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Abstract: The aim of the study was to identify postural deviations and trunk asymmetries by
comparing the anterior and posterior body views in physical therapy students using a mobile
application based on artificial intelligence. The study included 49 students, specializing in
physical therapy, aged between 21-24 years. The evaluation was carried out with the mobile
application AI Posture Evaluation and Correction System (APECS), which uses markers placed
on the body photograph and photogrammetric algorithms for precise scanning of body
symmetry. The analysis included 6 transversal parameters and 3 trunk symmetry indices. The
analysis of the results of body posture differences highlights that in the anterior plane these were
smaller than the posterior ones, except for Pelvic Tilt of 0.586° (p>012), falling within the limits of
normality. The largest difference was found in Shoulder Alignment and Axillae Alignment of
0.655°. Regarding trunk asymmetry, it was found that the anterior values are higher than the
posterior ones. Analyzing the posture for Body Alignment, most intended point of the trunk and
Fontal Knee Angle, the correlations were weak ICC<0.4 and for Shoulder Alignment, Axillae
Alignment, Pelvic Tilt, the correlations were good, ICC between 0.6 and 0.7. The ICC values for
trunk asymmetry reflect a low correlation. Posture and body asymmetry assessment should be a
periodic concern to allow timely corrections through the implementation and practice of
effective and specialized prophylactic programs.

Keywords: body posture; trunk asymmetry; APECS app; physical therapy; frontal analysis;
posterior analysis

1. Introduction

Postural deviations of physiotherapists can significantly influence their
efficiency; regarding the physical abilities of patient care, through the possibility of
musculoskeletal disorders. Master's students in the physical therapy specialization,
in curricular practice, are actively involved in learning and practicing various
postural corrective programs, however, a routine or periodic assessment of their
posture is not a requirement at this level as a preventive measure in reducing
specific risks.

A correct posture creates the osteokinetic support to accurately perform any
motor task, in the diversity of social and professional activities. Posture is a complex
process focused on the control mechanisms of the central nervous system, sensory
integration and musculoskeletal responses, targeting two aspects: supporting tonic
muscle activity for posture and making adjustments to maintain balance in various
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conditions [1,2]. Posture is defined as the position acquired by the human body in
various situations, opposing the gravitational force and adapting to different envi-
ronments [3], by maintaining body balance in static and dynamic conditions [4]. A
correct posture is determined by the symmetrical positioning of the head in relation
to the vertical axis, the slight arch of the chest, the same length of the upper and
lower limbs and the correct arch of the feet [5,6]. Maintaining a correct body position
influences and defines: the optimal functioning of internal organs, muscles and
neuromuscular coordination [7].

Trunk asymmetry can be correlated with left and right imbalance in the trunk
muscles, which have the role of supporting the spine [8]. The profession of physical
therapist is based predominantly on active movement therapy, aiming to prevent,
re-educate or recover from disabilities and motor deficiencies, customized for each
patient. Specific professional demands in the healthcare environment, according to
the World Health Organization (WHO), found that certain musculoskeletal disorders
affect people aged between twenty and fifty years globally, characterized predomi-
nantly by pain in the cervical area [9], which requires additional energy consumption
to achieve a balanced posture [10]. According to a previous study, approximately
50% of physiotherapists face such problems in the first five years of practice [11]. The
main causes of occupational musculoskeletal problems are significantly associated
with the following factors: work experience, poor posture, prolonged static positions,
and workplace stress [12,13]. Previous studies have focused mainly on determining
segmental body asymmetries in various population categories, but these are insuffi-
ciently analyzed in physiotherapists [6,7]. Comparisons between the anteroposterior
planes require additional investigations, focused on the use of new generation
Al-based devices, as part of the curricular aspects of somatic assessment and as a re-
liable tool in professional practice. Modern technological influences and the intro-
duction of artificial intelligence (Al) in assessing posture and asymmetries of body
segments have led to constant evolution, from physical tests that used a plumb line to
modern 3D markers [4,14]. Artificial intelligence (AI) through the dynamics of de-
velopment and expansion, predominantly in the healthcare field, is a modern alter-
native, a reliable, non-invasive tool that is easy to access and manipulate, replacing
complex devices or expensive portable sensors, and can provide results in real-time
[15,16]. APECS (Artificial Intelligence Posture Evaluation and Correction System)
utilizes artificial intelligence to evaluate and correct static or dynamic posture, serv-
ing as a tool for professionals and posture experts. The APECS mobile application
uses photogrammetric markers and algorithms positioned on the subject's body
photograph, having high reliability and precision in assessing body symmetry. Static
assessment from the standing position aims to analyze the position of the head, neck,
and shoulders, as well as the posture of the spine, in the anterior, posterior, and sag-
ittal planes, and the asymmetry of the trunk in the anterior and posterior planes
[17-19]. This innovative tool is effective in evaluating physiotherapists and physical
therapists regarding aspects of body mechanics, both their own and those of their
patients. Based on the results, the prevalence of postural disorders can be anticipated
and corrected in an optimal timeframe [20,6].

