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A Hip and Quadriceps Quadriceps only Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 High-intensity resistance exercise
Ashok 2012 2 1463 15 4.066 1907 15 19.0% -1.18[-1.97,-0.40] ——

Subtotal (95% Cl) 15 15 19.0%  -1.18[-1.97,-0.40] <ol

Heterogeneity: Not applicable

Test for overall effect: Z=2.96 (P = 0.003)

2.1.2 Low-intensity resistance exercise

Verma 2013 48 1 15 63 13 15 19.0% -1.26 [-2.05,-0.47) —_—

Subtotal (95% Cl) 15 15 19.0%  -1.26[-2.05,-0.47] e

Heterogeneity: Not applicable

Test for overall effect: Z=3.11 (P = 0.002)

2.1.3 Functional neuromuscular exercise

Chaipinyo 2009 8.7 1.2 24 82 16 18 202% 0.35[-0.26,0.97) -
Olagheqi 2016 33 083 27 184 111 28 204% 1.36(0.77,1.96) ——
Subtotal (95% Cl) 51 46  40.6% 0.86 [-0.13,1.85] Bl
Heterogeneity: Tau®= 0.42; Chi*= 5.37, df=1 (P = 0.02), F=81%

Test for overall effect: Z=1.71 (P = 0.09)

2.1.4 Multi-modal exercise

Bennell 2014 341 2386 38 34 193 44 213% 0.13[-0.31,0.56) =]

Subtotal (95% Cl) 38 4 21.3% 0.13 [-0.31, 0.56] <
Heterogeneity: Not applicable

Test for overall effect: Z=0.56 (P = 0.57)

Total (95% Cl) 119 120 100.0%  -0.09[-0.96,0.79] ’
Heterogeneity: Tau®= 0.88; Chi*= 39.77, df= 4 (P < 0.00001); F= 90% #2 ?1 } 1! %
Test for overall effeclt: Z=0.20 (P; 0.84) Hip and Quads Quads only
Test for subaroup differences: Chi*=19.37. df= 3 (P = 0.0002). F= 84.5%

B Hip and Quadriceps Quadriceps only Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Random, 95% CI
3.1.1 High-intensity resistive exercise
Ashok 2012 2766 4237 15 37.46 6.356 15 18.7% -1.77 [-2.63,-0.90] e
Subtotal (95% CI) 15 18.7% -1.77 [-2.63, -0.90] e =
Heterogeneity: Not applicable
Test for overall effect: Z= 4.02 (P < 0.0001)

3.1.2 Low-intensity resistive exercise

Singh 2016 59.46 12.44 15 8273 13.96 15 18.8% -1.71 [-2.57,-0.86) ==

Verma 2013 55.7 6.5 15 616 7.2 15 19.7% -0.84 [-1.59,-0.09) S

Subtotal (95% Cl) 30 30 38.4% -1.25[-2.11,-0.39] e

Heterogeneity: Tau?= 0.22; Chi*= 2.28, df=1 (P=0.13); F= 56%

Test for overall effect: Z= 2.86 (P = 0.004)

3.1.3 Functional neuromuscular exercise

Chaipinyo 2009 88 10 24 82 13 18 20.8% 0.52[-0.10,1.14) T
Subtotal (95% Cl) 24 18 20.8% 0.52 [-0.10, 1.14] i
Heterogeneity: Not applicable

Test for overall effect: Z=1.63 (P=0.10)

3.1.4 Multi-modal exercise

Bennell 2014 283 141 38 304 145 44 221% -0.15[-0.58, 0.29] —

Subtotal (95% Cl) 38 44 221% -0.15[-0.58, 0.29] <
Heterogeneity: Not applicable

Test for overall effect: Z= 0.66 (P = 0.51)

Total (95% Cl) 107 107 100.0%  -0.74[-1.56,0.08] sl

Heterogeneity: Tau®= 0.74; Chi*= 29.56, df= 4 (P < 0.00001); = 86% 52 #1 1 % é
Test for overall eﬂev{t:l: 178 (P =. 0.08) Hip and Quadriceps Quadriceps only
Test for subaroup differences: Chi*= 22.93. df= 3 (P < 0.0001). F= 86.9%

C Hip and Quadriceps ~ Quadriceps only  Std. Mean Difference Std. Mean Difference
Study or Subgroup ~ Mean SD Total Mean SD Total IV, Random, 95% Cl IV, Random, 95% CI
5.1.1 Functional neuromuscular exercise
Chaipinyo 2009 -70 14 24 62 23 18 -0.43-1.05,0.19] —tT
5.1.2 Multi-modal exercise
Bennell 2014 0re 014 3/ 078 018 44 0.00[-0.43,043] -

Figure 2  Patient-reported outcomes. (A) Pain, (B) function, (C) quality of life.

