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= Flatfoot deformity is one of the most common musculoskeletal disorders
Article Info: that can impair postural stability and balance by altering center of pressure (COP)
characteristics. Given the importance of non-invasive approaches, the present study
Received: 14 May 2026 aimed to investigate the effect of thermoplastic insoles on COP parameters in
Accepted: 11 August 2026 individuals with flatfoot deformity.
Available Online: 17 August 2026 Wl In this quasi-experimental study, 14 eligible participants were randomly

assigned to either the intervention group (thermoplastic insole, n=7) or the control
group (n=7). Static and dynamic COP data were recorded using a foot-scan system.
Following a 45-day intervention period, data collection was repeated. Statistical
analyses were performed using paired t-tests and univariate analysis of covariance
(ANCOVA) at a significance level of 0.05.
The findings demonstrated that the use of thermoplastic insoles significantly
improved COP parameters in both the mediolateral (ML) and anteroposterior (AP)
directions and significantly reduced the Confidence Ellipse Area (CEA) in the
intervention group (P<0.05). In contrast, no significant changes were observed in the
control group (P>0.05).
Keywords: Due to their elastic properties and effective mechanical support,
. thermoplastic insoles may represent an effective biomechanical intervention for
Flatfoot, Thermoplastic enhancing postural stability and reducing center of pressure (COP) oscillations in

insoles, Center of pressure, individuals with flatfoot deformity.
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1. Introduction

The human foot plays a critical role in shock absorption and load distribution during gait, and proper
structural alignment is essential for efficient locomotion and musculoskeletal function. Flatfoot deformity
(pes planus) is a common structural alteration characterized by a reduction or collapse of the medial
longitudinal arch. When persistent beyond normal development, this deformity may result in compensatory
biomechanical adaptations, including rearfoot valgus and forefoot abduction, which can increase
mechanical stress on the plantar fascia and Achilles tendon and contribute to pain and impaired postural
stability. One of the important biomechanical consequences of flatfoot deformity is the alteration of the
center of pressure (COP) trajectory. During the stance phase of gait, the COP represents the point of
application of the ground reaction force vector and provides valuable information regarding postural
control and loading strategies. Individuals with flatfoot may demonstrate altered COP displacement
patterns, which can affect dynamic balance and plantar loading distribution. Although various orthotic
interventions have been developed to improve foot mechanics, previous studies have reported inconsistent
findings regarding their effects on ground reaction forces and COP-related parameters. Thermoplastic
insoles, due to their heat-moldable properties, allow individualized shaping according to foot morphology
and may provide targeted mechanical support for correcting abnormal foot alignment. Therefore, the
purpose of the present study was to investigate the effects of custom thermoplastic insoles on COP
parameters and Confidence Ellipse Area (CEA) in individuals with flatfoot deformity.

2. Methods

The present study employed an applied quasi-experimental pretest-posttest control group design. The study
population consisted of individuals with flexible flatfoot deformity aged between 10 and 17 years. Fourteen
participants (male and female) who met the eligibility criteria were recruited and randomly allocated into
either the intervention group (thermoplastic insole, n=7) or the control group (n=7). Participants were
included if they had a definitive clinical diagnosis of flexible flatfoot deformity confirmed by a specialist
physician. Flexible flatfoot was defined as a structural condition characterized by collapse or flattening of
the medial longitudinal arch during weight-bearing activities, with restoration of the arch during non-
weight-bearing conditions or tip-toe standing. Participants were excluded if they developed soft tissue
injuries or severe plantar arch hypersensitivity during insole use, experienced persistent or severe pain after
one week of thermoplastic insole application, or if they or their guardians were unwilling to continue
participation at any stage of the study.

