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ABSTRACT

Background: Medial knee osteoarthritis (OA) is a progressive joint disorder characterized by pain, stiffness, and reduced mobility,
significantly impacting daily activities and quality of life. Conventional physiotherapy remains a primary non-surgical treatment,
focusing on pain relief and functional improvement. However, biomechanical interventions, such as gait modification, have shown
potential in redistributing joint loads and alleviating symptoms. Toe-in gait modification has been proposed as an adjunct to standard
physiotherapy, potentially enhancing clinical outcomes by reducing medial knee loading and knee adduction moment (KAM).

Objective: This study investigates the additional benefits of integrating toe-in gait modification with conventional physiotherapy in
individuals with medial knee OA.

Methods: A randomized controlled trial was conducted at Al Madinah Medical Center and Sukoon Rehab Center, enrolling 34
participants diagnosed with medial knee OA. Participants were randomly assigned to two intervention groups: Group A received
conventional physiotherapy, while Group B underwent conventional physiotherapy with toe-in gait modification. The intervention
was administered three times per week for eight weeks. Outcomes were assessed using the Numeric Pain Rating Scale (NPRS) and
the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). Data were analyzed using parametric statistical tests.

Results: At baseline, the mean pain score (NPRS) was 7.30 (SD = 0.984) in Group A and 7.86 (SD = 1.219) in Group B. By the
eighth week, pain scores decreased to 4.45 (SD = 1.051) and 4.39 (SD = 1.00), respectively (p < 0.01). Functional outcomes also
improved, with WOMAC scores declining from 40.53 (SD = 4.888) in Group A and 43.29 (SD = 5.047) in Group B at baseline to
23.06 (SD =7.301) and 21.35 (SD = 2.029) by week eight (p < 0.01). Group B exhibited slightly superior improvements in both pain
and function.

Conclusion: Toe-in gait modification, when combined with conventional physiotherapy, demonstrated significant improvements in
pain reduction and functional enhancement in individuals with medial knee OA. While both interventions were effective, the addition
of gait modification provided slightly greater benefits, suggesting its potential as a complementary strategy in OA management.
Further research is required to explore long-term effects and optimize individualized rehabilitation approaches.

Keywords: Gait modification, Knee osteoarthritis, Numeric Pain Rating Scale, Pain management, Physiotherapy, Rehabilitation,
WOMAC.
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INTRODUCTION

Osteoarthritis (OA) is the most prevalent chronic degenerative joint condition, with knee OA being the most common form, particularly
in developed countries. It affects nearly 20% of individuals over the age of 45, with a global incidence of approximately 364.6 million
cases reported in 2019 (1-4). The primary symptom of knee OA is pain, which is largely attributed to excessive mechanical stress on the
knee joint. The medial compartment is predominantly affected, with prevalence rates of 67.8% in Eastern and 85.4% in Western
populations (5-7). Since 60-80% of the load during walking is transmitted through the medial knee compartment, this imbalance
accelerates OA progression, resulting in pain, joint stiffness, reduced range of motion, muscle weakness, balance impairments, and
decreased functional capacity (8). These symptoms contribute to increased healthcare costs and a decline in quality of life, reinforcing
the need for effective, non-surgical treatment strategies. Conventional management primarily focuses on pain relief and slowing disease
progression through electrotherapy, strengthening exercises (targeting the quadriceps and hip abductors), and manual therapy (6). Among
non-surgical interventions, structured land-based exercise programs, particularly walking, play a vital role in disease management. Gait
modification has emerged as a promising biomechanical approach aimed at reducing medial knee loading and alleviating pain in
individuals with medial knee OA. One of the key biomechanical factors associated with medial joint loading and disease progression is
the knee adduction moment (KAM), which reflects the distribution of forces across the knee joint during weight-bearing activities (9-
11). Various strategies have been explored to reduce KAM, with modifications in foot progression angle—such as toe-in or toe-out gait
adjustments—showing potential efficacy. Studies suggest that adopting a toe-in gait pattern can reduce medial knee contact load by
approximately 25.3% within one month (12-14). This is particularly relevant given that conventional treatment options, including the
use of assistive devices, achieve only a modest KAM reduction of 10-13% (15-18). While surgical interventions like high tibial
osteotomy (HTO) effectively offload the medial knee compartment, they are associated with post-surgical risks and longer recovery
periods, making non-invasive approaches more desirable. Gait modification thus presents a viable alternative for mitigating knee joint
stress and potentially improving clinical outcomes in knee OA.

