
Rinaldi et al. 
Journal of Experimental Orthopaedics            (2022) 9:81  
https://doi.org/10.1186/s40634-022-00513-8

REVIEW PAPER

The influence of gluteal muscle strength 
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Abstract 

Anterior cruciate ligament (ACL) injuries are caused by both contact and non-contact injuries. However, it can be 
claimed that non-contact ones account approximately for 70% of all cases. Thus, several authors have emphasized 
the role of reduction of muscle strength as a modifiable risk factor referred to non-contact ACL injury, with the latter 
being targeted by specific training interventions.

The present paper wants to review the available literature specifically on the relationship between dynamic knee 
valgus, gluteal muscles (GM) strength, apart from the potential correlation regarding ACL injury.

After a research based on MEDLINE via PubMed, Google scholar, and Web of Science, a total of 29 articles were col-
lected and thus included.

Additionally, this review highlights the crucial role of gluteal muscles in maintaining a correct knee position in the 
coronal plane during different exercises, namely walking, running, jumping and landing.

Keywords: Anterior Cruciate Ligament (ACL), Knee, Biomechanics, Gluteal Muscles, Dynamic Knee Valgus, Muscles 
Strengths
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Background
Recently, the incidence of anterior cruciate ligament 
(ACL) injuries has gradually increased [1]. According to 
a 2021 review article, the incidence rate of ACL injuries 
is estimated at 36.9 per 100,000 individuals in the general 
population [2]. Additionally, ACL injuries are caused by 
both contact and non-contact injuries, but the major-
ity of them (approximately 70%) actually belong to non-
contact ones [3]. Here, injuries are sustained without 
extrinsic contact to the knee, and result from the athlete’s 
inherent movement patterns [4].

For this, numerous studies have evaluated the etiol-
ogy of ACL injuries. Intrinsic, non-modifiable factors 
can be distinguished to extrinsic and modifiable factors 
[5]. Following the idea of noncontact ACL injuries being 
theoretically preventable, identification of modifiable risk 
factors is essential for successful ACL injury prevention 
programs.

Besides, several authors have emphasized the reduc-
tion of muscle strength as a modifiable risk factor for 
non-contact ACL injury, the latter being targeted by spe-
cific training interventions [6–10]. In the recent months 
and years, thus, some studies focused on the contribu-
tion of the gluteal muscles (GM) in preventing knee 
sprains during common tasks especially during landing 
after a jump, or side-cutting movement [4, 5, 11, 12]. 
Indeed, excessive hip adduction and knee valgus posi-
tion is proposed as a common risk factor for a variety 
of acute and overuse lower extremity injuries, including 
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the ACL [13]. Eventually, medial knee joint movement 
during hip adduction might be an explanation for this 
to happen, causing dynamic valgus and significant knee 
abduction moments. Furthermore, it has been noted that 
people who leaned predominantly on the hip muscles 
for absorbing impact forces during landing showed lim-
ited knee valgus angles, abduction moments, and energy 
absorption at the knee [14]. Several studies have reported 
weakness issues concerning hip extension, external rota-
tion and abduction in those participants showing valgus 
during dynamic tasks or going on to suffer knee injuries 
[7, 14–16].

Hip abduction and external rotation are predominantly 
positively influenced through both the gluteus medius 
(GMe) and gluteus maximus muscle (GMa) [8, 17].

In general, GMe and GMa muscles are the key muscles 
contributing pelvic stability and lower extremity func-
tion. They are frequently implicated in disorders of the 
knee, the pelvis, and the hip [18].

For our purpose, the present scoping review will focus 
on the gluteus muscle dysfunction on dynamic knee 
valgus.

Methods
Objective
The scoping review method was specifically chosen here 
so as to lay out a complete summary of the current lit-
erature and knowledge, with the explicit hope of spur-
ring subsequent studies and articles in this field [19]. 
Moreover, the review was conducted according to the 
recommendations by Peters et al. [20] and based on the 
Preferred Reporting Items for Systematic reviews and 
Meta-Analyses extension for Scoping Reviews (PRISMA-
ScR) [4]. The PRISMA checklist can be found in the 
supplements.

This scoping review aims at overviewing the available 
literature on the relationship between dynamic knee val-
gus, GM-strength and the potential correlation regarding 
ACL injury. It is hypothesized that evidence supports the 
idea of solid GM strength being highly associated with 
few dynamic knee valgus (DKV). Subsequently, relations 
between GM strength and ACL injury will be reported.

Concept and context
Our main focus of the scoping review was to extract 
information about the association between GM strength 
and DKV. Therefore, the phenomena of interest in GM 
are expressions of muscle strength, namely isokinetic or 
isometric abduction, Electromyography (EMG) GM vol-
untary contraction, or initial activation during landing 
tasks. In terms of knee position, the maximum valgus - or 
so-called abduction of the knee - will be included, in this 

case measured with a sensor camera. Both issues must be 
addressed in the same study so as to enable comparisons.

