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Abstract 

Background: Upper Crossed Syndrome (UCS), a common postural condition characterized by muscle imbalances, can affect 
proprioception, balance, and functional abilities. This comparative study aimed to investigate differences in distance perception 
and dynamic balance between female students with and without UCS. 
Method: This field-based descriptive and comparative study was conducted in 2025. A total of  72 female students aged 15–18 
years from Ajabshir, East Azerbaijan Province, Iran were screened using a grid-based postural assessment and divided into two 
groups: with UCS (n=36) and without UCS (n=36). Thoracic kyphosis was measured using the Goniometer-Pro app, while 
forward head posture and shoulder protraction were evaluated via body profile photography analyzed by Kinovea software. 
Dynamic balance was assessed using the Y-Balance Test, and distance perception was measured using a blindfolded walking 
task in which participants walked toward the remembered location of  a visually presented target. Data were analyzed using 
independent t-tests in SPSS version 25, with a significance level of  0.05.
Results: The results indicated no significant differences in distance perception between the two groups (P=0.675, Cohen’s d=-
0.10). However, students with UCS exhibited significantly reduced dynamic balance compared with their peers without UCS 
(P=0.001, Cohen’s d=5.79), indicating a very large effect size.
Conclusion: These findings suggested that while UCS may not directly affect distance perception in young individuals, it 
substantially impairs dynamic balance. This highlights the need for targeted interventions to improve postural stability in affected 
individuals. The long-term effects of  UCS on sensory-motor functions in a variety of  groups should be further investigated.
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1. Introduction

Distance perception is the ability to judge how far 
objects are in space—a key factor in coordination, 
navigation, and movement. While often considered 
a purely visual process, recent research highlights 
that distance perception is influenced by cognitive, 
contextual, and bodily factors (1), and that physical 
effort and emotional states can bias distance 
judgments (2).       

Postural misalignments, particularly Upper 
Crossed Syndrome (UCS), may alter proprioceptive 
input and affect spatial awareness. UCS is 
characterized by tight upper trapezius, pectoralis 
major and minor, and levator scapulae muscles, 
alongside weakened deep neck flexors and lower 
trapezius (3). Such a misalignment causes the head 
to lean forward and the shoulders to round, placing 
additional stress on the cervical and thoracic 

regions of the spine (4). Such biomechanical changes 
are common in youth and are often exacerbated by 
prolonged device use (5).

The proprioceptive dysfunction caused by UCS 
may impair sensorimotor integration, leading to 
distorted distance perception and reduced balance 
(6, 7). Similar effects are observed in chronic pain 
conditions like Complex Regional Pain Syndrome 
(CRPS), where perceptual and cognitive distortions 
affect spatial judgments (8, 9). Although the 
mechanisms may differ, both UCS and CRPS 
highlight how musculoskeletal or neurological 
dysfunction can alter perception.

Additionally, UCS affects postural control and 
balance by disrupting muscle coordination and 
shifting the body’s center of mass (10, 11). Weak 
stabilizing muscles and tight anterior chains 
contribute to instability, which can impair dynamic 
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and static balance.

Comparing balance and distance perception in 
people with and without musculoskeletal problems 
has been the subject of very few investigations. 
It is extremely important to conduct research on 
upper cross syndrome, particularly in girls, as this 
condition has not received as much attention. The 
present comparative study aimed to investigate 
whether female students with UCS exhibit notable 
variations in distance perception and balance when 
compared with their classmates without UCS, 
taking into account this problem and the paucity 
of research on the complications and effects of this 
syndrome.

2. Methods 

2.1. Design

This field-based study employed descriptive and 
comparative methods. 

