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SYSTEMATIC REVIEW

Muscle activation in the lower limb muscles 
in individuals with dynamic knee valgus 
during single-leg and overhead squats: a meta-
analysis study
Shima Bakhtiari Khou1, Farzaneh Saki2* and Behdad Tahayori3 

Abstract 

Background  Dynamic knee valgus (DKV) is a risk factor for non-contact anterior cruciate ligament (ACL) injuries. 
Understanding the changes in the electromyographic activity of the lower extremity muscles in individuals with DKV 
helps trainers design ACL injury prevention exercises. Therefore, the present meta-analysis aimed to investigate 
the muscle activation of the lower limb muscles in individuals with DKV during single-leg and overhead squats.

Methods  Articles with titles, abstracts, and full texts were searched and screened independently by two review-
ers in the Web of Science, Scopus, PubMed, and Google Scholar databases, without restrictions on publication date 
and in English using specified keywords from their inception to January 5, 2024. The quality of articles was evalu-
ated using a modified version of the Downs and Black quality checklist. This meta-analysis used mean difference 
(MD) to compare the muscle activity patterns between individual with DKV and healthy individuals. Heterogeneity 
was detected using I-square (I2) test.

Results  In total, four papers with 130 participants were included in the study. Evidence showed a significant dif-
ference between the DKV group and the healthy group regarding the activities of the adductor magnus (MD: 6.25, 
P < 0.001), vastus medialis (MD: 13.23, P = 0.002), vastus lateralis (MD: 11.71, P = 0.004), biceps femoris (MD: 3.06, 
P = 0.003), and tibialis anterior muscles (MD: 8.21, P = 0.02). Additionally, muscle activity in the DKV group was higher 
than that in the healthy group.

Conclusions  This meta-analysis reveals distinct muscle activation patterns in individuals with dynamic knee val-
gus (DKV), with increased activity in key muscles suggesting compensatory responses. These findings underscore 
the need for targeted rehabilitation to address muscle imbalances and improve knee stability.
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Background
Dynamic knee valgus (DKV) during dynamic move-
ments, has been identified as a potential risk factor for 
ACL injury and patellofemoral pain syndrome among 
athletes. This biomechanical malalignment places 
increased stress on the ACL, potentially leading to injury 
[1, 2]. Hewett et al., [3] reported that DKV is a significant 
predictor of ACL injury. Pre-season screenings of athletes 
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and prospective follow-ups of ACL injuries revealed that 
athletes who experienced ACL injuries exhibited more 
valgus during landing compared to healthy individuals 
[3]. Studies have shown that a 10% increase in DKV angle 
leads to a 45% increase in patellofemoral joint pressure 
[4, 5]. The prevalence rates of DKV in the dominant and 
non-dominant lower limbs have been reported as 26.3% 
and 26.9%, respectively [6].

DKV is a combination of hip adduction and internal 
rotation, knee abduction, anterior tibial displacement, 
tibia external rotation, and ankle eversion [7]. The line 
of gravity in this movement pattern is located lateral to 
the foot-thigh line and causes medial knee displacement 
in individuals with DKV [7]. Three-dimensional analy-
ses have identified DKV as a multi-plane and multi-joint 
movement disorder [7]. Neuromuscular dysfunction 
seems to be one of the causes of DKV. Defects in neu-
romuscular function may cause the muscles to become 
unable to absorb the load on the knee joint, transferring 
the load to passive joint structures such as the ACL [8]. 
Therefore, prevention and rehabilitation strategies have 
recently focused on improving neuromuscular control to 
prevent this mechanism of injury.

The Hip and knee muscles in the neuromuscular sys-
tem appear to play an important role in preventing DKV. 
Evidence shows that athletes with weak gluteal and ham-
string muscles are more likely to have DKV during land-
ing and are at greater risk for non-contact ACL injury 
[9]. Additionally, calf muscles have also been reported to 
be involved in activities such as shear and landing-jump 
movements in which the ACL is at risk of rupture [10]. 
A previous study concluded that the gastrocnemius mus-
cle exerts pressure on the ACL in closed kinetic chain 
activities and has an antagonist role [11]. In this regard, 
Padua et al., [12] found a relationship between the inci-
dence of DKV during overhead squats and the increased 
co-contraction of the gastrocnemius muscle and the 
tibialis anterior muscle [12]. These findings suggest that 
two types of kinetic chains (i.e. down-up and up-down) 
play an important role in the mechanism of DKV [13]. 
In other words, any change in the recruitment pattern 
of trunk and hip muscles affects the kinematics of distal 
joints [14]. Conversely, the ankle muscles influence the 
movements of the knee joint [15].

