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Objectives: This study investigated the comparative effects of a 12-week corrective exercise 
program and orthotic intervention on plantar pressure-related kinetic parameters in women 
with hallux valgus (HV). 

Methods: Sixty participants were randomly assigned to three groups: corrective exercise 
(CEG), orthotic (OG), and control (CG). Plantar pressure, loading rate, and impulse were 
measured in various foot regions using pressure platform analysis at baseline, week 8, and 
week 12. 

Results: The CEG showed significant reductions in maximum plantar pressure (Pmax) at the 
hallux, metatarsals, and lateral rearfoot, along with decreased loading rates and impulses in key 
forefoot and midfoot regions. The OG also demonstrated significant changes, particularly in 
redistributing load across the plantar surface, though some increases in pressure and impulse 
were observed in lateral and non-targeted areas. Compared to the CG, both interventions 
improved plantar pressure distribution, with corrective exercises providing more focused and 
consistent benefits. 

Discussion: Findings suggest that dynamic muscle training more effectively targets 
abnormal load patterns associated with HV than passive orthotic support. While orthotics can 
complement treatment by redistributing pressure, clinicians should monitor for compensatory 
loading effects. Corrective exercise should be considered a primary conservative intervention 
for HV, with potential for optimizing foot biomechanics and reducing the risk of deformity 
progression.
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Highlights 

• A 12-week corrective exercise program significantly reduced forefoot plantar pressure in females with HV.

• Corrective exercise was more effective than orthotic intervention in lowering pressure under the hallux and metatarsals.

• Orthotics redistributed plantar loads, but increased pressure in the lateral and midfoot regions.

• Both interventions altered loading rate and impulse, with corrective exercises showing more targeted benefits.

• Corrective exercise demonstrated superior biomechanical outcomes through dynamic muscle activation and load control.

• The study supports individualized, exercise-based approaches as a primary conservative strategy for HV.

Plain Language Summary 

Hallux valgus (HV) is a common foot deformity, especially among women, where the big toe shifts inward, causing 
pain and walking difficulties. This study compared the effects of two non-surgical treatments, a 12-week corrective 
exercise program and foot orthotics (shoe inserts), on how pressure is distributed under the feet during walking. The 
results showed that people who did the corrective exercises had better improvements. They experienced a significant 
reduction in pressure under the big toe and front parts of the foot, which are usually overloaded in HV. These exercises 
helped the foot muscles work more efficiently and reduced harmful pressure patterns. In contrast, the orthotic devices 
helped redistribute pressure but sometimes increased load in areas like the midfoot and the outer side of the foot, which 
might lead to discomfort over time. Overall, the study suggests that muscle-based corrective exercises are more effec-
tive in improving foot function and reducing pressure in the most affected areas. For people with HV, doing regular, 
targeted foot exercises may help relieve symptoms and slow the condition’s progression, possibly more effectively than 
using orthotics alone.

Introduction

allux valgus (HV) is a prevalent tri-planar 
deformity of the first ray, biomechanically 
characterized by lateral deviation of the 
hallux greater than 15°, medial deviation 
of the first metatarsal, and external rota-

tion of the great toe [1]. These malalignments result in 
impaired range of motion at the first metatarsophalan-
geal (MTP) joint, lateral subluxation of the flexor hal-
lucis tendons, and reduced load-bearing capacity during 
the stance phase [2]. From a kinetic perspective, the 
deformity is associated with excessive adduction at the 
tarsometatarsal joint, leading to lateral displacement and 
instability at the MTP joint, commonly presenting as a 
bunion [3]. These biomechanical disruptions alter nor-
mal plantar pressure distribution and negatively affect 
gait mechanics [1]. 

Research indicates that HV prevalence is considerably 
higher in women: 30% to 58% in women compared to 
12–25% in men [4, 5]. This higher percentage might 
have sophisticated implications for middle-aged indi-

viduals, as HV is linked to functional limitations and re-
duced quality of life [6]. While fall risk is often empha-
sized in older populations, emerging studies suggest that 
gait instability and postural control deficits may begin 
earlier in the presence of HV [4]. These impairments are 
likely mediated by compromised joint alignment, asym-
metrical loading patterns, and hallux dysfunction during 
gait [7]. Since midlife represents a transitional stage in 
neuromuscular health, early recognition of these biome-
chanical alterations is crucial for implementing preven-
tive strategies aimed at maintaining mobility.

Treatment options for this condition span both surgi-
cal and non-surgical modalities, with clinical decision-
making influenced by factors, such as the severity of the 
deformity, patient age, physical activity level, overall 
health status, and individual preferences [8]. Surgical 
interventions, such as osteotomies, implant-based cor-
rections, or joint replacements are typically reserved for 
severe cases [9]. Despite their potential effectiveness, 
these procedures are often costly, may involve compli-
cations, and are not always permanent solutions [9]. On 
the other hand, non-surgical approaches are primarily 
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indicated in mild to moderate cases and aim to reduce 
pain, improve function, and correct deformity progres-
sion through conservative means [8]. These include the 
use of wide-toe footwear, kinesiology taping, protective 
pads, bunion cushions, as well as pharmacologic agents 
like anti-inflammatory drugs and analgesics [8, 10, 11].

In recent years, non-invasive interventions, such as cor-
rective exercises and orthotic devices have attracted con-
siderable attention for their potential to alleviate symp-
toms and improve foot biomechanics in patients with 
HV [8, 11]. Despite the growing interest in conservative 
management strategies, the evidence regarding the ef-
ficacy of these interventions remains inconsistent and 
inconclusive. Some studies, including those by Bischof 
[12] and Kim et al. [13], have reported limited therapeu-
tic benefits from non-invasive treatments. On the con-
trary, other investigations, such as Hum [14], Farzadi 
[15], and Kim [1] have demonstrated positive outcomes 
when orthoses are combined with targeted corrective 
exercises, notably in pain reduction and enhancement 
of functional capacity. Moreover, several studies em-
phasize the effectiveness of corrective exercises alone, 
particularly in decreasing pain and improving gait me-
chanics [8, 16]. However, these encouraging results are 
not universally confirmed; for example, Menz et al. [17] 
found no significant advantage in combining corrective. 