2.2. Selection and Description of Participants

The sample consisted of two groups of female 
students aged 15–18 years from Ajabshir, East 
Azerbaijan Province, Iran in 2023. The UCS 
group was selected via non-probability purposive 
sampling method, and the healthy group was 
chosen via convenience sampling method, with 
all participants voluntarily meeting the inclusion 
criteria. The inclusion criteria for the UCS group 
were: female, aged 15–18 years, at least one-
year post-puberty, forward shoulder angle >52°, 
kyphosis >42°, forward head angle >46°, normal 
hearing and vision (with or without glasses), no 
neurological disorders, physical and mental health, 
BMI within the normal range (18.5–24.9), no recent 
fractures or surgical procedures involving the 
upper or lower limbs and no infectious diseases. The 
exclusion criteria were failure to participate in all 
assessments, lack of cooperation, or experiencing 
muscle injury, cramps, or pain during tests

2.3. Sample Size Determination

Based on an effect size of 0.7, a significance level 
of 0.05, and a power of 0.90, a minimum sample 
size of 72 participants was determined using 
G*Power software (version 3.1.9.2), including 36 
students with upper crossed syndrome (UCS) and 
36 healthy pupils.

2.4. Data Collection and Measurements

2.4.1. Head-forward assessment: Head-
forward angle was measured using a sagittal profile 
photograph. This method demonstrates strong 
reproducibility and has been widely used in various 
studies (12, 13). To assess head-forward angles 
using this approach, two anatomical landmarks—
the tragus of the ear and the spinous process of the 
C7 vertebra—were first identified and marked. A 
distinct marker was used to highlight the spinous 
process of the C7 vertebra. Each participant was 
then instructed to stand at a specified location near 
the wall (23 cm away), with their left arm facing 
the wall. A tripod-mounted digital camera was 
positioned 265 cm from the wall, with its height 
adjusted to align with the participant’s shoulder 
level. In this position, the participant performed 
three forward bends and raised their hands above 
their head three times before adopting a relaxed, 
natural stance while focusing on an imaginary 
point on the opposite wall, keeping their gaze 
level with the horizon. After a five-second pause, 
a side-profile photograph was captured. Finally, 
the photograph was transferred to a computer and 
using the Kinova software, the angle of the tragus 
and C7 junction line with the perpendicular line 
(head forward angle) was measured (13, 14). The 
reliability of this test for assessing head forward 
has been reported to be 0.88. An angle greater than 
46 degrees was considered an abnormality (13).

2.4.2. Shoulder Forward Assessment: Shoulder 
forward angles were measured using body profile 
photography. Two anatomical landmarks, the 
right acromion and the spinous process of the 
C7 vertebra, were marked. An angle ≥52° was 
considered indicative of shoulder forward posture 
(15). Photographs were analyzed with Kinova 
software to measure the angle between the C7 
spinous process, the acromion, and a perpendicular 
line. The reliability of this test was determined to 
be 0.91 (14).

2.4.3. Kyphosis assessment:  Kyphosis angle was 
measured using the smartphone-based Goniametr-
Pro application. The spinous processes of T1 and T12 
were identified by palpation, starting from C7. Each 
participant stood comfortably with feet 15 cm apart 
and arms flexed at 90°. The smartphone was aligned 
with T1 to zero the measurement, then placed on 
T12 to record the kyphosis angle, with the smaller 
value representing dorsal kyphosis. The reliability of 
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this tool was determined to be 0.81 (16).

2.4.4. Dynamic Balance Assessment: 
The Y Balance Test Kit was used to evaluate 
dynamic balance in three directions: anterior, 
posteromedial, and posterolateral. The participants 
placed one foot at the center of the Y-shaped setup 
while the other performed reaching tasks. Each 
reach was repeated three times per direction, and 
the average distance was normalized by leg length 
(ASIS to medial malleolus). Invalid trials were 
repeated. The test direction was determined based 
on the participant’s dominant leg. Participants 
with right-leg dominance performed the task in 
a counterclockwise direction, whereas those with 
left-leg dominance performed it in a clockwise 
direction to ensure consistency in task execution 
relative to limb dominance. The test has high 
validity and reliability (17, 18). 

