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ORIGINAL ARTICLE

distribution patterns on the foot in various disease states.  
It is an upcoming tool that is increasingly being used in both 
clinical practice and experiments to compare gait patterns 
and evaluate the effects of footwear, orthotics, and surgical 
interventions.17 Another technique to evaluate and guide 
appropriate footwear modifications is an in-shoe analysis of 
plantar pressure.18

Insoles and footwear have definite potential, as easy to 
manufacture, apply, and low-cost treatment strategies for KOA26 but 
there is currently limited evidence to support their use.19,26 In light 
of the paucity of literature on this background, this study was 
planned for assessing the effects of lateral wedging on dynamic 
foot pressures.

In t r o d u c t I o n
Knee Osteoarthritis (KOA) is commonly implicated as a cause of 
a progressive decline in activities of daily living (ADL) of senior 
citizens.1,2 High prevalence of KOA and its consequent effects on 
limitation in ADL and quality of life, give rise to a growing need for 
scientific tools that can be reliably used to study its mechanism.3 The 
presence and progression of osteoarthritis is scored by using the 
standard Kellgren-Lawrence system.4

In the normal human gait cycle, during midstance, a 
signif icantly higher load (about 60 –80%) is distributed 
through the medial compartment of the knee5 hence medial 
compartment is frequently involved in KOA. Varus angulation 
deformity further contributes to the progression of KOA, with 
further damage to underlying medial articular cartilage and 
subchondral bone.6

Foot orthoses have been shown to have a role in the 
management of unicompartmental KOA.7 Using the principles 
of a surgical wedge osteotomy that attempts to decrease varus 
angulation by diverting weight from the affected compartment 
of the knee,8 lateral-wedge insoles in footwear have been used 
for conservative therapy of mild KOA.9,10 However not much 
quantifiable data is available to our knowledge, which proves the 
effect of lateral wedge insoles in patients with symptomatic medial 
compartment knee OA.11,12 It is postulated that footwear with the 
lateral-wedge orthosis in the insole reduces peak knee varus torque, 
external varus moment, and lateral thrust in patients with KOA. 
This could be the reason for the improvement in pain after using 
laterally wedged footwear in KOA.13–16

Foot pressure analysis is a simple technique that can be 
utilized for the assessment of normal and pathological force 
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Aim: Footwear modification with lateral elevation in the sole is considered an easy to administer and low-cost orthotic intervention for knee 
osteoarthritis, yet it is not routinely prescribed because of limited available data to prove its effectiveness. This study aimed to assess the effect 
of lateral wedging in footwear, quantitatively.
Materials and methods: We used Zebris Foot pressure platforms integrated into Gait Analysis Laboratory for foot pressure assessment. 
A Prospective Pre-Post Interventional Study was conducted with 40 patients in the age group 35–75 years who attended Physical Medicine 
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was given in footwear.
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insoles in shoes, signifying the redistribution of pressure and change in the ground reaction forces in the patients with osteoarthritis knee after 
shoe modification. All patients reported relief in pain scores. Hence lateral wedging provides symptomatic benefits.
Conclusion: In low-income nations, orthotic intervention has a lot of potential as a simple and economical treatment for knee osteoarthritis 
(KOA). Furthermore, our findings point toward the relevance of conservative management and its ability to slow disease progression, which 
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increased by ½ kg every 3 weeks up to 1.5 kg in leg (B/L), 10 seconds 
holding time, twice in a day, to be continued throughout the study.

Before the trial was started, a drug-free, washout period of 
1 week was given. For the first week Tablet Aceclofenac 100 mg 
was given twice a day and later as per need with a maximum of 
one tablet twice a day.

Statistical Analysis 
The foot was divided into four quadrants for regional analysis. Data 
was recorded for many foot contacts to generate a statistically 

Aim: To study the effect of lateral wedging (insole) in the patients 
with medial compartment osteoarthritis knee on foot pressure 
parameters.

MAt e r I A l s A n d Me t h o d s 
This Prospective Pre-Post Interventional study was conducted 
in the Department of Physical Medicine and Rehabilitation at All 
India Institute of Medical Sciences, New Delhi over 21 months. We 
included 40 patients of age between 35 and 75 years suffering 
from KOA. All old and newly diagnosed cases fulfilling the ACR 
criteria of KOA and grade II and III Osteoarthritis on the K-L system 
who were able and willing to give Informed consent to comply 
with the study protocol were included in the study. We excluded 
all patients having any congenital abnormality, deformity which 
presents the condition of OA, history of debilitating systemic 
diseases, predominant lateral compartment KOA, or those having 
any contraindication to Aceclofenac.

Patients were explained the procedure and informed consent 
was obtained. Baseline variables, demographic data, findings of 
clinical examination, and body composition analysis were noted. 
Pain on the Visual Analogue Scale (VAS) after 20 meters of walking 
was also noted at baseline and after 1 month of intervention.