Collectively, the body of evidence suggests that non-
invasive interventions predominantly function to allevi-
ate symptoms, improve foot biomechanics, and slow the 
progression of HV deformity rather than fully correct the 
anatomical malalignment of the hallux [14]. While in-
dividual studies have shown promising results for both 
corrective exercise programs and orthotic devices—es-
pecially in the early stages of the condition through bio-
mechanical stabilization and functional improvement—
a definitive consensus on the most effective conservative 
approach remains elusive. Moreover, a critical gap per-
sists in understanding the comparative and combined ef-
fects of these interventions on foot kinetics and plantar 
pressure distribution during gait. Despite evidence sup-
porting each modality independently, no comprehensive 
research has systematically evaluated how corrective 
exercises, orthotic use, and their combination influence 
plantar pressure variables in patients with HV. Accord-
ingly, the present study is designed to compare the ef-
fects of two intervention strategies—corrective exercise 
and orthotic application—on kinetic foot variables and 
plantar pressure distribution in middle-aged women di-
agnosed with HV. By implementing intervention periods 
of eight and twelve weeks, this study aims to elucidate 
whether these treatment modalities can induce signifi-

cant biomechanical changes during gait. Addressing this 
knowledge gap is pivotal for refining conservative man-
agement protocols and optimizing functional outcomes 
in individuals with early to moderate HV. 

Materials and Methods

Study design

This study was designed as a randomized controlled 
trial with 3 parallel groups to investigate and compare 
the effects of corrective exercise band orthotic imple-
mentation on kinetic parameters in females diagnosed 
with HV. Participants were randomly allocated into one 
of three groups: Corrective exercise group (CEG), or-
thotic implement group (OG), and control group (CG), 
with an equal allocation ratio of 1:1:1. Randomization 
was performed using a table of random numbers by an 
independent individual who was not involved in the as-
sessment or delivery of the interventions. Allocation 
concealment was ensured through the use of sequen-
tially numbered, opaque sealed envelopes. These enve-
lopes were prepared by an independent researcher not 
involved in participant recruitment or assessment, and 
were opened sequentially only after the participant’s en-
rollment. This process minimized the risk of selection 
bias. Participants were blinded to the study hypothesis 
and group comparisons. The visibly different interven-
tions (corrective exercises vs orthotics) were presented 
as standard variations in conservative care, with no dis-
closure of comparative outcomes.

Outcome assessors remained unaware of group assign-
ments by conducting measurements in a separate facility 
without exposure to intervention materials. Moreover, 
the study employed a double-blind design: participant 
blinding was maintained by informing all participants 
that they would receive one of several commonly used 
conservative treatments for HV, without disclosing the 
specific aim or group comparisons of the study. The trial 
was conducted at the Andaman Kar Clinic in Tehran City, 
Iran. The total duration of the study was 12 weeks, with 
data collection performed at 3 time points: baseline (pre-
test), mid-intervention (week 8), and post-test (week 12). 
To ensure data reliability, high-precision and validated 
biomechanical equipment was utilized for kinetic assess-
ments. All measurements were repeated three times, and 
the average was used for analysis. The assessments were 
conducted by a highly experienced and qualified biome-
chanical specialist, ensuring the collection of consistent 
and accurate data.
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Study participants

The sample size was calculated using statistical formu-
las and G*Power software, version 3.1.9.7, informed by 
previous similar studies. With a confidence level of 95%, 
a statistical power of 0.8, a significance level of 0.05, and 
an estimated effect size of 0.45, a total of 45 participants 
were determined to be the required sample size. Initially, 
100 individuals were screened for eligibility, and after 
applying the inclusion and exclusion criteria, 45 partici-
pants were enrolled and equally allocated across three 
parallel groups: CEG, OG, and CG, with 15 individuals 
in each group.

A total of 100 female patients with HV who visited 
Andaman Kar Clinic in Tehran were initially screened 
between January and June 2024. Based on inclusion and 
exclusion criteria, which were considered ….., 45 indi-
viduals were deemed eligible and enrolled in the study. 
Randomization was performed using block randomiza-
tion via a random number table by an independent in-
dividual not involved in assessment or intervention de-
livery, with block sizes of 3 to ensure balanced group 
sizes. Participants with similar pre-test scores were ran-
domly distributed across the three groups to reduce base-
line variability. No participant declined participation or 
dropped out during the study.

The inclusion criteria were as follows: female gender, 
age range of 40–50 years, with physical and mental 
health, clinical diagnosis of mild to moderate HV (de-
fined as an angle between 18° and 29°, mean 23.4±3.1°), 
not currently pregnant, no engagement in regular physi-
cal activity or other clinical trials, no history of major or-
thopedic or neurological conditions, and ability to follow 
the study protocol. Foot dominance was assessed during 
screening, with 42 participants identified as right-foot D 
and 18 as left-foot D. All participants provided informed 
written consent after being briefed about the study pro-
cedures. The exclusion criteria included presence of 
cardiovascular diseases, visual or auditory impairments, 
sensorimotor dysfunctions, musculoskeletal disorders, 
other foot deformities that could affect gait, past disloca-
tions or fractures in the spine, lower limbs, or great toe 
(verified by medical records), severe HV (defined as an 
angle >30°) [11], joint stiffness, or inability to perform 
the prescribed exercises. Participants were also excluded 
if they failed to comply with the protocol or voluntarily 
withdrew during the intervention period. However, none 
of the participants met these exclusion conditions during 
the trial. The exclusion criteria were evaluated through 
clinical examination, personal health questionnaires, and 
medical records. 

Body mass index (BMI) was calculated using the stan-
dard formula: weight (kg)/height (m²) [18]. HV angle 
and joint flexibility were measured by a trained phy-
sician using a standardized goniometer [19]. Weekly 
follow-up calls were made to monitor compliance with 
both the corrective exercise and orthotic interventions. 
At baseline, there were no statistically significant differ-
ences between the CEG, OG, and CG in terms of age, 
BMI, or kinetic parameters, confirming the success of 
the randomization process. All data were collected confi-
dentially and stored securely, accessible only to the lead 
investigator and evaluator. 

Study intervention

Three groups participated in this randomized con-
trolled trial: the CEG, the OG, and the CG. The interven-
tions for each group are detailed below.

