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Abstract 

Knee osteoarthritis (OA) is a prevalent degenerative joint disease that significantly impacts physical function and quality of life. While traditional 
management strategies focus on pharmacological and surgical interventions, the role of footwear modifications, such as lateral wedge insoles, has 
gained attention. This study aimed to investigate the effects of 6-degree lateral wedge insoles on pain, functional outcomes, and biomechanical 
parameters, such as the adductor moment, in patients with knee OA over six weeks. This was a randomized clinical trial study that twenty-one 
participants aged 50–75 years with moderate to severe knee OA were randomized into an intervention group (n=11), which received 6-degree lateral 
wedge insoles, and a control group (n=10), which used flat insoles. Pain levels, functional performance, and adductor moment were assessed at 
baseline and after six weeks. Results showed significant improvements in pain (45% reduction, P=0.003) and joint stiffness (30% reduction, P=0.001) 
in the intervention group, along with a 13% reduction in the adductor moment (P=0.021). Immediate effects also demonstrated a 35% reduction in 
pain (P=0.007) and a 42% reduction in stiffness (P=0.001). These findings suggest that 6-degree lateral wedge insoles can provide both immediate 
and sustained benefits for knee OA patients, highlighting their potential as a non-invasive management strategy. 
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Introduction 
Knee osteoarthritis (OA) is a degenerative joint disease 
characterized by the progressive breakdown of articular cartilage, 
leading to pain, stiffness, and functional movement limitations (1) 
. It is one of the most common forms of arthritis, particularly 
affecting older adults, and poses a significant public health burden 
due to its impact on mobility and quality of life patients (2). The 
prevalence of knee OA is increasing globally, with estimates 
suggesting that over 250 million people are affected worldwide. 
This condition not only diminishes physical function but also 
contributes to psychological distress and reduced participation in 
daily life activities (3) . 

Conventional  management strategies for knee OA including; 
pharmacological treatments, physical therapy, and surgical 

interventions (4). However, these approaches often have 
limitations, such as side effects, high costs, and variable efficacy. 
As a result, there is growing interest in non-invasive interventions 
that can alleviate symptoms and improve functional outcomes. 
Among these treatments approach, footwear modifications, such 
as lateral wedge insoles have gained attention for their potential to 
reduce knee joint loading and improve biomechanical alignments 
of individuals with knee OA (5). 

Lateral wedge insoles are designed to shift the load distribution 
away from the medial compartment of the knee, which is often the 
most affected area in knee OA (6). By shifting the foot into a slight 
valgus position, these insoles can reduce the Knee Adduction 
Moment (KAM), a key biomechanical parameter associated with 
knee OA (7). Previous studies have demonstrated that lateral wedge 
insoles can provide significant pain relief and improve functional  
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Figure 1. Polyurethane 6-degree lateral wedge insole 
 

performance in Patients with knee OA (8). However, there is 
limited research on the specific effects of 6-degree lateral wedge 
insoles on pain, functional movement outcomes, and 
biomechanical parameters over both immediate and long-term use. 

This study aimed to address this gap by investigating the impact 
of 6-degree lateral wedge insoles on pain, functional movement 
parameters, and the adductor moment in patients with knee OA 
over six weeks. By assessing both immediate and sustained effects 
of Lateral wedge insoles in patients with knee OA, this research 
provides valuable insights into the potential benefits of lateral wedge 
insoles for managing knee OA symptoms. 

Methods 

Participants 
In this Randomized Clinical Trial (RCT) study, a total of 21 
participants (10 males, 11 females) aged 50–75 years with a 
clinical diagnosis of knee OA classified as grade II and III 
according to the Kellegrane-Lawrance scale were recruited. 
Inclusion criteria included moderate to severe pain levels (≥4 on 
the Visual Analog Scale [VAS]) and no history of knee surgery 
or severe comorbid conditions (Altman et al., 1986). 
Participants were put into an intervention (n=11) and a control 
groups (n=10) randomly. 

Intervention 
The intervention group received polyurethane 6-degree lateral 
wedge insoles, designed to reduce knee joint stress by shifting 
the load away from the medial compartment of the knee (Figure 
1). The insoles were integrated into participants’ usual footwear 
and featured additional cushioning and arch support. 
Participants were trained to wear the insoles for at least six hours 
a day over the six-week study period in a comfortable shoes. 

The control group received flat insoles (0-degree incline) 
made from the same material as the lateral wedge insoles but 
without biomechanical modifications (9). This ensured that any 
observed effects in the intervention group could be attributed 
specifically to the lateral wedge design rather than usual insole use. 

