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ABSTRACT
Introduction
Knee osteoarthritis is a chronic condition leading to pain, functional limitations, and struc-
tural joint changes. Non-surgical management includes patient education, exercise therapy, 
and weight reduction. The use of lateral wedge insoles (LWIs) remains controversial, and 
current evidence regarding their effectiveness is inconclusive.

Aim
This review aimed to examine recent studies published after the 2023 European Alliance  
of Associations for Rheumatology (EULAR) guidelines on the use of LWIs in the management 
of knee osteoarthritis (KOA), with particular emphasis on their effects on joint biomechanics 
and clinical outcomes.

Materials and methods
A targeted search was conducted in PubMed for publications from May 2022 to 2025 related 
to KOA and LWIs. Nine studies were included in the analysis: five randomized controlled trials, 
one network meta-analysis, two experimental studies, and one non-randomized clinical- 
control study. Biomechanical outcomes (knee adduction moment, tibial rotation, center  
of pressure displacement) and clinical outcomes (pain and joint function) were evaluated.
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Results
Some studies reported beneficial effects of LWIs on biomechanical parameters and subjective 
pain perception, including improved gait comfort, reduced lateral knee displacement, and de-
creased pain. Other studies found no significant clinical effects, and observed biomechanical 
changes did not consistently translate into functional improvements. Variability in outcomes 
may reflect differences in individual biomechanics, severity of joint degeneration, duration 
of insole use, and the design of the intervention.

Conclusions
LWIs may improve selected biomechanical parameters of the knee joint, but their clinical 
efficacy remains uncertain. They should not be used as a standalone treatment. Further re-
search is needed to identify predictors of therapeutic response.

Keywords: biomechanics, knee osteoarthritis, clinical outcomes, lateral wedge insoles

Introduction
Knee joints are the largest joints in the hu-
man body, and the tibiofemoral and patel-
lofemoral joints make the knee a complex 
synovial joint [1,2]. They are structures sub-
jected to high mechanical loads during daily 
activities [3,4]. Consequently, prolonged over
loading, as well as aging, may lead to the de-
velopment of degenerative changes, most 
commonly affecting the knee joint [5,6]. 

From a biomechanical perspective, param-
eters describing joint loading during gait play 
an important role in the pathogenesis and 
progression of knee osteoarthritis (KOA). 
The most frequently analyzed parameters 
include the knee adduction moment (KAM) 
and the knee flexion moment. It has been 
shown that the magnitude and rate of in-
crease of KAM constitute some of the most 
sensitive biomechanical indicators associat-
ed with the presence and severity of degen-
erative changes, particularly in the medial 
compartment of the knee [7–9]. Moreover, in-
creased ground reaction forces (GRFs), center 
of pressure (COP), and propulsive forces also 
appear to be associated with higher loading 
of joint structures [10–12].

KOA is a chronic and progressive disease, 
characterized by structural changes within 
the joint, leading to restricted mobility and 
the occurrence of pain [13–16]. In over 90% 

of cases, degenerative changes are located in 
the medial tibiofemoral compartment [17]. 
KOA occurs more frequently in women [18].  

Age-standardized incidence of KOA in 
Central Europe, including Poland, in 2021 
was 2.74–2.91%, whereas prevalence was 
3.21–3.32%. In Poland, incidence of KOA be-
tween 1990 and 2021 increased by 8.03%, 
and the number of prevalent cases of KOA in-
creased by 8.72% compared to 1990. In 2021,  
the global prevalence of KOA and the preva-
lence per 100,000 individuals were highest in 
the 55–59-year-old group [19]. The observed 
increase in incidence in recent years, both in 
Poland and the European Union, is related to 
the aging of the population [13,20].

One of the methods for treating advanced 
KOA is surgical intervention in the form  
of total knee arthroplasty. The mean age of 
patients undergoing this procedure in Poland 
is 68 years [21]. In this age group, comorbid 
chronic diseases often coexist, increasing 
perioperative risk, which highlights the im-
portance of effective non-surgical treatment 
methods in KOA [22].