In recent years, single-leg and double-leg squats have 
been primary used to evaluate the biomechanics of the 
lower extremities [16, 17]. There are biomechanical and 
neuromuscular similarities between squats and many 
exercise movements and daily activities, which may 
explain why this task has been considered in recent stud-
ies [18, 19]. Munro et  al., [20] reported that the knee 

valgus angle was significantly greater in the single-leg 
squat test than in single-leg landing and vertical jump 
tests [20]. Additionally, the slow movement in squats 
allows rehabilitation specialists and physicians to visually 
identify abnormal movement patterns, such as DKV, and 
use verbal feedback to modify the movement [21].

Accordingly, this study is crucial for advancing our 
understanding of muscle activity patterns in DKV and 
guiding evidence-based interventions to optimize neu-
romuscular function and reduce the incidence of lower 
extremity injuries in individuals with DKV. Therefore, 
the present systematic review and meta-analysis aimed 
to investigate muscle activation of the lower limb muscles 
in individuals with DKV during single-leg and overhead 
squats.

Methods
This systematic review study and meta-analysis was con-
ducted in accordance with the Preferred Reporting Item 
of Systematic Review and Meta-Analysis (PRISMA) 
checklist [22].

The search strategy
Two researchers (SHB and FS) independently searched 
for published studies related to the electromyographic 
activity of lower extremity muscles in individuals with 
DKV in the Web of Science, Scopus, PubMed, and 
Google Scholar databases from their inception to Janu-
ary 5, 2024. The databases were searched and screened 
without publication date and in English. Whenever there 
was no consensus between the researchers (SHB and FS), 
a meeting was held with the third author (BT) to coor-
dinate and resolve conflicts. The research question was 
defined using the PICO framework. Specifically, the study 
investigated electromyography of lower limb muscles (O) 
in individuals with dynamic knee valgus (P), compared 
to healthy individuals (C). Since the present study is not 
a clinical trial, no interventions were implemented (I). 
Three categories of related keywords and synonyms were 
used to search the titles, abstracts, and keywords of the 
articles in all databases. The operators “OR” and “AND” 
were applied within each category of keywords. The key-
words used in different databases are reported in Table 1.

Eligibility criteria
All studies that investigated the muscle activation of the 
lower extremity muscles of individuals with DKV dur-
ing single-leg and overhead squats were examined in 
the present research. Case studies, review articles, let-
ter to the editor articles, and articles with only abstracts 
available were excluded from the present study. The 
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inclusion criteria for this study comprised cross-sec-
tional and case–control studies that compared healthy 
males or females with individuals diagnosed with DKV, 
aged between 18 and 35  years. The studies included in 
the analysis utilized surface electromyography to assess 
the activity (mean/peak activity) of eleven lower extrem-
ity muscles: Gluteus maximus, Gluteus medius, Adduc-
tor magnus, Vastus medialis, Vastus lateralis, Biceps 
femoris, Semitendinosus, Medial gastrocnemius, Lateral 
gastrocnemius, Tibialis anterior, and Peroneus longus. 
Muscle activity was evaluated during single-leg and over-
head squats. Studies that assessed electromyographic 
activity of lower extremity muscles during descending 
stairs, papers that involved interventions, and articles 
with statistical populations including individuals with 
patellofemoral pain syndrome and osteoarthritis were 
excluded from the present meta-analysis.

Process of selecting and collecting the articles
After searching the above databases, two researchers 
(SHB and FS) examined the titles, abstracts, and full-
texts of the articles based on the inclusion and exclusion 
criteria. The obtained titles and abstracts were saved in 
EndNote X9 and duplicates were removed. The full texts 
of the articles whose abstracts met the inclusion criteria 
were then downloaded and analyzed. In case of disagree-
ment between the two researchers (SHB and FS), the arti-
cles were discussed in a meeting to reach a consensus. If 
an agreement could not be reached, the opinion of the 
third author (BT) was sought. Fig. 1 shows the search and 
selection strategy of the articles.