Orthotic group (OG)

Participants in the OG used HV splints (Andam Kar 
Company®) [20], which are small dynamic braces at-
tached to the great toe and foot. These splints were de-
signed to align the great toe joint neutrally, support joint 
movement during gait, protect the bony prominence 
from friction, and reduce active bursitis. The splint con-
sisted of an internal bar applying outward pressure on the 
first metatarsal, a strap pulling the great toe inward, and 
a second strap securing the metatarsals. Additionally, a 
hinge supported the great toe joint during walking. The 
splints were custom-fitted for each participant without 
requiring specialized adjustments and were suitable for 
home use Figure 1 represents the HV orthotic splint. Par-
ticipants were instructed to wear the splints for 6 hours 
overnight and an additional 2 to 4 hours during the day, 
either inside shoes while walking or wearing socks at 
home, amounting to approximately 8 to 10 hours daily. 
During the first 10 days, usage was gradually increased, 
starting from 1 hour per day and incrementally reach-
ing the full daily duration. Compliance was monitored 
weekly through telephone calls. The splint efficacy and 
comfort were not pre-tested or validated in pilot users 
for this study, but were supported by prior meta-analytic 
evidence on similar orthotic designs [20]. Adherence 
was monitored through self-reported weekly telephone 
follow-ups, which may introduce reporting bias.

CEG

Participants in the CEG followed a 12-week home-
based corrective exercise program, aimed at addressing 
muscle imbalances and movement compensations re-
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lated to HV. Previous studies have shown that structured 
neuromuscular training can significantly enhance bal-
ance and coordination in individuals with foot and ankle 
dysfunction [21]. The program focused on stretching the 
adductor hallucis, strengthening the abductor hallucis, 
increasing the range of motion of the great toe, and re-
inforcing intrinsic foot muscles. The exercise protocol 
consisted of 9 specific exercises [21]. Figure 2 represents 
the corrective exercise program, performed 5 days per 
week over 12 weeks. The exercises were as follows: toe 
stretch, where participants lifted their toes upward for 5 
seconds and then curled them downward for 5 seconds, 
repeated 10 times; toe flexion/extension, performed in a 
kneeling position by pressing the toes against a hard sur-
face for 10 seconds, repeated 4 times; followed by flex-
ing the toes in the opposite direction for 10 seconds, re-

peated 4 times; great toe stretch, which involved pulling 
the great toe outward using the fingers and holding for 10 
seconds, repeated 4 times; towel gathering, in which par-
ticipants gathered a towel placed on the floor using their 
toes, repeated 5 times; resisted toe exercise, performed 
by wrapping a resistance band or towel around the toes 
and pulling outward against resistance, repeated 5 times; 
ball rolling, rolling a golf ball-sized object under the foot 
for 2 minutes to reduce muscle tension; marble pickup, 
where participants picked up 20 marbles with their toes 
and placed them into a bowl; heel lift, performed while 
seated by lifting the heels and shifting weight to the toes 
for 5 seconds, repeated 10 times per foot; and seated toe 
stretch, in which participants sat while lifting one leg and 
pulled the toes back with the opposite hand for 20 repeti-
tions, performed in 2–3 sets.

Figure 1. HV orthotic splint
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Control Group (CG) 
Participants in the CG did not receive any specific intervention and were instructed to continue 
their usual daily activities throughout the study period. 

 

 

Figure 2. Corrective Exercises Program 

 

Instruments and Equipment 

The HV angle was measured using a specialized goniometer (Brand Tavangostar, Model 360) with 
a measurement accuracy of ±1 degrees. The reliability and validity of this goniometer have been 
confirmed in previous studies (19). Participants stood in a natural position while the goniometer’s 
center was placed on the medial prominence of the great toe. The device’s arms were aligned along 
the first metatarsal and proximal phalanx, and the angle was read from the indicator. Figure 3 
presents the specialized goniometer for HV assessment. 
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The exercises were initially demonstrated and super-
vised by a specialized rehabilitation and corrective ex-
ercise expert at Andaman Kar Clinic to ensure proper 
technique and understanding. Each session lasted ap-
proximately 16 minutes and was performed 5 days per 
week. Exercise intensity and resistance were not pro-
gressively adjusted during the program to maintain con-
sistency and accessibility for home-based implementa-
tion. Participants performed the exercises independently 
at home, with compliance monitored weekly via tele-
phone follow-ups.

CG

Participants in the CG did not receive any specific in-
tervention and were instructed to continue their usual 
daily activities throughout the study period.

Instruments and equipment

The HV angle was measured using a specialized goni-
ometer (Brand Tavangostar, Model 360) with a measure-
ment accuracy of ±1 degrees. The reliability and valid-
ity of this goniometer have been confirmed in previous 
studies [19]. Participants stood in a natural position while 
the goniometer’s center was placed on the medial promi-
nence of the great toe. The device’s arms were aligned 
along the first metatarsal and proximal phalanx, and the 
angle was read from the indicator. Figure 3 presents the 
specialized goniometer for HV assessment.

Dynamic plantar pressure variables were assessed us-
ing a foot scan device (RS Scan, Belgium; dimensions 
0.5×0.5×0.02 m; equipped with 4363 sensors and op-
erating at 300 Hz). The device was installed flush with 
the ground surface in the orthotics clinic (Andaman Kar 
Clinic), where environmental factors such as tempera-
ture (<19 °C), humidity (<19% humidity), and lighting 
were controlled to minimize their effect on data accura-

cy. The RS Scan system was calibrated according to the 
protocol described by Koller et al. [22], ensuring precise 
and reliable pressure measurement. During the assess-
ment, participants walked barefoot across a 10-m walk-
way with the foot scan device located at the midpoint. 
Each foot was scanned separately: one foot stepped on 
the device while the other remained off it, and then the 
process was repeated in the opposite direction. Before 
formal data collection, participants were familiarized 
with the walking procedure through 3 practice trials. If 
balance or gait irregularities were observed, the trial was 
repeated to ensure data quality. Three valid walking trials 
were recorded per participant, with a one-minute rest in-
terval between trials. The stance phase (heel strike to toe-
off) was analyzed to extract plantar pressure parameters 
in ten defined regions: Great toe (T1), toes 2–5 (T2–5), 
first to fifth metatarsals (M1–M5), midfoot (MF), me-
dial heel (MH), and lateral heel (LH) [22]. Data were 
transmitted to a processor and visualized via color-coded 
pressure maps (black indicating no pressure, red indicat-
ing the highest pressure, and blue indicating the lowest 
pressure).

Data collection was conducted by a highly skilled op-
erator specialized in biomechanics and rehabilitation, 
ensuring precise and reliable measurements. Invalid or 
noisy data were excluded following thorough quality 
checks. Each measurement was repeated three times, 
and the best value was selected for analysis to enhance 
reliability. Test-retest reliability for plantar pressure mea-
surements with the RS Scan system has been reported as 
high in previous research [23].

