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Abstract
Background: Globally osteoarthritis of the knee is a leading cause of disability. Hip abductor strength and activation
are essential for maintaining postural balance during transfers and are related to joint loading and progression during
weight-bearing activities. Strength deficits in the hip abductors might cause a reduction in the lower extremity force
generation, thereby causing stress on the medial tibiofemoral joint. The aim of this systematic review is to assess the
effectiveness of hip abductor strengthening on knee joint loading, knee pain and functional outcome measures in
patients with knee osteoarthritis.
Methods: Database such as Scopus, PubMed, EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL)
database and PEDro were reviewed to recognize the trials published in English from inception to December 2020.
Randomized controlled trials that studied the effectiveness of hip abductor strengthening in subjects with knee
osteoarthritis and its impact on knee joint loading, knee pain and functional outcome measures were included.
RevMan 5.4 was used for meta-analysis and forest plot construction. Quality assessment of the included studies was
carried out using the PEDro scale.
Results and discussion: The search yielded 260 results of which 29 full-text articles were screened. The review
includes 7 randomized controlled trials and 3 studies with good methodological quality were included for metaanalysis. The meta-analysis of the articles favored hip abductor strengthening intervention over the control group.
Hip abductor strengthening had significantly reduced the VAS [ SMD = -0.60[-0.88, -0.33] p < 0.0001]at 95% CI and
improved the WOMAC scores [SMD – 0.75[-1.05,-0.45] p < 0.0001] at 95% CI. All of the included studies concluded that
strengthening the hip abductor muscle had a positive impact on knee pain and functional outcomes.
Conclusion: The current study found high-quality evidence to support the use of hip abductor muscle strengthening exercises as a rehabilitative treatment for subjects with knee osteoarthritis.
Trial registration: CRD42021256251.
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Introduction
Osteoarthritis (OA) is a degenerative, localized joint
disease that affects approximately one-third of all individuals, with the prevalence of the disease increasing
with age [1]. Many joints are affected by OA, including
the large, weight-bearing joints (hips and knees), as well
as the spine, hands, feet, and shoulders. The knee is the
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most commonly impacted weight-bearing joint by OA,
with the condition primarily impacting the medial compartment of the tibio-femoral joint [2, 3]. We discovered
that the global incidence of knee OA in people aged 20
and up was 203 per 10,000 person-years. Similarly, there
will be around 867 million people (20 years and older)
with incident knee OA throughout the world in 2020
[4]. In India, OA is the 2ndmost common rheumatological problem, with a disease prevalence of 28.7% [5]. The
pathology involved includes physiological and biological
changes to the hyaline cartilage, surrounding bones, soft
tissue, ligaments, synovial fluid and muscles associated
with sclerotic alterations in the subchondral bone synovial tissue proliferation and osteophyte formation [6]. All
these changes at and within the joint can cause impairments which may include joint swelling, limited range of
motion, pain, decreased strength, abnormalities in gait
and stiffness [6].
Compression and loading of the knee joint are reversible factors that contribute to disease progression [7].
Compressive forces on the knee caused by knee adduction moment on the medial compartment of the joint are
associated with the severity of the disease and intensity
of pain [8–10]. In addition, decreased strength of the
quadriceps is one of the contributing factors for the onset
of the disease [11]. Hence, strengthening the quadriceps
muscles helps protect the knee joint cartilage by absorbing the loads placed on the joint [12–14].
It is known that the strength of the hip musculature
may directly affects knee joint loading, leading to the
progression of the disease [12]. During walking, there is
an increase in the dynamic load on the knee. The ground
reaction force travels to the medial aspect of the knee
during stance, generating an external knee adduction
moment, which forces the knee outwards, compressing
the medial joint and stretching the lateral joint components [15, 2, 16].
Subjects with knee OA present with weak hip abductors as a result of which there is a decrease in their isokinetic strength, isometric strength and explosive force
[17–21]. Hip abductor weakness of the stance limb
causes a fall in the pelvis of the swing limb. As the line
of gravity changes away from the stance knee, the medial
joint compressive forces and knee adduction moment
increase, resulting in progressive deterioration [22, 23].
Hip abductor weakness is associated with functional
decline as it impacts force generation [24] thereby altering the knee joint loading and structural progression during weight-bearing movements.
Despite the existence of literature on the efficacy of various types of exercises in patients with knee osteoarthritis, to the best of our knowledge no review collectively
describes the influence, effectiveness, and importance
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of hip abductor muscle strengthening in knee osteoarthritis. As a result, the goal of this review is to identify
and examine the existing evidence on the effects of hip
abductor muscle strengthening on knee pain, functional
outcomes and knee joint loading in subjects with knee
OA.