Outcome Measures 
Pain Levels: Measured using the Visual Analog Scale (VAS) (10).  
The VAS is a subjective measure used to assess pain levels by 
themselves. Participants indicate their pain intensity on a 10 cm 
line, with one end representing "no pain" and the other "worst pain 
imaginable." Higher score reflects greater pain intensity, while 
lower score indicates improvement. This straightforward tool 
allows for quick assessments of pain, making it useful in clinical 
settings to monitor changes over time. 

Functional Performance: Assessed using the Western Ontario 
and McMaster Universities Osteoarthritis Index (WOMAC ) (11). 
The WOMAC is a comprehensive questionnaire designed to 
evaluate functional performance in individuals with knee OA. It 
consists of 24 items categorized into three sections: pain (5 items), 
stiffness (2 items), and physical functions (17 items). Higher 
scores on the WOMAC indicate worse symptoms and greater 
functional limitations, while lower scores suggest improved 
performance and reduced symptoms. This tool is essential for 
assessing the impact of interventions on patients' quality of life. 

Biomechanical Parameters: The KAM was measured using a 
Vicon motion capture system during functional tasks to assess 
changes in joint force loading. Higher KAM values indicate increased 
medial knee loading, which is associated with a higher risk of OA 
progression. Conversely, lower KAM values suggest reduced joint 
loading, indicating potential improvement in knee function. 
Monitoring KAM is crucial for understanding the mechanical 
stresses on the knee and guiding rehabilitation strategies (7). 

Assessments were conducted at baseline and after six weeks by 
blinded assessor. 

Procedure  
The study was conducted in collaboration with orthopedic 
specialists and physiotherapists. Participants were recruited 
from private clinics and rehabilitation centers in Tehran. After 
obtaining written informed consent, participants were 
randomly assigned to either the intervention or control group. 

Marker placement was performed according to the Helen 
Hayes marker set protocol. Sixteen reflective markers (14 mm in 
diameter) were placed on specific anatomical landmarks, 
including: Anterior and posterior superior iliac spines (ASIS and 
PSIS) bilaterally, Greater trochanters bilaterally, Lateral femoral 
epicondyles bilaterally, Midpoints of the thighs bilaterally, 
Lateral malleoli bilaterally, Heels bilaterally, Second metatarsal 
heads bilaterally (7). 

Participants were asked to walk a 13-meter walkway at their 
natural pace while data were collected using the Vicon motion 
capture system and Kistler force plates. The Vicon system 
consisted of six infrared cameras operating at 120 Hz, 
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synchronized with the force plates to capture kinetic data 
simultaneously. For extracting motion capture data and 
moments, advanced systems like the Vicon and Kistler force 
plates are utilized. In this process, reflective markers are placed 
on anatomical landmarks, and participants walk naturally on a 
walkway. The Vicon system consists of multiple infrared 
cameras that simultaneously collect kinematic and kinetic data 
alongside Kistler platforms that measure forces. This data 
includes information about body movements and the forces 
generated during walking, which can be used to analyze 
moments and motion parameters effectively(7). 

Data Collection 
Participants underwent baseline assessments, including pain 
(VAS), functional mobility (WOMAC), and biomechanical 
evaluation (KAM).  After six weeks of using the prepared insoles, 
the same assessments were done by blind assessor. 

Statistical Analysis 
Data were analyzed using SPSS software (Version 25, IBM 
Corp., Armonk, NY, USA). Descriptive statistics, paired t-tests, 
and analysis of covariance (ANCOVA) were used to evaluate 
within-group and between-group differences. A p-value <0.05 
was considered statistically significant. 

Results 

The study included 21 participants with an average age of 60.1 
(±3.24) years and a mean body mass index (BMI) of 28.4 (±2.2). 
Baseline characteristics were similar between groups (Table 1). 

Immediate Effects 
The intervention group showed a significant reduction in pain 
(P=0.007) and a significant decrease in joint stiffness of 
approximately 42% (P=0.001) immediately after using the lateral 
wedge insoles. The KAM decreased by 30% (P=0.054), though 
this was not statistically significant (Table 2). 

Effects of 6 weeks usage  
After six weeks, the intervention group demonstrated a 
significant reduction in pain (P=0.003), a 30% reduction in joint 
stiffness (P=0.001), and a 13% reduction in the KAM (P=0.021) 
(Table 3). 

