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Abstract.
BACKGROUND: Knee pain is the main symptom of knee osteoarthritis. Walking is effective against knee pain, and some studies
have shown that gait modification can also relieve this condition. However, the quality of evidence for the clinically significant
effects of gait modification on knee pain has not been examined.
OBJECTIVE: This systematic review and meta-analysis aimed to evaluate the level of evidence for the clinically significant
effects of gait modification on knee pain and determine if the effects are greater than the minimal clinically important difference
(MCID).
METHODS: We comprehensively searched electronic databases such as MEDLINE, Cochrane Central Register of Controlled
Trials, Physiotherapy Evidence Database, and Cumulative Index to Nursing and Allied Health Literature. Intervention studies
with experimental groups who received gait modification and control groups who did not were evaluated. The Grading of
Recommendations Assessment, Development and Evaluation system was used to assess the level of evidence.
RESULTS: Nine studies met the inclusion criteria. All were included in the systematic review and two in the meta-analysis.
Results showed that gait modification have significant effects (p = 0.02), and the quality of evidence was very low. However,
several studies have revealed that the effects of gait modification, when used as a foot-focused intervention, were greater than the
MCID.
CONCLUSIONS: We concluded that there is a lack of high-quality evidence that supports the general efficacy of gait modification.
Although based on low-quality evidence, when applied to the foot, it may have clinically significant effects.
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1. Introduction

Knee osteoarthritis (OA) affects about one in five
adults aged over 45 years [1], and it is a leading cause
of chronic physical disability. Moreover, this condition
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is characterized by pain and commonly affects the me-
dial aspect of the knee [2,3]. In knee OA, excessive
mechanical stress in the joint is a major contributor to
knee pain [4]. Worsening knee pain can lead to higher
medical costs and a lower quality of life [5]. To prevent
these issues, early treatment for knee pain relief must
be provided.

Land-based exercise is one of the most effective ther-
apies for knee pain relief [6–8] and walking is one of
land-based exercises. As excessive loading on the me-
dial aspect of the knee contributes to knee OA progres-
sion [9–11], performing walking exercises in a manner
that reduces the medial knee loading is reasonable. Dif-
ferent types of gait modifications for reducing medial
load have been proposed. Mechanical stress on the knee
changes with the type of gait [12]. Multiple gait modifi-
cation methods and their effects on mechanical stress on
the knee and knee pain have been investigated [12–14].
Results showed that gait modification can alleviate knee
pain.

Although several types of gait modifications are ef-
fective, the level of evidence for their efficacy is un-
known. Moreover, even if knee pain relief after gait
modification is statistically significant, whether its ef-
fect is clinically significant is unknown. Hence, this
notion should be investigated to improve the evidence-
based practice of walking instructors who use methods
for alleviating knee pain.

Therefore, the current study aimed to assess the level
of evidence for the efficacy of gait modification against
knee pain. Moreover, whether its effect is clinically
significant was investigated using the minimum clinical
important difference (MCID), which is a criterion to
evaluate the significance of an effect from a patient
perspective rather than from a statistical perspective. To
the best of our knowledge, this is the only study that
evaluated the clinical significance of gait modification
based on a high level of evidence and the perspective
of patients.

2. Materials and methods

A systematic literature review was performed ac-
cording to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis Protocol guidelines [15]
and registered with UMIN. Because this was a system-
atic review, approval by the ethics committee was not
required.

2.1. Data sources and search strategy for
identification of studies

Electronic databases such as MEDLINE, Cochrane
Central Register of Controlled Trials (CENTRAL),
Physiotherapy Evidence Database (PEDro), and Cu-
mulative Index to Nursing and Allied Health Literature
(CINAHL) were comprehensively searched on Septem-
ber 19, 2022. Search terms including “patient,” “in-
tervention,” and “outcome” were combined with the
“AND” operator. Patient was defined as individuals with
knee OA. The intervention was gait modification, and
the study outcome was pain. Medical Subject Headings
terms and synonyms were combined using the “OR”
operator for each concept. There were no limits on the
dates.

2.2. Eligibility criteria

The inclusion criteria were as follows: (1) studies
with patients with knee OA, (2) those that used gait
modification, (3) those that assessed knee pain, (4) in-
terventional research, and (5) those written in English.