Foot pressure analysis was done both barefoot and wearing 
their shoes at baseline and also after laterally wedged insoles 
were given in their shoes on Zebris® foot pressure analyzer  
(Fig. 1). Because there is higher variability in plantar pressures during 
dynamic phases, pressure areas during walking were analyzed 
instead of the stance phase. The foot was divided into four zones: 
forefoot and hindfoot and lateral and medial zones by drawing 
two intersecting lines passing through the center. The values and 
location of peak pressure were noted in the forefoot and hindfoot 
of the participants during the gait cycle when they walked over the 
force platform. Both pre and postvalues obtained were compared 
for any mediolateral shifts in the position of peak pressures as 
shown in Figures 2 and 3.

Standard Treatment Protocol for all Patients 
After confirmation of the diagnosis by history and clinical 
examination, a wedge of rubber material with ¼ inch lateral raise 
tapered medially was given as an insole in the shoes of the patients 
in our study. We preferred to modify the patient’s shoes instead 
of customized footwear to minimize any discomfort due to new 
footwear and undue expenditure.14,28

All the patients were given home bound strengthening 
exercise program for quadriceps and hamstrings muscles in the 
following protocol–straight leg raise, short arc extensions (knee), 
30 repetitions, initially with ½ kg weight for resistance, and gradually 

Fig. 1: Measuring system (foot pressure plate and video module)

Fig. 2: Foot pressure profile of a patient

Fig. 3: Comparison of pre & post intervention foot pressure profiles

Fig. 4: Age distribution of patients included in the study
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lateral zone in the forefoot while 39/61 (64%) remained in the medial 
zone after wedging. In the hindfoot 22/47 (47%) showed medial to 
lateral shift while 25/47(53%) which were initially lying in the medial 
zone maintained their relative position (Table 1).

We also assessed the shift in peak plantar pressure after 
intervention among both subgroups of age. In group I, (age 
<60 years, n = 50), 14/41 (35%) patients showed a shift of peak 
plantar pressures from the medial to lateral zone in the forefoot 
while 12/27 (45%) patients showed a shift from medial to lateral zone 
in hind-foot. The p-value was found to be 0.007 in this subgroup 
analysis. In group II (age ≥60 years, n = 30), 40% of patients showed 
a shift of peak plantar pressures from the medial to lateral zone 
in the forefoot after wearing lateral-wedged shoes while 50% 
showed similar changes in the hindfoot. The p-value was found to 
be 0.1 for these changes (Tables 2A and B). In females, 17/44 knees 
showed a significant shift from medial to the lateral zone of forefoot  
(p value=.004) and 14/32 knees in the hindfoot while similar changes 
were observed only in 5/17 males in forefoot and 8/15 in hindfoot 
region which were statistically not significant (Tables 3A and B). 
We categorized our patients into three categories according to 
BMI. In category I, 33% of patients showed peak plantar pressure 

based estimate of peak pressure and final data was transferred 
to an excel spreadsheet. Quantitative variables were assessed for 
normal distribution and accordingly mean ± S.D. or median (range) 
as appropriate was computed. For peak foot pressure zone shifts, 
analysis was done using McNemar’s test.

ob s e r vAt I o n s A n d re s u lts
The mean age of the patients included was 56 ± 10 years. We 
categorized the patients into two age groups (Fig. 4). All our 
patients presented with chronic pain in the knees and less than 
30 minutes’ duration of early morning stiffness. The mean duration 
of symptoms at the time of presentation was 5 ± 2.6 years (Fig. 5). 
All of our patients had bilateral involvement of the knees showing 
medial joint space narrowing in radiographs. 27/40 patients were 
females, mostly housewives, and 13/40 were males with a history 
of prolonged standing in the workplace (Fig. 6). The mean weight 
of the patients was 68 ± 11 kg. The majority of our patients (27/40) 
were overweight having a BMI between 25 and 30 kg/m2, (10/40) 
were obese, and (13/40) had a BMI  <25 kg/m2 (Fig. 7).

Foot Pressure Analysis 
Out of 80 feet of the patients who were analyzed for a shift in peak 
plantar pressure, 22/61 (36%) showed a shift from the medial to 

Fig. 5: Variability in duration of symptoms at the time of presentation

Fig. 6: Total number of males and females included in the study

Fig. 7: Categorization of patients according to BMI

Fig. 8:  Change in pain score on VAS after 1 month of using lateral 
wedging in shoe
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Pain Measurement on Visual Analogue Scale

All patients reported some degree of relief in pain with the 
treatment. On analyzing the improvement in pain after 20-meter 
walk test on VAS after 1 month of treatment, the mean score on VAS 
for pain which was initially 7.48 ± 1.55 reduced to 2.62 ± 0.13 which 
was statistically significant with p-value < 0.001 (Fig. 8).

shift from the medial to lateral zone in the forefoot and 47% in the 
rear foot. In category II, 36% of patients showed a similar shift in 
forefoot and 40% in rear foot. In category III, 47% patients showed 
mediolateral shifts in forefoot and 60% in rear foot (Tables 4A to C).  
Hence, the trend of shift in peak pressures from medial to lateral 
zone of foot was found significant in younger age group and 
females in our study (Figs 4–8).