Methods
This systematic review and meta – analysis was prospectively registered with PROSPERO, on 20/06/2021 bearing the registration id: CRD42021256251. According to
the Preferred reporting items for systematic reviews and
Meta-Analyses (PRISMA) guidelines, the review protocol
and reporting of the systematic review were carried out.
Search strategy

To find relevant articles the following five electronic
engines were searched: PubMed, Scopus, Cochrane Central Register of Controlled Trials (CENTRAL) database,
Physiotherapy Evidence Database (Pedro), and Experta
Medica database (EMBASE) for articles that established
the efficiency of hip abductor strength training for subjects with knee OA. The studies included were written
in English. Two individual investigators conducted the
search using a combination of two primary keywords:
“Knee OA” (population) AND “strength training” with
the prefix “Hip abductor” Boolean operators “AND” “OR”
were used to merge the two keywords (Table 1). The
search methods were changed depending on the databases. The publication dates were unrestricted, and the
articles published between inception to December 2020
were included in the review.
Table 1 – Search strategy
*Knee osteoarthritis
Knee osteoarthritides
Osteoarthritis of knee
Osteoarthritis of the knee
*Hip abductor training
Hip abductor resistance training
Hip abductor strengthening
Hip abductor strength training
Hip abductor strengthening program
Hip abductor exercise program
Hip abductor weight-bearing strengthening program
Hip abductor weight-bearing exercises
((Hip abductor training) OR (hip abductor resistance training)) OR (hip abductor
strengthening)) OR (Hip abductor strength training)) OR (Hip abductor
strengthening program)) OR (Hip abductor exercise program)) OR (Hip abductor
weight bearing strengthening program)) OR (hip abductor weight-bearing
strengthening programs)) OR (hip abductor weight-bearing exercises)) AND
((((knee osteoarthritides) OR (knee osteoarthritis)) OR (osteoarthritis of knee))
OR (osteoarthritis of the knee))
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Eligibility criteria

Quality assessment

Conference abstracts, case reports, observational studies and clinical commentaries were excluded. Studies
generalizing hip-strengthening exercises were excluded.
Articles including conditions like systemic arthritic conditions, tibial osteotomy, hip or knee joint replacement
and any other muscular or disease neurological that may
affect the lower extremity were eliminated.
Studies meeting the following inclusion criteria were
incorporated in the review Population—The subjects in the study must have a
diagnosis of knee OA of any age group, grade, or gender.
Intervention—Randomized control trials (RCT’s) comparing effects of hip abductor strengthening exercises
with other exercises of the lower extremity or no treatment on pain, knee joint loading and functional outcomes were included.
Outcome Measures included for the systematic review
were pain, quantified using Visual Analogue Scale(VAS),
Numerical Pain Rating Scale (NPRS), self-reported
physical function, Knee Injury and Osteoarthritis Outcome Score (KOOS), Western Ontario and McMaster
Universities(WOMAC), quality of life measured using
Short Form- 36 (SF-36), physical function tests and
medial joint loading.

The two reviewers (DT, SR) autonomously conducted a
procedural quality assessment of the studies based on
the PEDro scale. Studies that scored less than 6 on the
PEDro scale were not included for meta-analysis. Ambiguities among the two reviewers were resolved by the
third reviewer (AP). The PEDro scale was used to gauge
the quality of the included studies. The PEDro scale is the
sum of 11 questions’ responses. Each question is worth
one point, which assesses the trials’ statistical significance and internal validity.

Study selection

The search was conducted by two independent reviewers (DT, SR) on various databases, following which all the
identified studies were imported into Mendeley reference
manager. The titles and abstracts were screened by two
independent reviewers (DT, SR) using the online software
Rayyan QCRI. Ambiguities between the reviewers (DT,
SR) were bought to a consensus by discussing with the
third reviewer (AP). The eligibility assessment under the
inclusion–exclusion criteria was carried out by reviewing
full-text articles. The results of the search are presented
in the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) flow diagram (Fig. 1).
Data extraction

One reviewer (DT) obtained data from the included articles, which was then substantiated by a second reviewer
(SR) and entered into a standard form developed for the
review by both reviewers (DT, SR). Information about the
authors, journal, year of publication, characteristics of
the subjects (age, inclusion criteria, gender, sample size),
method (i.e., design, subjects, intervention, measures),
outcome assessed, details of the interventions (parameters, frequency, intensity, type, time) and comparison
groups, and the adverse events seen during the course of
treatment were noted. All studies reported pre-and postintervention scores.

Data management and synthesis

In the articles that were obtained, the outcome measures
were analysed. The intended result was sought, and statistical values were recorded for it. The effectiveness of
hip abductor strengthening on pain and functional outcomes was calculated using the mean, standard deviation, and mean difference. The pre- and post-intervention
changes in values between groups were compared and
the mean difference was computed. For pre- and postanalysis, the values of secondary outcomes of interest
were also recorded and compared.
Meta-analysis was performed on the homogenous
outcomes in the present study, namely pain (VAS) and
functional outcome (WOMAC fucntion). The randomeffects model was used for the meta-analysis since significant heterogeneity was expected among the trials.
The Chi2 statistic was used to examine heterogeneity
among the selected studies and the I2 statistic was used
to assess heterogeneity (> 60 percent was considered substantial heterogeneity). The meta-analysis was carried out
using RevMan 5.4 software. The forest plots for VAS and
WOMAC function are shown in Figs. 2 and 3. A descriptive analysis based on mean differences pre- and postintervention i.e., the follow up scores from baseline was
undertaken.

