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A weak or dysfunctional gluteus medius (Gmed) is related to several pathologies, and indi-
viduals with hip abductor weakness have Gmed weakness. This study aimed to systematically 
review the literature associated with the anatomy and function of the Gmed, and the preva-
lence, pathology, and exercise of Gmed weakness. Papers published between 2010 and 2020 
were retrieved from MEDLINE, Google Academic Search, and Research Information Sharing 
Service. The database search used the following terms: (glut* OR medius OR hip abduct*) 
AND weak*. The Gmed plays an important role in several functional activities as a primary hip 
abductor by providing pelvic stabilization and controlling hip adduction and internal rotation. 
Weakness of the Gmed is associated with many disorders including balance deficit, gait and 
running disorders, femoroacetabular impingement, snapping hip, gluteal tendinopathy, patel-
lofemoral pain syndrome, osteoarthritis, iliotibial band syndrome, anterior cruciate ligament 
injury, ankle joint injuries, low back pain, stroke, and nocturia. Overuse of the tensor fasciae 
latae (TFL) as a hip abductor due to Gmed weakness can also cause several pathologies such 
as pain in the lower back and hip and degenerative hip joint pathology, which are associated 
with dominant TFL. Similarly, lateral instability and impaired movements such as lumbar spine 
lateral flexion or lateral tilt of the pelvis can occur due to compensatory activation of the qua-
dratus lumborum for a weakened Gmed while exercising. Therefore, the related activation of 
synergistic muscles or compensatory movement should be considered when prescribing Gmed 
strengthening exercises.
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INTRODUCTION

The gluteus medius (Gmed), gluteus minimus, and tensor 

fasciae latae (TFL) muscles are hip abductors, and sufficient 

strength of these muscles is associated with the maintenance 

of stability during gait [1]. The Gmed is a primary hip abductor 

muscle that provides pelvic stabilization in a unilateral stance 

against gravity, and eccentrically controls hip adduction and 

internal rotation [2]. Weakness of Gmed results in compensa-

tory motion of the lower back, hip, and knee, and all individu-

als with hip abductor weakness have Gmed weakness [3].

Weakness or dysfunction of the Gmed is associated with 

a variety of disorders, including balance deficit [4], gait and 

running disorders [1,5-16], hip joint [11,16-20], knee joint 

[10,15,21-34], and ankle joint pathologies [35,36], and several 

other disorders [20,37-47]. Therefore, hip abduction strength-

ening may be crucial for rehabilitation and injury-prevention 

strategies [1].

Hip abduction or Gmed strengthening exercises may im-

prove pain [10,30,38,48], physical function [10,30], abnormal 

movement patterns [49], and symptoms related to these dis-

orders [11,48] in individuals with Gmed weakness. However, 

when prescribing hip abduction strengthening exercise, one 

should consider factors such as synergistic dominance and 

compensatory movement [2,3,22,50-52]. For example, the TFL 

is one of the synergist muscles as a hip abductor, and overuse 

of the TFL can be triggered by Gmed weakness; this is de-

scribed as synergistic dominance [22].

Therefore, to facilitate optimum hip abduction or Gmed 

strengthening exercise for individuals with Gmed weakness, 

sufficient understanding of Gmed weakness is required. The 

purpose of this study was to determine the exercise of individ-
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uals with Gmed weakness as well as study the anatomy, func-

tion, prevalence, and pathology of Gmed.

SEARCH STRATEGY

All literature published between 2010 and 2020 were ob-

tained by undertaking a comprehensive search of electronic 

databases (MEDLINE, Google Academic Search, Research In-

formation Sharing Service). The following combined and/or 

truncated search terms were used in each database: (glut* OR 

medius OR hip abduct*) AND weak*.

ANATOMY AND FUNCTION OF  
THE GLUTEUS MEDIUS

The Gmed is attached proximally to the external surface of 

the ilium above the gluteal line and distally attached onto the 

lateral aspect of the greater trochanter [53]. The Gmed has 

three sets of functional fibers: anterior, middle, and posterior 

[53]. Anatomically, Gmed is the largest abductor of the femur 

from the pelvis, accounting for 60% of the total abductor cross-

sectional area and leg abduction to the tibia is caused by other 

abductors such as TFL and gluteus maximus [8,53]. In particu-

lar, the posterior fibers of Gmed also act as external rotators of 

the hip [8].