Following a comprehensive explanation of the study procedures, written informed consent was obtained
from the parents or legal guardians of all participants. Anthropometric characteristics, including height and
body mass, were recorded. Participants then underwent pedobarographic assessment using a foot-scan
system. Prior to data collection, participants received instructions regarding the gait protocol and were
familiarized with walking across the sensor platform. They were instructed to step on the platform with the
left foot during the forward trial and with the right foot during the return trial. To minimize the effects of
unfamiliarity and ensure a natural walking pattern, participants performed 3-5 familiarization trials. The
most representative trial reflecting their habitual walking pattern was selected for subsequent analysis.
After the baseline assessment, participants were randomly assigned to their respective groups. The
intervention group was instructed to wear custom thermoplastic insoles continuously inside their footwear
for 45 days, whereas the control group received no orthotic or exercise intervention during this period.
Following completion of the intervention period, all participants returned to the laboratory, and post-test
measurements were obtained under conditions identical to the baseline assessment. Foot pressure data were
collected using the Foot Medisense Plus scanner (Danesh Salar Iranian Co.). The system has dimensions
of 520 x 640 mm, a maximum load capacity of 150 kg, sensors with a spatial resolution of 0.7 cm, and a
sensor plate area of 40 x 40 cm. The system is capable of calculating the center of pressure (COP) trajectory
during dynamic activities.

The extracted COP variables were recorded during walking. COP coordinates were calculated and reported
in millimeters, whereas the Confidence Ellipse Area (CEA) was expressed in square millimeters. The
analyzed COP parameters included COP-LFX, COP-RFX, COP-LFY, and COP-RFY, representing the
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mean position of the COP trajectory along the mediolateral (X) and anteroposterior (Y) axes during
walking. These parameters provide information regarding plantar loading distribution and dynamic
postural control. In addition, CEA-LF and CEA-RF represented the 95% confidence ellipse area, indicating
the spatial dispersion of COP trajectory fluctuations during gait. The thermoplastic insoles used in this
study were provided by the "Pouya Gam Azma Tajhiz" technology firm. Due to the thermo-moldable
characteristics of the polymer material, these insoles allowed individualized shaping according to each
participant’s foot morphology. During fabrication, the raw insole was heated in a dedicated thermo-heater
unit at 110°C until it became sufficiently flexible for molding. The heated insole was then placed on a
specialized polyurethane (PU) molding pad, and participants were instructed to stand on the insole while
maintaining their natural body weight. The geometric structure of the high-density PU pad enabled accurate
adaptation of the insole to the individual foot arch. The insoles were cooled for approximately 2—3 minutes
until reaching their final supportive form. The main advantages of these insoles include reduced fabrication
time, lightweight structure, mechanical durability, improved pressure distribution, and individualized
adaptation to foot anatomy (Fig. 1).

Descriptive statistics were presented as mean and standard deviation (SD). The normality of data
distribution was assessed using the Shapiro—Wilk test, and homogeneity of variances was evaluated using
Levene’s test. Paired t-tests were used to examine within-group changes between pre-test and post-test
measurements. Furthermore, a univariate analysis of covariance (ANCOVA) was performed to compare
post-test outcomes between groups while controlling for baseline values. All statistical analyses were
conducted using SPSS software (version 27.0.1; IBM Corp., Armonk, NY, USA), and statistical
significance was set at P<0.05.

3. Results

The demographic characteristics of the 14 participants were normally distributed and comparable between
groups at baseline. Within-group comparisons using paired t-tests demonstrated significant improvements
in all mediolateral and anteroposterior COP parameters, along with a significant reduction in CEA, in the
thermoplastic insole group. In contrast, no significant changes were observed in the control group.
Furthermore, ANCOVA revealed a significant effect of the intervention on post-test COP parameters in
both lower extremities after controlling for baseline values. Similarly, significant between-group
differences were observed in post-test CEA values for both limbs, indicating the potential effectiveness of
custom thermoplastic insoles in modifying COP-related measures.

