
ABSTRACT
Background: The gluteus medius (GMed) and gluteus minimus (GMin) muscle segments demonstrate different responses 
to pathology and ageing, hence it is important in rehabilitation that prescribed therapeutic exercises can effectively target 
the individual segments with adequate exercise intensity for strengthening.

Purpose: The purpose of this systematic review was to evaluate whether common therapeutic exercises generate at least 
high (> 40% maximum voluntary isometric contraction (MVIC)) electromyographic (EMG) activity in the GMed (anterior, 
middle and posterior) and GMin (anterior and posterior) segments.

Methods: Seven databases (MEDLINE, EMBASE, CINAHL, AusSPORT, PEDro, SPORTdiscus and Cochrane Library) were 
searched from inception to May 2018 for terms relating to gluteal muscle, exercise, and EMG. The search yielded 6918 
records with 56 suitable for inclusion. Quality assessment, data extraction and data analysis were then undertaken with 
exercise data pooled into a meta-analysis where two or more studies were available for an exercise and muscle segment.

Results: For the GMed, different variations of the hip hitch/ pelvic drop exercise generated at least high activity in all seg-
ments. The dip test, and isometric standing hip abduction are other options to target the anterior GMed segment, while 
isometric standing hip abduction can be used for the posterior GMed segment. For the middle GMed segment, the single leg 
bridge; side-lying hip abduction with hip internal rotation; lateral step-up; standing hip abduction on stance or swing leg 
with added resistance; and resisted side-step were the best options for generating at least high activity. Standing isometric 
hip abduction and different variations of the hip hitch/ pelvic drop exercise generated at least high activity in all GMin seg-
ments, while side-lying hip abduction, the dip test, single leg bridge and single leg squat can also be used for targeting the 
posterior GMin segment.

Conclusion: The findings from this review provide the clinician with confidence in exercise prescription for targeting indi-
vidual GMed and GMin segments for potential strengthening following injury or ageing.

Level of Evidence: Level 1.

What is known about the subject: Previous reviews on GMed exercises have been based on single electrode, surface EMG 
measures at middle GMed segment. It is not known whether these exercises effectively target the other segments of GMed 
or the GMin at a sufficient intensity for strengthening. 

What this study adds to existing knowledge: This review provides the clinician with confidence in exercise prescription of 
common therapeutic exercises to effectively target individual GMed and GMin segments for potential strengthening.

Keywords: EMG, gluteal muscle, hip, exercise therapy, movement system

IJ
SP

T SYSTEMATIC REVIEW/META ANALYSIS

A SYSTEMATIC REVIEW AND META-ANALYSIS OF 
COMMON THERAPEUTIC EXERCISES THAT GENERATE 
HIGHEST MUSCLE ACTIVITY IN THE GLUTEUS 
MEDIUS AND GLUTEUS MINIMUS SEGMENTS
Damien Moore PT, MSports, PT1

Adam I. Semciw, PT, PhD1, 2

Tania Pizzari, PT, PhD1

1	Department of Physiotherapy, Podiatry and Prosthetics and 
Orthotics, La Trobe University, Bundoora, Victoria, Australia

2	Northern Centre for Health, Education and Research, 
Northern Health, Epping, Victoria, Australia

Conflict of interest: All authors declare no conflicts of 
interests.

The International Journal of Sports Physical Therapy  |  Volume 15, Number 6  |  December 2020  |  Page 856
DOI: 10.26603/ijspt20200856

CORRESPONDING AUTHOR
Damien Moore
Department of Physiotherapy, Podiatry and 
Prosthetics and Orthotics, La Trobe University, 
Bundoora, Victoria, Australia
Phone: +61 408182465
E-mail: damkmoore@hotmail.com



The International Journal of Sports Physical Therapy  |  Volume 15, Number 6  |  December 2020  |  Page 857

INTRODUCTION
Gluteal muscle dysfunction is associated with pain 
and symptoms at the ankle,1-3 knee,4-6 hip,7-9 and 
lower back.10,11 There is also evidence that severity 
of symptoms on clinical presentation is associated 
with atrophied or weak muscles.12,13 It is therefore 
important to understand the most effective methods 
of activating the gluteal muscles with therapeutic 
exercise for the purpose of strengthening these mus-
cles in clinical populations.14-16 