Table 1: Number of patients having peak foot plantar pressures in each zone (medial/lateral) before and after intervention (lateral wedging in 
shoes) for 80 feet (right + left)

Forefoot Postintervention (No. of feet of patients/zone)

Preintervention  
(No. of feet of patients/zone)

Zone Medial Lateral Total

Medial 39 22 61

Lateral 6 13 19

Total 45 35 80

Hindfoot Postintervention (No. of feet of patients/zone)
Preintervention
(No. of feet of patients/zone) 

Zone Medial Lateral Total

Medial 25 22 47

Lateral 10 23 33

Total 35 45 80

Tables 2A and B:  Number of patients having peak foot plantar pressures in each zone (medial/lateral) before and after intervention (lateral 
wedging in shoes) in 

2A: patients < 60 years of age

Forefoot Postintervention (No. of feet of patients/zone)

Preintervention
(No. of feet of  
patients/zone) 

Zone Medial Lateral Total

Medial 27 14 41

Lateral 3 6 9

Total 30 20 50

Hindfoot Postintervention (No. of feet of patients/zone)

Preintervention
(No. of feet of  
patients/zone)

Zone Medial Lateral Total

Medial 15 12 27

Lateral 6 17 23

Total 21 29 50

2B: patients ≥ 60 years of age

Forefoot Postintervention (No. of feet of patients/zone)

Preintervention
(No. of feet of patients/zone) 

Zone Medial Lateral Total

Medial 12 8 20

Lateral 3 7 10

Total 15 15 30

Hindfoot Postintervention (No. of feet of patients/zone)

Preintervention
(No. of feet of patients/zone) 

Zone Medial Lateral Total

Medial 10 10 20

Lateral 4 6 10

Total 14 16 30
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by the American College of Rheumatology and the Osteoarthritis 
Arthritis Research Society International.21 Two randomized 
controlled trials demonstrated that the use of lateral wedging 
in shoes can decrease patient consumption of oral analgesics in 
medial KOA at 6 months22 and 2 years.23 Function or pain remained 
unaffected. We found improvement in pain in our patients after 
using lateral wedging in footwear as a part of the comprehensive 
treatment of KOA after 1 month of use. The long-term consequences 
of using insoles are uncertain, and their usage in individuals with 
foot problems24 and severe knee OA is controversial.25–27 An insole 
has a lot of potential as a therapeutic technique for conservative OA 
management because it is simple to administer and inexpensive 
approach.

On foot pressure analysis of our patients, we found a trend of 
a shift in peak pressure points from the medial to lateral side in the 
majority of the patients after wearing wedged insoles though many 
did not show any such shift and maintained their original position. 
These shifts were not found to be statistically significant. It may be 
proposed that the changes could not be transmitted through the 
shoes after insole modification or the patients did adapt to the 
modification while walking. Such shifts may represent the shift in 
center of pressure after wearing laterally wedged shoes.

dI s c u s s I o n
Several studies have evaluated the effectiveness of laterally wedged 
insoles on changes in clinical parameters as outcome measures.11,19 24  
But there are hardly any studies that we came across where the 
objective assessment of the effect of lateral wedging insole in 
patient’s shoes was done to assess peak plantar pressure shift and 
correlated with subjective improvement in pain on VAS.

This study included patients in the age group of 56 ± 10 years 
and a slight female preponderance was observed with 27 out of 
40 patients being females. This conforms with many previous 
reports where a higher prevalence of KOA was observed in 
females. Majority were overweight or obese with BMI > 25 in 67.5% 
of our patients. Obesity is a known risk factor that may lead to KOA.22

More than half of our patients had genu varus, which is linked 
to an increased risk of KOA progression.24 Varus malalignment 
appears to explain the influence of obesity on the severity of 
medial compartment KOA.20 Lateral-wedged insoles cause 
pronation at the ankle joint thereby decreasing the degree of varus 
misalignment at the knee and medial joint load which correlates 
with OA progression.14

In this study, the intervention provided for all the patients was 
lateral-wedged insoles in footwear. Its use has been recommended 

Tables 3A and B: Number of males and females having peak foot plantar pressures in each zone (medial/lateral) before and after intervention 
(lateral wedging in shoes)

3A: Group I: Females 

Preintervention
(No. of feet of patients/zone) 

Postintervention (No. of feet of patients/zone)

Forefoot Forefoot

Zone Medial Lateral Total

Medial 27 17 44

Lateral 4 6 10

Total 31 23 54

Hindfoot Hindfoot

Zone Medial Lateral Total

Medial 18 14 32

Lateral 7 15 22

Total 25 29 54

3B: Group II: Males

Preintervention
(No. of feet of patients/zone) 

Postintervention (No. of feet of patients/zone)

Forefoot Forefoot

Zone Medial Lateral Total

Medial 12 5 17

Lateral 2 7 9

Total 14 12 26

Hindfoot Hindfoot

Zone Medial Lateral Total

Medial 7 8 15

Lateral 3 8 11

Total 10 16 26
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Limitations 
In our study, we studied the immediate effects. Further studies 
are needed to evaluate the delayed as well as sustained effects of 
the intervention.

Foot pressure analysis was done using an external force plate. 
In shoe, plantar pressure analysis could have revealed different 
results after laterally wedged insoles.
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