Results
After deleting duplicates 184 articles were screened from
260 results found—PubMed (n = 45), Cochrane (n = 38),
PEDRO (n = 6), EMBASE (n = 66), and Scopus (n = 105).
155 articles did not meet the inclusion criteria during the
title and abstract screening; hence the remaining 29 fulltext articles were reviewed. Out of the 29 full-text articles screened, (n = 11) were not RCT’s and (n = 11) were
excluded since the intervention was not hip abductor
strengthening and the studies addressed other knee problems. After reviewing the full text, 7 RCT’s were chosen.
On assessing the quality of the study only 5 [25–29] articles had a PEDro score ≥ 6 and 2 studies had a PEDro
score (Table 2) of 5 [30] and 3 [31]. Studies with PEDro
score < 6 were excluded from the meta-analysis due to
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Fig. 1 PRISMA flow chart

low methodological quality. A total of 388 people with
with knee osteoarthritis of either age, grades and gender
participated in the trials. The study selection process is
depicted in the PRISMA flowchart in the Fig. 1
Study characteristics

The size of the samples ranged from 30 to 97 subjects. One study included exclusively female subjects
[26], while others had both male and female subjects.

Yuenyongviwat et al. [29] included an additional inclusion criteria for research subjects: they had to be able
to walk without assistance, have a knee flexion of
more than 90 degrees and have a varus of fewer than
10 degrees. Subjects with a VAS of 7 were considered
in the trial by Wang et al. [28]. All the trials that were
included in the study were analyzed based on American
College of rheumatology criteria. All the studies used
the Kellgren Lawrence score for radiological grading.
Renata et al. [26] reported to have included Kellgren
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Fig. 2 Forest plot – for VAS

Fig. 3 Forest plot – WOMAC

Lawrence grades I & II, whereas the rest of the studies
included Kellgren Lawrence grading II & above.
A summary of exercises, intensity and frequency
are presented in (Table 3) in detail. Wang et al. [28]
and Sled et al. [30] measured the effect of hip abductor exercises alone, whereas other studies [25–27, 29,
31] measured the effect of hip abductor strengthening
in comparison to quadriceps exercises or routine rehabilitation. Exercises for all the studies were given with
a TheraBand or weight cuff. Apart from side-lying hip
abduction, Wang et al. [28] included pelvic lift training,
which required the subject to stand with one leg off the
side of a 10 cm step. Initially, the leg that is lower than
the step level was trained. Then, to raise the opposite
leg to the same level as the step, the participant had
to engage the stance leg hip abductor. Except for one
home-based and supervised study [27], the exercise
intervention supplied to the subjects was all supervised.
The details of each study are summarized in (Table 4).
Comparisons

Studies compared hip abductor strengthening with
quadriceps strengthening, routine rehabilitation or no
exercises.
Outcome

Assessment time points varied from 2 to 13 weeks. Three
studies measured pain on the VAS and NPRS [26–28,

31]. 2 studies evaluated gait to measure knee adduction moment [27, 30]. Three studies measured physical function using the WOMAC [25, 26, 28, 30] while
KOOS was also utilized by Yuenyongviwat et al. [29]. In
addition, Wang et al. [28] analyzed the figure of 8 test,
6MWT, stair ascent and descent task. 2 studies analyzed
five times sit to stand [28, 30]. One study investigated
the health-related quality of life using the Short Form-36
questionnaire [26].
Meta – analysis was conducted for 3 of the 7 included
studies. The homogenous outcomes analysed were VAS
scores and the WOMAC score. For pain, three studies were analysed for the VAS scores, pre- and postintervention. Heterogeneity [I2] was 9% (p < 0.0001). The
mean difference was − 0.60 with [(95% confidence Interval) − 0.88 to − 0.33] for the intervention versus the control group. For functional outcome which was analysed
using the WOMAC scores the heterogeneity [I2] was
17% (p < 0.0001). The mean difference was − 0.75 [(95%
confidence interval − 1.05 to − 0.45] for the intervention
against the control group (Figs. 2 and 3). According to the
Cochrane Handbook 0% to 40%: might not be important;
30% to 60%: may represent moderate heterogeneity; 50%
to 90%: may represent substantial heterogeneity; 75% to
100%: considerable heterogeneity [32]. In our study the
heterogeneity is persistently below 40%, thereby being
consistent with our result interpretation.
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Table 2 PEDRO quality scoring of the studies ✓
Trial
Wang et al
Yuenyongviwat et al
Singh et al
Bennell et al
Jorge et al
Elizabeth A. Sled
Chaudhary Ashok