Despite the advancements in studying body and trunk posture, several research
gaps remain. Firstly, much of the existing literature focuses on either the anterior or
posterior segments individually, often neglecting a comprehensive comparison
between the two. Additionally, while there are studies related to posture among
various populations, there is a limited understanding of how these asymmetries
specifically impact functional outcomes in master's students focusing on physical
therapy. Moreover, the role of environmental factors, such as workspace ergonomics
and physical activity levels, on postural dynamics has not been thoroughly explored.
Another gap is the long-term effects of postural asymmetries on career longevity
and health in physical therapy practitioners. Finally, while mobile applications and
Al are emerging tools for postural analysis, empirical studies validating their effi-
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cacy and accuracy in real-world settings are still lacking. Filling these gaps could
significantly enhance the understanding and management of postural issues in both
clinical and educational settings within physical therapy.

This study aimed to uncover critical asymmetries in body and trunk posture by
comparing the anterior and posterior segments among master's students specializ-
ing in physical therapy. Leveraging a cutting-edge mobile application powered by
artificial intelligence, we sought to provide a thorough and insightful analysis, en-
hancing our understanding of postural dynamics in this vital field.

2. Materials and Methods

2.1. Participants

In this study, 49 female subjects, master's students specializing in physical
therapy and prophylaxis, aged 21-24 years, with a mean age+SD of 22.586+0.779
years, were included. Body composition characteristics of the participants mean+SD:
height 168.344+9.596, weight 68.551+10.864, and BMI 24.086+2.487. Inclusion criteria:
master's students specializing in physical therapy, female, healthy, without a history
of chronic osteoarticular diseases. The approval of the Ethics Committee of the Fac-
ulty of Physical Education and Mountain Sports, no. 35/04.02.2025. Participation in
the study was voluntary, and the study adhered to the principles outlined in the
Declaration of Helsinki. All authors contributed equally with the first author.

The required sample size for the present study was determined using G*Power
software (version 3.1.9.4). A priori power analysis was conducted using a t-test for
mean comparisons, with a one-tailed distribution. The analysis parameters included
an assumed effect size (Cohen's d) of 0.5, a significance level (a) of 0.05, and a statis-
tical power (1-f3) of 0.95. The results indicated that a minimum of 45 participants
would be required in the study group to achieve the desired power.

2.2. Study design
This study utilized a cross-sectional design to assess body posture and trunk

asymmetry among master's students in physical therapy. Participants underwent
testing in a controlled laboratory environment at the university's research center. To
ensure accuracy and reduce distortions, students were encouraged to participate
with minimal equipment, which helped maintain the correct positioning of land-
mark axes during photography. This approach aimed to enhance the reliability of
the findings and contribute to a better understanding of these important factors in

physical therapy.

2.3. Data Collection Tools

The mobile app Apecs-Al Posture Evaluation and Correction System (New
Body Technologies SAS, Grenoble, France) was used to capture images of the par-
ticipants in a standing position, with their shoulders shoulder-width apart. To de-
termine postural alignment and trunk symmetry, four photographs were captured,
specifically in the two planes: anterior and posterior, using two applications inte-
grated into the design of the application. The application display features an image
of a virtual body and a target in the form of a square sign, which turns green when
the images are captured correctly and overlap. After taking a photograph, depend-
ing on the pre-selected plane, the image will be cropped, as close as possible to the
subject's body, to avoid inconsistent proportions. The APECS application is based on
standardized digital landmarks and anatomical angles. Expert evaluators placed
markers on the participants” bodies in correspondence with the app’s predetermined
landmarks. After the cropping phase, the app guides the user to position the digital
markers correctly through examples of their placement, reducing bias. The app is
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based on sophisticated machine learning algorithms, and the storage and processing
of information produces predictive and reliable models.