The effectiveness of hip strengthening programs for 
improving symptoms and quality of life in clinical 
conditions is variable. While there are clear benefits 
of hip strengthening exercises for conditions of the 
knee,17 results for conditions such as hip osteoar-
thritis are less convincing with only mild benefits in 
the short term.18 Two reasons that may account for 
variable effects are; (1) the exercises used in typical 
rehabilitation programs may not activate the mus-
cles with sufficient intensity to elicit strength and/
or hypertrophic adaptations, or (2) the exercises typ-
ically prescribed may not target individual segments 
of gluteus medius (GMed) and gluteus minimus 
(GMin) and/or with sufficient intensity. These mus-
cles consist of distinct individual segments (anterior, 
middle and posterior for GMed; and anterior and 
posterior for GMin) with separate innervations, dif-
ferent muscle fiber orientations, and diverse func-
tional roles.19-21 In addition to generalized muscle 
atrophy of GMin and GMed in clinical presenta-
tions such as hip osteoarthritis,22 gluteal tendinopa-
thy,23 and following total hip replacement,24,25 there 
is evidence of specific segmental atrophy and dys-
function.24-26 Understanding the role of exercises for 
targeting individual muscle segments of GMin and 
GMed may enable better tailoring of exercise inter-
ventions to people with varied underlying presenta-
tions, or those for specific conditions. 

There are a number of reviews27-31 that have reported 
GMed activity levels for various therapeutic exer-
cises but have mostly contained studies that utilize a 
single surface electrode positioned over the middle 
GMed segment to record electromyographic (EMG) 
activity. No previous reviews have considered exer-
cises to target the individual segments of the GMed, 
and none have examined therapeutic exercises for 
the GMin. An updated systematic review will inform 

clinicians of the effectiveness of exercises targeting 
individual GMed and GMin segments. 

The purpose of this systematic review was to evalu-
ate whether common therapeutic exercises generate 
at least high (> 40% maximum voluntary isomet-
ric contraction (MVIC)) electromyographic (EMG) 
activity in the GMed (anterior, middle and posterior) 
and GMin (anterior and posterior) segments.

METHODS

Search strategy
This review was conducted in accordance with 
PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-analyses) statement guidelines32 
A systematic literature search was conducted 
of MEDLINE, CINAHL, EMBASE, AUSPORT, 
SPORTDiscus, PEDRO and the Cochrane Library 
from inception to first week May 2018. These 
databases were searched using free-text words, 
keywords mapped to medical subject headings 
(MeSH), and filters were applied for human subjects 
where possible. Boolean operators were used to 
combine the key words with truncated search terms: 
(glut* OR buttock* OR hip rotat* OR hip abduct*) 
AND (strength* OR contract* OR electromyo* OR 
EMG OR electrode* OR activ* OR intensit* OR peak 
amplitude* OR funct*) 

Further relevant studies were searched through ref-
erence scanning of included full-text studies. 

From the initial search yield, articles were imported 
into Endnote version X8, duplicate papers were 
removed, and the abstracts and titles of the remain-
ing papers were screened by two reviewers (DM and 
TP) independently through application of the inclu-
sion and exclusion criteria. Full-text was obtained 
for the remaining studies to determine eligibility for 
inclusion into the review through consultation and 
consensus between the reviewers (DM and TP). 

Inclusion and Exclusion Criteria
Inclusion and exclusion criteria were determined 
prior to administering the search strategy. Since 
most studies in this area of research are either 
cross-sectional or single-group pre- and post-test 
design, all study designs were eligible for inclusion 
except clinical commentary or opinion articles, and 
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unpublished material such as theses, abstracts, and 
conference proceedings.

Studies comprising of only healthy participants were 
included in this review. A study with pathological 
participants was only included if there was a group 
of healthy controls with separate data presented.

Normalized muscle activity measured using surface 
or intramuscular EMG was selected as the outcome 
measure of interest since it has been long established 
and universally advocated as the method of choice 
in measuring and comparing muscle activity 
between different exercises and individuals.33-36 To be 
included, studies had to normalize EMG to a MVIC 
since this has been found to be the most reliable 
method for comparing exercises for the GMed in 
healthy participants37 and is clinically interpretable. 
This also allows a more meaningful comparison 
between studies and a logical synthesis of findings.

Due to the vast breadth of studies that have evaluated 
exercises for the GMed, only studies that evaluated the 
GMed and / or the GMin, and contained at least one 
commonly evaluated therapeutic exercise (including 
squats, lunges, steps, hip hitches, standing hip abduc-
tion, supine bridges, side lie hip abduction and side lie 
hip clam) and the different variations of these exercises 
were accepted into this review. Exercises using custom-
made devices or commercial gym equipment were 
excluded from this review as were plyometric exercise 
activities such as hopping, running or jumping. 

