in previous studies that utilized the Contemplas 3D Posture
Compact as a measurement instrument for posture analysis across the same and different
age groups. Previous research has identified significant variations in postural parameters
among children of different ages. One study [48] analyzed children aged 11-12 years and
reported substantial differences in shoulder and pelvic rotation, sagittal distances, and
flexion/extension parameters, confirming the high sensitivity of 3D posture assessment
methods and highlighting the importance of early detection and prevention. Another
study [21] investigated postural status in children aged 5-11 years and found considerable
deviations in both the frontal and sagittal planes, including valgus knee alignment, knee
joint hyperextension, and spinal asymmetry. Similarly, research on postural differences
across multiple age groups (5-8, 9-11, and 12-14 years) [22] revealed a negative trend of
increasing postural deformities associated with higher BMI, with boys showing a higher
prevalence of thoracic kyphosis and shoulder girdle asymmetry, whereas girls exhibited a
greater tendency toward lumbar lordosis and pelvic rotation. Additionally, a study focusing
on children aged 6-9 years [29] confirmed sex-based differences in postural alignment,
with girls being more prone to lumbar lordosis and valgus knee positioning, while boys
demonstrated a higher occurrence of thoracic kyphosis. Moreover, an analysis of postural
status in children aged 4-13 years [49] found that nearly 30% of participants had poor
posture, with lower limb deformities being more common among girls. Overall, a vast
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majority of studies report significant differences between boys and girls while only one
study we found reported no differences [44].

In line with these findings, the present study further supports the consistency of postu-
ral deviations identified using the Contemplas 3D Posture Compact system. By comparing
our results with previous research, we observed that preschool-aged children exhibit similar
patterns of postural misalignments to those reported in older age groups. This suggests
that the early detection of postural irregularities using this technology can facilitate timely
interventions aimed at mitigating progressive postural deformities. The reliability and
precision of the Contemplas 3D Posture Compact system, as demonstrated across various
studies, reinforce its applicability as a standardized tool for posture assessment in both
research and clinical settings.

When assessing posture, X-ray imaging is still the gold standard [50]. However, optical
analysis systems like the Contemplas Templo 3D have their own strengths and weaknesses.
X-ray imaging has been reported to be particularly useful for detailed clinical skeletal
assessments, making it an essential tool for diagnosing spinal conditions like scoliosis [51].
However, a major drawback is its exposure to ionizing radiation, which raises concerns
about repeated use, particularly in children and young patients [52-54]. A noticeable limita-
tion of X-rays is that they provide a static snapshot of posture, which may not fully capture
functional posture changes/adaptations during movement [55,56]. Additionally, it is not
readily accessible to clinicians [57]. On the other hand, photogrammetry with Contemplas
Templo 3D and similar optical analysis systems are considered low-cost and completely
non-invasive, making them safer for repeated use, especially for posture monitoring over
time [58-60]. However, one drawback is their sensitivity to environmental conditions,
such as lighting and camera positioning [61]. Additionally, having experienced raters can
directly impact the reliability of clinical measures [62]. Therefore, having experienced
raters with clinical and academic experience in postural assessment and human anatomy
with regular online training is advisable to ensure high-quality posture analysis [57,62].
The literature suggests a two-level approach, where firstly, the photogrammetric methods
should be used to assess the posture and, in case of concern, the second-level approach
with radiography would be used, minimizing the need for repeated X-rays [63].

The modern way of life, especially hypokinesia, represents a real threat to maintaining
anormal upright posture. It is assumed that the background of this body posture problem is
most likely a result of daily irregular sitting for several hours [14], which leads to changes in
the position of the head, thoracic and lumbar spine [64], inactivity of muscles responsible for
maintaining correct upright posture, i.e., inactivity of the so-called antigravity musculature,
which can lead to impaired bad postures, both at the level of the spinal column and lower
extremities, incorrect position of the spine, weakness of the abdominal muscles, as well
as the use of modern electronic devices [65,66]. Early intervention strategies, such as
incorporating targeted postural exercises into school curricula, may help mitigate the
impact of prolonged sitting and electronic device usage on musculoskeletal health [67-69].
Additionally, early screening is essential, and the usage of a photometric apparatus, like in
the present study, which offers a fast and objective assessment of body posture, is advisable.

Postural deformities in children have become increasingly common. Rather than being
primarily hereditary, these issues seem to nowadays largely stem from modern lifestyle
changes affecting both children and their parents. Factors such as excessive screen time,
sedentary behavior, and insufficient physical activity play a major role. Additionally, poor
nutrition, a fast-paced and stressful lifestyle with limited time for healthy habits, and the
rising prevalence of non-communicable diseases like obesity all contribute to the growing
concern [70]. Additionally, the obtained results also emphasize the importance of education
and intervention measures for correcting poor posture in children, considering that this can
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cause incurable damage to the musculoskeletal system, and neurological and pathological
damage in the future. Moreover, studies have suggested that specially programmed and
planned exercises and physical activity can substantially contribute to the development
of good posture and should be viewed as an important factor of prevention in the daily
activities of children [23,24,71,72]. Research has shown that specific structured movement
activities in youth ages may be more effective in the development of motor coordination,
agility, and speed of movement in children [73].

Based on the results of this research, several directions for future research and applica-
tion in practice are recommended:

e  Conducting cross-cultural research that would enable the comparison of results among
children from different environments and cultural contexts, which would determine
eventual differences and specificities in the development of postural characteristics.

e Including a larger sample of participants in future research, including children
from rural and urban areas, to ensure the representativeness and generalizability of
the results.

e Conducting a longitudinal study that would follow the postural characteristics of
children through different developmental stages, aiming to identify critical periods
for intervention and determine more precisely developmental trends in the context of
gender differences.

o  Conducting research with a larger sample of subjects and by including factors of
physical activity and lateralization could provide more detailed insights into these
variables and enable a better understanding of their influence on postural status.

The present study needs to acknowledge some limitations. One of them is that
the participants” physical activity was not monitored, nor was their body lateralization
analyzed. The lack of the analysis of these factors can limit the interpretation of the
results because physical activities and lateralization can significantly impact postural status
and the development of deformities. Therefore, further studies should account for that.
The obtained results indicate statistically significant differences between the recorded
groups. Although the effect size of these differences is small, these asymmetries should be
interpreted carefully. Additionally, a larger sample size would be beneficial.

5. Conclusions

The results of this research indicate that boys have more pronounced postural defor-
mities than girls, which is especially evident in variables such as shoulder displacement,
pelvic tilt, and sagittal deviations in the cervical and thoracic spine. For early screening,
the usage of a photometric apparatus that offers a fast and objective assessment of body
posture is advisable. The differences in posture between boys and girls may be influenced
by their physical development, daily habits, and the types of activities they engage in.
Factors such as growth patterns, muscle balance, and lifestyle choices—like prolonged
sitting and the frequent use of electronic devices—could contribute to postural issues. To
better understand these differences, future research should explore how posture develops
over time in larger, more diverse groups. Cross-cultural studies and investigations into
physical activity and movement preferences could provide valuable insights into the key
factors shaping children’s posture.
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