Inclusion criteria
All studies reporting the association of performance-
based assessed knee valgus and gluteal muscles, were 
included. In addition, studies which have previously 
examined healthy subjects and participants with knee 
injuries were also included. For information complete-
ness, studies were eligible for inclusion provided they 
have been published in English, Italian or German 
languages.

Search strategy
The search strategy aims at presenting a comprehensive 
overview of the existing research. Therefore, published 
data from all available study designs was searched with 
a title and with abstract search strategy, where the lat-
ter was deemed to be possible. The databases MEDLINE 
via PubMed, Google scholar, and Web of Science were 
employed for the research. After a preliminary search of 
the literature the search terms were finally defined for the 
analysis of the entire literature. Last, the search was per-
formed during the month of December 2021.

Results
Our search strategy identified 326 results and 192 papers 
in PubMed: Following a duplication removal, another 
134 result from the other databases were added. More-
over, after a title screening procedure, 280 articles were 
excluded from the pool. The remaining 46 articles were 
further examined using the inclusion/exclusion criteria 
with the exclusion of 17 sources (Fig. 1). At last, twenty-
nine papers were finally included for our purposes.

The study characteristics, level of evidence, outcomes, 
setting, methods, and results of the included studies were 
summarized in Table 1.

Gluteal evaluation during jumping and landing tasks
Seventeen studies evaluated the GM influence on the 
DKV during a landing and jumping task [6, 8–10, 17, 21, 
22, 24–30, 32, 38, 39]. Ten were descriptive laboratory 
studies [6, 10, 17, 21, 22, 26–28, 30, 38], while six were 
comparative studies that compare frontal-plane knee 
angle and GMe activation between the sexes during a 
jump-landing test [8, 9, 24, 25, 29, 39]. Additionally, one 
was a randomized controlled trial (RCT) [32].

The descriptive laboratory studies were conducted with 
video analysis compared to GM activation using EMG.

Seven studies have underlined the important stabiliz-
ing role of GM strength during the jump-landing task, 
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including the prevention DKV deviation [10, 17, 22, 27, 
28, 30, 39]: However, only one study found no correlation 
between knee valgus and gluteal muscle strength [21]. 
Thus, these studies highlight the importance of GMa and 
GMe. The comparative studies were conducted to dem-
onstrate how GM strength and activation are sex cor-
related, as well as how abduction moment can actually 
influence knee injuries in women and men.

In the RCT, the authors compare GM activity in ath-
letes after ACL reconstruction and uninjured athletes 
during landing kinematic, discovering that they have sim-
ilar biomechanical and neuromuscular responses.

Gluteal fatigue during running
Two studies have investigated gluteal muscle fatigue dur-
ing a running session [12, 40]. First, one study compared 
runners with iliotibial band syndrome as opposed to 
healthy runners [40]. The authors concluded that injured 
runners demonstrated increased knee adduction in com-
parison to controls after just a 30 minutes run.

The second study [19] besides evaluated the differences 
in the timing and magnitude of gluteal muscle activity 
between male and female runners. Female athletes were 
observed to run with a 40% greater peak gluteus maxi-
mus activation level, and a 53% greater mean activation 
level, when compared to males. Additionally, female run-
ners also showed greater hip adduction and knee abduc-
tion angles during initial ground contact.

Gluteal response during walking
Evidence from five studies concerning the GM response 
during walking sessions was evaluated [27, 33, 35, 41, 42]. 
Four of them analyzed gluteus activity through (EMG) 
and motion analysis [27, 32, 33, 35].

The importance of the GMe and GMa for maintaining 
proper knee alignment in the frontal plane was assessed 
in three different studies [27, 32, 35]; nevertheless, only 
one highlighted no difference between gluteal fatigue and 
knee malalignment [33].

The fifth study, assessing differences in GM activity 
during gait using ultrasound imaging [41], highlighted 
that gluteal activity differences lead to medial knee dis-
placement during gait, concluding potential contribu-
tion to inadequate hip stabilization during this daily 
repetitive task.

Studies that analyze squat tasks
Five studies have here assessed the GMa and GMe 
strength during the squat task [28, 30, 31, 36, 37].

Of these, three evaluated relationships between hip 
muscle strength, recruitment, frontal plane knee kine-
matics, and knee valgus during a squat task [28, 30, 37]. 
GMa recruitment might modulate frontal plane knee 
kinematics during single-leg squats.

Moreover, one study examined differences between 
sexes in knee kinematic and GM activation during a 
single-leg squat in individuals with patellofemoral pain 
syndrome (PFPS) and control participants, pointing out 

Fig. 1 Flow diagram of the study selection
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that both males and females with PFPS have a reduc-
tion in eccentric strength of the hip abductors and 
external rotators, resulting in a higher DKV [31].

The previous study measured the muscular activation 
of the GMa and GMe during the squat task, showing 
the highest activation of these muscles during single-
leg squat exercise [36].

The influence of gluteal muscles strengths on lower 
limb biomechanics is summarized in Fig. 2.

