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injuries, improving knee function in 90% of patients, but only 65% return to their previous
level of athletic performance. The aim of this study was to investigate the effect of combined
exercises on plantar pressures in individuals with ACL reconstruction and pronation during
gait.

Materials & Methods: The method of this study was a clinical trial. Using G*Power software,
the sample size for each group was determined to be 15 people. The subjects of the study had
undergone anterior cruciate ligament reconstruction and had pronation of the foot. The subjects
were randomly divided into two groups: control and exercise. The intervention group
underwent a combined exercise protocol for 8 weeks. After the intervention period, the post-
test assessments were repeated in both groups in a similar manner to the pre-test in SPSS V.26.

Results: The results of repeated measures analysis of variance showed the main effect of time
on the peak vertical ground reaction force in the heel strike phase was significant (p < 0.001;
n? = 0.549). The main effect of time on the time to reach the peak vertical ground reaction
force in the heel strike phase was also significant (p < 0.001). The main effect of the group on
the peak vertical ground reaction force in the heel-strike phase was significant (p = 0.027).
The interaction effect of time x group on the peak pressure on the second metatarsal bone was
significant (p = 0.032).

Conclusion: Combined exercises improve biomechanical performance, improve results by
correcting plantar pressure and reducing abnormal stresses, and play a preventive role against
future injuries.

Keywords: Plantar pressure, Combined exercises, Vertical ground reaction force, anterior
cruciate ligament injury, pronated foot
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Introduction

associated with changes in ground reaction forces and
plantar pressure distribution (3). However, there is no

Anterior cruciate ligament (ACL) reconstruction
is one of the most common surgeries for knee injuries,
but many patients do not return to their pre-injury
level of athletic performance and complications such
as cartilage and meniscal damage are reported later on
(1). On the other hand, foot pronation can increase the
stress on the knee joint and ligaments and can increase
the risk of ACL injury (2) due to decreased medial
longitudinal arch and tibia internal rotation. Patients
develop compensatory gait patterns in walking and
running after ACL reconstruction which are
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agreement on the position of maximal plantar pressure
in these patients (4). (5) The effect of advanced
training programs on plantar pressure distribution in
patients with ACL reconstruction and pronated feet
has not been investigated. The aim of this study was
to investigate the effect of combined exercises on
plantar pressures in individuals with ACL
reconstruction and pronation during gait.

Methods
This study was designed as a clinical trial. Based
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on data from previous studies the required sample size
was estimated at 15 participants per group.
Accordingly, 15 individuals with a history of ACL
reconstruction and pronated feet were assigned to the
exercise group, and 15 individuals with similar
characteristics were selected as the control group
(non-exercise group). All participants had undergone
unilateral ACL reconstruction surgery 4 to 8 months
prior to the study. Individuals with meniscal injuries,
osteoarthritis, or knee pain were excluded.All
participants were physically active and engaged in
walking or running for at least 45 minutes per session,
three times per week. The statistical population
consisted of males aged between 19 and 26 years, and
all participants were right-leg dominant. After being
informed about the study procedures and ethical
considerations, and after receiving instructions that
would not interfere with the data collection process,
participants were asked to wear sportswear and
perform a standardised warm-up to prevent injury
before testing. Subsequently, participants walked five
times along an 18-metre walkway at a constant speed
of 1.2 m/s. During these trials, plantar pressure data
were recorded using a Footscan system (Belgium)
with a sampling frequency of 300 Hz. Following the
pre-test assessment, participants in the intervention
group took part in an 8-week training programme
consisting of 24 sessions (three sessions per week, 45
minutes per session). The training intervention
consisted of a combination of advanced corrective
exercises designed and implemented according to the
principles of corrective and advanced training
programmes. The type, sequence, and content of the
exercises performed in each session are presented in
Tables 2 and 3. After completion of the training
period, the post-test assessment was conducted. To
examine the effects of time (pre-test vs. post-test) and
group (control vs. intervention) on the outcomes, a
mixed within-between repeated measures ANOVA
was applied. Bonferroni post hoc tests were used for
follow-up analyses. Effect size was estimated using
partial eta squared (n?p) in SPSS V.26 in p less than
0.05.

Results

The results indicated that the main effect of time
on the vertical ground reaction force (VGRF) in the
heel strike phase was statistically significant (d =
0.549; P < 0.001). The pairwise comparisons
indicated that VGRF values during heel strike were
lower in the pre test than in the post test. The main
effect of time on the vertical ground reaction force
during the loading response phase was statistically
significant (d = 0.560; p < 0.001). The pre test VGRF
values during the loading response phase were lower

than the post test in pairwise comparisons. Main effect
of time (time to peak vertical ground reaction force
during heel strike) was also statistically significant (d
= 0.495; P < 0.001). The pairwise analysis showed
that the time to peak VGRF during heel strike was
shorter in the pre test than in the post test. Results
indicated that the main effect of group on the vertical
ground reaction force in the heel strike phase was
statistically significant (d = 0.153; P = 0.027).
Pairwise comparisons revealed that the training group
had greater VGRF values at heel strike than the control
group. The time x group interaction effect for peak
pressure in the 2nd metatarsal region was statistically
significant (d=0.144; P=0.032). Post hoc analysis
revealed significantly higher peak pressure in second
metatarsal (12.31%) in the pre test compared to the
post test in the training group but not in the control

group.

Conclusion

In conclusion, combined training improves gait-
related biomechanical indices and balance control and
muscle efficiency, leading to more stable function and
improved movement quality in these patients. Future
studies with a larger sample size, longer follow up
periods and more biomechanical variables are
recommended to establish stronger evidence and to
assess the long-term sustainability of these outcomes.
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