Several studies have investigated the impact of gait modification on KAM and knee OA symptoms, demonstrating its potential benefits.
Study have reported a 13% reduction in KAM with a 5-degree toe-in gait adjustment in individuals with medial knee OA, suggesting
its efficacy as a conservative management approach (19). Another study conducted a literature review and concluded that gait retraining
programs effectively minimize KAM, reinforcing their role in knee OA management (20). More recent studies have further substantiated
these findings. Wan et al. (2023) examined foot progression angle (FPA) modifications in OA and healthy control participants and found
that increasing toe-in FPA significantly reduced KAM across various activities (p<0.001), though the benefits were less pronounced
during stair ambulation (21). Additionally, another study analyzed muscle activation patterns and observed that while toe-in gait resulted
in the greatest KAM reduction (35%), it also increased flexor activation, highlighting the need for a balanced approach in gait retraining
(12). Simic et al. further emphasized the complexity of optimizing FPA adjustments, as different modifications significantly influence
medial knee loading (13). Despite these promising findings, Tamura et al. (2024) noted that while gait modification holds significant
therapeutic potential, high-quality evidence remains limited, necessitating further research (2). Given the promising evidence supporting
gait modification as a non-invasive strategy for reducing medial knee loading, its integration with conventional physiotherapy may
enhance clinical outcomes in knee OA management. However, while existing studies suggest a beneficial role of toe-in gait in reducing
KAM, a comprehensive assessment of its combined effects with standard physiotherapy interventions remains unexplored. This study
aims to evaluate the efficacy of integrating toe-in gait modification with conventional physiotherapy in individuals with medial knee
OA, focusing on pain relief, functional improvements, and long-term disease management.

METHODS

This study was a single-blinded randomized controlled trial (RCT) conducted over six months at Al Madinah Medical Center and Sukoon
Rehab Center in Lahore. Ethical approval was obtained from the Institutional Review Board (IRB) before study initiation, and all
participants provided written informed consent prior to enrollment. A total of 34 participants diagnosed with medial knee osteoarthritis
(MKOA) of Grades 1-3, as classified by the Kellgren-Lawrence system, were recruited and randomly assigned to two intervention
groups. The sample size was determined using G*Power software to ensure adequate statistical power. Participants were included if
they were over 45 years of age, had experienced knee pain for at least one month, and were able to walk independently for a minimum
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of 25 minutes. Those with severe MKOA (Grade 4), lateral or patellofemoral osteoarthritis, prior knee or hip surgery, rheumatoid
arthritis, or neurological dysfunction were excluded to maintain sample homogeneity (12). Pain intensity and functional limitations were
assessed using the Numeric Pain Rating Scale (NPRS) and the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC). The NPRS, a validated subjective pain assessment tool, required participants to rate their pain on a scale of 0 (no pain) to
10 (worst pain imaginable). The WOMAC index was employed to evaluate pain, stiffness, and physical function, with higher scores
indicating greater impairment. Baseline assessments were performed prior to intervention allocation, after which participants were
randomly assigned using a sealed-envelope method. The single-blinded study design ensured that participants remained unaware of their
assigned intervention group to minimize bias (8).