Quality assessment
Methodological quality of included studies in 
this review were assessed independently by two 
reviewers (DM and TP) using a standardized 
quality assessment tool recommended by the 
Non-Randomized Studies Group of the Cochrane 
Collaboration and previously adapted for EMG 
study reviews.38,39 With the scope of the tool covering 
external validity, performance bias and detection 
bias, these items are then displayed in its raw form 
individually for the reader to evaluate the study 
quality for each item rather than be determined by 
an overall summary score. 

Data extraction
Data were extracted by one reviewer (DM) and 
verified by a second (TP) using a standardized 

form40 that was modified for this review. The main 
study characteristics extracted included; participant 
characteristics; electrode placement; normalisation 
method; exercise characteristics; and study results. 
Where studies had healthy and pathological 
participants performing therapeutic exercises, data 
were extracted for the healthy participants. Data 
relating to muscle activity for each exercise was 
summarized as mean % MVIC with 95% confidence 
interval (CI). Data reported as medians and inter-
quartile range (IQR) were converted to means and 
standard deviations (SD) using methods described by 
Wan, et al.41 The meta (v 4.9-5) R statistical software 
package was used to convert the SD to a 95% CI. 
Calculations were performed in the log scale and 
backtransformed to raw units (% MVIC) for ease 
of interpretation. Electromyographical technical 
data for collection, processing and analysis were 
also extracted from all the included studies since 
collection, normalisation and processing methods 
can influence muscle activity profiles.42 

Data analysis
Data were grouped according to muscle segment and 
exercise and summarised qualitatively according to 
level of activity. Where two or more studies were 
available for a specific muscle segment and exercise, 
data were pooled quantitatively in a meta-analysis 
using the meta package in R. A random effects 
model was used for data pooling, and statistical 
heterogeneity was described using the I2 statistic 
(0-100%) where 25%, 50% or 75% was considered 
low, moderate or high level of heterogeneity 
respectively.43 

For simplicity in analyzing the exercises for 
activation levels across the studies, exercise results 
were characterized into very-high (>60% MVIC), 
high (41-60% MVIC), moderate (21-40% MVIC) or 
low (0-20% MVIC) levels of activation as has been 
utilized in previous reviews.28,31,44 

RESULTS

Study selection
The flow of studies through the review is illustrated 
in Figure 1. Fifty-six studies satisfied the eligibility 
criteria and were included in this review. 
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Methodological quality
The risk of bias across studies is summarized in 
Table 1. All but four studies provided adequate 
demographic data for the study population and only 
one study had a blinded data analyst for raw EMG 
data45 (Table 1). Eighteen studies provided insuffi-
cient information on appropriate electrode position-
ing and 14 studies did not randomize the exercise 
protocol in order to minimize the potential for bias 
as a result of learning effects and fatigue (Table 1). 

Study characteristics
The 56 included studies for this review are sum-
marized in Tables 2 and 3. There were 55 studies 
included for GMed and two studies46,47 for GMin with 
one study46 evaluating both GMed and GMin. All 
the studies were cross-sectional with six including 
a comparison group.5,48-52 These comparison groups 
included a specific lower limb pathology (includ-
ing patellofemoral pain, chronic ankle instability, 
hip osteoarthritis and anterior cruciate ligament 
reconstruction) or various orthotic conditions. Sam-
ple sizes of the included studies ranged from six to 
44 participants. Most studies contained a mixture 

of men and women aged 20-30 years with 13 stud-
ies5,46,52-62 comprising a single gender population, and 
one study46 recruiting healthy elderly participants. 

A single surface electrode positioned at the middle 
segment of GMed on the dominant limb was used 
in most GMed studies with six different electrode 
positions described (Table 2). Five studies46,52,55,62,63 
recorded EMG measurements for the anterior, mid-
dle and posterior segments of GMed with only one 
study46 using fine wire electrodes. Two studies46,47 
recorded the anterior and posterior segments of 
GMin using fine wire electrodes.

Normalization of the EMG signal was typically per-
formed with side-lying hip abduction MVIC for 
GMed (Table 2). Standing hip abduction48,63-67 was 
used in other studies, while one study48 used an iso-
metric single leg wall squat in a custom-made appa-
ratus to determine MVIC. Two studies46,63 for GMed 
and two studies46,47 for GMin determined each seg-
ments’ maximum value from performing MVICs for 
different hip actions. 