The Gmed (especially the posterior fibers) controls femoral 

adduction and stabilize the pelvis by counteracting gravity dur-

ing dynamic lower-extremity motion [2,50,54]. For example, 

at foot contact during gait when the femur is adducted in rela-

tion to the pelvis, Gmed contracts concentrically after under-

going eccentric contraction immediately before that, during 

a support phase; therefore, hip abduction occurs during the 

propulsive phase [8,48]. This activation of the Gmed during 

single-limb support also prevents the body from falling to the 

unsupported side [8].

PREVALENCE AND PATHOLOGY OF 
GLUTEUS MEDIUS WEAKNESS

1. Balance, Gait, and Running

1) Balance

Lee and Powers [4] reported diminished postural stability 

represented by an increase in the medial-lateral center of pres-

sure displacement observed in individuals with relatively lower 

hip abductor strength. Specifically, individuals with relatively 

weak hip abductors showed increased utilization of an ankle 

strategy with decreased medial-lateral postural stability during 

unipedal static standing and unipedal dynamic step-down bal-

ance task [4].

2) Gait

Traditionally, impaired function of the hip abductors was 

considered the cause of the Trendelenburg gait, which is char-

acterized by an excessive pelvic drop towards the contralateral 

side [7,8]. Van der Krogt et al. [9] reported that normal gait 

was possible by removing most muscles, but not possible with 

weakened Gmed or plantar flexors. Clinically, Vandekerckhove 

et al. [6] reported that among the hip joint muscles, strength 

in the abductors was found to be the most important for the 

performance of several gait patterns in patients with cerebral 

palsy, and Iijima et al. [10] reported that osteoarthritis patients 

with reduced hip abductor strength demonstrated lower turn-

ing speed. However, Pohl et al. [5] reported that no alterations 

in hip adduction moment, hip adduction, or contralateral pel-

vic drop were associated with reduced hip abductor strength 

in young, healthy men. Other studies also reported that no sig-

nificant pelvic drop was detected in even severe hip abductor 

weakness; therefore hip abductor weakness is not enough to 

explain the Trendelenburg sign [38,55].

3) Running

Taylor-Haas et al. [14] reported that isokinetic hip abduc-

tion torque was negatively associated with hip adduction range 

of motion during running in young adult and adolescent male 

long-distance runners. However, more recent studies showed 

that isometric or eccentric hip abductor muscle strength was 

not associated with the peak hip adduction angle during run-

ning in healthy female runners [12,56]. Radzak and Stickley 

[1] also reported that there was no association between hip 

abduction weakness resulting from fatigue after a run and 

an increased hip adduction angle during running in healthy, 

physically active males.

2. Hip Joint

1) Femoroacetabular impingement

In a case-control study by Frasson et al. [19], there was no 

statistically significant difference in isometric hip abductor 

strength between males with femoroacetabular syndrome and 
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healthy male controls. However, Casartelli et al. [17] and Dia-

mond et al. [18] reported that patients with symptomatic fem-

oroacetabular impingement had significantly weaker isometric 

hip abductor muscle strength than healthy control group.

2) Snapping hip

Jacobsen et al. [16] reported significant muscle strength im-

pairments, activity limitations, and participation restrictions 

in patients with symptomatic snapping hip compared with 

healthy controls.

3) Gluteal tendinopathy

In a previous study by Allison et al. [11], individuals with 

symptomatic gluteal tendinopathy showed significantly weaker 

isometric hip abductor strength than those in the asymptom-

atic control group, and the side-to-side difference in isometric 

hip abductor strength was significantly greater in the symp-

tomatic group than in the asymptomatic group.