1

✓

✓

✓

✓

✓

✓

✓

2

✓

✓

✓

✓

3

✓

✓

✓
x

✓

✓

x

x

✓

x

4

5

✓

x

x

x

x

✓

✓

✓

✓

✓

✓

6

x

x

x

x

7

✓

✓
x

✓

8

9

✓

✓

✓

✓

✓

✓

x

✓
x

✓

10

✓

✓

✓

✓

x

x

✓

x

x

x

✓

✓

✓

✓

x

x

x

x

x

x

11

Score

✓

7/10

✓

✓

✓

✓

✓

✓

7/10
6/10
8/10
8/10
5/10
3/10

Items for methodological quality criteria (2–11 were considered for total score):
1: Were the eligibility criteria specified?
2: Were subjects randomly allocated to groups?
3: Was allocation concealed?
4: Were groups similar at baseline for the most important prognostic indicators?
5: Were all subjects blinded?
6: Were all therapists who administered therapy blinded?
7: Were all assessors who measured at least one key outcome blinded?
8: Were measures of at least one key outcome obtained from > 85% of the subjects initially allocated to groups?
9: Did all subjects (for whom outcome measures were available) receive the treatment or control condition as allocated, or, where this was not the case, was data for a
least one key outcome analyzed by intention to treat?
10: Were the results of between-group statistical comparisons reported for at least one key outcome?
11: Did the study provide both point measures and measures of variability for at least one key outcome?

According to the findings of the included studies and
their meta-analysis, hip abductor strength training
reduces pain and improves functional outcomes in people with knee OA. The above values are displayed in a
small confidence interval range, indicating the analyses’
validity and sensitivity, as well as the significant influence.
Furthermore, the random-effects model used provided
accurate results by using sample size and standard error.
The meta-analysis likewise comes up with a positive conclusion for hip abductor strength training. Even though
the key outcome measures of VAS and WOMAC scores
were homogeneous the analysed studies differed in the
mode and duration of intervention and hence a metaanalysis was conducted using the random-effects model.
Effects of intervention

Table 4 summarizes the conclusions of the investigations.
Bennell et al. [27] conducted a study in which they evaluated hip adductor and abductor strengthening efficacy to
no therapy. Pain, function, and hip strength all improved
considerably after 12 weeks of home-based training, but
there was no significant difference between groups in
knee adduction moment change. [mean difference (95
percent confidence interval (CI)) 0.134 (- 0.069 to 0.337)
Nm/BW * HT percent]. The pain, physical performance,
and muscular strength assessments all improved significantly in the strengthening group.(p < 0.05).
Another study conducted by Sled et al. [30] concluded
that, hip abductor strength of the OA group improved

significantly after the treatment, but not the knee adduction moment. When compared to the control group, the
OA group’s functional performance on the sit-to-stand
test improved. Jorge et al. [26] found improvements in
WOMAC and knee pain [Exercise group—pain (from
7.01.3 to 4.33.1 in the Exercise group and from 7.01.2 to
6.61.5 in the Control group- p < 0.001)] when compared
to no intervention and several aspects of quality of life,
muscle strength, walking distance and velocity following
12 weeks of training.
Singh et al. [26] revealed that when hip abductor muscle strengthening was compared to traditional exercises
the results improved on the WOMAC scores and the
6MWT. Yuenyongviwat et al. [29], statistical analysis
revealed both groups had significantly improved KOOS
pain at 10 weeks. (Hip abductor exercise group + 18.68
(95% CI, 11.8–25.6, p < 0.01). The other subscales also
showed improvement at 10 weeks (p < 0.01). When compared to the knee exercise group, the effects of exercise
on pain management and numerous subscales were
observed statistically significant in the hip abduction
exercise group.
According to Wang et al. [28], In the stair descent and
ascent task, the five-time sit to stand test, the Figure of
8 walk test, and the functional outcome score, the intervention group outperformed the control group. At the
sixth week, there were significant variations in WOMAC
and VAS scores between groups. (p < 0.05).

F: 5/week
D: 12 weeks
Supervised and home-based

F: 2/week
D: 12 weeks
Supervised

F: 5/week
D: 6 weeks
supervised

F: 2/week
D: 10 weeks
Supervised

F: 1/day
D: 6 weeks
Supervised

F:1/day
D: 3 to 4 times per week for 8 weeks
Unsupervised – Home based

F:1/day
D:6 days for weeks
Supervised

Bennell et al

Jorge et al

Singh et al

Yuenyongviwat et al

Wang et al

Elizabeth A. Sled et al

Chaudhary Ashok

SG – hip abductor strength–based exercises
CG – Quadriceps femoris strength–based exercises

SG—Hip abductor and quadriceps strengthening activities were
performed. Subjects were instructed to lie down in a side-lying position and abduct the hip to a 45-degree abduction posture, which
they held for 10 s. The patient’s ankle was wrapped with a sandbag
which was weighted per protocol while completing quadriceps
workouts or hip abduction exercises
Only quadriceps strengthening exercises were done by CG

SG — Side-lying with weight cuffs and traditional exercises were
used to improve the hip abductor muscles
CG – received the traditional knee exercises. Static quadriceps,
straight leg lift and short arc terminal extension