Therapeutic exercise characteristics were diverse 
across the included studies (Tables 2 and 3). All 
included studies attempted to standardize exercise 
performance and control EMG signal variability 
between participants by employing strategies such 
as allowing practice repetitions before testing; con-
trolling exercise ROM; and using a metronome to 
control contraction speed (Tables 2 and 3). For most 
studies, the potential impact of fatigue was mini-
mized by randomizing the exercise order; having rest 
periods between exercises and trials; and restricting 
numbers of trials (Tables 2 and 3).

Only two studies49,65 reported on all technical param-
eters for collection, processing and analysis of the 
EMG signal (Table 4).

Non-weight bearing exercises

Side-lying hip abduction

Gluteus medius
Side-lying hip abduction was the most commonly 
investigated exercise in the non-weight bearing 
position for GMed.56,58,66,68-79 Moderate mean activity 
levels (40.10 (95% CI (33.37, 48.21)) % MVIC) were 
generated for middle GMed when the results were 

Figure 1.  PRISMA diagram of study selection through the  
review.
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Table 1.  Methodological quality of the included studies using a risk  
of bias assessment.

pooled for 8 studies (Figure 2) (Table 5). The addi-
tion of external resistance further increased activity 
levels to very high, although there was a high degree 
of heterogeneity (I2 = 95%). 

High mean GMed middle activity levels were gen-
erated by hip abduction with internal rotation 
(44.73 [32.99, 60.65] % MVIC), while moderate 
activity levels were elicited for hip abduction with 
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Table 1.  Methodological quality of the included studies using a risk  
of bias assessment. (continuie)

external rotation (38.01 [29.54, 48.91] % MVIC)66,75,76,79  
(Figure 2).

Gluteus minimus
One study47 evaluated GMin activity for side-lying 
abduction and found moderate activity (38% MVIC) 
for the anterior segment and high activity (44% MVIC) 
for the posterior segment (Figures 3 and 4) (Table 6).

Side-lying hip clam

Gluteus medius
The side-lying hip clam was evaluated in 10 stud-
ies46,58,66,68-70,73,78,80,81 with varying positions of hip flex-
ion. Low to moderate activity levels (17-28% MVIC) 
were reported across the studies for middle GMed 
(Figure 3) (Table 5). There were wide variations 
between studies for exercise technique; angle of 
hip and knee flexion; repetitions; and use of exter-
nal loading. One study46 recorded segmental GMed 
activity levels using fine wire EMG and found low 
activity levels for the anterior (3% MVIC) and mid-
dle segments (13% MVIC), and moderate activity 

(23% MVIC) for the posterior segment. Altering the 
angle of hip flexion or trunk position had minimal 
effect on mean GMed activity levels generated for 
this exercise80 (Figure 3). 

Gluteus minimus
Two studies46,47 evaluated segmental activity levels 
for GMin. When pooled together, low activity was 
recorded for anterior (4.53 (95% CI (1.88, 10.89))% 
MVIC) and posterior (12.22 (5.09, 29.35)% MVIC) 
segments (Figures 3 and 4) (Table 6). 

Standing hip abduction (open chain)

Gluteus medius
Standing hip abduction on the swing leg was eval-
uated in three studies59,72,82 (Table 5). Two studies 
had added external resistance and could be pooled 
together generating high middle GMed activity lev-
els (42.95 [95% CI 27.14, 67.99] % MVIC) (Figure 7). 
There was however a high degree of heterogeneity 
(I2 = 84%). The one study59 without added resistance 
recorded very high activity levels (64% MVIC).
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Table 2.  Summary of included gluteus medius studies.

Weight-bearing exercises

Squat exercises

Gluteus medius
Single leg squats were evaluated in 15 stud-
ies48,52,57,64,65,67,68,70,81,83-88 using predominantly single 
surface electrode measures at middle GMed (Table 
5). Moderate activity (39.03 [95% CI 31.21, 48.82] % 
MVIC) was reported when 13 studies were pooled 

together (Figure 8). Large variations did however 
exist between the studies including squat depth, 
exercise technique and number of repetitions. One 
study52 recorded activity in all three GMed segments 
using surface electrodes and found very high activ-
ity in all three segments (90% MVIC anterior, 92% 
MVIC middle, and 87% MVIC posterior). Another 
study62 measured GMed segmental activity for the 
single leg squat with isometric hip abduction and 
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Table 2.  Summary of included gluteus medius studies. (continued)

with isometric hip adduction. They found moder-
ate activity for both exercises for the middle (27-31% 
MVIC) and posterior (22-33% MVIC) segments but 
high anterior segmental activity (42% MVIC) for iso-
metric adduction, and low anterior segmental activ-
ity (19% MVIC) for isometric abduction. 