favoured the addition of low-intensity hip resistance exercise
(—1.48, 95% CI -2.3 to —0.66)** and functional neuromus-

-2 -1 0 1 2
Hip and Quadriceps Quadriceps only

reported no benefit of adding neuromuscular hip exercises to
quadriceps exercises alone for improving walking function.

cular exercises (—1.5, 95% CI -2.03 to —0.97)** ** to quadri-
ceps exercises alone. The addition of a multimodal hip exercise

programme to quadriceps exercises resulted in no further benefit
than quadriceps exercises alone in terms of walking function.'
Effect sizes were unable to be calculated for one study,*! which

9

Sit to stand
Sit to stand function was reported in three studies (two high-

quality

19 24

and one low-quality?®) totalling 178 participants
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Hip and Quadriceps Quadriceps only
Study or Subgroup Mean SD Total Mean

SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

4.1.1 Low-intensity resistance exercise
Singh 2016 -378.37 2781

Heterogeneity: Not applicable
Test for overall effect: Z= 3.54 (P = 0.0004)

4.1.2 Functional neuromuscular exercise

Chaipinyo 2009 1 2 24 16 4 18 24.9%
Ozdincler 2005 68 074 15 783 076 15 24.0%
Subtotal (95% CI) 39 33 48.9%

Heterogeneity: Tau®= 0.00; Chi*=0.28, df=1 (P = 0.60); F= 0%
Testfor overall effect: Z=5.51 (P < 0.00001)

4.1.3 Multi-modal exercise

Bennell 2014 1.25 0.2 38 1.24 021 44 27.3%
Subtotal (95% CI) 38 44  27.3%

Heterogeneity: Not applicable
Test for overall effect: Z=0.22 (P = 0.83)

Total (95% CI) 92

Heterogeneity: Tau®= 0.80; Chi*= 23.82, df= 3 (P < 0.0001); F=87%
Test for overall effect: Z=2.21 (P =0.03)

Test for subaroup differences: Chi*= 23.54, df= 2 (P < 0.00001), F=91.5%

15 -320.07 464 15 23.8%
Subtotal (95% ClI) 15 15 23.8%

92 100.0%

-1.48 [-2.30, -0.66] —
-1.48 [-2.30, -0.66] el
-1.63[-2.34,-0.91] —
-1.34 [-2.14,-0.53) —_—
1.50 [-2.03, -0.97] e

0.05 [-0.39, 0.48] ——

0.05 [-0.39, 0.48] -
1.06 [-2.01, -0.12] —esEliRe.—

2 R 0 1 2

Hip and Quadriceps Quadriceps only

Figure 3  Physical function tests. (A) Walking function, (B) sit to stand, (C) stair negotiation, (D) balance performance.

(figure 3B). Pooled findings demonstrated that combining hip
and quadriceps exercises is no better than quadriceps exercises
alone for improving sit to stand performance (—0.85, 95% CI
-1.76 to 0.06). This is consistent with pooled findings for two
studies on medial KOAY % (-0.47, 95% CI -1.25 to 0.31)
(online supplementary file 7). The difference between subgroups
of types of hip exercise used was significant (p<0.01). From
single studies, there is limited evidence of large effect that low-
intensity resistance (—0.93, 95% CI -1.69 to —0.17)*" and
functional neuromuscular hip exercises (—1.59, 95% CI -2.29
to —0.88)** are superior to quadriceps exercise alone for sit to
stand function. Data from a single study showed no additional
benefit from combining multimodal hip exercise programme
with quadriceps exercises on outcomes of sit to stand perfor-
mance (—0.13, 95% CI -0.56 to 0.31)."

Stairs

Stair negotiation was reported in three studies (two high-
and one low-quality?) totalling 178 participants
(figure 3C). Pooled data from the three studies demonstrated
no significant effect of adding hip exercises to quadriceps exer-
cises, compared with quadriceps exercises alone (—0.79, 95%
CI -1.67 to 0.26). There were no studies that investigated hip
resistance exercises for stair negotiation. There was a signifi-
cant difference between outcomes for functional neuromuscular
exercises and multimodal exercises (p<0.001). Pooled data from
two studies™ ** showed a significantly large effect favouring the
addition of functional neuromuscular exercises to quadriceps on
outcomes of stair negotiation (—1.18, 95% CI -1.68 to —0.67).
A single study found no benefit in adding a multimodal hip exer-
cise programme to quadriceps strengthening for stair perfor-
mance (0.13, 95% CI -0.30 to 0.57)."