For posture in the anterior and posterior planes, the present study targeted 12
indicators (Figure 1, a, b) following the following alignments: body alignment,
shoulder alignment, axillae alignment, trunk inclination, pelvic tilt, and Knee angle.
For trunk asymmetry, the 3 calculated indices were taken into analysis, namely:
Frontal Asymmetry Index calculated as the medio-lateral length difference index at
the axilla and the waist, and off balance index at jugular notch; Height Difference
Index (HDI) which represents the height differences between the shoulders, axilla
and waist level and Trunk Asymmetry Index (TAI) calculated as the sum of the an-
terior (ATSI) and posterior (POTSI) mentioned in the anterior plan (Figure 1, d, e).
The calculation formulas for the indices were: ATSI = (FAI_SN + FAI_A + FALT) +
(HDIL_S + HDI_A + HDI_T) and POTSI = (FAI_C7 + FAI_A + FALT) + (HDLS +
HDI_A + HDI_T).

(a) (b) (©) (d)
Figure 1. Postural alignment in the anterior coronal plane (a), posterior coronal
plane (b), and trunk asymmetry in the anterior (c) and posterior (d) planes.

2.4. Data analysis

The software IBM-SPSS 30 was used for the statistical analysis of the data, al-
lowing for a rigorous and detailed assessment of the parameters included in the re-
search: arithmetic mean (X) and standard deviation (SD). The mean difference be-
tween tests (AX), associated with the Student's t-test (t), was used to compare the
average differences between groups or measurements, a standard statistical method
for determining the significance of differences between two sets of data. The confi-
dence interval (95% CI) values ensured a robust and precise estimate of the upper
and lower limits of the values,

3. Results

In Tables 1 and 2, we present the descriptive statistics of full posture parameters
and trunk parameters analyzed using APECS. In Tables 3 and 4, we present the dif-
ferential analysis, highlighting the statistical significance of the paired t-test and the
intraclass correlation coefficient (ICC). The results presented in Table 1 indicate that
all full posture parameters were lower in the anterior analysis compared to the pos-
terior analysis. The Kurtosis values ranged between -0.67 and 0.62, which reflects a
normal distribution of the data.
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Table 1. Descriptive statistical analysis of full-body posture parameters ob-
tained through the APECS assessment tool

Parameters Side Mean SD Min Max  Kurtosis
Body Alignment Anterior .69 .81 .00 2.00 -.64
Posterior .52 .63 .00 2.00 -22
Shoulder Alignment Anterior 2.07 1.46 .00 .,00 -63
Posterior 1.41 1.18 .00 4.00 -17
Axillae Alignment Anterior 2.07 1.46 .00 5.00 -.63
Posterior 1.41 1.18 .00 4.00 -17
Most intended point Anterior 1.31 .93 .00 3.00 -.46
of the trunk Posterior 1.17 1.41 .00 4.00 =21
Pelvic Tilt Anteri- .00
72 .88 3.00 24
or
Posterior 1.31 1.23 .00 4.00 -.38
Frontal Knee Angle  Right 1.96 1.97 .00 6.00 -.61
Left 1.90 1.68 .00 6.00 .62

SD - standard deviation

Analyzing the results in Table 2, we find that the Kurtosis values ranged be-
tween -0.90 and 1.35, highlighting that the results fall within the limits of a nor-
mal distribution. The mean values of Frontal Asymmetry Index, Height Differ-
ence and Trunk Symmetry Index in the anterior plane were higher than the val-
ues in the posterior plane.

Table 2. Descriptive statistical analysis of trunk parameters obtained through the
APECS assessment tool

Parameters Side Mean SD Min Max  Kurtosis
Frontal Asym-  Anterior 2.59 1.82 .00 4.00 -.52
metry Index Posterior 2.48 1.12 .00 5.00 1.35
Height Difference ~ Anterior 4.93 4.15 .00 13.00 -.49
Posterior 4.62 3.06 .00 10.00 -.75
Trunk Symmetry Anterior 7.96 5.16 .00 5.00 25
Index Posterior 7.90 3.58 2.00 14.00 -.90