All procedures were conducted following ethical ap-
proval and with participants’ informed consent, adhering 
to the principles of the Declaration of Helsinki.

Figure 3. Specialized goniometer for HV assessment
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Variables and outcome measures 

The independent variable in this randomized con-
trolled trial was the intervention group, consisting of 
three groups: CEG, OG, and CG. The inclusion of the 
CG group was essential to serve as a baseline, allowing 
comparison of the effects of CEG and OG interventions 
against the natural progression without treatment.

The dependent variables comprised biomechanical ki-
netic parameters of plantar pressure, measured dynami-
cally during the stance phase of gait—a critical period 
for foot loading and force transmission [22]. These vari-
ables included:

Maximum plantar pressure (Pmax)

Defined as the highest-pressure value recorded in New-
tons per square centimeter (N/cm²) by any sensor within 
the designated foot regions during stance, reflecting peak 
load areas relevant in HV pathology [24]. Calculated by 
Equation 1:

1.  Pmax=max(P1, P2, ..., Pn)

Loading rate (R):

The rate of force application upon foot-ground contact, 
indicative of mechanical stress and potential injury risk. 
It is calculated as the ratio of ground reaction force (F) to 
the contact area (A) [24] (Equation 2):

2.  

Impulse (J):

The integral of force throughout application dur-
ing stance, representing total momentum transfer [24] 
(Equation 3):

3. 

 10

baseline, allowing comparison of the effects of CEG and OG interventions against the natural 
progression without treatment. 

The dependent variables comprised biomechanical kinetic parameters of plantar pressure, 
measured dynamically during the stance phase of gait—a critical period for foot loading and force 
transmission (22). These variables included: 

 Maximum Plantar Pressure (P_max): 
Defined as the highest-pressure value recorded in Newtons per square centimeter (N/cm²) 
by any sensor within the designated foot regions during stance, reflecting peak load areas 
relevant in hallux valgus pathology (24). Calculated by: 

Equation 1  P���=max(P1, P2, ..., Pn) 

 

 Loading Rate (R): 
The rate of force application upon foot-ground contact, indicative of mechanical stress 
and potential injury risk. It is calculated as the ratio of ground reaction force (F) to the 
contact area (A) (24): 

Equation 2 R =
F
A

 

 

 Impulse (J): 
The integral of force throughout application during stance, representing total momentum 
transfer (24): 

Equation 3 J = � F(t)dt
��

��

 

 

Measurements were obtained using the RS Scan foot pressure system (RS Scan International, 
Belgium) at a sampling frequency of 300 Hz during walking trials along a 10-m walkway. The 
plantar surface was segmented into ten anatomical regions—great toe (T1), toes 2–5 (T2–5), first 
through fifth metatarsals (M1–M5), midfoot (MF), medial heel (MH), and lateral heel (LH)—to 
enable detailed regional pressure analysis (25). 

Statistical Analysis 

Measurements were obtained using the RS scan foot 
pressure system (RS scan international, Belgium) at 
a sampling frequency of 300 Hz during walking trials 
along a 10-m walkway. The plantar surface was seg-
mented into ten anatomical regions—great toe (T1), toes 
2–5 (T2–5), first through fifth metatarsals (M1–M5), 
MF, MH, and LH—to enable detailed regional pressure 
analysis [25].

Statistical analysis

Descriptive statistics, including means and standard 
deviations, were calculated to summarize participant 
demographics and outcome variables. The Shapiro-Wilk 
test was used to assess data normality, and Levene’s test 
evaluated homogeneity of variances. For variables with 
normal distribution, inferential analysis was performed 
using a repeated measures general linear model (GLM) 
to examine the effects of study groups (CEG, OG, and 
CG), time (baseline, week 8, and week 12), and their in-
teraction on the dependent variables. Post-hoc pairwise 
comparisons with Bonferroni correction were conducted 
to identify significant differences between groups and 
time points. All analyses were performed using SPSS 
software, version 26 (IBM Corp., New York, USA), with 
a significance level set at P<0.05. Missing data were not 
present, as all participants completed the study.

Results

Participant flow and baseline characteristics

All 45 participants (15 per group) completed the study 
without dropping out. Baseline demographic and kinetic 
parameters were comparable across groups (P>0.05), 
confirming successful randomization. Baseline demo-
graphic and clinical characteristics of participants are 
presented in Table 1. No statistically significant differ-
ences were found among the CG, CEG, and OG regard-
ing age, weight, height, and BMI at baseline (all P>0.05). 
This finding indicates that randomization successfully 
achieved comparable groups before the intervention.

Inferential statistics

To examine the effects of corrective exercises and or-
thotic interventions on kinetic parameters, a repeated 
measures ANOVA was conducted for each dependent 
variable—Pmax, loading rate, and impulse—across 
different foot zones and time points (baseline, week 8, 
and week 12). Analyses were performed for both the 
dominant (D) and non-dominant (ND) limbs. Where 
significant main or interaction effects were observed, 
Bonferroni-adjusted post hoc comparisons were used to 
identify specific intergroup differences. A detailed sum-
mary of these results is presented in Table 2.

Pmax

A significant main effect of time was found in several 
foot zones, including the great toe (T1), toes 2–5 (T2–5), 
first metatarsal (M1), and third metatarsal (M3) on the 
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D limb (all P < 0.05). Notably, CEG and OG showed 
significant reductions in maximum pressure at T1 com-
pared to CG (P=0.020 and P=0.036, respectively). How-
ever, no significant time×group interaction was observed 
for T1, indicating a general temporal improvement. At 
zone T2–5, a significant time×group interaction was 
observed (F=42.57, P<0.001), and Bonferroni post hoc 
tests showed that CEG significantly differed from both 
OG and CG (P=0.017 and P<0.001, respectively). Simi-
lar patterns were detected in the M3 and M5 regions, 
where CEG demonstrated more pronounced reductions 
over time compared to the control group. No significant 
effects were observed in MF and heel regions (MH, LH), 
suggesting that intervention effects were localized pri-
marily in the forefoot areas related to HV deformity.

Loading rate

For loading rate, a significant main effect of time was 
found in zones such as M2 (D), M4 (D), and LRF (D 
and ND). A particularly strong time×group interaction 
was found in the lateral rearfoot of the D limb (LRF-D) 
(F=12.09, P<0.001). Bonferroni post hoc tests revealed 
that CEG significantly differed from CG (P<0.001) and 
also from OG (P=0.031), indicating the corrective exer-
cise program had a greater impact in reducing loading 
rate in this zone. Additionally, significant intergroup dif-
ferences were detected in the ND limb at zones M5 and 
LRF, with the CEG outperforming both OG and CG in 
reducing loading rate values (P<0.001).