The exclusion criteria were as follows: (1) studies
of patients with rheumatoid arthritis; (2) those that in-
cluded patients who had a surgical history; (3) those
with interventions including drug, exercise, manual,
cognitive behavioral, and insole therapy, Kinesio R© tap-
ing, orthotic management (including braces, shoes, and
orthotics), acupuncture, and robot assistance; and (4)
those with insufficient data for calculating the effect
size for quantitative analysis.

2.3. Article screening and selection

The articles identified via the database search were
summarized in spreadsheets created using Microsoft
Excel 2019. After the exclusion of duplicates, two re-
viewers (HT and KH) independently screened each ar-
ticle based on the titles and abstracts using the pre-
determined eligibility criteria for determining relevant
manuscripts that could undergo full-text review. Sub-
sequently, the full-text copies of articles that were not
excluded based on the titles or abstracts were retrieved,
and the inclusion and exclusion criteria were reapplied
to these studies to identify their suitability for the final
inclusion. Any disagreements in article screening and
selection process were resolved via a discussion, and a
consensus decision was made by a third party (RT).
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Fig. 1. Flow diagram of the study selection process. CENTRAL; Cochrane Central Register of Controlled Trials, PEDro; Physiotherapy Evidence
Database, CINAHL; Cumulative Index to Nursing and Allied Health Literature.

2.4. Data collection process

To extract data about, simple predesigned spread-
sheets created using Microsoft Excel 2019 were pre-
pared and used to extract data on participants, inter-
ventions, outcome measurements, and results. Two au-
thors (HT and KH) discussed and decided whether gait
modification was used and whether the outcome was
pain.

2.5. Data items

We chose the following outcome measures to per-
form our meta-analysis: (1) Western Ontario and Mc-
Master Universities Osteoarthritis Index (WOMAC),

which is used to assesses pain, stiffness, and function in
patients with hip or knee OA; (2) Knee Injury and Os-
teoarthritis Outcome Score (KOOS), which is utilized to
evaluate pain and other symptoms, function in daily liv-
ing and in sport and recreation, and knee-related quality
of life; (3) Numerical Rating Scale (NRS), which is
used to evaluate the subjective intensity of pain; and
(4) Visual Analog Scale (VAS), which is utilized to
investigate pain intensity.

2.6. Assessment of the methodological quality in
individual studies

For the assessment of the methodological quality in
individual studies, two researchers (TM and HT) in-
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dependently applied the PEDro scale [16]. Any differ-
ences in items were resolved with the help of a third
party (RT). Studies with a PEDro score of > 4 had
moderate quality.

2.7. Statistical analysis

If the unit of measurements for continuous outcomes
was consistent across trials, the results were presented
as weighted mean difference (MD) with 95% confi-
dence intervals (95% CIs). However, if the same units
were not used in the outcomes across studies, the stan-
dardized mean difference (SMD), rather than the MD,
was utilized.

All statistical comparisons were performed using Re-
view Manager version 5.4. Only RCTs were included
in our meta-analysis. Data from trials with experimen-
tal group who received gait modification and control
groups who did not were synthesized. If there was more
than two value, the value measured at the earliest time
point in the study or at a similar time point across RCTs
was used in the meta-analysis. This meta-analysis used
the mean and standard deviation of the difference be-
tween pre- and post-interventions. In addition, the code
of the values was unified to express pain relief as a
negative value in the meta-analysis. We did not include
studies that did not specify pain values before and after
the intervention in the meta-analysis.

2.8. Certainty assessment

The Grading of Recommendations Assessment, De-
velopment and Evaluation (GRADE) system was used
for assessing the quality of evidence for each evalua-
tion parameter [17]. GRADE was used if at least two
applicable outcomes had been used. The quality of evi-
dence was assessed as very low, low, moderate, or high
based on the criteria. Factors downgrading the quality
(risk of bias, inconsistency, indirectness, impression,
and publication bias) or upgrading the quality (large
effect, plausible confounding, and dose-response) were
evaluated [18].

3. Results

3.1. Study selection

In total, 7563 trials were identified via the combined
database search (Fig. 1). After adjusting for duplicates,
5667 trials were included in the analyses, of which

5546 did not meet the selection criteria for reviewing
the article titles and abstracts. A detailed examination
of the complete texts of the remaining 95 studies was
performed. 86 studies did not meet the inclusion crite-
ria, and finally, nine studies met the inclusion criteria.
All were included in the systematic review [19–27] and
two [19,23] were included in the meta-analysis.