Guidelines for the management of KOA, 
developed by European Alliance of Associa-
tions for Rheumatology (EULAR), European 
Society for Clinical and Economic Aspects of 
Osteoporosis and Osteoarthritis, Osteoarthri-
tis Research Society International, American 
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College of Rheumatology, and World Health 
Organization, clearly emphasize the impor-
tance of patient education, appropriately tai-
lored exercise therapy, and weight reduction. 
In particular, the latest 2023 EULAR recom-
mendations emphasize a highly individu-
alized approach to the patient, positioning 
non-pharmacological strategies – such as reg-
ular aerobic and resistance exercise, along-
side psychological support – as the absolute 
foundation of first-line therapy prior to the 
initiation of pharmacotherapy [6,23–26].  
It has been shown that even a 5% reduction 
in body weight provides significant clinical 
benefits. The aim of these interventions is  
to reduce symptom severity and improve 
joint function [27].

Although the 2023 EULAR recommenda-
tions point to a single randomized controlled 
trial (RCT) showing a significant reduction 
in knee pain in individuals using biomechan-
ically modified footwear compared to the 
control group, they also indicate that most 
evidence does not support the routine use of 
lateral wedge insoles (LWIs) for pain reduc-
tion in patients with KOA. Clinically, it is also 
recommended to wear comfortable, stable 
shoes that provide adequate support and 
sufficient toe space during weight-bearing as 
part of comprehensive management of KOA 
patients [23,28]. 

Despite numerous guidelines, recom-
mendations regarding LWIs remain, at best, 
conditional. Until the publication of these 
guidelines, there was a lack of clear evi-
dence confirming the impact of this type of 
non-pharmacological intervention on pain 
reduction, functional improvement, or slow-
ing disease progression. However, since 2023, 
several interesting studies on this topic have 
been published, which will be presented in 
this review.

Aim
The aim of this study was to review scientific 
articles published after the release of the 2023 
EULAR guidelines for the management of 

KOA, which could provide new insights into 
the use of LWIs as a non-pharmacological 
adjunctive therapy for this condition. Fo-
cusing the analysis on literature published 
post-2023 is intentional, as this year marked 
the release of the latest recommendations 
by EULAR, which currently serve as the 
most up-to-date and pivotal reference point 
for clinical practice in Europe. Consequently, 
an additional objective of this review was 
to identify and present recent publications 
addressing this topic, as well as to indicate 
potential factors that may explain discrep-
ancies observed in previous studies assessing 
the effects of LWIs on patients’ clinical status 
and knee joint biomechanics.

Materials and methods
A targeted literature search was conducted 
in the PubMed database. The search strat-
egy included both controlled Medical Sub-
ject Headings (MeSH) terms and keywords 
appearing in the title and abstract of arti-
cles: (“Osteoarthritis”[MeSH] OR osteoar-
thritis[tiab]) AND (insole*[tiab] OR “lateral 
wedge”[tiab] OR “lateral wedge insole”[tiab] 
OR “wedged insole”[tiab]).

The retrieved results were sorted by publi-
cation date. Studies published from May 27, 
2022 (i.e., after the completion of literature 
collection for the 2023 EULAR guidelines) to 
the end of 2025 were included. This approach 
allowed for the identification of the most re-
cent reports regarding biomechanical param-
eters relevant to the course of KOA, such as 
KAM, tibiofemoral rotation abnormalities, 
and other indicators potentially affecting 
knee joint stability, as well as patients’ clinical 
status assessed using numeric rating scale, vi-
sual analog scale, and Knee injury and Osteo-
arthritis Outcome Score (KOOS) scales.

The review included articles available in 
English. In one of the initial stages of the 
selection process, the titles and abstracts of 
the identified papers were screened, while 
in a subsequent stage, the full-text articles 
were evaluated. Both of these steps were 
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performed independently by two investiga-
tors, and any discrepancies regarding study 
eligibility were resolved by a third author. 
From each study, relevant information was 
extracted, including the year of publication, 
country, study type, study design, participant 
characteristics, characteristics of the insoles 
and other experimental conditions, func-
tional tasks, data collection methods and 
outcomes, reported results, and a summa-
ry of findings. These data were synthesized 
and presented in a tabular format to enable 
a clear and structured comparison of the in-
cluded studies.