2.4.5. Distance Perception Assessment: 
Distance perception was assessed using a 
blindfolded walking task toward a previously 
observed target. In this test, participants were 
asked to observe a target placed at a distance of 8 
meters for a few seconds. After visually encoding 
the target location, participants were blindfolded 
and instructed to walk forward toward the 
remembered location of the target and stop at the 
point they perceived as the target location.

The distance walked beyond or before the actual 
target position was recorded in meters. Following 
each trial, the obtained value was divided by the 
actual distance and multiplied by 100 to calculate 
the percentage error (EP).

This test is a commonly used method for 
assessing perceived distance or spatial perception. 
Its validity has been confirmed in previous 
study  and its reliability has been reported with 
Cronbach’s alpha values ranging from 0.73 to 0.89, 
indicating acceptable reliability (19).

2.5. Procedure

Prior to data collection, approval was obtained 
from the Department of Education of Ajabshir, East 
Azerbaijan Province, Iran. The researcher visited 
schools to explain the objectives, procedures, 
and benefits of the study. The participants and 
their parents attended an informational session 
outlining methods, safety, confidentiality, and 

voluntary participation. All of the participants and 
their parents provided written informed consent. 
The participants were initially screened using a 
checkerboard, followed by a personal information 
questionnaire to confirm the inclusion criteria. 
Quantitative assessment of head, shoulder, and 
back posture (forward head, forward shoulder, 
and kyphosis angles) was performed to confirm 
UCS diagnosis. All measurements, including 
assessments of distance perception, action-specific 
perception, and balance, were conducted in an 
indoor gymnasium with appropriate lighting 
and temperature, under the supervision of the 
researcher. Assessments were counterbalanced to 
control for potential test order effects. Data and 
photos were kept confidential and accessible only 
to the researcher and the primary supervisor.

2.6. Data Analysis

All data analyses were conducted using SPSS 
version 26. Prior to hypothesis testing, data 
were screened for normality and homogeneity 
of variances. Normality was evaluated using the 
Shapiro-Wilk test and visual inspection methods 
such as histograms and Q–Q plots. These checks 
confirmed normal distribution (P>0.05), and 
Levene’s test indicated homogeneity of variances 
(P>0.05). Therefore, independent samples t-tests 
were used to compare groups.

3. Results 

72 female students aged 15–18 years from 
Ajabshir, East Azerbaijan Province, Iran 
participated in this study, including 36 with upper 
crossed syndrome (UCS) and 36 healthy peers. 
The study participants were selected based on 
specific inclusion and exclusion criteria. Table 1  
shows the mean and standard deviation values 
of the demographic variables, including weight, 
height, BMI, forward head posture, forward 
shoulder posture, and kyphosis. These variables 
were assessed in two groups: healthy individuals 
and those with upper cross syndrome (UCS). The 
results of an independent t-test were conducted 
to evaluate the differences in these demographic 
characteristics between the two groups. The 
mean weight in the healthy group was 62.55±7.52 
kg, while the UCS group had a mean weight of 
60.94±5.82 kg. The P value for this comparison was 
0.313, indicating no significant difference between 
the two groups in terms of weight. Also, the healthy 
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group had a mean height of 164.88±5.64 cm, 
while the UCS group had a slightly greater mean 
height of 166.50±4.33 cm. The P value for height 
was 0.178, also showing no significant difference 
between the two groups. The healthy group had 
a mean BMI of 23.10±3.36, while the UCS group 
had a slightly lower mean BMI of 22.03±2.45. The P 
value of 0.126 indicates no significant difference in 
BMI between the two groups. However, significant 
differences were observed in forward head posture, 
forward shoulder posture, and kyphosis between 
the groups. The healthy group exhibited a mean 
forward head posture of 39.91±2.25, compared with 
the UCS group, which had a mean of 48.72±1.48 
(P=0.001). Similarly, the healthy group had a mean 
forward shoulder posture of 47.61±1.07, while the 
UCS group had a mean of 56.61±1.35 (P=0.001). 
Lastly, the kyphosis measurement for the healthy 
group was 39.97±1.27, while the UCS group had 
a mean of 48.91±2.50 (P=0.001). These results 
indicated significant postural differences in the 
UCS group compared with the healthy group. 
In summary, while there were no significant 
differences in weight, height, or BMI between the 
two groups, significant postural abnormalities 
(including forward head, forward shoulder, and 
kyphosis) were observed in the UCS group, with P 
values all less than 0.001, suggesting a strong and 
statistically significant effect in these variables.