3.2. Study characteristics

Table 1 shows the population characteristics of the
studies included in this review. Four RCTs [19,22,23,
27] and five non-RCTs [20,21,24–26] were analyzed.
The sample sizes ranged from 10 to 79, and the partici-
pants were classified under the experimental and con-
trol groups. The average age of the participants in the
nine studies ranged from 59.1 to 69.6 years.

Table 2 shows the content of gait modification per-
formed in the studies. The gait modification methods
were toe-out gait [19,20,22], toe-in gait [21,25,27],
trunk lean gait [24,26], and move toward symmetri-
cal and typical displacements of the trunk and pelvis
about neutral frontal and transverse axes [23]. Chueng
et al. [22], Shull et al. [25], and Wang et al. [27] did
not indicate a specific gait modification method, but
all subjects walked with toe-out gait or toe-in gait. All
gait modification methods were visual feedback using
mirrors and biofeedback.

Table 3 shows the outcome data of the studies. Six
studies used the WOMAC [19–22,25,26]; two, the
KOOS [23,27]; two, the VAS [25,27]; and five, the
NRS [19–21,24,26]. Hunt et al. [19] revealed that the
mean deference in the WOMAC pain subscale score be-
tween baseline and post-intervention was 2.7 in the ex-
perimental group. Cheung et al. [22] found that the rate
of change in knee pain in the experimental group was
49% based on the WOMAC. Wang et al. [27] showed
that the percentage of change in the VAS score was
35.5%. Three non-RCTs used toe-in or toe-out gait. In
the research of Hunt et al. [20], the WOMAC score
changed by 2.1 and the NRS score by 1.9. Meanwhile,
Richards et al. [21] revealed that the WOMAC score
changed from 10.5 at baseline to 7 at post-intervention.
The percentage of change in the WOMAC score was
29% and the decrease in VAS was 2 points on the study
of Shull et al. [25].

3.3. Results of individual studies and syntheses

Figure 2 shows the forest plots of the meta-analysis.
Two studies [19,23] integrated their data. In total, 122
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Table 4
GRADE summary of findings

Certainty assessment No. of patients Certainty Importance

Outcome
No. of
studies

Study
design Risk of bias Inconsistency Indirectness Imprecision

Other
considerations EG CG

Pain 2 RCT Very seriousa Not serious Not serious Seriousb None 65 22
⊕

©©© Important
Very low

GRADE; Grading of Recommendations Assessment, Development and Evaluation, RCT; randomized controlled trial, EG; experimental group,
CG; control group. Explanations: aIndicating one study with high risk of bias; bWide 95% confidence interval.

Fig. 2. Forest plot of the standardized mean differences (SMD) between gait modification and non-gait modification.

participants were included in these studies. One RCT
[22] was not included in the meta-analysis due to lack of
required data. Results showed that the SMD was −0.44
(95% confidence interval: −0.80 to −0.07). Hence, the
result was not statistically significant (p = 0.02).

3.4. Certainty of evidence

Table 4 shows the GRADE summary of findings. The
quality of evidence was very low, with a risk of bias
and impression as factors that reduced quality.

4. Discussion

Nine interventional studies were included in the sys-
tematic review and two RCTs in the meta-analysis.
Moreover, the GRADE system was used to determine
the level of evidence. Results showed that the quality
of evidence for the efficacy of gait modification against
knee pain was very low. However, several studies have
revealed that gait modification effects were greater than
the MCID. That is, some types of gait modifications
can alleviate knee pain, thereby providing patient satis-
faction.

The level of evidence supporting the effect of gait
modification on knee pain is a novel finding. The con-
ventional practical guidelines for knee OA recommends
land-based exercises [6,7]. However, to the best of our
knowledge, there are no guidelines on the characteris-
tics of walking (e.g., foot direction and stride length).
Our review, which evaluated the level of evidence for
gait modification methods, can contribute in updating
guidelines that recommend walking.

Our study was conducted specifically on individuals
with knee OA. In a previous systematic review, the tar-
get population comprised healthy individuals and those
with knee OA, and it focused mainly on knee adduction
moment [12–14]. In contrast, our study performed a
systematic review and meta-analysis focusing on pain
in people with knee OA alone. Our findings are valuable
for clinicians who want to provide satisfactory care to
people with knee OA.