3. Knee Joint

1) Patellofemoral pain syndrome

Previous studies reached no consensus about the associa-

tion between patellofemoral pain syndrome and hip abductor 

weakness. Ferber et al. [23] reported that runners with patello-

femoral pain syndrome had significantly weaker isometric hip 

abduction strength than healthy controls while female runners 

and novice runnners in other studies showed no difference in 

isometric hip abduction strength compared to asymptomatic 

runners [57,58]. Nakagawa et al. [25] reported that individu-

als with patellofemoral pain syndrome showed significantly 

lower eccentric hip abduction torque than controls, while Bol-

gla et al. [24] and Hoglund et al. [59] reported that males with 

patellofemoral pain did not have significantly different peak 

isometric hip abduction strength compared to the controls. In 

addition, Herbst et al. [26] reported that female athletes with 

patellofemoral pain syndrome showed significantly greater 

concentric hip abduction strength than those in the control 

group.

2) Osteoarthritis

Weakness of the hip abductors and quadriceps muscle was 

considered a common feature in individuals with osteoarthritis 

[10]. Previous studies reported that individuals with osteoar-

thritis showed significantly weaker isometric or isokinetic hip 

abduction strength than the control groups [28,30,31]. In addi-

tion, hip abductor weakness related to osteoarthritis was found 

to cause functional activity limitation while ascending and de-

scending stairs, walking, and rising from a chair [28,29,33].

3) Iliotibial band syndrome

Foch et al. [15] reported that female runners with current 

iliotibial band syndrome did not show significantly different 

isometric hip abductor strength compared to those who previ-

ously had iliotibial band syndrome or healthy controls. How-

ever, female runners with previous iliotibial band syndrome 

exhibited significantly lower hip abductor strength than con-

trols [15].

4) Anterior cruciate ligament injury

In a prospective study by Khayambashi et al. [34], male and 

female athletes who sustained noncontact anterior cruciate 

injury exhibited significantly lower hip abduction strength 

compared with non-injured athletes. Regression analysis also 

showed that hip abduction strength was significantly associ-

ated with an increased risk of noncontact anterior cruciate 

ligament injury (odds ratio = 1.12 [95% confidence interval, 

1.05–1.20], p = 0.01) [34].

4. Ankle Joint

Powers et al. [35] reported that injured male soccer play-

ers with noncontact lateral ankle sprains showed significantly 

lower hip abductor strength compared to uninjured players at 

baseline assessment. Reduced hip abductor strength was also 

associated with an increased risk of noncontact lateral ankle 

sprains in regression analysis (odds ratio = 1.10 [95% confi-

dence interval, 1.02–1.18], p = 0.01) [35].

Individuals with chronic ankle instability who commonly 

progress to lateral ankle sprain showed significantly lower iso-

metric hip abduction strength compared to lateral ankle sprain 

copers (who had a history of lateral ankle sprain but no char-

acteristics related to chronic ankle instability) and controls [36]. 

However, in a more recent study, McCann et al. [60] demon-

strated that there were no significant differences in isometric 

hip abduction strength among chronic ankle instability, lateral 

ankle sprain copers, and control groups.
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5. Others

1) Low back pain

Several studies have demonstrated that isometric hip abduc-

tion strength was significantly lower in individuals with low 

back pain when compared to the controls [20,38,39,61]. In 

addition, subsequent hierarchical linear regression analysis 

demonstrated that Gmed weakness was one of the predictors 

of low back pain [20]. Patients with L5 radiculopathy also ex-

hibited hip abductor weakness [41]. In particular, the posterior 

fibers of the Gmed are more prone to weakness than the an-

terior fibers in patients with chronic low back pain and Gmed 

weakness [42].

2) Stroke

Sánchez et al. [43] reported that hip abduction strength was 

significantly weaker on the paretic side of stroke patients’ legs 

than in the nonparetic side and in the legs of healthy controls. 

Hip abduction was also the most impaired maximal voluntary 

task among lower extremity tasks [43].

3) Nocturia

Tabara et al. [47] demonstrated significant differences in the 

frequency of nocturnal urination between groups divided into 

hip abduction strength quartiles. In addition, regression analy-

sis indicated that weak hip abduction strength was significantly 

associated with frequency of nocturnal urination [47].