Single leg wall squats were evaluated in four stud-
ies.63,83,84,88 When pooled together for the middle GMed 
segment were found to generate moderate activity 
(32.26 [23.74, 43.84] % MVIC) (Figure 8) (Table 5). Two 
studies62,63 recorded segmental GMed activity using 
surface electrodes but one of the studies62 had the 
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Table 2.  Summary of included gluteus medius studies. (continued)

single leg wall squat performed using either isometric 
hip abduction or isometric hip adduction. Low to mod-
erate activity (13-29% MVIC) was reported in the ante-
rior segment and moderate to high activity (28-44% 
MVIC) in the posterior segment (Figures 5 and 6).

Squats with or without medial or lateral resistance, or 
wall support were evaluated in six studies54,57,61,78,89,90 
using single surface electrodes placed on middle 
GMed (Table 5). When pooled together, squats 

generated low activity levels (17.64 [10.70, 29.09] % 
MVIC) and squats with resisted abduction moderate 
activity levels (35.38 [16.38, 76.40]% MVIC) for the 
middle GMed segment (Figure 8). 

Gluteus minimus 
Moderate (25% MVIC anterior) to high (46% MVIC 
posterior) activity was generated for both segments 
of GMin during the single leg squat in one study47 
(Figures 3 and 4) (Table 6).
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Table 2.  Summary of included gluteus medius studies. (continued)

Step exercises

Gluteus medius
Step exercises were evaluated in 21 stud-
ies5,48,49,51-53,57,64,65,68,71,77,78,83-85,88,91-94 for predominantly 
single electrode surface measures of middle GMed 
(Table 5). For studies that could be pooled together, 

high mean activity levels (44.98 (95% CI (34.54, 
58.58))% MVIC) were generated for the lateral step-
up and moderate mean activity levels (35.23 (24.52, 
50.60)% MVIC) were elicited for the forward step-
up (Figure 9). Adding resistance to a side-step exer-
cise also generated high mean activity levels (40.04 
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Table 2.  Summary of included gluteus medius studies. (continued)

[26.53.29, 60.43] % MVIC) for middle GMed (Fig-
ure 9). There were wide methodological variations 
across the studies including exercise technique; step 
height; step distance; concentric and eccentric phase 
measures; stepping or supporting leg measures; and 

addition of external resistance. One study52 mea-
sured segmental surface GMed activity and found 
very high activity (88% MVIC anterior, 85% MVIC 
middle, and 81% MVIC posterior) for all three seg-
ments for the forward step up and over exercise.
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Table 2.  Summary of included gluteus medius studies. (continued)

Lunge exercises 

Gluteus medius
The lunge was evaluated in GMed across 10 stud-
ies46,50,64,65,70,71,78,81,92,95 (Table 5). For middle GMed, 
pooled results suggest moderate activity is recorded 
during the forward (21.43 [95% CI 14.83, 30.97] % 
MVIC) and side lunge (22.41 [7.64, 65.78] % MVIC) 
(Figure 10). One study46 measured segmental GMed 
activity with a rear-foot elevated lunge (dip test) and 
found high anterior (45% MVIC), very high middle 
(71% MVIC) and moderate posterior (28% MVIC) 
GMed segmental activity. There was some varia-
tion between the studies on lunge technique, active 
range of movement and movement plane. 

Gluteus minimus
One study46 found the dip test generated moderate 
activity (21% MVIC) for the anterior GMin segment 

and very high activity (66% MVIC) for the posterior 
GMin segment (Figures 3 and 4) (Table 6).

�Hip hitch/pelvic drop

Gluteus medius
The hip hitch/pelvic drop exercise were evaluated 
in eight studies46,52,55,63,67,68,70,72,78,89,96 (Table 5). For 
studies that could be pooled together, the hip hitch/
pelvic drop generated high GMed anterior activity 
(40.93 [95% CI 20.61, 81.28] % MVIC), GMed middle 
(42.64 [30.17, 60.00] % MVIC) and GMed posterior 
(43.37 [21.33, 88.16] % MVIC) activity (Figures 5, 6 
and 11). Three different variations of the hip hitch/
pelvic drop exercise were evaluated in one study46 
and found very high activity (68-74% MVIC) for the 
anterior GMed, and high to very high activity for 
the middle (41-65% MVIC) and posterior (45-60% 
MVIC) GMed segments.