The comparative analysis of the results from the anterior and posterior planes
(Table 3) highlights a difference of 0.17° for Body Alignment; for Shoulder
Alignment and Axillae Alignment of 0.65% for the Most intended point of the
trunk of 0.14°, and a mean difference of -0.59° for Pelvic Tilt. The smallest differ-
ence in full-body posture in the present study was recorded between the right
and left frontal parts of the Knee Angle parameter, at 0.07°. The mean differences
recorded for all parameters of full body posture were not statistically significant,
p>0.05, except for Pelvic Tilt, where p>0.012. Analyzing the values of the intra-
class correlation coefficient, we find that for Body Alignment, most intended
point of the trunk, and Fontal Knee Angle, the correlations were weak, ICC<0.4;
for Shoulder Alignment, Axillae Alignment, and Pelvic Tilt, the correlations were
good, with ICC between 0.6 and 0.7.
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Table 3. Descriptive analysis of full-body posture parameters obtained
through the APECS assessment

Parameters 95%ClI

AX SD t P ICC

Lower Upper

Body Alignment 17 97 -.19 54 .96 .34 A1
Shoulder Alignment .65 2.40 -.25 1.57 1.47 15 .62
Axillae Alignment .65 2.39 -25 1.56 1.47 15 .62
Most intended point 14 1.98 -.61 .89 .38 71 .36
of the trunk
Pelvic Tilt -.59 1.18 -1.03 -.14 -2.67 .01 .66
Fontal Knee Angle .07 2.55 -90 1.04 15 .88 .06

DX - difference of arithmetic means; SD — standard deviation; 95%CI- interval of confi-

dence; t-Student’s t-test; ICC- the intraclass correlation coefficient

In Table 4, the analysis of the average results between the anterior and posterior
planes shows statistically insignificant differences, where p<0.05. The smallest dif-
ference between the anterior and posterior parts of the trunk was recorded at the
Asymmetry Index parameter of 0.10, and the largest average difference at the Height
Difference Index of trunk with .31. The ICC values were lower than 0.6, which re-
flects a low correlation between the two trunk planes.

Table 4. Descriptive analysis of trunk parameters obtained through the APECS
assessment tool

Parameters 95%Cl t P
AX SD ICC
Lower Upper
Frontal Asymmetry Index 10 1.90 -.62 .82 .29 77 .35
Height Difference Index 31 5.71 -1.86 2.48 .29 77 .59
Trunk Symmetry Index .07 6.65 -2.46 2.60 .06 .96 .28

Authors should discuss the results and explain how they can be interpreted in
light of previous studies and the working hypotheses. The findings and their im-
plications should be discussed in the broadest context possible. Future research di-
rections may also be highlighted.

4. Discussion

The aim of this study was to identify body and trunk postural asymmetries,
comparing the anterior and posterior parts, in master's students specializing in
physiotherapy, using a mobile application based on artificial intelligence. The results
revealed that predominantly postural deviations in the anterior plane are greater
compared to the posterior one, a finding also highlighted in trunk asymmetry.

Analyzing the postural indicators, it was found that pelvic asymmetry was
greater in the posterior plane compared to the anterior plane, with a statistically
significant difference in means of 0.59 °. This finding has a higher incidence [21-23],
which is justified by the mechanical load on the pelvis, as it transmits mechanical
loads asymmetrically to facilitate adaptation of the locomotor system, thereby fa-
voring physiological alteration. Body Alignment recorded values below 1°, which
reflects a correct and normal development of the body, for the age of our subjects. A
previous study, conducted on 50 healthy women of a certain age, found an average
deviation of 1°, which aligns with our findings [4]. Regarding Shoulder Alignment
and Axillae Alignment, the postural deviation in the anterior plane was greater than
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2°, and in the posterior plane of 1.41°, the two indicators presented the same devia-
tion. These results are in agreement with previous studies where deviations equal to
1.4° were recorded [4]. Correlating the three indicators of the pelvis, mentioned
above, where the most significant deviations were found, these may be associated
with certain inappropriate postural habits, slight muscle imbalances, a deficient lat-
eral spinal inclination due to the long duration of maintaining a vicious position, the
habit of carrying weights on one side, the lack of constant physical activity, etc.
[24-28]. The Frontal Knee Angle analysis found an alignment of approximately 2°
between the legs, results that align with the findings of previous studies conducted
on young women [29,30].