EXERCISE

Previous studies examined the effects of several interven-

tions for strengthening the Gmed while preventing relative 

activation of other muscles in individuals with Gmed weak-

ness. Han et al. [22] reported that unilateral wall-squat showed 

a significantly greater Gmed/TFL activation ratio compared to 

unilateral squat, lateral step-down, and front step-down. Baik 

et al. [50] reported that side-lying hip abduction with anterior 

log-rolling position showed significantly greater Gmed activa-

tion, but significantly less TFL activation than that with neutral 

position or posterior log-rolling position. Lee et al. [2] also 

reported that the Gmed/TFL activation ratio was significantly 

greater in side-lying hip abduction with hip medial rotation 

than that with neutral hip or lateral hip rotation. The activa-

tion ratio of Gmed/TFL was also significantly greater in side-

lying hip abduction with hip flexion 15° or 30° than 0° [52]. 

Dynamic neuromuscular stabilization during side-lying hip ab-

duction rather than abdominal draw-in maneuver or abdomi-

nal bracing, showed significantly greater Gmed/TFL activation 

ratio, significantly lower quadratus lumborum (QL) activation, 

and significantly faster Gmed-TFL relative muscle onset time 

[62]. Kim [63] reported that side-lying hip abduction exercise 

with Thera-Band in the forward bottom leg position showed 

significantly greater Gmed/TFL muscle activation ratio than 

the Thera-Band in the neutral bottom leg position or with 

Thera-Band in the backward bottom leg position. Jeong et al. 

[3] reported that adding push force of both feet or both heels 

and metatarsal heads during clamshell exercise showed signifi-

cantly lower anterior hip flexor muscle activation compared 

to the standard clamshell exercise. Finally, Lee et al. [64] dem-

onstrated that side bridge exercise with knee flexion showed 

a significantly higher Gmed/TFL muscle activation ratio than 

side bridge exercise or side bridge exercise with knee flexion 

and hip abduction.

DISCUSSION

During walking and running, the Gmed contracts eccentri-

cally to resist the large external force acting on the joint in the 

frontal plane [16]. Specifically, hip abduction strength plays 

an important role in counteracting contralateral pelvic drop 

and maintaining a semineutral pelvic orientation during the 

stance phase of gait [65]. However, previous studies have re-

ported that hip abduction strength has no significant correla-

tion with the magnitude of pelvic drop during performance of 

the Trendelenburg test or during walking; therefore, weak hip 

abductor strength is not sufficient for a positive Trendelen-

burg test [7,38,55]. Nevertheless, increased center of pressure 

displacement during dynamic balance tasks due to diminished 

hip abductor muscle strength may be associated with the risk 

of ankle injury because the center of pressure sway amplitude 

has been demonstrated as a predictor of ankle sprain injury 

[4]. In addition, hip abductor muscle weakness is also associ-

ated with risk of potential falls because weak hip abduction 

strength seems to cause impaired turning motion in individuals 

with knee osteoarthritis [10].

Strengthening of the Gmed may play an important role in 

managing hip joint pathologies. Cooper et al. [20] suggested 

that Gmed weakness is a common clinical feature in individu-

als with low back pain, myofascial pain, or trochanteric bursi-
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tis. Osborne et al. [8] also reported that, especially in females, 

difficulty in pelvi-femoral control due to a broader pelvis 

makes it more prone to injuries related to Gmed weakness, 

such as patellofemoral pain syndrome or greater trochanteric 

pain syndrome. In addition, weak Gmed may cause excessive 

hip adduction; thus, the greater trochanter can be compressed 

by gluteal tendons which leads to the development of gluteal 

tendinopathy [11]. However, although external snapping hip 

or weakness of eccentric hip abduction strength can also be 

explained by an overload on the gluteals and iliotibial band 

due to greater net joint moment of hip abduction, further in-

vestigations are needed to determine the relationship between 

snapping hip and hip abduction weakness [16].