Group A received conventional physiotherapy, which included a structured regimen of isometric, strengthening, and stretching exercises
targeting key muscle groups involved in knee joint stability and function. Electrotherapy modalities such as transcutaneous electrical
nerve stimulation (TENS) and a heating pad were also utilized as part of the pain management protocol. The exercise program consisted
of quadriceps activation exercises, seated knee extensions, and hamstring and calf stretches, all of which were progressively modified
based on individual tolerance and clinical assessment (17). Group B received the same conventional physiotherapy protocol with the
addition of gait modification. Participants in this group were instructed to increase the toe-in angle of their affected limb by
approximately 5 degrees during ambulation. To ensure adherence and safety, supervised training sessions were initially conducted to
familiarize participants with the modified gait pattern. Walking duration started at 10 minutes per day and was gradually increased to 20
minutes after four weeks. Both groups underwent treatment three times per week for eight weeks, with progress monitored through
periodic reassessments (9).

Statistical analysis was performed using SPSS software, with appropriate tests applied to compare pre- and post-intervention outcomes
between the two groups. Normality of data distribution was assessed, and parametric or non-parametric tests were selected accordingly.
Between-group comparisons were conducted to determine the effectiveness of the intervention in reducing knee adduction moment
(KAM), alleviating pain, and improving functional performance. The study aimed to explore the role of toe-in gait modification as a
non-invasive intervention for optimizing clinical outcomes in individuals with medial knee osteoarthritis (19).

RESULTS

The study included 34 participants diagnosed with medial knee osteoarthritis, with a mean age of 50.94 years (SD = 5.448) in Group A
and 51.47 years (SD = 5.614) in Group B. Gender distribution was balanced, with 47.1% males and 52.9% females in both groups. The
mean symptomatic side value was 1.59 (SD = 0.507) in Group A and 1.76 (SD = 0.437) in Group B. The normality test confirmed that
all Numeric Pain Rating Scale (NPRS) and Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) data followed
a normal distribution (p > 0.05), validating the use of parametric statistical tests. Pain intensity, measured using NPRS, demonstrated a
significant reduction over time in both groups. At baseline, the mean pain score was 7.30 (SD = 0.984) in Group A and 7.86 (SD =
1.219) in Group B. By the fourth week, pain scores decreased to 6.03 (SD = 0.819) in Group A and 6.20 (SD = 0.839) in Group B. By
the eighth week, further reductions were observed, with scores reaching 4.45 (SD = 1.051) in Group A and 4.39 (SD = 1.00) in Group
B, indicating a statistically significant effect of time (p <0.01).

Functional outcomes, assessed through the WOMAC index, also showed notable improvements. The baseline mean WOMAC score
was 40.53 (SD = 4.888) in Group A and 43.29 (SD = 5.047) in Group B. By the fourth week, the scores declined to 33.12 (SD =4.729)
in Group A and 35.82 (SD = 6.598) in Group B. At the eighth-week assessment, further reductions were noted, with Group A showing
a mean WOMAC score of 23.06 (SD = 7.301) and Group B demonstrating a score of 21.35 (SD = 2.029), signifying a significant
functional enhancement over time (p < 0.01). The results indicated that both conventional physiotherapy and toe-in gait training
contributed to significant pain reduction and functional improvement. Although both groups exhibited substantial progress, the
experimental group, which received toe-in gait training alongside conventional physiotherapy, demonstrated slightly better outcomes in
terms of pain reduction and functional enhancement.
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Table 1: Descriptive statistics of pain

Groups Mean Std. Deviation F value P value
A 7.30 0.984 97.490 .000
NPRS Baseline B 7.86 1.219 951 .000
A 6.03 0.819 97.490 .000
Pain 4th Week B 6.20 0.839 951 .000
A 4.45 1.051 97.490 .000
Pain 8th Week B 4.39 1.000 951 .000
Table 2: Descriptive statistics of WOMAC
Groups Mean Std. Deviation F value P value
WOMAC Baseline A 40.53 4,888 125.448 .000
B 43.29 5.047 2.083 .000
WOMAC 4th Week A 33.12 4,729 125.448 .000
B 35.82 6.598 2.083 .000
WOMAC 8th Week A 23.06 7.301 125.448 .000
B 21.35 2.029 2.083 .000
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Figure 2 Functional Improvement Over Time (WOMAC) Figure 1 Pain Reduction Over Time (NPRS)