Quality evaluation
A modified version of the Downs and Black quality index 
checklist was used to determine the methodology quality 
of the studies [23]. The original Downs and Black qual-
ity index checklist includes 27 questions. By eliminating 
the questions related to intervention and treatment stud-
ies (4, 6, 8, 9, 13, 14, 17, 19, 23, and 24), the number of 
questions was reduced to 17 (ICC = 0.75–0.88) [24]. The 

modified checklist used in the present study had 18 items. 
All questions were scored with 0 (no/unable to deter-
mine) or 1 (yes) except for question number five which 
was scored with 0 (no matching/no description of two 
or multiple items), 1 (partially/one item not described), 
and 2 (description of all items/matching). The questions 
were divided into five areas: reporting (six questions: 1, 
2, 3, 5, 7, and 10), external validity (two questions: 11 and 
12), internal validity/measurement bias (four questions: 
15, 16, 18, and 20), internal/intervening validity or bias in 
choosing the participants (four questions: 21, 22, 25, and 
26), and power study (one question: 27) [25]. The studies 
were classified into high quality (≥ 70%), medium qual-
ity (40–69%), and low quality (< 40%) categories based 
on the quality evaluation scores [26]. The two research-
ers independently completed and scored a quality evalu-
ation checklist. If there was disagreement between the 
two authors about scoring the questions, a final score was 
determined by the third author (BT) in a joint session.

Data extraction
A predefined data extraction sheet was completed for all 
studies investigated in the present study. The information 
extracted from the studies included the article reference 
(the surname of the first author and the year of publica-
tion), statistical population of the participants, statistical 
sample characteristics (sample size, gender, age, height, 
body mass, body mass index, exercise activity experi-
ence, training duration per week), task type (single-leg 
and overhead squats), muscles, intensity of measuring 
muscle activity (flexion/ extension peak angle), electro-
myographic variables (during descending/ ascending 
phases), results of the studies, and significance level. The 
primary researcher (SHB) conducted the statistical analy-
sis using Review Manager 5.4 software. Muscle activity 
data (Mean ± SD) during the ascending and descending 
phases of single-leg and overhead squats were extracted 
for the DKV and healthy groups. Subsequently, a second 
researcher (FS) independently replicated the analysis. 
Mean differences (MD) were calculated and reported 
with a 95% confidence interval (CI). A random-effects 
model with forest plots was used in this study. This 
approach is typically employed for handling small sam-
ple size heterogeneity, which is common in the literature, 
along with addressing selection bias [25]. The statistical 
heterogeneity was calculated at three levels: low (< 50%), 
medium (50–75%), and high (> 75%) [27].

Results
Study selection
In total, 204 abstracts were examined based on the inclu-
sion and exclusion criteria. Our study did not involve a 

Table 1  Keywords and the search strategy

Abbreviations: EMG Electromyography, SLS Single-leg squat, OHS Overhead squat

Category Keyword and/or MESH

1.Knee “Dynamic knee valgus” OR “medial knee displacement” 
OR “lower extremity” (MeSH)

2.Kinetics “Muscle activity” OR “neuromuscular risk factor” OR “EMG” 
OR “electromyography” (MeSH)

3.Task “Single-leg squat” OR “SLS” OR “overhead squat” 
OR “OHS”

Final search: 1 AND 2 AND 3
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manual search for additional papers. All included papers 
were identified through our systematic search methodol-
ogy. Finally, four articles [12, 28–30] were selected and 
their quality was evaluated (Fig. 1).

The characteristics of the studies
Table 2 summarizes the demographic characteristics of 
the participants. A total of 130 participants from 4 arti-
cles were included in this study, comprising 94 women 
and 36 men aged 18 to 35 years. Among these, 60 indi-
viduals were in the DKV group and 70 were in the 
healthy group. One study [30] included only females, 
while the other three studies [12, 28, 29] included both 
sexes. These studies aimed to compare the muscle acti-
vation of the lower limb muscles during single-leg and 
overhead squats between individuals with DKV and 
healthy individuals. Among the studies included in this 

analysis, two studies [29, 30] investigated the muscles 
of the hip, knee, and ankle joints; one study [12] exam-
ined the hip and ankle joint muscles; and one study [28] 
assessed only the hip joint muscles.

This study analyzed electromyographic (EMG) data 
normalized to percent of maximal voluntary contrac-
tion (%MVC) from various lower limb muscles during 
single leg squats (SLS) and overhead squats (OHS). 
The muscles studied included the Gluteus maximus, 
Gluteus medius, Adductor magnus, Vastus media-
lis, Vastus lateralis, Biceps femoris, Semitendinosus, 
Medial gastrocnemius, Lateral gastrocnemius, Tibialis 
anterior, and Peroneus longus.