4. Discussion

The present study aimed to investigate the effects of thermoplastic insoles on center of pressure (COP)
parameters and Confidence Ellipse Area (CEA) in individuals with flexible flatfoot deformity. The findings
demonstrated that the use of thermoplastic insoles resulted in significant improvements in COP parameters
and a significant reduction in CEA. These findings suggest that thermoplastic insoles may enhance
dynamic postural control by providing support for the medial and transverse foot arches, improving plantar
pressure distribution, and guiding COP displacement toward a more stable biomechanical pattern.
Consequently, excessive COP fluctuations may be reduced, contributing to improved postural stability.

Fig. 1. Thermoplastic insole and tools used for thermoplastic insole fabrication.
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The findings of the present study are consistent with previous studies indicating that alterations in the
medial and transverse foot arches can influence postural stability and balance control (32 - 34). In
individuals with flatfoot deformity, structural changes and abnormal plantar pressure distribution may
affect the efficiency of the postural control system. Thermoplastic insoles may provide a more favorable
mechanical condition by increasing the support surface and optimizing plantar load distribution. Therefore,
the observed improvements in postural control, reflected by COP and CEA parameters, are in agreement
with previous studies emphasizing the beneficial effects of supportive orthotic interventions on balance
and postural stability (33, 35).

Regarding the mediolateral axis, the results of the present study showed that thermoplastic insoles shifted
the mean COP position toward a more lateral direction. Although direct kinematic measurements were not
obtained in this study, this alteration may be associated with the reduction of excessive foot pronation and
improved alignment of the foot during weight-bearing activities (16, 33). In addition to improvements in
the mediolateral direction, the current findings demonstrated enhanced control of COP fluctuations along
the anteroposterior axis. The foot arch not only provides essential support for weight-bearing but also plays
an important role in shock absorption, body weight transfer, and forward progression during gait (28). The
present findings suggest that thermoplastic insoles may improve anteroposterior stability through enhanced
support of the medial longitudinal arch. These results are consistent with previous studies reporting that
medial arch support increases midfoot joint stiffness and optimizes weight transfer and forward propulsion
in individuals with flatfoot deformity (36). In addition to the biomechanical mechanisms described above,
the structural durability of the insole material is an important factor influencing the effectiveness of orthotic
interventions during longer-term use (37). The results of the present study indicated that thermoplastic
insoles maintained their structural characteristics throughout the intervention period. Therefore, this type
of insole may represent a suitable option for longer-term management in individuals with flatfoot
deformity. However, further studies with larger sample sizes and longer follow-up periods are required to
confirm these effects.

Several limitations should be considered when interpreting the findings of the present study. The small
sample size, short intervention period that limits evaluation of long-term musculoskeletal adaptations, lack
of assessment of kinematic, kinetic, and muscle activity parameters, and absence of a sham insole condition
should be acknowledged. Furthermore, participants were aware of the intervention, and expectations
regarding treatment effects could not be fully controlled. Therefore, the results of the present study should
be interpreted considering these methodological limitations.

5. Conclusion

In conclusion, the findings of the present study indicate that the use of thermoplastic insoles may positively
influence center of pressure (COP) parameters and reduce Confidence Ellipse Area (CEA) in individuals
with flatfoot deformity. These findings suggest that customized thermoplastic insoles may contribute to
improved dynamic postural control by providing individualized mechanical support and optimizing plantar
load distribution. Considering their customizable characteristics and structural stability, thermoplastic
insoles may represent a promising orthotic approach for managing biomechanical alterations associated
with flatfoot deformity. However, further studies with larger sample sizes, longer follow-up periods, and
additional assessments, including kinematic, Kinetic, and electromyographic analyses, are required to
clarify the underlying mechanisms and long-term effects of these interventions.
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COP-LFX = Center of Pressure Mediolateral - Left Foot (X-axis); COP-RFX = Center of Pressure Mediolateral - Right
Foot (X-axis); COP-LFY = Center of Pressure Anteroposterior - Left Foot (Y-axis); COP-RFY = Center of Pressure
Anteroposterior - Right Foot (Y-axis).
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