DISCUSSION

The study evaluated the effectiveness of toe-in gait modification in combination with conventional physiotherapy for managing medial
knee osteoarthritis. Findings demonstrated a significant reduction in pain intensity and improvement in physical function over time, with
slightly superior outcomes observed in the group that received gait modification alongside physiotherapy. Pain scores, as measured by
the Numeric Pain Rating Scale (NPRS), showed a marked decline over the eight-week intervention, with the toe-in gait group exhibiting
a slightly greater reduction. Functional improvements were reflected in Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) scores, which also showed a significant decrease in both groups. The normality test confirmed a normal distribution of the
data, ensuring the validity of statistical analyses (22). The observed improvements align with previous research supporting the role of
gait modification in reducing knee joint stress. Toe-in gait adjustment has been associated with reductions in knee adduction moment
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(KAM), a key biomechanical factor contributing to medial knee osteoarthritis progression. Earlier investigations have highlighted that
modifying foot progression angle alters load distribution within the knee joint, subsequently reducing pain and enhancing functional
mobility. The integration of gait modification with physiotherapy offers a more comprehensive approach to addressing both
biomechanical misalignment and muscle imbalances, providing a potential non-invasive alternative to conventional treatment strategies.
Previous studies have primarily focused on KAM reduction as an outcome measure, while this study contributes by demonstrating
improvements in clinical pain and function scores. These findings suggest that toe-in gait modification, when combined with
strengthening and mobility exercises, may enhance overall treatment efficacy (23).

Despite these promising results, several limitations should be considered. The relatively small sample size may limit the generalizability
of the findings, necessitating larger-scale studies to confirm the observed effects. The study duration was restricted to eight weeks, and
long-term outcomes remain unknown. Medial knee osteoarthritis is a progressive condition, and the sustainability of improvements
following gait modification warrants further exploration. The lack of objective biomechanical assessments, such as motion analysis or
plantar pressure measurements, restricts the ability to quantify changes in gait parameters accurately. Future studies should incorporate
advanced biomechanical assessment tools to validate findings and ensure precision in gait modifications. Furthermore, while toe-in gait
adjustment appeared to be beneficial, individual variability in response was not extensively analyzed. Factors such as pre-existing gait
patterns, lower limb muscle strength, and patient adherence to gait retraining protocols could influence outcomes and should be
considered in future investigations (24). The clinical implications of these findings emphasize the potential of gait modification as a
viable adjunct to physiotherapy in medial knee osteoarthritis management. Conventional physiotherapy interventions primarily target
muscle strength and joint mobility, while gait modification directly addresses load distribution and biomechanical factors. The
combination of these approaches may optimize treatment outcomes by addressing both pain and function more effectively. However,
the application of toe-in gait modification should be individualized, considering patient-specific biomechanics to avoid potential
secondary effects, such as altered ankle loading (25,26).

Further research is required to establish standardized protocols for gait modification in osteoarthritis rehabilitation. Longitudinal studies
assessing the durability of benefits and potential adverse effects are needed. Comparative analyses between different gait retraining
approaches, including toe-out adjustments and assistive devices, could provide insights into the most effective strategies for specific
patient subgroups. By expanding the evidence base, future studies can refine gait modification protocols and optimize their integration
into clinical practice.

CONCLUSION

The findings of this study demonstrate that both conventional physiotherapy and toe-in gait modification effectively contribute to pain
reduction and functional improvement in individuals with medial knee osteoarthritis. Significant improvements were observed over
time, with the integration of toe-in gait modification showing slightly superior outcomes. These results highlight the potential of
combining gait retraining with physiotherapy as a non-invasive approach to optimizing treatment effectiveness. By addressing both
biomechanical alignment and muscle function, this combined intervention offers a promising strategy for managing knee osteoarthritis.
Future research should focus on long-term effects and individualized application to further refine its clinical utility.
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