The PubMed publication date filter  
(2022–2025) initially identified 79 records. 
The study selection process is presented 
in Figure 1. For the final analysis, 9 articles 
were selected, including 5 RCTs (4 crossover 
trials and 1 parallel-group trial), 1 network 
meta-analysis, 2 experimental studies with 

repeated laboratory measurements, and  
1 non-randomized clinical case-control study.

Results
In several studies, the reported outcomes 
and conclusions suggest a beneficial effect 
of LWIs on clinical symptoms or knee joint 
biomechanics, supporting their potential use 
as an adjunct intervention for the manage-
ment of KOA. For example, Sabet et al. [29] 
demonstrated that lateral wedges integrated 
into specially designed slipper-sock footwear 
significantly improved walking comfort and 
reduced perceived pain compared to barefoot 
walking. The study also reported favorable 
kinematic modifications, suggesting that 
these insoles may indirectly reduce medial 
compartment loading of the knee joint  
(Table 1 and 2).

Du et al. [30] reported that the use of LWIs 
increased hip and knee flexion, ankle internal 
rotation, and lateral displacement of the COP. 
The insoles also influenced GRFs. These chang-
es may shorten the lever arm of the KAM, 
thereby reducing medial compartment load-
ing. Ishii et al. [31] found that long-term use 
of lateral wedges reduced lateral knee thrust 
and gait variability. Simultaneously, they ob-
served significant reductions in pain and im-
provements in KOOS scores. Improvements 
in pain and functional outcomes were not 
observed in the study by Hsu et al. [32]; how-
ever, stability was improved, providing a pro-
tective effect against adverse foot-to-forefoot 
displacement. Differences in pain and func-
tional outcomes across these studies may be 
related to differences in the intensity of insole 
use. In Ishii et al. [31], use was higher, but the 
study was non-randomized, which may have 
influenced the results (Table 1 and 2).

In predictive studies, Hunt et al. [33] iden-
tified clinical factors that may indicate great-
er efficacy of LWIs. Higher walking speed, 
lower foot pain, and lower degrees of osteo-
arthritic changes according to the Kellgren- 
Lawrence classification were associated with 
a stronger biomechanical response to insoles,  Figure 1. Selection diagram

Identification of studies via PubMed

Records after 
applying date limits 

(2022–2025),
n = 79

Records screened  
by title and abstract,

n = 69

Full-text articles as-
sessed for eligibility,

n = 29

Studies included  
in the review,

n = 9

Records excluded 
(published before 

May 27, 2022),
n = 10

Records excluded,
n = 40

Full-text articles 
excluded,

n = 20
Main reasons:

•	wrong interven-
tion 

•	wrong or no infor-
mation on insoles

•	not biomechanical 
•	review article 

Records identified 
through PubMed 

searching,
n = 345
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particularly when combined with additional 
arch support. These findings highlight that 
appropriate patient selection for LWIs as  
an adjunct to KOA therapy may increase  
the benefits of the intervention and may also 
explain variability in responses observed  
in other studies (Table 1 and 2).

In other studies, reported outcomes and 
conclusions suggest a negative effect or no 
effect of LWIs on clinical symptoms or knee 
joint biomechanics, indicating limited justi-
fication for their use as a standalone inter-
vention. Sinclair and Zhang [34] showed that 
lateral wedges did not reduce peak forces and 
stresses in the medial compartment of the 
knee compared to neutral walking, and gait 
modification would be a more favorable in-
tervention in the context of KOA. A network 
meta-analysis conducted by Chen et al. [35] 
demonstrated that LWIs have relatively low 
clinical efficacy in reducing pain, improving 
function, and decreasing stiffness in KOA 
compared to other interventions such as 
physiotherapy, hydrotherapy, or knee braces 
(Table 1 and 2).

Regarding biomechanics, Ueda et al. [36] 
found that LWIs did not restore normal tibial 
rotation in patients with KOA – in fact, they 
increased external tibial rotation and did not 
normalize knee mechanics during weight- 
bearing activities of daily living, such as ris-
ing from a chair. Similarly, Jaques et al. [37] 
reported substantial individual variability 
in biomechanical responses to LWIs. Some 
patients showed a reduction in KAM and 
changes in muscle activity, while others did 
not. This indicates that despite the potentially 
beneficial effects of lateral wedges on selected 
knee biomechanical parameters, their effects 
are not uniform across all patients, and the 
evaluation of LWIs effects on knee joint bio-
mechanics should consider more parameters 
than just peak KAM (pKAM) (Table 1 and 2).