The asymmetry of the trunk revealed that there are no significant differences in
the arithmetic means between the anterior and posterior parts, which aligns with the
results of previous studies [16]. Referring to the two indices, the frontal one and the
one that targets height differences, the values of the latter are approximately double,
also reflected in the total asymmetry of the trunk. In a study conducted on healthy
subjects, a link was found between pelvic asymmetry and altered trunk movement
in the sitting position, which is explained by the compensatory mechanism of pelvic
alignment that requires greater stress on the dorsal spine [31]. Trunk asymmetry is
mainly conditioned by spinal deformities [5-7]. Previous studies have shown that
the incidence of spinal deviations is more frequent in women compared to men,
during the bone maturation process [32-34]. Regular exercise contributes to im-
proving posture and physical fitness, provided that these exercises are adapted to
the age characteristics and preferences of the subjects [35-37]. Experts in the field of
physical activities and physiotherapists recommend adapting exercise programs so
as to achieve correct prevention of postural problems or deviations [38-40].

Technological innovations based on machine learning offer intelligent options
for assessment and personalized interventions in various health conditions used by
different professional categories in the healthcare environment [41]. The use of
modern intelligent technologies compared to traditional methods (plumb line, etc.)
of postural assessment, presents the same increased reliability, offering real-time
information, very low costs, accessibility and efficiency and effectiveness in the
professional act.

Based on the results of our study, we believe that anticipatory physical exercise
programs, which target postural adjustments, can be considered an effective
prophylactic method tailored to individual needs. Master's students in the physical
therapy specialization, through the knowledge and skills acquired in their profes-
sional training, possess the skills of timely intervention, both for their patients and
for themselves personally, selecting the most effective specific toning and postural
reeducation exercises.

Limits of the study

Among the limitations of this study, we highlight the most relevant ones,
namely the lack of an intervention program based on the tested results and the fe-
male gender of the subjects included in the study, which was also influenced by the
low number of male subjects choosing this professional specialization.

Practical implication of the study

The findings of this study carry important practical implications for the train-
ing and practice of future physical therapy professionals. A practical implication,
taking into account the characteristics of the subjects of the present study, consists
in knowing the advantages offered by devices based on artificial intelligence, as
part of the knowledge regarding somatic assessment specific to the university cur-
riculum. The expansion of the knowledge to be assessed from traditional to ad-
vanced, modern and current ones, with increased accessibility and reliability, offers
new opportunities for the professional development of future physiotherapists.
Emphasizing the early identification of postural deviations and trunk asymmetries
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will empower these practitioners to recognize potential issues before they evolve
into more significant problems. This proactive approach allows for the development
of tailored corrective and preventive programs that address the unique needs of
each patient, ensuring a more personalized rehabilitation process. In addition, the
integration of a reliable mobile application designed for continuous monitoring of
postural changes represents a significant innovation in the field. Such an applica-
tion could provide real-time feedback to both patients and therapists, enhancing the
overall quality of physical therapy evaluations. By enabling consistent tracking of
patient progress and facilitating the identification of emerging postural issues, the
app would support timely adjustments to treatment plans. These advancements not
only enhance the therapeutic experience but also hold the promise of improving pa-
tient outcomes. By fostering a deeper understanding of posture and encouraging
ongoing engagement with therapeutic exercises, future physical therapists will be
better equipped to help their patients achieve optimal health and mobility. This ap-
proach aligns with the evolving landscape of physical therapy, wherein technology
plays a key role in delivering effective care.

5. Conclusions

The comprehensive analysis of postural and trunk asymmetry indicators in high
school students specializing in physical therapy underscores the importance of
normal body development. Our findings reveal that deviations between the anterior
and posterior planes are statistically insignificant overall, with the notable exception
of pelvic alignment. Specifically, the most pronounced differences, as determined
by the arithmetic mean difference, were observed at the upper body level. Key areas
of concern included Shoulder Alignment, Axillary Alignment, and Pelvic Tilt,
where discrepancies indicate potential postural imbalances that could impact phys-
ical function. In terms of trunk asymmetry, our investigation did not uncover sig-
nificant differences between the evaluated anterior and posterior planes; however,
the Height Difference Index emerged as the most critical indicator, reflecting varia-
tions that warrant further attention. This analysis underscores the need for periodic
and systematic postural evaluations, which can be enhanced through the integra-
tion of advanced technological innovations. These tools provide high reliability, can
be conducted within a short time frame, are cost-effective, and enable real-time as-
sessment of results. Given these insights, we strongly advocate for the implementa-
tion of postural investigations not only as adjuncts for individuals presenting with
musculoskeletal disorders, but also as routine components of health monitoring.
Incorporating these evaluations into regular check-ups can ensure a proactive ap-
proach to body development, enabling early detection and intervention for poten-
tial postural issues among students.
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