SG—progressive resistance exercise programme (PRE) that included
four separate hip abduction/adduction movements performed with
free weights on two gym machines (knee flexion–extension and
abduction and adduction) (supplementary material). A five-minute
warm-up on an exercise bicycle followed the activities

The SG completed six exercises in side-lying and standing to
strengthen the hip abductor and adductor muscles
Subjects in the CG did not receive any additional treatment or do
any home activities during the 12-week period

Type of exercise

3 sets of 10 repetitions at 10 RM performed in side lying with resist- SG- hip abductor strength–based exercises
ance 3 sets of 10 repetitions at moderate resistance performed in
CG- Short wave diathermy, stretching exercises, range of motion
standing with band 3 sets of 10 repetitions. Performed in unipedal exercises, strengthening exercises
stance with 5 s hold

Progression to greater resistance levels occurred when participants SG-Side-lying resistive exercises for the hip abductor muscles, procould perform the exercise without fatigue for 20 repetitions
gressing to using resistance bands, standing single-leg stabilization
exercises, progressing to standing hip abduction using resistance
bands
CG-daily activities and refrain from beginning any new exercise
program

3 sets of 10 repetitions
progression to a greater resistance level was possible when subjects could perform 20 repetitions

4 sets- of 10 repetitions twice a day

Subjects began by performing 50 percent of their one-repetition
maximum. After then, a new 1 RM was measured every week, and
the load was gradually raised
The duration of the contraction was 5–10 s, depending on the
tolerance of the subjects. Between repetitions, there was a tensecond break and a one-minute break between sets

The 1RM was used as the starting load
The regime consisted of two sets of eight repetitions, with the first
set utilising 50% of 1RM and the second set utilising 70% of 1RM.
Between sets, there was a one-minute rest period

With ankle cuff weights or elastic bands, 3 sets of 10 repetitions

Intensity of exercise

CG Control group, SG Strengthening group, F Frequency, D Duration, 1RM One repetition Maximum

Frequency (F) and duration (D)

Author

Table 3 Description of the intervention used
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Sample size (n = 60)
Pain (VAS scale)
Strengthening Group (SG) Physical Function
(n = 29)
(WOMAC)
Control Group (CG) (n
Walking Distance – 6MWT
= 31)
Strength – 1RM
Mean age of the SG
Quality of life – SF-36
group-61.7 ± 6.4
Mean age of the CG
group-59.9 ± 7.5
Kellgran Lawrence (KL)
grade 1-4 were included

Sample size (n = 30)
Strengthening Group (SG)
(n = 15)
Control Group (CG) (n
= 15)
Mean age of the SG
group- 55.33 ± 3.99
Mean age of the CG
group- 54.86 ± 4.35
Kellgran Lawrence (KL)
grades 2 and 3 were
included.

Jorge et al

Singh et al

Hip abductor strength by
modified sphygmomanometer
Physical Function
(WOMAC)
Walking Distance – 6MWT

A 3-dimensional gait analysis to identify the knee
adduction moment.11point NPRS Maximal
isometric strength of hip
musculature Step test and
timed stair ascent and
descent task

Sample size (n = 89)
Strengthening Group (SG)
(n = 45) Control Group
(CG) (n = 44)
Mean age of the SG
group- 64.5 (9.1)
Mean age of the CG
group- 64.6 (7.6)
Kellgran Lawrence (KL)
grade 2 and above were
included.

Bennell et al

OUTCOMES

PARTICIPANTS

STUDY

Table 4 Description of the studies and pre- post-intervention values

VAS
WOMAC
function
SF 36
6MWT

KAM
VAS
WOMAC
function
Step test
Timed stair
task
Hip abduction torque

OUTCOMES

7.0 ± 1.3
27.7 ± 9.3 39.3
± 16.
357.1 ± 56.9

113.93 ± 16.40
279.11 ± 49.23
95.47 ± 18.10

7.0 .0 ± 1.2
28.4 ± 10.6
32.4 ± 16.0
330.2 ± 55.9

59.46 ± 12.44
378.37 ±
27.81
124.70 ± 9.45

4.3 ± 3.1
17.3 ± 12.4
49.8 ± 21.9
69.5 ± 60.8

3.3 ± 0.9
2.6 ± 2.1
16.2 ± 11.7
18 ± 4.3
7.0 ± 2.2
1.0 ± 0.3

82.73 ± 13.96
320.07 ± 46.40
96.56 ± 18.45

6.6 ± 1.5
26.7 ± 10.2
30.8 ± 16.8
343.1 ± 54.7

2.9 ± 0.9
3.9 ± 2.6
21.9 ± 11.0
16.9 ± 2.8
7.9 ± 1.8
0.9 ± 0.3

CG

SG

2.9 ± 0.9
4.1 ± 2.5
23.7 ± 11.8
16 ± 2.9
8.2 ± 2.3
0.8 ± 0.3

CG

SG
3.2 ± 1.0
4.3 ± 2.0
24.8 ± 10.9
16.2 ± 3.7
8.0 ± 2.7
0.9 ± 0.3

POST – INTERVENTION

PRE – INTERVENTION

Hip abductor strengthWOMAC
116.13 ± 16.01
ening and quadriceps
function
280.13 ± 28.27
exercise, when compared 6MWT
97.30 ± 9.42
with quadriceps exercise
Hip Strength
alone, produced superior
outcomes on function and
walking distance.