To prevent potential influences on the main 
research variables, confounding factors such as age, 
gender, and physical activity levels were controlled. 
All participants were female and maintained the 
same level of physical activity. The independent 
t-test showed no significant differences in the age 

of the participants between the groups. 

The final analysis included 72 participants, 
comprising 36 healthy girls and 36 girls with 
upper crossed syndrome (UCS). The results of the 
independent t-test for the variables of balance and 
perception of distance are provided in Table 2. 
By analyzing these results, significant differences 
were observed in balance scores between the two 
groups (P=0.001). Girls with upper cross syndrome 
(UCS) exhibited significantly lower balance scores 
compared with healthy participants (Cohen’s 
d=5.79), indicating a very large effect size.

Cohen’s d is a commonly used measure of effect 
size, and while conventional thresholds of 0.2, 0.5, 
and 0.8 are widely cited to indicate small, medium, 
and large effects, respectively; these benchmarks 
may vary depending on the research field and 
context (20, 21). However, there were no significant 
differences in the perception of distance (P=0.675), 
with a negligible effect size (Cohen’s d=-0.10).

The comparison of the mean scores between 
the groups is visually presented in Figure 1 and 
Figure 2. Figure 1 shows the mean scores (±SD) 
for perception of distance between healthy and 
upper cross syndrome (UCS) groups, indicating no 
significant difference. Figure 2 illustrates the mean 
scores (±SD) for balance, highlighting a significant 
difference between the groups.

4. Discussion

This comparative study aimed to examine 
whether female students with upper crossed 

Table 1: Demographic characteristics of the participants
Variable Healthy (Mean±SD) UCS (Mean±SD) P value
Weight (kg) 62.55±7.52 60.94±5.82 0.313
Height (m) 164.88±5.64 166.50±4.33 0.178
BMI 23.10±3.36 22.03±2.45 0.126
Forward Head Posture 39.91±2.25 48.72±1.48 0.001
Forward Shoulder 47.61±1.07 56.61±1.35 0.001
Kyphosis 39.97±1.27 48.91±2.50 0.001
UCS: Upper Crossed Syndrome; BMI: Body Mass Index; SD: Standard Deviation

Table 2: Differences in Balance and Distance Perception between Groups
Variable Healthy (Mean ± SD) UCS (Mean ± SD) P
Perception of Distance 5.13 ± 3.11 5.44 ± 3.05 0.675
Balance 71.28 ± 0.81 66.5 ± 0.84 0.001*
*Significant differences compared between groups (P ≤ 0.05). UCS: Upper Crossed Syndrome; SD:Standard Deviation
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syndrome (UCS) exhibited significant differences 
in distance perception and balance compared with 
their peers without UCS. The findings revealed 
no significant differences in distance perception 
between the two groups. However, female students 
with UCS demonstrated reduced dynamic balance 
compared with their counterparts without UCS.