Balance

Balance step test was reported in two studies (one high-quality®®
and one low-quality®®) totalling 130 participants (figure 3D).
Meta-analysis demonstrated a small non-significant effect overall
favouring hip and quadriceps exercises over quadriceps alone
(—0.48, 95% CI -1.37 to 0.41). Although the test for subgroup
differences did not reach statistical significance (p=0.07), effect
sizes reveal differences in outcomes between resistance exercises

and multimodal hip exercises. Limited evidence from one study
demonstrated that low-intensity resisted hip exercises in combi-
nation with quadriceps exercises had a large significant effect
when compared with quadriceps alone for balance (—0.89, 95%
CI -1.65 to —0.13).%° In comparison, a multimodal hip exer-
cise programme in addition to quadriceps exercises was no more
effective than quadriceps exercises alone for improving balance
performance (—0.08, 95% CI -0.51 to 0.36)."

Quality of meta-analyses (GRADE) are presented in online
supplementary file 5. Combining all types of hip strengthening
interventions in an overall meta-analysis was graded as very low
for all outcomes. When more than one study was available for
each subtype of hip strengthening intervention, the quality of
evidence ranged from very low to moderate.

Sensitivity analyses of high-quality studies for patient-
reported outcomes and physical function tests are presented
in online supplementary files 8 and 9, respectively. Two high-
quality studies, one evaluating functional neuromuscular exer-
cises®* and one a multimodal programme,'’ were included in
these analyses. Low-quality evidence demonstrated that the
addition of hip exercises to quadriceps exercises provided no
greater benefit for patient-reported outcomes of pain (0.20,
95% CI -0.15 to 0.56) or function (0.15, 95% CI -0.5 to
0.79)." ** Very low-quality evidence did not support the
addition of these hip exercise programmes to quadriceps for
walking (—0.76, 95% CI 2.4 to 0.88) or sit to stand (—0.83,
95% CI —2.23 to 0.60) function.” **

Publication bias was not evaluated due to an insufficient
number of studies in each meta-analysis.**

DISCUSSION

The available very low-quality evidence from 8 studies total-
ling 341 participants with KOA does not support the addi-
tion of hip exercises to a quadriceps exercise programme for
improving reported pain, function or QoL. Adding hip exer-
cises to a quadriceps exercise programme does have additional
benefits for walking. Subgroup analyses of resisted hip and
quadriceps exercises consistently resulted in better outcomes
than quadriceps exercises alone. Subgroup analyses of people
with medial KOA demonstrated superior outcomes in patient-
reported function when hip and quadriceps exercises were
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combined, compared with quadriceps alone. Sensitivity anal-
ysis including high-quality studies reduced confidence in these
findings.

Hip exercise type might be related to outcomes. High-intensity
and low-intensity hip resistance exercises both demonstrated
large significant effects for patient-reported pain and function,
compared with quadriceps alone. Low-intensity resistance hip
exercises also demonstrated significant large effect sizes for func-
tional performance of walking, sit to stand and balance. No studies
examined the effect of resisted hip exercise on stair negotiation or
QoL. The addition of functional neuromuscular hip exercises to
quadriceps strengthening was beneficial for walking, stairs and sit
to stand but not for patient-reported measures of pain (one high-
quality and one low-quality study),*** function (one high-quality
study)** or QoL (one high-quality study).>* A multimodal hip exer-
cise programme (including both resistance and functional neuro-
muscular hip exercises) in addition to quadriceps exercises was not
superior to quadriceps alone for any outcome.

This systematic review provides evidence that clinicians
should consider the type of hip exercises prescribed for people
with KOA, to enhance outcomes over quadriceps alone. Hip
exercises that included a resistance component as defined in
this review appear to have the greatest benefit over quadri-
ceps exercises alone, particularly for improving pain and func-
tion in the short term. The benefit of hip resistance exercises
in people with KOA is consistent with reports on quadriceps
resistance exercises,”” where the greatest benefits on pain and
disability were identified in those who achieved at least 30%
gains in quadriceps strength.’

Strengthening the hip muscles, particularly the hip abduc-
tors, might improve pelvic drop and trunk control during stance
phase.' This has the potential to reduce the knee adduction
moment, and has implications for medial knee compartment
load."” This may explain the improvement in walking function
seen in this study regardless of type of hip exercise employed,
as well as greater benefits observed in patient-reported func-
tion for those with medial KOA.

Improvements in patient-reported function could be mediated
by improvements in strength associated with hip strengthening
exercises. One study included in our review, which reported large
effects on patient-reported function with low-intensity resisted hip
exercises, also reported concurrent improvements in hip abduction
strength of 229.%* In comparison, only 9% gains in hip abduction
strength were reported in a study that demonstrated no difference
between multi modal hip exercises with quadriceps strengthening,
compared with quadriceps exercises alone, for outcomes of patient-
reported function.' This suggests that greater changes in hip
abduction strength may be associated with greater improvements
in patient-reported function. Indeed, increased knee extensor
strength following a quadriceps strengthening programme has been
shown to partially mediate the effect of the exercise programme on
pain and physical function in people with KOA.* We were unable
to investigate this association in this systematic review due to the
lack of reporting of strength changes over time.> However, it is
clear that future clinical trials of hip muscle strengthening should
evaluate the concurrent effects on strength, and how changes in
strength mediate changes in symptoms, function and QoL.