Lower extremity progressive resistance exercise
(inclusive of hip abductor
and adductor strengthening) is effective when
compared with a waitlist
no treatment control
group

Hip abductor and adductor strengthening alone
improved pain, function,
and hip strength but did
not alter knee adduction
when compared with no
treatment.

RESULTS
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Sample size (n = 82)
Strengthening Group (SG)
(n = 41)
Control Group (CG) (n
= 41)
Mean age of the SG
group- 58.4(5.3)
Mean age of the CG
group- 59.2(6.1)
Kellgran Lawrence (KL)
grades of 2 and above
were included on the
study

Sample size (n = 30)
Pain (VAS)
Strengthening Group (SG) Physical function
(n = 15)
(WOMAC)
Control Group (CG) (n
= 15)
Mean age of the SG
group- 51.33(5.2326)
Mean age of the CG
group- 52(5.0142)
Kellgren-Lawrence radiographic grade I, II and III
were included in the study

Wang et al

Chaudhary Ashok

Pain (VAS Scale)
Physical Function
(WOMAC)
Strength was assessed by
an Isokinetic Dynamometer Five Times Sit-to-Stand
Test, stair ascent/descent
task and Figure of 8 walk
test.

Knee Injury and OsteoSample size (n = 97)
Strengthening Group (SG) arthritis Outcome Scores
(KOOS)
(n = 42)
Control Group (CG) (n
= 44)
Mean age of the SG
group- 62.8 ± 6.80
Mean age of the CG
group- 62.5 ± 8.4
Kellgran Lawrence (KL)
grades 2 and 3 were
included.

Yuenyongviwat et al

OUTCOMES

PARTICIPANTS

STUDY

Table 4 (continued)

70
76
77
29
48

7 ± 1.690
66.66 ± 6.986

2 ± 1.463
27.66 ± 4.237

5.50 ± 0.93
32.3 ± 7.5
10.47 ± 1.38
15.49 ± 2.60
1.16 ± 0.33
20.55 ± 2.59

74
80
81
32
50

PRE – INTERVENTION

VAS
5.70 ± 1.00
WOMAC
33.8 ± 9.9
Fig. of 8 walk 10.92 ± 2.23
test
15.53 ± 3.95
FTSST
1.16 ± 0.33
Strength of
21.05 ± 3.96
hip Abduction
Stair Ascent
and Descent

KOOS
Pain
Symptoms
ADL
Sports and
Recreation
Quality of
Life

OUTCOMES

Hip abductor muscle
VAS
strengthening exercises
WOMAC
showed overall improvement in pain and physical
function and is a useful
adjunct exercise therapy
in treating patients with
unilateral medial compartment knee osteoarthritis

Hip abductor strengthening and quadriceps
exercises, when compared
experimental group had
superior outcomes in stair
ascent/descent task, figure
of 8 Walk test, and pain;
but not in the Five Times
Sit-to-Stand Test and
Self-reported functional
difficulties score

All KOOS subscales were
significantly improved
in both groups after 10
weeks. No significant
difference in the scores
between either group
at 2–10 weeks after
treatment. Nevertheless,
the effects of exercise for
pain, symptoms, function
in daily living and knee
related quality of life
were found to have faster
improvement within the
hip abduction exercise
group compared to the
control group

RESULTS

6.93 ± 1.387
67.13 ± 6.577

3.12 ± 0.83
20.9 ± 6.0
8.58 ± 1.42
3.51 ± 3.77
1.31 ± 0.36
17.10 ± 3.23

89
90
92
47
72

4.066 ± 1.907
37.46 ± 6.356

3.54 ± 1.08
26.8 ± 5.9
75 ± 1.25
13.98 ± 2.69
1.18 ± 0.37
19.35 ± 2.83

91
89
95
55
77

POST – INTERVENTION
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OUTCOMES

RESULTS
Hip abductor strengthening did not reduce knee
joint loading but did
improve function and
reduce pain in a group
with medial knee OA.