Regarding balance, the results of the present 
study were consistent with previous investigations 
across different populations. For example, Khosravi 
and colleagues found that healthy girls aged 10 to 
12 years demonstrated superior balance compared 
with peers with UCS (22). Furthermore, Toprak 
and colleagues  (23), reported that certain foot 
deformities in patients with rheumatoid arthritis 

(RA) can markedly compromise balance. Taken 
together, these studies suggested that skeletal 
abnormalities—such as UCS, kyphosis, or RA-
related foot deformities—may negatively affect 
balance and postural control, which is in agreement 
with the findings reported by McDaniels-Davidson 
and colleagues (11).

Previous research indicated that kyphosis 
can negatively affect balance, a factor widely 
acknowledged as increasing the risk of falls. One 
commonly used approach to assess forward-flexed 
posture is the occiput-to-wall distance (OWD), 
where participants stand with their feet and 
buttocks against a wall, and the space between the 
occiput and the wall is measured. Research showed 

Figure 1: The figure shows the perception of distance comparison between healthy and upper cross syndrome (UCS) groups. UCS: Upper 
Cross Syndrome

Figure 2: The figure shows the comparison of balance between healthy and upper cross syndrome (UCS) groups. UCS: Upper Cross 
Syndrome
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that greater OWD is linked to gait impairments 
in both men and women and to poorer balance 
in women (24). In a similar line of investigation, a 
large study employing the Debrunner Kyphometer 
found that women in higher kyphotic angle 
quartiles had longer Timed Up and Go (TUG) 
durations after full adjustments (25). Additionally, 
a previous study reported that women with 
pronounced hyperkyphosis demonstrated slower 
gait speed and reduced confidence in preventing 
falls compared with women with normal spinal 
curvature (26). Conversely, two other studies 
did not find significant relationships between 
kyphosis and balance, as measured by the Berg 
Balance Score (27) or force plate analyses (28). 
These findings highlighted the complexity of the 
relationship between kyphosis and balance, which 
may be influenced by factors such as participant 
age, measurement tools, and specific postural 
conditions examined.

Balance is influenced by numerous factors, 
including vision, proprioception, inner ear and 
vestibular function, cerebellar function, foot 
placement on a surface, leg length discrepancies, 
lower limb muscular strength, medications, aging, 
heart rate, respiration, various musculoskeletal 
disorders, and hearing (29). In this study, upper 
crossed syndrome (UCS) was found to be linked 
with diminished balance. UCS is characterized 
by decreased stability of the glenohumeral joint 
in the upper body and a forward head posture, 
which positions the head closer to or beyond 
the range necessary for maintaining postural 
equilibrium, thereby compromising static balance 
(30). Mahmoud and co-workers reported that a 
forward head posture shifts the body’s center of 
mass anteriorly, leading to reduced static balance 
in individuals who use computers extensively 
(31). Likewise, Nezhad and co-workers observed 
that greater kyphosis is associated with poorer 
balance and increased disability in older adults 
(27). Additionally, Lee showed that forward head 
posture negatively affects both static and semi-
dynamic balance (32).

The findings of this study revealed no significant 
differences in distance perception between female 
students with Upper Crossed Syndrome (UCS) and 
those without it. This result contrasted with previous 
research indicating that conditions affecting 
proprioception, such as chronic pain syndromes 
like Complex Regional Pain Syndrome (CRPS), can 

distort spatial awareness and distance estimation (6). 
It was anticipated that the postural misalignments 
and impaired proprioception associated with UCS 
might influence distance perception, particularly 
given the reliance on sensory-motor integration for 
accurate spatial judgments.