Impulse

Regarding impulse, a significant time effect was found 
in several forefoot and MF regions, especially T2–5, M3, 
M5, MMF, and MRF, with interaction effects also being 
statistically significant (all P<0.05). Bonferroni-adjusted 
comparisons revealed significant reductions in impulse 
in the CEG group compared to both OG and CG in zones 

T2–5 and M3 on both D and ND limbs. For example, 
at T2–5 (ND), CEG showed significantly lower impulse 
values compared to CG (P=0.002) and OG (P=0.012). 
In contrast, no significant changes were observed in MH 
and MF regions for impulse, highlighting that the inter-
ventions primarily affected the anterior plantar region.

Data are presented as F and P derived from repeated 
measures ANOVA. Post hoc comparisons were con-
ducted using Bonferroni correction. Abbreviations: D, D 
foot; ND foot; CG, control group; CEG; OG, orthotic 
group; LRF, lateral rearfoot; MRF, medial rearfoot; 
MMF, medial forefoot. Bold P values indicate statisti-
cally significant differences (P<0.05).

Discussion

This study aimed to evaluate the comparative effec-
tiveness of a 12-week corrective exercise program and 
orthotic intervention in altering plantar pressure-related 
kinetic parameters in individuals with HV. Results indi-
cated significant time and time × group interaction ef-
fects, particularly in forefoot regions. Specifically, the 
CEG showed significant reductions in Pmax at the great 
toe, toes 2–5, and third metatarsal of the D foot compared 
to both the orthotic group and control group. Similarly, 
loading rate in the LRF-D decreased more substantially 
in CEG than in OG and CG. Impulse values also signifi-
cantly declined in CEG across key forefoot zones in both 
limbs, while MF and heel regions remained largely un-
affected. These results highlight the regional specificity 
and biomechanical impact of the corrective exercise pro-
tocol, suggesting that such targeted interventions may 
provide greater functional improvements in load distri-
bution than passive orthotic support. The findings of the 
present study showed that both corrective exercises and 
orthotic interventions led to significant changes in Pmax 
in women with HV; however, the pattern and affected re-

Table 1. Baseline demographic and anthropometric characteristics of the study participants (n=15)

Variables
Mean±SD

CG CEG OG

Age (y) 44.2±3.96 44.33±4.44 45.2±4.19

Weight (kg) 69.8± 68.14±14.75 69±14.11

Height (m) 1.61±0.06 1.64±0.05 1.6±0.05

BMI (kg/m2) 26.91±4.62 24.12±4.51 26.48±4.5

Abbreviations: CN: Control group; CEG: Corrective exercise group; OG: Orthotic group. 

Note: Statistical comparisons were performed using one-way ANOVA with a significance level set at P<0.05.
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Table 2. Repeated measures ANOVA results for Pmax, loading rate, and impulse across foot zones and intervention groups 
over time

Pmax

Zone Foot

Repeated Measures ANOVA Post Hoc

Time Time×Group Group 
Differences MD Sig.

F Sig. F Sig.

T1

D 3.42 0.041* 0.283 0.875

CEG-CG 0.469 0.020*

OG-CG 0.411 0.036*

CEG-OG -0.058 -

ND 1.48 0.234 1.14 0.338

CEG-CG 0.236 -

OG-CG 0.213 -

CEG-OG -0.022 -

T2-5

D 3.42 0.037* 0.283 0.888

CEG-CG 0.052 -

OG-CG -0.155 -

CEG-OG -0.207 0.017*

ND 0.124 0.884 0.352 0.842

CEG-CG 0.052 -

OG-CG -0.089 -

CEG-OG -0.141 -

M1

D 5.47 0.008* 0.954 0.433

CEG-CG -0.222 -

OG-CG -0.926 0.033*

CEG-OG -0.704 -

ND 1.52 0.224 1.19 0.318

CEG-CG -0.159 -

OG-CG -0.215 -

CEG-OG -0.056 -

M2

D 0.124 0.883 5.97 0.000*

CEG-CG 0.212 -

OG-CG 0.006 -

CEG-OG -0.206 -

ND 0.549 0.58 2.38 0.058

CEG-CG -0.124 -

OG-CG -0.071 -

CEG-OG 0.053 -
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Pmax

Zone Foot

Repeated Measures ANOVA Post Hoc

Time Time×Group Group 
Differences MD Sig.

F Sig. F Sig.

M3

D 4.62 0.012* 1.85 0.127

CEG-CG 0.44 -

OG-CG 0.706 -

CEG-OG 0.267 -

ND 0.99 0.376 1.24 0.299

CEG-CG 0.369 -

OG-CG 0.323 -

CEG-OG -0.047 -

M4

D 0.04 0.961 0.177 0.95

CEG-CG -0.029 -

OG-CG 0.474 -

CEG-OG 0.503 -

ND 0.234 0.792 0.797 0.531

CEG-CG -0.002 -

OG-CG 0.059 -

CEG-OG 0.061 -

M5

D 2.98 0.057 0.336 0.853

CEG-CG -0.111 -

OG-CG -0.104 -

CEG-OG 0.007 -

ND 0.87 0.423 0.877 0.482

CEG-CG -0.286 -

OG-CG -0.303 -

CEG-OG -0.017 -

MMF

D 0.271 0.763 1.36 0.253

CEG-CG -0.073 -

OG-CG -0.129 -

CEG-OG -0.056 -

ND 0.39 0.678 2.23 0.073

CEG-CG -0.007 -

OG-CG -0.076 -

CEG-OG -0.07 -

MRF

D 0.499 0.601 0.308 0.872

CEG-CG -0.156 -

OG-CG 0.157 -

CEG-OG 0.313 -

ND 2.52 0.087 0.597 0.666

CEG-CG 0.024 -

OG-CG 0.155 -

CEG-OG 0.131 -
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Pmax

Zone Foot

Repeated Measures ANOVA Post Hoc

Time Time×Group Group 
Differences MD Sig.

F Sig. F Sig.

LRF

D 0.965 0.386 0.876 0.482

CEG-CG -0.109 -

OG-CG 0.248 -

CEG-OG 0.354 0.031*

ND 0.448 0.641 0.387 0.817

CEG-CG 0.094 -

OG-CG 0.194 -

CEG-OG 0.099 -

Loading Rate

Zone Foot

Repeated Measures ANOVA Post Hoc

Time Time×Group Group Dif-
ferences MD Sig.