Discussion
The lack of conclusive evidence that LWIs 
positively affect knee joint biomechanics 
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or the clinical presentation of patients with 
KOA explains why these insoles are not rec-
ommended in the aforementioned guidelines. 
Although other reports indicate potential 
benefits (e.g., reduction of KAM, improved 
comfort, and decreased pain) [28,38,39], their 
efficacy in treating KOA remains inconclu-
sive. It is possible that factors such as indi-
vidual gait biomechanics, foot morphology, 
the degree of osteoarthritic changes, and in-
sole characteristics may modify their effects, 
opening new avenues for further research.

In another study, Yosuke Ishii [38] aimed to 
evaluate how the degree of medial meniscal 
extrusion (MME) and cumulative mechani-
cal loading of the knee might influence the 
effectiveness of LWIs in KOA patients. This 
analysis indicated that individual differenc-
es in joint biomechanics and meniscal anat-
omy may determine which patients respond 
favorably to insoles and which show limited 
therapeutic benefit. The results suggest that 
considering these factors in therapy plan-
ning may improve intervention tailoring and 
increase the likelihood of pain reduction and 
improved knee function. 

In a subsequent study, Ishii et al. [39] ex-
amined how the duration of LWIs use affects 
the mid-term response in MME and whether 
it is associated with KOA progression. The au-
thors demonstrated that longer daily use of 
LWIs (over 5 hours per day) maintained MME 
reduction after one year and was associated 
with slower osteoarthritic progression and 
more stable limb alignment. These findings 
suggest that the lack of conclusive evidence 
on the effectiveness of LWIs may partly re-
sult from insufficient observation periods  
or inadequate intervention duration needed 
to reveal their potential therapeutic effect.

Additionally, in an earlier study (Ishii  
et al. [40]), dynamic ultrasound assessment of 
MME during walking was used to directly ex-
amine the short-term effect of LWIs on knee 
mechanics and immediate pain perception. 
The results showed that both MME and knee 
pain during walking were significantly lower 

with LWIs compared to the no-insole condi-
tion, and patients showing greater MME re-
duction also experienced greater immediate 
pain relief (p < 0.01). These data suggest that 
the mechanism of LWIs may depend on their 
ability to limit dynamic MME, further high-
lighting the importance of individual joint 
biomechanics and meniscal structure in de-
termining therapeutic response.

Okamoto et al. [41] analyzed the impact of 
gait modification on MME in KOA patients. 
Results showed that adopting a “toe-out” 
gait significantly reduced the increase in 
meniscal extrusion under load and the sec-
ond peak of KAM compared to normal gait.  
Interestingly, combining this gait modifica-
tion with LWIs did not demonstrate an addi-
tional synergistic effect. These findings sug-
gest that individual gait pattern modification 
may be crucial for controlling biomechanical 
knee loading, and the therapeutic effect of 
lateral wedges may depend on the patient’s 
walking style. Factors such as gait biome-
chanics and specific knee joint characteristics 
may determine which individuals achieve 
real benefits in reducing meniscal extrusion 
and medial compartment loading, highlight-
ing the need for personalized therapy. 

Furthermore, the results of Magalhães 
et al. [42] confirm that the response to 
foot orthotic interventions – regardless of 
wedge direction – is strongly conditioned 
by individual biomechanical characteristics.  
The authors showed that individuals with 
a specific foot and lower limb alignment pro-
file were less likely to respond to wedging, 
failing to achieve the expected modification 
in KAM. Although this study examined me-
dial wedges, its conclusions are generalizable 
and emphasize that the effectiveness of in-
soles – including lateral wedges – may depend 
on a complex set of biomechanical parame-
ters. This underscores the need for individu-
alized insole selection and caution when for-
mulating clinical recommendations. 