Discussion 

This study investigated the effects of 6-degree lateral wedge insoles 
on pain, functional mobility outcomes, and biomechanical 
parameters in patients with knee OA over a six-week period. The 

results demonstrated significant improvements in pain reduction, 
joint stiffness, and the KAM in the intervention group compared 
to the control group. These findings were align with previous 
research highlighting the potential of biomechanical 
interventions, such as lateral wedge insoles, to alleviate symptoms 
and improve function in patients with knee OA (12, 13). 
The immediate effects of the lateral wedge insoles were 
particularly noteworthy, with a 35% reduction in pain and a 42% 
reduction in joint stiffness observed after the first use. These 
findings suggested that lateral wedge insoles can provide rapid 
symptom relief, which is crucial for enhancing patient 
adherence and their quality of life .The reduction in the KAM, 
although not statistically significant in the short term, indicates 
a favorable biomechanical effect that may contribute to long-
term joint preservation (14) . 

Over the six-week intervention period, the lateral wedge 
insoles continued to provide significant benefits, with a 45% 
reduction in pain and a 30% improvement in joint stiffness. 
However, the magnitude of these improvements diminished 
slightly compared to the immediate effects, suggesting that the 
initial benefits may plateau over time. This trend highlights the 
need for complementary interventions, such as physical therapy 
or exercise, to maintain and enhance the long-term benefits of 
lateral wedge insoles (15). 

When compared to the control group using flat insoles, the 
intervention group showed significantly reduction in pain, stiffness, 
and improvement in biomechanical parameters. The control group’s 
lack of significant improvement underscores the importance of 
biomechanical modifications in footwear design for managing knee 
OA (16). Flat insoles, while providing some cushioning and support, 
did not address the underlying biomechanical issues contributing to 
pain and joint degeneration (17). 

This study has several limitations that should be acknowledged. 
First, the sample size was relatively small, which may limit the 
generalizability of the findings. Second, the study duration was 
limited to six weeks, which may not be sufficient to evaluate the 
long-term effects of lateral wedge insoles on knee OA progression. 
Third, the study did not account for potential confounding factors, 
such as variations in physical activity levels or adherence to the 
intervention. Finally, the use of a single type of lateral wedge insole 
(6-degree) may not capture the full range of biomechanical effects 
that could be achieved with different wedge angles or designs. And 
finally this study has not follow up too. 

Recommendations 
Future studies should address these limitations by including larger 
sample sizes, having follow-up stage, and more diverse patient 
populations. Additionally, research should explore the combined  
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Table 1. Demographic characteristics of patients (P<0.05) 
Variables intervention Control group Significance Level (P-value) 
Patients (N) 11 10 - 
Average Age (years) 59.3 (5.28) 61(1.2) 0.8 
- Male 5 4 - 
- Female 6 6 - 
BMI (kg/m²) 27.5 (3.2) 29.3(1.2) 0.09 
Duration of Symptoms (years) 3.5 (1.2) 4 (1.2 ) 0.074 

 

Table 2. Mean (SD) of immediate Effects of prepared insoles on Variables 
Variables Before Intervention After Intervention Percentage Change Significance Level 

(P-value) 
Knee adduction moment (N/M) 0.54 (0.15) 0.38 (0.19) 30% 0.054 
Pain (Score) 7.28 (0.75) 4.71 (0.48) 35% 0.007 
Function (Score) 58.28 (14.8) 33.71 (6.09) 42% 0.001 

SD: standard deviation; Significant level<0.05 
 

Table 3. Mean (SD) of six weeks usage effects of prepared insole on Key Variables 
Variable Control group intervention group Percentage Change Significance Level 

(P-value) 
Knee adduction Moment (N/M) 0.54 (0.15) 0.47(0.17) 13% 0.021 
Pain (score) 7.28 (0.75) 4.00 (0.97) 45% 0.003 
Function (score) 58.28 (14.8) 40.32 (5.97) 30% 0.001 

SD: standard deviation; Significant level<0.05 
 

effects of lateral wedge insoles with other therapeutic modalities, 
such as exercise, weight loosing, surgery, and pharmacological 
treatments, to optimize outcomes for patients with knee OA. 
Further investigation into the biomechanical mechanisms 
underlying the effects of lateral wedge insoles, including the role 
of foot posture and gait mechanics, is also warranted. Finally, the 
development of personalized insole designs based on individual 
patient characteristics, such as knee alignment and severity of OA, 
could enhance the effectiveness of these interventions. 

Conclusion 

This study provides strong evidence supporting the use of 6-
degree lateral wedge insoles as an effective non-invasive 
interventions for managing knee OA symptoms. The immediate 
and sustained improvements in pain, functional mobility, and 
joint mechanics highlight the potential of lateral wedge insoles 
to enhance patient performances. However, the diminishing 
effects over time suggest that lateral wedge insoles should be 
used as part of a comprehensive management plan that includes 
other therapeutic modalities, such as exercise and weight 
management. Future research should explore the long-term 
effects of lateral wedge insoles and their combination with other 
interventions to optimize outcomes for patients with knee OA.  
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