F Sig. F Sig.

T1

D 2.64 0.108 1.52 0.229

CEG-CG 0.022 -

OG-CG 0.016 -

CEG-OG −0.007 -

ND 1.07 0.31 1.13 0.335

CEG-CG −0.127 -

OG-CG −0.151 -

CEG-OG −0.024 -

T2-5

D 0.74 0.399 1 0.337

CEG-CG −0.027 -

OG-CG 0.106 -

CEG-OG 0.133 -

ND 0.8 0.383 0.736 0.493

CEG-CG 0.038 -

OG-CG 0.001 -

CEG-OG −0.037 -

M1

D 0.419 0.595 0.826 0.482

CEG-CG 0.032 -

OG-CG 0.02 -

CEG-OG −0.012 -

ND 0.315 0.587 0.813 0.455

CEG-CG −0.013 -

OG-CG −0.019 -

CEG-OG −0.006 -
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Loading Rate

Zone Foot

Repeated Measures ANOVA Post Hoc

Time Time×Group Group Dif-
ferences MD Sig.

F Sig. F Sig.

M2

D 2.35 0.043* 1.46 0.223

CEG-CG -0.007 0.001*

OG-CG 0.002 -

CEG-OG 0.009 0*

ND 0.216 0.784 2.23 0.081

CEG-CG −0.033 -

OG-CG −0.01 -

CEG-OG 0.023 -

M3

D 0.488 0.588 1.94 0.123

CEG-CG −0.007 -

OG-CG −0.005 -

CEG-OG 0.001 -

ND 0.49 0.614 1.95 0.109

CEG-CG 0.000 -

OG-CG 0.000 -

CEG-OG 0.000 -

M4

D 3.23 0.076 4.26 0.018*

CEG-CG 0.003 -

OG-CG 0.029 -

CEG-OG 0.025 -

ND 0.385 0.672 1.96 0.112

CEG-CG −0.002 -

OG-CG −0.004 -

CEG-OG −0.003 -

M5

D 3.71 0.058 0.878 0.43

CEG-CG 0.011 -

OG-CG −0.001 -

CEG-OG −0.012 -

ND 37.6 0* 35.9 0*

CEG-CG 0.334 0.000*

OG-CG 0.336 0.000*

CEG-OG −0.002 -

MMF

D 1.97 0.168 1.37 0.267

CEG-CG −0.077 -

OG-CG −0.098 -

CEG-OG −0.021 -

ND 0.204 0.726 0.607 0.597

CEG-CG −0.003 -

OG-CG 0.004 -

CEG-OG −0.001 -
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Loading Rate

Zone Foot

Repeated Measures ANOVA Post Hoc

Time Time×Group Group Dif-
ferences MD Sig.

F Sig. F Sig.

MRF

D 2.49 0.088 2.11 0.086

CEG-CG 0.000 -

OG-CG 0.001 -

CEG-OG 0.001 -

ND 1.19 0.308 0.541 0.706

CEG-CG 0.004 -

OG-CG 0.02 -

CEG-OG 0.016 -

LRF

D 1.27 0.285 12.09 0*

CEG-CG 0.012 0*

OG-CG −0.003 -

CEG-OG −0.015 0*

ND 10.5 0* 11.2 0*

CEG-CG 0.328 0*

OG-CG 0.337 0*

CEG-OG 0.009 -

Impulse

Zone Foot

Repeated Measures ANOVA Post Hoc

Time Time×Group Group Dif-
ference MD Sig.

F Sig. F Sig.

T1

D 1.61 0.209 0.24 0.894

CEG-CG 0.065 -

OG-CG 0.45 -

CEG-OG 0.385 -

ND 3.38 0.039* 0.758 0.556

CEG-CG 0.312 0.001*

OG-CG −0.238 0.015*

CEG-OG 0.074 -

T2-5

D 25.01 0* 42.57 0*

CEG-CG 0.097 -

OG-CG −0.219 0.003*

CEG-OG −0.316 0*

ND 34.16 0* 23.18 0*

CEG-CG −0.28 0.002*

OG-CG −0.04 -

CEG-OG 0.24 0.012*
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Impulse

Zone Foot

Repeated Measures ANOVA Post Hoc

Time Time×Group Group Dif-
ference MD Sig.

F Sig. F Sig.

M1

D 0.186 0.791 0.565 0.658

CEG-CG 0.158 -

OG-CG 0.166 -

CEG-OG 0.008 -

ND 2.99 0.077 2.19 0.106

CEG-CG −0.347 -

OG-CG −0.427 -

CEG-OG −0.08 -

M2

D 0.367 0.67 3.29 0.020*

CEG-CG −0.122 -

OG-CG 0.291 0.001*

CEG-OG 0.169 -

ND 2.25 0.113 1.15 0.339

CEG-CG 0.316 -

OG-CG 0.321 -

CEG-OG 0.004 -

M3

D

19.24 0* 12.53 0* CEG-CG 0.139 -

OG-CG −0.118 -

CEG-OG −0.257 -

ND 1.69 0.189 0.594 0.668

CEG-CG 0.127 -

OG-CG 0.19 -

CEG-OG 0.063 -

M4

D 0.672 0.514 0.832 0.509

CEG-CG 0.25 -

OG-CG 0.415 -

CEG-OG 0.165 -

ND 1.25 0.282 1.75 0.173

CEG-CG 0.003 -

OG-CG 0.065 -

CEG-OG 0.062 -

M5

D 6.94 0.002* 3.66 0.009*

CEG-CG -0.045 -

OG-CG 0.198 0.039*

CEG-OG 0.243 0.008*

ND 1.02 0.363 6.55 0*

CEG-CG 0.133 -

OG-CG 0.069 -

CEG-OG −0.064 -
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gions differed between groups. Corrective exercises re-
sulted in pressure reductions in the hallux, second meta-
tarsal, and LH areas, consistent with previous studies on 
plantar load redistribution [10, 16, 26]. In contrast, the 
orthotic group exhibited increased pressure at the hallux 
of the ND foot and decreased pressure in some metatar-
sal regions, indicating a redistribution of load within the 
foot [10, 20]. Between-group comparisons also revealed 
that both interventions reduced pressure at the hallux 
compared to the control group, but orthotics shifted load 
to lateral and MF areas, which may help compensate for 
excessive pressure but can cause increased loading in 
certain regions. Overall, corrective exercises were more 
effective in targeted reduction of forefoot pressures, 

whereas orthotics produced a broader but less focused 
pattern of load redistribution. These findings emphasize 
the importance of dynamic muscle training and motor 
relearning in improving foot biomechanics in HV.