OUTCOMES
Five-TimesSit-To-Stand
test
WOMAC

12.5 (10.6–14.4)
18.15 (14.19–
22.11)

PRE – INTERVENTION
15.2 (12.6–17.9)
19.60 (15.95–
23.25)

POST – INTERVENTION
10.1 (9.2–11.0) 9.3 (8.4–10.2)
1.2 (0.25–2.15) 1.24 (0.00–
2.46)

CI Confidence interval, CG Control groups Strengthening group, KL Kellgren, and Lawrence, KAM Knee adduction moment, MD Mean difference, NPRS Numeric Pain Rating Scale, OA OA, SF-36 36-Item Short-Form Health
Survey, VAS Visual analog scale, KOOS Knee OA Outcomes Survey, WOMAC Western Ontario and McMaster Universities OA Index, 1RM One repetition Maximum. CG Control group, SG Strengthening group, F Frequency,
D Duration, 1RM One repetition Maximu

PARTICIPANTS

Five-Times-Sit-To-Stand
Sample Size (n = 40)
Strengthening Group (SG) test
(n = 20)
WOMAC
Control Group (CG) (n
= 20)
Mean age of the SG
group- 62.98 (9.73)
Mean age of the CG
group- 62.98 (9.73)
Kellgren-Lawrence
radiographic grading was
included.

STUDY

Elizabeth A. Sled

Table 4 (continued)
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Study conducted by Chaudry A [31], concluded that
the intervention group improved significantly on pain
and functional outcomes after 6 weeks of intervention.
Seven studies assessed the effectiveness of hip abductor
strengthening in comparison to routine exercises or no
exercise in the control group in subjects with knee osteoarthritis.. All the included studies showed statistically
significant differences for the assessed outcomes between
the study groups and pre-post intervention. There was a
clinically significant difference between the pain scores,
the functional outcome scores and the hip abductor
strength. However, there was no statistically significant
difference in the knee joint loading post hip abductor
strengthening in the intervention group.
Adverse events

Following exercise intervention, two studies concluded
that the subjects in the intervention group complained
of exacerbated knee pain along with back and hip discomfort [26, 27]. In another study [28] however, muscular discomfort was predominant in both the control and
experimental groups.

Discussion
The aim of the present review was to identify the effectiveness of hip abductor strengthening in individuals
diagnosed with knee osteoarthritis. This systematic
review included findings from 7 RCT’s that reviewed
the current evidence on hip abductor strengthening in knee OA. According to the evidence gathered,
hip abductor strengthening effectively relieved knee
discomfort by lowering pain scores, improving selfreported functional outcomes, physical performance
and providing an overall sense of well-being. International guidelines and several other studies recommend
therapeutic intervention or exercises as a crucial component of conservative management of knee OA [33,
34]. Weak knee extensors have been identified as one
of the contributors to the onset and progression of OA
but it is likely that other than knee extensors, weakness
in various other muscle groups could also contribute to
reduced function in subjects with knee OA [33, 35, 36].
This review examined articles that discussed the impact
of hip abductor strength training on disease progression and medial joint loading in knee OA.
Hip abductors are important for supporting and stabilizing the trunk and assisting in limb placement control during functional tasks. Weakness of hip abductor
muscles are known to compromise mediolateral stability at the pelvis, leading to abnormal gait mechanics.
During walking, torque generation of hip abductors in
the stance phase stabilizes the pelvis as the position of
the pelvis can alter the body’s centre of mass thereby
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altering knee joint loading. Weak hip abductors cause
pelvic drop towards the contralateral swing leg thus
shifting the body’s Centre of Mass away from the centre
of the knee joint [37]. This in turn increases adduction
moment in hip leading to rapid progression of arthritic
changes in the knee [17–21, 25].
Hip abductor weakness is associated with functional
decline as it impacts the force generation [24] which in
turn alters the joint loading and structural progression
during weight-bearing activities. There is also reduced
medial tibiofemoral disease progression due to pelvic
control in the frontal plane which in turn prevents the
shift of line of gravity from the stance knee and reduces
adduction moment. Studies suggest that hip abductor
strength training may reduce hip adduction moment
causing a decrease in medial compartment loading
thereby decreasing pain and disease progression by
improving physical functional scores, peak hip adduction angle and reduction in knee joint loading [23].
Hip abduction activation is required to maintain postural stability and balance during walking and transfers [23, 38]. Hip abductors are thought to play a role
in dynamic postural control, particularly lateral stability control, and strengthening these muscle groups has
resulted in improved hip motor control during functional activities [39]. Hip abductors comprise of the
gluteus medius as the prime mover and rectus femoris, gluteus minimus, tensor fascia latae, sartorius as
assistant movers [40]. Exercise programs opted should
be based on the physical fitness and preference of the
patient with knee osteoarthritis. A targeted exercise
regimen of the hip abductors might reduce the loading
on the knee joint’s medial compartment which could
significantly improve knee symptoms [41]. Exercise
programs designed for a duration of 3 to 5 times per
week, for a period of 6 to 9 weeks are known to result in
favourable outcomes [42].
Conservative management in knee osteoarthritis
mainly revolves around reducing the mechanical load
on the joint. This can be done by reinforcing the lower
extremity muscle strength, especially the quadriceps
muscle which not only impacts the onset and progression
of disease but also plays a major role in activity limitation
in subjects with knee osteoarthritis. Biomechanical factors play a major role in the onset and progression of knee
osteoarthritis [43–46]. Strengthening of quadriceps not
only assists in the reduction of knee joint load but also
protects the articular cartilage [7, 8, 14]. Hip abductor
muscles significantly affect the knee joint loading which
is a modifiable factor contributing to disease progression.
The strength training parameters in the included trials
were constant with the guidelines for strength exercises
in subjects with knee osteoarthritis [47]. The intensity
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and dosage of exercise in the included articles varied
from 50 to 80% of 1 repetition maximum or 10 repetition
maximum, performed 3 to 5 times a week with an intensity of 8 – 20 repetitions for 2 to 3 sets. VAS and NPRS,
both of which are deemed reliable and valid were used to
assess improvements in knee pain Strengthening the hip
abductors was done either in standing or side-lying and
using free weights or elastic TheraBand’s (Table 3). The
exercises significantly improved the strength of the hip
abductors, and an uptrend was seen with regards to the
functional outcome scores [25–29].
In accordance with the OARSI recommendations,
which suggests five physical tests to assess the functional
capacities of persons with knee osteoarthritis [47] and
three tests to access physical performance: 30-s chair
stand test, Timed up and Go Test, 6-min walk test, 40-m
rapid walking test, 9-step stair climb test and 6-min walk
test, step test and stair climb test. The included studies
used performance-based measures such as short- and
long-distance activity (6MWT) and stair negotiation
activity (step test). Three-dimensional gait analysis and
motion measuring devices were used to measure the biomechanical metrics of knee loads and dynamic alignment
[25–29].
For subjects with knee OA, rehabilitation strategies
along with adjunct therapies like taping and use of knee
and patellar bracing can be implemented. In people with
knee OA, donning a soft knee brace has been proven
to minimise self-reported knee instability. Braces are
designed to promote hamstring activation and variable
degree of knee extension moment are known to promote pain-free weightbearing activities by reducing the
moment of compressive forces produced by the quadriceps [48]. Foot orthoses also have the possibility to be
an effectual treatment for knee OA. Footwear which are
contoured and prefabricated produce an immediate relief
in pain in knee OA patients during functional activities
and produce an ease in task performance. Heeled footwear may reduce the efficiency of a lateral wedged insole.
The best way to use a lateral wedged insole for knee OA
is in conjunction with socks or flat footwear without
heels [49].
Exercises are recommended with a focus on lower limb
strengthening. Hip abductor muscle strengthening, either
alone or in combination with lower extremity exercises,
improved symptoms without having a substantial impact
on medial compartment knee loading measurements.
Because OA causes long-term disability, treatment delivery strategies that meet the ongoing need for therapy are
imperative. Home-based rehabilitation though ensures
long-term delivery of treatment, adherence to exercises is
a disadvantage of unsupervised training.
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Clinical implications