Gait modification, which can significantly allevi-
ate knee pain, focuses on the feet. The results of the
GRADE system did not provide a high level of evidence
for the efficacy of gait modification against knee pain.
This indicates that the effect size is likely to change in
future studies. However, changing foot orientation is a
common denominator among gait modifications with
statistical significance in RCTs [19,22] with a low risk
of bias (PEDro score of > 6). In the study by Hunt et
al. [19], the experimental group participants were in-
structed to perform toe-out gait. Cheung et al. referred
to previous study [25] and conducted an similar inter-
vention study [22] in which participants freely selected
between three different gait modifications, including
changes in foot progression angle, to reduce knee ad-
duction to below 80%. These two studies included foot-
focused gait modification in their interventions.

Although the effect size cannot be guaranteed, foot-
focused interventions can have effects that are beyond
patient satisfaction. According to Pham et al. [28], the
MCID of the WOMAC improved by pain > 20% and
> 10 points on a scale of 0–100 and by function >
20% and > 10 points on a scale of 0–100. In the study
of Salaffi et al. [29], the MCID of the NRS improved
by > 15% or > 1 point on a scale of 0–10. Wandel et
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al. [30] used the criteria that the MCID of the VAS is
> 0.90 cm on a scale of 0–10 cm. The WOMAC or
NRS score was the outcome used in Hunt et al. [19]
and Cheung et al. [22], and the VAS score was the
outcome used in Wang et al. [27], and the change in
pain was beyond the MCID. When focusing on toe-in
or toe-out gait, two studies [20,25], other than the RCT,
showed changes caused by gait modification that were
greater than the MCID. These findings could be used
as evidence supporting the notion that foot-focused gait
modification can significantly relieve knee pain.

Pain relief through gait modification that focuses on
the foot can be effective for physical function. Accord-
ing to Newberry et al. [31], the MCID of the WOMAC
function is 9.1 on a scale of 0 to 100 [32]. Of the
studies included in our review, there were five stud-
ies [19,21,22,25,26] that used the scale of the WOMAC
function. Four of them [19,21,22,25] had a gait modifi-
cation focused on the foot, all of which significantly im-
proved the scores and three of them [19,22,25] exceeded
the MCID. One study [21] did not report the amount
of change, so it could not be determined if the change
exceeded the MCID. Simic et al. [26], who focused on
trunk lean, did not report the amount of change, so it
could not be determined whether the effect exceeded
the MCID. Thus, gait modification focused on the foot
may be clinically effective not only in reducing pain but
also in improving physical function.

This study showed the characteristics of individuals
with knee OA who can benefit from the procedure be-
yond the MCID. Five studies, which showed that the
effect of toe-in or toe-out gait was beyond the MCID,
included overweight women aged over 60 years. Based
on the OARSI guideline [6,7], a common core inter-
vention is recommended for all patients. Additionally,
patients are sub-grouped, and different interventions are
recommended for each subgroup. The two criteria for
subgrouping are OA other than in the knee and pres-
ence of complications. Nevertheless, age, sex, and body
composition are not considered. To make walking more
effective than gait modification, a subgroup of older and
overweight women should be targeted.

The current study had several limitations. First, there
were only four RCTs in the systemic review, and only
two RCTs specified the extent of change between the
experimental and control groups. Therefore, no reliable
conclusions about the effect size could be drawn. Never-
theless, more high-quality studies should be performed
to provide stronger evidence about the effect size of gait
modification. Second, only few studies used similar gait
modification methods. The data of multiple RCTs could

not be integrated using similar gait modification meth-
ods, and a reliable effect size was not achieved. Since
effect sizes between methods could not be compared,
we cannot confirm which gait modification method is
the most effective. Because the effect size of gait modi-
fication focused on the toe-in and/or toe-out exceeded
the MCID, more RCTs confirming this effect size are
warranted. Despite these limitations, to the best of our
knowledge, there are currently no systematic reviews
that determined the level of evidence for the efficacy
of gait modification. Our review can help clinicians in
the decision-making process regarding the use of gait
modification and can facilitate designing future studies.

5. Conclusion

The level of evidence for the efficacy of gait mod-
ification against knee pain in people with knee OA is
very low. However, toe-in or toe-out gait is effective
in relieving knee pain in RCTs, and several studies re-
vealed that it is more effective than MCID. These re-
ports included overweight women aged over 60 years
old.
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