Table 3.  Summary of included gluteus minimus studies.
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Table 4.  Electromyographic technical aspects of included studies.
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Table 4.  Electromyographic technical aspects of included studies. (continued)
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Table 4.  Electromyographic technical aspects of included studies. (continued)
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Gluteus minimus
Gluteus minimus activity was evaluated in one 
study46 for three different variations of the hip hitch/
pelvic drop exercise and found to generate high to 
very high activity (48-69% MVIC) for the anterior 
segment and very high activity (66-84% MVIC) for 
the posterior segment (Figures 3 and 4) (Table 6).

Standing hip abduction

Gluteus medius
Standing hip abduction was measured on the stance 
leg in four studies46,59,72,82 (Table 5). For two studies 
that could be pooled together high activity levels 
(43.12 [95% CI 35.91, 51.79] % MVIC) were recorded 
for the middle GMed segment (Figure 7). Moder-
ate to high activity (56% MVIC anterior, 30% MVIC 

middle and 41% MVIC posterior) was found in one 
study46 that evaluated GMed segmental activity lev-
els for isometric standing hip abduction. 

Gluteus minimus 
Gluteus minimus segmental activity levels were also 
recorded for isometric standing hip abduction, and 
high activity (55% MVIC anterior and 49% MVIC 
posterior) were found for both segments46 (Figures 
3 and 4) (Table 6).

Supine bridge 

Gluteus medius
The single-leg bridge was investigated in seven single 
electrode GMed middle studies66,68,71,78,97-99 (Table 5). 
For six studies that could be pooled together, high 
activity levels (41.27 [95% CI 33.98, 50.13] % MVIC 
were produced (Figure 12). The double leg bridge was 
evaluated in five studies66,71,78,97,99 for middle GMed 
and when pooled together generated low activity lev-
els (18.80 [13.83, 25.66] % MVIC) (Figure 12).

Gluteus minimus
The single leg bridge was measured in one study47 and 
generated low activity (14% MVIC) in the anterior 
GMin segment and high activity (46% MVIC) for the 
posterior GMin segment (Figures 3 and 4) (Table 6). 

DISCUSSION
The aim of this systematic review was to determine 
whether commonly evaluated rehabilitation exer-
cises generate at least high activity levels in GMed 
and GMin segments. The results indicate that differ-
ent variations of the hip hitch/pelvic drop exercise 
are the best options to generate at least high activ-
ity in all segments of GMed. To target the anterior 
GMed segment, additional options could include 
isometric standing hip abduction and the dip test. 
For the middle GMed segment at least high activ-
ity was generated by the single leg bridge; side-lying 
hip abduction with hip internal rotation; lateral step-
up; resisted side-step; and standing hip abduction on 
stance or swing leg with added resistance. Another 
exercise option for the posterior GMed segment is 
isometric standing hip abduction. 

For the GMin different variations of the hip hitch/
pelvic drop exercise and isometric standing hip 

Figure 2.  Gluteus medius middle – side-lie clam and hip 
abduction exercises.
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Table 5.  Segmental mean gluteus medius activity levels (% MVIC) for exercises.
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Figure 3.  Gluteus minimus anterior exercises. Figure 4.  Gluteus minimus posterior exercises.

abduction were the best options to generate at least 
high activity in both segments. Additional exercises 
to target the posterior GMin segment included the 
dip test; single leg bridge; single leg squat; and side-
lying hip abduction. 

Single leg weight-bearing exercises appeared to gener-
ate at least moderate activity in all three segments of 
GMed. This is despite the wide methodological varia-
tions between studies for similar exercises and the 
relatively small number of studies that evaluated the 
separate GMed segments for different exercises. This 
highlights the functional role of GMed as a multi-pla-
nar hip and pelvic stabilizer in weight-bearing activi-
ties. Based on the large physiological cross-sectional 
area and favorable coronal plane moment arm,100 

Table 6.  Segmental mean gluteus minimus activity levels (% MVIC) for exercises.

GMed is well suited to maintaining pelvic and hip 
joint equilibrium during single-limb loading tasks. 

The clam exercise appeared least favorable in terms 
of recruiting GMed muscle activity. With a relatively 
short anti-gravity lever arm to overcome, the clam 
recorded low activity in the anterior and middle seg-
ments, and moderate activity in the posterior segment. 
This perhaps reflects the biomechanical properties of 
GMed muscle segments, with the anterior segment 
having an internal rotation moment arm in the trans-
verse plane, the middle segment a negligible rotation 
moment arm, and the posterior segment an external 
rotation moment arm.100 The clam may potentially be 
useful in early rehabilitation for motor control and 
recruitment but unlikely to elicit sufficient activity 
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Figure 7.  Gluteus medius middle - standing hip abduction.