Pmax

The findings of the present study indicate that both 
corrective exercise and orthotic interventions led to sig-
nificant changes in Pmax in women with HV. However, 
the nature and location of these changes varied across 
groups and time points. In the CEG, significant reduc-
tions in Pmax were observed at the hallux (T1), second 
metatarsal (M2), and LRF of the D foot. Post hoc analy-
ses revealed a significant reduction of 0.443 in pressure 

Impulse

Zone Foot

Repeated Measures ANOVA Post Hoc

Time Time×Group Group Dif-
ference MD Sig.

F Sig. F Sig.

MMF

D 4.23 0.037* 4022 0.012*

CEG-CG 0.047 -

OG-CG −0.244 0.034*

CEG-OG −0.292 0.011*

ND 14.41 0* 3.78 0.012*

CEG-CG −0.022 -

OG-CG 0.121 -

CEG-OG 0.143 -

MRF

D 2.23 0.114 3.34 0.014*

CEG-CG 0.298 0.023*

OG-CG 0.388 0.003*

CEG-OG 0.09 -

ND 0.972 0.361 3.37 0.025*

CEG-CG 0.148 -

OG-CG 0.29 0.001*

CEG-OG 0.143 -

LRF

D 4.34 0.016* 2.44 0.054

CEG-CG 0.207 0.002*

OG-CG −0.068 -

CEG-OG 0.275 0*

ND 0.905 0.409 0.128 0.972

CEG-CG 0.16 -

OG-CG 0.087 -

CEG-OG −0.073 -

*Significant differences (P<0.05). 

Note: The symbol [-] denotes ‘not applicable.
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under the hallux and an increase of 0.918 under M2 after 
8 weeks compared to baseline. Furthermore, an increase 
of 0.321 in the LH was detected between weeks 8 and 12. 
These results align with findings by Menz [8], who em-
phasized the efficacy of targeted exercise interventions 
in redistributing plantar loads, and Yoo [16], who found 
elevated pressures under the second and third metatar-
sals among HV patients. In contrast, the orthotic group 
demonstrated significant changes in different plantar 
regions. Maximum pressure increased at the hallux of 
the ND foot by 0.427 after 12 weeks and significantly 
decreased at M1 and M3 in the D foot (by 0.67 and 1.02, 
respectively). These findings are consistent with studies 
by Bryant [25] and Kelly [27], which reported orthoses 
to be effective in offloading pressure from central meta-
tarsal heads. Galica [28] also noted reduced load beneath 
the hallux with orthotic use, though in the current study, 
an increase was observed in the ND foot, potentially due 
to altered gait compensation patterns. However, the pres-
ent results contrast with Hsien-Yu Chen’s findings, which 
indicated reductions in heel pressure following orthotic 
intervention—an effect not replicated here. Inter-group 
comparisons further revealed that both CEG and OG 
achieved significant reductions in maximum pressure at 
the hallux compared to the CG (reductions of 0.469 and 
0.411, respectively). Notably, orthotic intervention led to 
an increase in pressure under T2–5 by 0.207 compared 
to CEG, and also caused a notable increase at M1 (0.926) 
and the LRF (0.357), suggesting that the passive support 
offered by orthoses may redistribute load toward other 
plantar zones rather than reduce it overall. This redistri-
bution effect may explain the increased pressure in non-
targeted regions, supporting prior conclusions by Menz 
et al. [10], who observed orthoses to significantly affect 
MTP load in women with HV. Overall, the corrective ex-
ercise protocol appeared to achieve more consistent and 
targeted reductions in forefoot plantar pressure—espe-
cially under the hallux and metatarsals—while orthotic 
devices demonstrated a mixed pattern of load redistribu-
tion, with some increases observed in lateral and mid-
forefoot zones. These outcomes underscore the biome-
chanical benefits of dynamic muscular re-education in 
mitigating the excessive forefoot load commonly seen 
in HV pathology.

Loading rate

The results of the present study demonstrate that both 
corrective exercise and orthotic interventions have sig-
nificant yet distinct effects on the loading rate across 
specific plantar regions in women with HV. In the CEG, 
significant reductions in loading rate were observed in 
the ND foot at the second metatarsal (M2) and MF, and 

in the lateral rear foot of both feet. Post hoc analysis re-
vealed a reduction of 0.018 at M2 in the ND foot both 
compared to pre-intervention and to week 8, indicating 
a progressive adaptation over time. The MF showed a 
smaller but significant decrease of 0.003 after 12 weeks. 
Interestingly, the LH in the D foot exhibited a signifi-
cant increase of 0.004 from pre-intervention to week 8, 
and the same trend persisted between weeks 8 and 12. 
In contrast, the LH of the ND foot showed a significant 
reduction (0.016) at week 8 compared to baseline. These 
findings partially align with those of Hutton [29], who 
reported that in HV patients, mechanical load tends to 
shift laterally, and corrective exercise may assist in re-
storing a more balanced plantar load distribution. In the 
current study, this lateral load shift appears to have been 
reversed in the ND foot but not in the D one—suggest-
ing possible asymmetry in neuromuscular adaptation or 
functional dominance effects. In the OG, loading rate 
reductions were observed at M2 and M4 of the D foot 
and at the LH in both feet. Specifically, post-intervention 
analysis showed that the loading rate at M2 and M4 re-
duced by 0.007 and 0.065, respectively, after 12 weeks. 
Furthermore, the LRF loading rate decreased by 0.019 in 
both feet after both 8 and 12 weeks. These findings are 
consistent with the results of Hutton [29], which report-
ed abnormal forefoot and MF loading in HV patients, 
and suggested that orthotic use may effectively mitigate 
these abnormal pressures by redistributing loads across 
the plantar surface. Between-group comparisons provid-
ed further insights. The CEG showed a significant reduc-
tion in loading rate at M2 in the D foot compared to both 
the CG (by 0.007) and the orthotic group (where loading 
increased by 0.009 relative to CEG). For the fifth meta-
tarsal in the ND foot (M5), both interventions unexpect-
edly resulted in increased loading rates—0.334 for CEG 
and 0.336 for OG—suggesting a compensatory shift in 
load toward the lateral forefoot. Additionally, corrective 
exercise led to a significant reduction in LH loading rate 
(by 0.012 in the D and 0.328 in the ND foot), while or-
thotics showed a slightly greater reduction in the ND foot 
(0.337), but an increase of 0.015 in the D foot compared 
to CEG. These findings suggest that corrective exercises 
are more effective in reducing localized loading rates, 
particularly in the medial and MF regions, while orthotic 
devices may offer broader but less targeted load redistri-
bution, sometimes at the cost of increased loading in oth-
er areas (e.g. lateral forefoot). The increase in M5 load-
ing in both groups also raises questions about secondary 
compensations that may arise from each intervention. 
Overall, while both interventions demonstrated positive 
effects on plantar load modulation, corrective exercises 
showed more specific improvements in targeted regions 
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(M2, MF, and LRF), whereas orthotic interventions were 
more generalized but may risk compensatory increases 
elsewhere. These results highlight the importance of in-
dividualized intervention strategies in patients with HV, 
especially when targeting biomechanical risk factors for 
further deformity progression or discomfort.