Hip abductor weakness also appears to have a close asso-

ciation with knee and ankle joint pathologies. For example, 

impaired dynamic control of the lower limb resulting from 

prolonged patellofemoral dysfunction symptoms leads to a 

compensatory decrease in hip muscle strength [58]. Decreased 

hip abduction strength is accompanied by altered kinematics 

such as increased ipsilateral trunk lean, contralateral pelvic 

drop, hip adduction, and knee abduction during dynamic tasks 

[25,27]. These altered kinematics can make the ankle vulner-

able to injury due to compensatory neuromuscular adapta-

tions at the ankle resulting from reduced postural control [35]. 

Therefore, hip abduction strength test should be included in 

screening procedures to assess patellofemoral pain syndrome, 

anterior cruciate ligament injury, and ankle injuries [34,35,58]. 

However, Rabelo and Lucareli [66] suggested that weakness of 

the gluteal muscles may be a result of reduced demand due to 

a painful knee rather than being the cause of pain in individu-

als with patellofemoral pain syndrome. Therefore, it cannot 

be concluded that the strength deficit of hip abductor muscles 

makes individuals prone to develop patellofemoral pain syn-

drome [58].

In individuals with low back pain and gluteal tendinopathy, 

hip abductor strengthening exercises could lead to improved 

functional outcomes [67]. Kendall et al. [38] also demonstrated 

that 3 weeks of hip abductor strengthening reduced pain by 

48% in individuals with non-specific low back pain. In par-

ticular, Lee et al. [42] suggested that the posterior fibers of 

the Gmed should be focused on during the rehabilitation of 

patients with low back pain because the posterior fibers of 

the Gmed showed significantly lower thickness changes in 

the chronic low back pain group than in the healthy group. 

Hip abductor muscles are also co-activators that can be used 

for indirect pelvic floor muscle (PFM) training [47]. Therefore, 

weak hip abductor muscle strength in women might be related 

to dysfunction of the PFM, which is related to nocturia [47]. In 

patients with stroke, reduced pelvic stability and limited move-

ment control due to weakness of the Gmed facilitates compen-

sation to address these problems [44]. Unnecessary energies 

are consumed, and learning opportunities are interrupted due 

to this compensation [44]. Consequently, hip abductor muscle 

strengthening should be considered in various rehabilitation 

sessions.

Janda described “muscle imbalance” as an impaired rela-

tionship between muscles prone to weakness and inhibition 

and muscles prone to tightness or shortness [68]. The Gmed is 

one of the phasic system muscles prone to weakness whereas 

the TFL is one of the tonic system muscles prone to tightness 

as well as early firing and overactivation [68]. Gmed weak-

ness can result in the overuse of TFL as a hip abductor and 

this relationship can be described as “synergistic dominance” 

[69]. The TFL fulfills insufficient Gmed activation during hip 

abduction, which is required for gait and activities of daily liv-

ing, thus contributing to further weakness of the Gmed due to 

disuse [52]. Dominant TFL results in the development of a lat-

eral force on the patella, thus, excessive hip internal rotation 

and lateral patellar displacement are orccured associated with 

iliotibial band friction syndrome and patellofemoral pain syn-

drome [22]. Several pathologies such as pain in the lower back 

and hip, and degenerative hip joint pathology are also associ-

ated with a dominant TFL. Reciprocal inhibition (inhibition 

of the alpha motor neuron of the antagonist muscle related to 

stimulated inhibitory interneuron by the muscle spindle of the 

agonist muscle) can be used to inhibit the TFL during exercises 

(i.e., activation of gluteus maximus) [50,70]. Similarly, lateral 

instability and impaired movements such as lumbar spine 

lateral flexion or lateral tilt of the pelvis can be caused by the 

substitution of QL for a weakened Gmed during exercises [3,69]. 

Dynamic neuromuscular stabilization during exercises was 

demonstrated as an effective intervention for preventing QL 

activation as well as early onset of TFL activation [62]. There-

fore, the relative activation of synergist muscles should be 

considered when prescribing exercises for Gmed strengthening 

[2]. However, there was a lack of studies that investigated the 

effects of dynamic exercise in individuals with Gmed weak-

ness. Thus, further studied are needed to determine the effects 
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of dynamic exercises in individuals with Gmed weakness for 

strengthening.
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