In another study, Bartsch et al .  [43] 
demonstrated that abnormal varus knee 
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alignment may limit the efficacy of LWIs 
and ankle orthoses in patients with me
dial KOA. The analysis included 28 partici-
pants who wore a 5-mm lateral wedge and 
an ankle brace for 6 weeks in random order. 
Although both interventions reduced pain 
compared to baseline, a significant corre-
lation was observed between greater me-
chanical axis deviation (larger varus) and 
smaller pain reduction. The authors indicat-
ed a mechanical threshold of approximately 
3° varus, above which the intervention’s ef-
fectiveness is limited. These results suggest 
that individual limb alignment may deter-
mine patient response to insoles and braces, 
highlighting the importance of considering 
joint biomechanics in therapy planning and 
partially explaining the inconsistent effects 
observed in previous studies.  

The study by Tse et al. [44] provides further 
evidence that the biomechanical response to 
LWIs may be more complex than previously 
assumed. The authors demonstrated that 
both the lateral wedge alone and the wedge 
combined with arch support increased joint 
contact area in the medial compartment  
under load. At the same time, different types 
of insoles led to distinct changes in contact 
location, indicating that insole configuration 
significantly influences its effect. These find-
ings support the concept that LWIs efficacy 
may depend on individual biomechanical 
characteristics and insole design specifics, 
partially explaining discrepancies in prior 
study results. 

Iwamoto et al. [45] examined the effect 
of lateral wedge length on KAM reduction, 
which may also explain the inconsistent 
outcomes regarding LWIs in KOA patients.  
The results showed that different wedge 
lengths could lead to varying joint loading 
and, consequently, differences in efficacy  
in reducing KAM. This suggests that optimiz-
ing insole geometry according to individual 
anatomy and biomechanics may be critical. 
Considering such factors in insole design 
and selection could improve clinical efficacy,  

enhancing both comfort and knee function 
in KOA patients. 

Overall, the summary of studies included 
in this review further highlights that dis-
crepancies in evaluating the effectiveness  
of LWIs may result not only from differences 
in study populations but also from varying 
experimental conditions and selected end-
points. Moreover, differences in insole de-
sign (e.g., wedge angle, presence of arch sup-
port, material), duration of use, and type of 
functional tasks performed (walking, rising, 
standing) may significantly influence out-
comes. Importantly, some alternative inter-
ventions, such as gait pattern modification, 
may exhibit greater biomechanical efficacy 
than insoles alone under certain conditions. 
These findings indicate that LWIs effects 
should be considered in a broader thera-
peutic context rather than as an isolated 
treatment. Collectively, these data suggest 
that inconsistencies in study results may 
not stem from insole inefficacy per se, but 
rather from their complex, multifactorial 
mechanism of action and insufficient tailor-
ing of the intervention to individual patient 
characteristics.

The primary limitations of the included 
studies predominantly relate to small sample 
sizes and the short duration of the tested in-
terventions. Furthermore, a significant meth-
odological challenge stems from the fact that 
the evaluated studies focus on a wide varie-
ty of distinct outcomes. In order to gather 
a representative number of publications 
and compile a comprehensive review on this  
topic, it was necessary to broaden the eligi-
bility criteria to encompass additional end-
points. However, this high heterogeneity 
among measured parameters acts as a con-
founding factor, hindering a definitive and 
straightforward analysis of the true impact 
of LWIs in the management of KOA.

A limitation of this review is that only one 
database (PubMed) was searched, which may 
have led to the omission of additional rele-
vant studies indexed elsewhere.
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Conclusions
Available evidence suggests that LWIs may 
exert beneficial effects on selected biome-
chanical parameters of the knee joint; how-
ever, their clinical effectiveness in terms of 
pain reduction and functional improvement 
remains inconclusive. The effects of therapy 
appear to be strongly dependent on individ-
ual patient characteristics as well as inter-
vention-related factors. Despite numerous 
reports indicating potential benefits, study 
findings remain inconsistent, and some stud-
ies have not demonstrated significant clinical 
or biomechanical effects. Moreover, observed 
biomechanical changes do not always trans-
late into clinically meaningful improvements 
in pain perception or joint function. There-
fore, LWIs should not be used as a standalone 
treatment but rather may be considered  
as part of a combined therapeutic approach, 
particularly in appropriately selected patients. 
Further research in this area is warranted.
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