Impulse

Repeated measures ANOVA on impulse within the 
CEG indicated significant effects of the 8- and 12-week 
interventions on impulse in the second to fifth toes of 
both feet, the third metatarsal head in the D foot, and the 
MF region in the ND foot. Post hoc comparisons showed 
significant decreases in impulse at the second to fifth 
toes of the D foot after 8 weeks (0.512 decrease) and 
12 weeks (0.505 decrease) compared to pre-intervention. 
Similarly, in the ND foot, impulse decreased by 0.125 
after 8 weeks and further by 0.074 at 12 weeks com-
pared to 8 weeks. A significant reduction of 0.601 was 
observed in the third metatarsal head of the D foot after 
12 weeks. However, impulse increased in the MF region 
of the ND foot by 0.371 after 8 weeks and 0.386 after 12 
weeks. These results partially concur with Collan [30], 
which reported reductions in impulse in the D foot fol-
lowing corrective exercises. However, the increase in 
MF impulse in the ND foot was not consistent with pre-
vious findings, suggesting complexity in biomechanical 
adaptations between limbs. In the orthotic group, 8- and 
12-week use significantly influenced impulse in the hal-
lux and toes two to five, the third metatarsal head in the 
D foot, the second metatarsal head in the ND foot, and 
the MF in both feet. Post hoc analyses revealed a signifi-
cant decrease in impulse in the hallux of the D foot after 
12 weeks (0.034 decrease). However, toes two to five 
in the D foot showed significant increases at 12 weeks 
relative to pre-intervention (1.16 increase) and 8 weeks 
(2.0 increase). The second metatarsal head of the ND 
foot showed a 0.022 decrease after 8 weeks. Impulse in 
the third metatarsal head of the D foot decreased by 0.36 
after 12 weeks. MF impulse increased significantly in 
both feet after intervention, with larger increases after 
12 weeks (up to 0.407 in the D foot and 0.292 in the 
ND foot). These findings align with Galica [28] and Wen 
[31], who documented decreases in impulse in the hallux 
and MF regions following orthotic use. However, they 
conflict with Aiyer [24], who reported increased impulse 
in the MH and decreased impulse in the LH and fore-
foot. Between-group comparisons demonstrated signifi-
cant differences in impulse across multiple foot regions, 
including the hallux of the ND foot, toes two to five in 
both feet, the second and third metatarsal heads of the 
D foot, the fifth metatarsal head of both feet, the MF, 

and the medial and LH regions. Corrective exercises sig-
nificantly reduced impulse in the hallux of the ND foot 
by 0.312, while orthotics increased it by 0.238. Orthotic 
intervention increased impulse in toes two to five of the 
D foot by 0.219 compared to controls and by 0.316 com-
pared to corrective exercises. Conversely, corrective ex-
ercises increased impulse in toes two to five of the ND 
foot by 0.28 compared to controls, while orthotics de-
creased it by 0.24 compared to corrective exercises. Both 
interventions reduced impulse in the MH of the D foot 
(corrective exercises by 0.298 and orthotics by 0.388) 
and LH (corrective exercises by 0.207). Orthotics also 
increased impulse in the MH of the ND foot by 0.29. 
Overall, both corrective exercises and orthotics effec-
tively reduced impulse in medial and LH regions of the 
D foot, with greater effect seen from exercises. Orthotics 
exerted stronger effects in MF impulse reduction, while 
exercises more substantially decreased impulse in toes 
two to five of the ND foot and the hallux of the ND foot 
compared to controls.

Conclusion

In summary, both corrective exercise and orthotic in-
terventions significantly modulate plantar pressure pa-
rameters in women with HV. However, corrective exer-
cises provide more focused and consistent reductions in 
forefoot loading, particularly in the hallux and metatarsal 
heads, thereby offering superior biomechanical benefits. 
Orthotic devices contribute to broader load redistribution 
but may induce compensatory pressure increases in adja-
cent foot regions. Clinicians should consider prioritizing 
dynamic, muscle-based rehabilitation approaches to ad-
dress the multifactorial nature of HV, while orthotic use 
should be tailored individually to avoid unintended bio-
mechanical consequences. Further longitudinal research 
is warranted to assess the long-term clinical impacts of 
these interventions.

Study limitations and future directions

Despite the promising findings, this study has several 
limitations that should be acknowledged. First, the sam-
ple comprised solely of female participants, which limits 
the generalizability of results to males or mixed-gender 
populations. Second, the relatively short intervention 
duration of 12 weeks may not be sufficient to capture 
long-term biomechanical adaptations, symptom relief, 
or functional improvements associated with HV treat-
ment. Third, the study did not assess clinical outcomes 
such as pain intensity, quality of life, or gait kinematics, 
which are important for evaluating the overall effective-
ness of interventions. Additionally, the lack of follow-up 
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evaluations limits the understanding of the sustainability 
of the observed biomechanical changes. Future research 
should aim to include larger, more diverse cohorts, lon-
ger follow-up periods, and comprehensive clinical out-
come measures to better elucidate the therapeutic ben-
efits and potential drawbacks of corrective exercise and 
orthotic interventions in HV management.

Study implications

The findings suggest that corrective exercise programs 
should be considered a primary conservative treatment 
option for HV to specifically address abnormal plantar 
loading patterns and improve foot function. Orthotic de-
vices can serve as adjuncts to redistribute plantar loads, 
but clinicians should monitor for potential compensatory 
load increases in non-target areas. Rehabilitation strate-
gies combining dynamic muscle training with orthotic 
support may optimize clinical outcomes.
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