One possible explanation for the lack of significant 
differences in this study may relate to the relatively 
young age of participants and the short duration 
of postural abnormalities. Young adults possess a 
high degree of neuroplasticity that allows for the 
reorganization of neural pathways in response to 
sensory disruptions. This adaptability facilitates 
compensatory mechanisms such as increased 
reliance on visual and vestibular input or the use 
of alternative motor strategies to maintain spatial 
performance (33). Additionally, motor learning and 
recalibration through repetition are more effective 
in this age group, which may reduce the impact of 
mild proprioceptive impairments (34). In contrast, 
these compensatory mechanisms are less efficient 
in older populations due to delayed or diminished 
neuroplastic responses (35). Another important 
consideration is the sensitivity of the assessment 
tools used. The blindfolded walking test, although 
commonly applied in proprioception research, has 
known methodological limitations. It may impose 
cognitive load and depend heavily on memory, 
which can confound accurate distance estimation 
(36). Moreover, ceiling and floor effects, where 
performance is either too uniform or too impaired, 
can obscure subtle between-group differences, 
particularly in high-functioning individuals (37). 
Environmental factors such as the absence of 
landmarks may further hinder accurate judgments 
(38), while learning effects across trials may alter 
performance due to adaptation (39). Furthermore, 
the relative simplicity of the blindfolded walking 
task may be inadequate to detect fine-grained 
proprioceptive deficits. Evidence suggested that 
complex and dynamic assessments such as Joint 
Position Sense (JPS) and Threshold to Detection 
of Passive Motion (TDPM) are more sensitive in 
identifying subtle impairments (40, 41). Robotic 
and sensor-based tools have also demonstrated 
superior sensitivity by capturing small deviations 
in movement precision (42). Tasks that integrate 
cognitive processing or motor prediction better 
reflect real-world proprioceptive demands and 
may reveal differences that remain hidden in basic 
tasks (43). Therefore, the absence of significant 
group differences in this study could stem from 
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both compensatory neural mechanisms in young 
adults and limitations inherent in task complexity 
and methodological design. The dissociation 
between balance and distance perception may 
stem from the fact that dynamic balance relies 
heavily on postural and vestibular inputs, which 
are more directly affected by UCS-related muscle 
imbalances, whereas distance estimation engages 
broader multisensory integration less vulnerable to 
mild postural deviations. 

Although some differences in this study were 
not statistically significant, the effect size analysis 
indicates that certain observed changes may have 
clinical relevance. Moderate to large effect sizes 
in variables such as dynamic balance suggest 
that Upper Crossed Syndrome (UCS) could have 
a meaningful impact on motor performance, 
even when some results do not reach statistical 
significance. The clinical importance of these 
findings is particularly relevant for practical 
applications, especially in designing targeted 
interventions aimed at improving balance and 
preventing falls in at-risk populations. Therefore, 
alongside statistical testing, emphasizing effect 
size and clinical implications enhances our 
understanding of the real-world impact of UCS 
and highlights the need for further research into 
its long-term effects and clinical outcomes.

4.1. Limitations

This study had certain limitations. It focused 
specifically on the relationship between upper 
crossed syndrome (UCS) and balance, which may 
have narrowed the scope of findings. Potential 
confounding factors, such as participants’ physical 
activity levels, visual acuity, and prior injury history, 
were not controlled. The distance perception tasks 
may not have been sensitive enough to detect subtle 
deficits, particularly those involving complex 
proprioceptive or cognitive integration. The 
relatively short duration of UCS and the young age 
of participants may have allowed compensatory 
adaptations, minimizing observable effects on 
distance perception. The cross-sectional design 
limited causal interpretations, and measurements 
were performed by a single evaluator, preventing 
assessment of inter-rater reliability.

5. Conclusions

This study indicated that female students with 

Upper Crossed Syndrome exhibit impairments in 
dynamic balance compared to healthy peers, while 
no significant differences are observed in distance 
perception. These findings suggested that UCS may 
be associated with specific deficits in postural control 
rather than perceptual abilities. Due to the cross-
sectional nature of the study, causal relationships 
cannot be determined. Future research should 
employ longitudinal and experimental designs to 
better understand the underlying mechanisms of 
UCS-related impairments and to examine its effects 
on neuromuscular and perceptual functions in more 
diverse populations. Future studies should also include 
larger and more heterogeneous samples and consider 
additional methodological approaches to enhance the 
ecological validity and sensitivity of assessments.
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