Figure 8.  Gluteus medius middle - squat exercises.

for strengthening.101 This is particularly the case for 
the anterior and middle segments. 

Recruitment of posterior GMin with a wide variety 
of exercises appears more feasible than anterior 

Figure 5.  Gluteus medius anterior exercises.

Figure 6.  Gluteus medius posterior exercises .
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Figure 9.  Gluteus medius middle - step exercises.

Figure 10.  Gluteus medius middle - lunge exercises.

GMin. There are a broader range of exercises avail-
able for strengthening the posterior GMin with 
single leg weight-bearing exercises, and side-lying 
hip abduction potential options. In comparison, the 
anterior GMin functioning as an anterior hip capsule 

stabilizer, and prime hip abductor,102 appears to be 
more difficult to target for strengthening compared 
to the posterior segment. For example, the single 
leg squat exercise is broadly useful for recruiting 
all segments of GMed as well as posterior GMin but 
may have less utility for anterior GMin (moderate 
level of activity). This might reflect the tendency of 
studies to include exercises with an external rota-
tion bias. Since anterior GMin is highly active with 
internal rotation,19 and has a favorable moment arm 
for internal rotation,100 further research examining 
internal rotation-based exercises for anterior GMin 
highlight further options for recruiting this muscle 
segment. The clam exercise may not have great util-
ity for GMin muscle strengthening. Both studies in 
this review showed similar results for the two GMin 
segments during the clam exercise with low activity 
generated.46,47 

In the clinic, individual assessment is important to 
ensure that the most appropriate exercise strategy 

Figure 11.  Gluteus medius middle - hip hitch/pelvic drop 
exercises.

Figure 12.  Gluteus medius middle - bridge exercises.
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is prescribed to meet the client’s functional require-
ments. Post-surgery or in the acute phases of an 
injury, some clients may be unable to perform 
weight-bearing exercises early in the rehabilitation 
process. Prescribing a suitable non-weight-bearing 
exercise such as side-lying hip abduction may over-
come this barrier while still delivering a strengthen-
ing stimulus for the muscle segment being targeted. 
Exercises that did not generate high levels of activ-
ity101 for a specific segment may still be beneficial in 
a progressive rehabilitation program as hypertrophy 
may not be the goal in the initial stages particularly 
if the client is deconditioned or in pain. Further to 
this, since most included studies contained healthy 
young participants performing rehabilitation exer-
cises, the results from these studies may not be rele-
vant to the elderly client or for the well-conditioned 
athlete. In both cases it is likely that the recom-
mended exercises will need modifications to meet 
the individuals’ functional goals. For example, the 
elderly client may need decreased loading strategies 
and less demanding forms of an exercise. In contrast, 
for the well-conditioned athlete to stimulate hyper-
trophy, an exercise may need added loading through 
weights or elastic resistance to meet that goal.101 

Strength and limitations
From a summary of the results the authors were 
able to determine whether commonly evaluated 
therapeutic exercises specifically target the indi-
vidual GMed and GMin segments effectively in gen-
erating at least high activity levels (>40% MVIC) 
considered essential for potential strengthening.101 
Through application of a stringent methodological 
process, an objective evaluation of current evidence 
to date was provided.

A limitation of this systematic review was that not all 
commonly evaluated therapeutic exercises included 
in this review have been evaluated for the different 
segments of GMed and GMin making it difficult to 
make recommendations for some exercises. 

The recording of GMed muscle activity with surface 
electrodes has some drawbacks. Five included stud-
ies46,52,55,62,63 investigated therapeutic exercises for the 
three individual GMed segments, with one study46 
using fine-wire electrodes positioned as per previ-
ously validated guidelines103 to measure segmental 

activity levels. The use of surface electrodes to record 
activity in the posterior and anterior segments of 
GMed must be questioned due to the anatomical 
coverage by the tensor fascia lata and gluteus maxi-
mus muscles.103 In fact, even recording GMed activ-
ity from the exposed portion of the muscle is subject 
to crosstalk from the gluteus maximus.20 During 
exercises involving large ranges of movement, there 
may also be artefact associated with movement of 
the muscle relative to the recording electrodes.104 

Other limitations of this review may be due to exclud-
ing studies that did not contain commonly evalu-
ated therapeutic exercises or utilizing gym and/or 
custom-made equipment; and eliminating data for 
dynamic activities like jogging, hopping and walk-
ing. The original search strategy may have missed 
studies due to publication bias and not contacting 
experts for unpublished papers. Papers not pub-
lished in peer-reviewed journals such as conference 
abstracts and theses were also excluded possibly 
missing potential data. This review only evaluated 
EMG activation levels and not muscle onset timing 
patterns or the balance of synergists and antagonists 
for a therapeutic exercise as may be considered in 
the clinical setting. Data for pathological populations 
were not considered in this review which makes it 
difficult to generalize to such populations.