Interestingly, we found very little difference in outcomes
between high-intensity or low-intensity hip resisted exercises.
This may be due to a small number of studies and only short-
term follow-up times reported. A previous systematic review®
on people with hip or KOA identified that at least moderate
gains in strength are achieved in the short term for both low-
intensity and high-intensity resistance programmes. This may

be sufficient to show relatively equal benefits of low-intensity
and high-intensity hip resistance exercises across outcomes in
our review (all measured in the short term). The review by
Zacharias et al® also suggests that sustained benefits (up to 6
months) in strength are only achieved by high-intensity resis-
tance exercises. It may be that differences between outcomes
of high-intensity and low-intensity resisted hip exercises may
only become apparent beyond short-term follow-up. The
quality of studies or limited sample may also have contrib-
uted to the lack of difference between high-intensity and low-
intensity resistance exercises.

Functional neuromuscular hip exercises did not appear
to provide added benefit to quadriceps exercises alone, on
outcomes of patient-reported pain or function. However,
there were benefits for objective measures of function
including walking, sit to stand and stair negotiation. The
mechanism may be in part due to biomechanics, improving
trunk on pelvis or femoro-pelvic alignment in the frontal
plane. Functional neuromuscular exercises may also have
effects on psychosocial characteristics such as kinesiophobia
or self-efficacy, which is task-specific.*®

Reporting of exercise details is imperative to enable assess-
ment of heterogeneity between studies and replication of
interventions.*” More than 80% of the studies in this review
reported details of exercises, whether they were individual-
ised and the exercise equipment used. Exercise progression,
adherence, motivation strategies, programme fidelity and the
qualifications and/or experience of instructors were poorly
reported. This needs to be considered when interpreting
study outcomes, and in designing future clinical trials. In
particular, findings of non-significant differences between
hip and quadriceps exercises compared with quadriceps exer-
cises alone may not be due to lack of efficacy, but may reflect
differences in adherence.*®

There are several limitations associated with this review.
When grouping all types of hip exercises in addition to quad-
riceps exercises, the quality of evidence was rated very low
(GRADE). Results were inconsistent with some interventions
favouring quadriceps only.** ?* In most circumstances, there
were only single studies for analyses of different types of hip
intervention and meta-analyses could not be conducted. All
follow-up time points were 3 months or less in duration. KOA
is a chronic condition, with long-term management strategies
needed to prevent progression to surgical intervention. Results
are also limited to radiological diagnosis of KOA of mild-to-
moderate severity, as only 10% of participants in this review
had severe radiological KOA.

Further research is needed, especially regarding interme-
diate outcomes to long-term outcomes of hip-focused resis-
tance and neuromuscular functional exercises in KOA. Future
studies should investigate the benefits of high-intensity
compared with low-intensity resisted hip strength training in
addition to high-intensity resisted quadriceps strengthening
for patient-reported outcomes. Exercise intervention studies
should report on all elements of the CERT,* especially in
reporting exercise progressions, adherence, motivation strat-
egies and the qualifications of instructors.

CONCLUSION

The addition of hip exercises to conventional quadriceps
strengthening results in no greater benefit except for walking
in the short-term for people with KOA. These effects may be
mediated by the type of hip intervention (eg, resistance) and
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What is already known

» Land-based exercise reduces pain and improves function
in people with knee osteoarthritis (KOA) over the short to
medium term.

» People with KOA have weakness in hip abduction is (7%-—
24% weaker than control patients).

» Hip abduction strength is positively related to function in
people with KOA.

» Hip strengthening is beneficial compared with non-exercise
interventions in people with KOA.

What are the new findings

» Adding resistance hip exercises to quadriceps exercises
is beneficial for patient-reported outcomes and physical
function in people with KOA in the short-term.

» There was no difference between high-intensity and low-
intensity resistance hip exercises across short-term outcomes.

» Functional neuromuscular hip exercises combined with
quadriceps exercises improved physical function (eg, walking)
but not patient-reported outcomes.

» Exercise progression, adherence, motivation strategies,
programme fidelity and the qualifications and/or experience
of instructors is poorly reported.

the location of KOA (eg, medial compartment). The addition
of resistance hip exercise to quadriceps strengthening has
greater benefits for patient-reported outcomes. For those
with medial KOA, the addition of hip resistance exercise has
greater benefits on patient-reported function. Based on these
findings, clinicians are encouraged to prescribe hip exercise
in addition to quadriceps for people with KOA, especially
in the presence of medial KOA. The effect of hip exercises
in addition to quadriceps and higher-intensity hip resistance
over the long term needs to be investigated further.
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