Discussion
Our research crucially highlights the role of the gluteal 
muscles in maintaining a correct knee position in the 
coronal plane during different exercises, namely walk-
ing, running, jumping and landing.

Besides, numerous studies have shown that greater 
strength of the GMe and GMa may prevent DKV and 
thus non-contact ACL injuries.

In addition, several authors demonstrated how hip 
abduction moments influence DKV during jump land-
ing task [5, 9–12, 15, 16, 34].

In particular, it has been proven that increased knee 
abduction moment is predicted by reduced GMe force, 
causing increased lateral ground reaction forces during 
a jump in both young males and females [16, 21, 27, 39, 
42].

The analysis of forty recreationally active females 
has shown that the GMa works partially as a hip 
abductor and plays a pivotal role in controlling hip 
adduction and knee valgus motion during a landing 
task [22]. Women tend to land in a more knee val-
gus position than men [29]. However, in contrast to 
the GMa, the GMe activation did not differ between 
the sexes, providing thus a possible explanation of 
anterior cruciate ligament injuries in terms of sex 
disparity. Several laboratory studies have proven 
neuromuscular deficits and muscular fatigue, caus-
ing knee kinematic alterations and the increased risk 
for ACL injury in female athletes [6, 9]. Here, fatigue 
enhanced landing deficits in ACL reconstructed knee 
in athletes during a landing task [32]. However, fatigue 
did not affect knee abduction moments in the unin-
jured leg and control group.

On top of this, we identified six studies that explored 
the correlation between coronal biomechanics knee 
joint displacement and GMe activity during walking or 
running [27, 33, 35, 40, 41, 43].

The majority of these included researches demon-
strating the crucial influence of the gluteal muscles on 
maintaining a correct coronal axis of the knee during 
activities, such as walking or running [27, 40, 43].

In particular, an Ultrasound Imaging (USI) study on 
gluteal activity during gait highlighted the close corre-
lation between Medial Knee Displacement (MKD), GM 
recruitment, and muscle belly change during walking, 
concluding that the GMe significantly contributes to 
frontal limb stabilization during this daily repetitive 
task [41].

An experimental study showed that reduced GM func-
tion caused by intramuscular hypertonic saline injections 
leads to reduced internal hip abductor moments and 
external knee adduction moments [35].

These findings have proven, once again, the close cor-
relation between gluteal muscle strength and DKV.

In contrast, only one single study could not find an 
explicit relation between GMe strength and frontal 
plane knee deviation [33]. Furthermore, the authors 
found no alterations in hip-adduction moment, hip 
adduction, or contralateral pelvic drop following a 
reduction in hip-abductor strength after a transient glu-
teal nerve block.

In addition, various investigations have analyzed 
the influence of the GM on valgus knee control dur-
ing a squatting task [28, 30, 36, 37, 44]. In particular, it 
has been showed the anticipatory activity of the GM to 
pelvic drop and knee abduction moment on a total of 
sixty-one healthy females examined. The latter study has 
claimed that GMa and GMe recruitment may modulate 
frontal plane knee kinematics during single-leg squats 
[30, 36].

Furthermore, a laboratory comparative study has 
proven that the single-leg squat achieved the highest 
integrated and peak activation of the GMa and GMe [28].

On top of these papers, Nakagawa et al. [31] have found 
increased hip internal rotation and decreased GMe acti-
vation during a single-leg squat in females with patel-
lofemoral pain syndrome (PFPS) compared to female 
control participants. This conclusion strengthens the 
hypothesis that altered knee kinematics hurts the other 
muscle groups and vice versa.

Although reviewed published literature has proven to 
be highly insightful, key methodological and research 
design limitations must be addressed so as to move for-
ward, so as to enable and improve our understanding of 
effective gluteal muscle influence on knee sprain injuries.

These limitations include small sample sizes, lack of 
control group, and only partly comparable GM study 
methods such as video analysis, EMG, strength evalu-
ation with a handheld dynamometer, and Ultrasound 
evaluation.

Moreover, most of the available studies are descriptive, 
with a level of evidence IV.
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For this reason, especially prospective and cross-
sectional studies with injured and control groups are 
needed to investigate through randomized controlled 
trial studies the influence of the gluteal muscles on DKV. 
Here, a broadly accepted core measurement set being 
respected by involved research groups could help har-
monize research on the role of gluteal muscles for injury 
prevention.

 Table 2 is a summary of the clinical implication of the 
present study.
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Fig. 2 Gluteal Muscles weakness leads to adduction and internal rotation of the femur, valgus at the knee, and tibia external rotation

Table 2 Clinical implications

Key finding from the review Clinical implications

Gluteal muscles strength prevents Dynamic knee valgus

Gluteal muscles influence the coronal axis of the knee during activities such as walking, running, and squat tasks. Altered knee kinematics 
hurts the other muscle 
groups and vice versa.

Patients with patellofemoral pain syndrome show increased hip internal rotation and decreased Gluteal Muscle activation 
during a single-leg squat.

A strong gluteal mus-
culature would be able 
to prevent knee sprain 
injuries
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