CONCLUSION
The purpose of this review was to analyze studies 
that have evaluated segmental activity levels for the 
GMed and GMin with commonly evaluated thera-
peutic exercises to improve clinician knowledge 
of appropriate exercise prescription for targeted 
strengthening. With at least high activity levels nec-
essary for potential strength gains this review found 
that despite wide methodological variations between 
studies, different variations of the hip hitch/pelvic 
drop exercise elicits activity in all GMed segments 
sufficiently in healthy individuals. The dip test and 
isometric standing hip abduction can also be used to 
strengthen the anterior GMed segment, while iso-
metric standing hip abduction can be used for the 
posterior GMed segment. For the middle GMed seg-
ment the single leg bridge; side-lying hip abduction 
with hip internal rotation; lateral step-up; standing 
hip abduction on stance or swing leg with added 
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predictor of low back pain during standing. Clin 
Biomech (Bristol, Avon). 2008;23(5):545-553.

12.	 Zacharias A, Green RA, Semciw AI, et al. Atrophy of 
hip abductor muscles is related to clinical severity in 
a hip osteoarthritis population. Clin Anat. 
2018;31(4):507-513.

13.	 Lawrenson PR, Crossley KM, Vicenzino BT, et al. 
Muscle size and composition in people with articular 
hip pathology: a systematic review with meta-
analysis. Osteoarthritis and cartilage / OARS, 
Osteoarthritis Research Society. 2019;27(2):181-195.

14.	 Boling MC, Bolgla LA, Mattacola CG, et al. Outcomes 
of a weight-bearing rehabilitation program for 
patients diagnosed with patellofemoral pain 
syndrome. Arch Phys Med Rehabil. 2006;87(11):1428-
1435.

15.	 Gilchrist J, Mandelbaum BR, Melancon H, et al. A 
randomized controlled trial to prevent noncontact 
anterior cruciate ligament injury in female collegiate 
soccer players. Am J Sports Med. 2008;36(8):1476-
1483.

16.	 Sled EA, Khoja L, Deluzio KJ, et al. Effect of a home 
program of hip abductor exercises on knee joint 
loading, strength, function, and pain in people with 
knee osteoarthritis: a clinical trial. Phys Ther. 
2010;90(6):895-904.

17.	 Hislop AC, Collins NJ, Tucker K, et al. Does adding 
hip exercises to quadriceps exercises result in 
superior outcomes in pain, function and quality of 
life for people with knee osteoarthritis? A systematic 
review and meta-analysis. Br J Sports Med. 
2020;54(5):263-271.

18.	 Fransen M, McConnell S, Hernandez-Molina G, et al. 
Exercise for osteoarthritis of the hip. The Cochrane 
Database of Systematic Reviews. 2014(4):CD007912.

19.	 Semciw AI, Green RA, Murley GS, et al. Gluteus 
minimus: an intramuscular EMG investigation of 
anterior and posterior segments during gait. Gait 
Posture. 2014;39(2):822-826.

20.	 Semciw AI, Neate R, Pizzari T. A comparison of 
surface and fine wire EMG recordings of gluteus 
medius during selected maximum isometric 
voluntary contractions of the hip. J Electromyogr 
Kinesiol. 2014;24(6):835-840.

21.	 Semciw AI, Pizzari T, Murley GS, et al. Gluteus 
medius: an intramuscular EMG investigation of 
anterior, middle and posterior segments during gait. 
Journal of electromyography and kinesiology : official 
journal of the International Society of 
Electrophysiological Kinesiology. 2013;23(4):858-864.

22.	 Zacharias A, Pizzari T, English DJ, et al. Hip 
abductor muscle volume in hip osteoarthritis and 
matched controls. Osteoarthritis Cartilage. 
2016;24(10):1727-1735.

resistance; and resisted side-step were the best 
options for strengthening. Isometric standing hip 
abduction and different variations of the hip hitch/
pelvic drop exercise can be prescribed for strength-
ening both GMin segments while side-lying hip 
abduction, the dip test, single leg bridge and single 
leg squat can also be used for targeting the posterior 
GMin segment. 
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