Both low- and high-resistance exercise programmes
improved knee pain and function. The biomechanical parameters of knee joint loading were unaffected
by either the low or high resistance regimens [27, 30].
As a result, the intensity of hip abductor strengthening
exercises must be chosen based on the preferences and
general conditioning of individuals with knee OA. The
recommended quantity for exercise frequency, according
to the included studies, is 3 to 5 times per week. Exercise
therapy lasted 6 weeks to 3 months and produced significant outcomes. As a result, hip abductor strengthening is
useful for short to moderate amount of time. The longterm implications should be investigated. The collective
evidence of this review will provide clinicians with an
insight into choosing the proper therapeutic approach in
treating patients diagnosed with knee OA.
Limitations and future scope

There are certain limitations to this systematic review.
The included studies were conducted on a small sample
size, hence extrapolating the results to a large population is difficult. The included studies failed to ascertain
the role of other hip musculature and their impact on
disease progression. The physical activity level of the subjects was not considered in any of the included research.
One of the included studies only involved women, making it impossible to extend the findings to other genders. Further research is needed, particularly concerning
the intermediate and long-term effects of hip- abductor
focused resistance and neuromuscular functional training in knee OA. In addition to high-intensity resisted
quadriceps strengthening, future research should look
into the benefits of high-intensity resisted hip abductor
strength training for patient-reported outcomes. More
research is needed to assess the relative effectiveness of
open and closed kinematic chain hip exercises in subjects
with knee OA.

Conclusion
Knee OA is a disabling condition as it affects individuals
both functionally and psychologically. Muscle weakness
is known to be one of the major contributing factors for
disease progression [50]. Evidence suggests that weakness of the hip abductors reduces the propulsion or
explosive force in weight-bearing activities, which in turn
stresses the medial tibiofemoral joint and leads to disease
progression [22, 23]. The current review and meta-analysis identified a positive relationship between hip abductor strengthening and knee osteoarthritis. Strengthening
the hip abductors resulted in an improvement in the
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functional scores and a relative reduction in the pain
intensity. These positive findings suggest that hip abductor strengthening can be used as an effective exercise
regime in subjects with knee OA, but further work
is required to explore whether these benefits on the
assessed functional outcomes are maintained for a long
period of time. Thus, the findings of this review have provided us with an understanding of the influence, effect
and importance of hip abductor strengthening in patients
diagnosed with knee osteoarthritis.
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