The mean qualitative score of the studies was 69.5% 
(rating from 56 to 83%). Two studies [28, 29] were rated 
as high quality, while two studies [12, 30] were rated as 

Fig. 1  PRISMA flowchart of search results
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medium quality. The results of evaluating the quality of 
the studies are shown in Table 3.

Analysis of the results
The meta-analysis results of the activity patterns of 
the hip, knee, and ankle joint muscles are shown in 
Figs. 2, 3, and 4, respectively. The muscle activation of 
the lower limb muscles during single-leg and overhead 
squats were considered in the final analysis.

The meta-analysis revealed that individuals with DKV 
exhibited heightened muscle activity in the adductor 
magnus, vastus medialis, vastus lateralis, biceps femo-
ris, and tibialis anterior muscles compared to those 
without the condition. This alteration in neuromuscu-
lar patterns at the hip, knee, and ankle joints was statis-
tically significant. Conversely, no significant differences 
were found in the gluteus maximus, gluteus medius, 
semitendinosus, medial gastrocnemius, lateral gas-
trocnemius, and peroneus longus muscles between the 
two groups. However, compared to the healthy group, 
the muscle activity in the group affected by DKV was 
higher.

The activity patterns of hip joint muscles

Gluteus maximus muscle  Four studies [12, 28–30] 
investigated the activity of the gluteus maximus mus-
cle. Results showed that there was no significant differ-
ence between the DKV and healthy groups regarding 
the activity of the gluteus maximus muscle. The activity 
of the gluteus maximus muscle was greater in the DKV 
group than in the healthy group in all studies (MD: 1.14, 
95% CI [-0.23, 2.51], Z = 1.63, P = 0.10, I2 = 0%) except for 
one [29].

Gluteus medius muscle  Among the three stud-
ies [12, 29, 30] investigating the activity of the glu-
teus medius muscle, two studies [12, 29] reported a 
decrease in, while activity one study [30] indicated 
an increase in the DKV group. Additionally, there 
was no significant difference between the DKV 
and healthy groups (MD: 0.50, 95% CI [-0.67, 1.66], 
Z = 0.84, P = 0.40, I2 = 0%).

Adductor magnus muscle  Four studies [12, 28–30] 
investigated the activity of the adductor magnus muscle. 
In all of these studies, the activity of the adductor magnus 
muscle was reported to be greater in the DKV group than 
in the healthy group. The results suggested a significant 
difference between the DKV and healthy groups in the 
activity of the adductor magnus muscle (MD: 6.25, 95% 
CI [3.96, 8.54], Z = 5.35, P < 0.001, I2 = 0%).

The activity patterns of knee joint muscles

Vastus medialis muscle  Among the two studies [29, 
30] that investigated the activity of the vastus medialis 
muscle, the muscle activity in the DKV group was higher 
than in the healthy group. The Outcomes suggested a sig-
nificant difference between the DKV and healthy groups 
regarding the activity of the vastus medialis muscle (MD: 
13.23, 95% CI [4.76, 21.71], Z = 3.06, P = 0.002, I2 = 5%).

Vastus lateralis muscle  Two studies [29, 30] investi-
gated the activity of the vastus lateralis muscle. Both 
studies reported increased muscle activity in the DKV 
group. Moreover, the outcomes suggest that there is a sig-
nificant difference between the DKV and healthy groups 
regarding the activity of the vastus lateralis muscle (MD: 
11.71, 95% CI [3.80, 19.61], Z = 2.90, P = 0.004, I2 = 0%).

Biceps femoris muscle  Two studies [29, 30] investi-
gated the activity of the biceps femoris muscle. The 
muscle activity in the DKV group was higher than in the 
healthy group. The results suggested a significant differ-
ence between the two groups regarding the activity of 
the biceps femoris muscle (MD: 3.06, 95% CI [1.07, 5.05], 
Z = 3.01, P = 0.003, I2 = 0%).

Semitendinosus muscle  Only one study [29] investi-
gated the activity of this muscle. The results suggested an 
increase in the activity of the semitendinosus muscle in 
the DKV group compared with that in the healthy group. 
However, no significant difference was observed between 
the two groups (MD: 4.90, 95% CI [-5.11, 14.91], Z = 0.96, 
P = 0.34).

The activity patterns of ankle joint muscles

Medial gastrocnemius muscle  The activity of the medial 
gastrocnemius muscle was investigated in three stud-
ies [12, 29, 30]. One study [29] reported that the activ-
ity of the medial gastrocnemius muscle decreased during 
single-leg squats, whereas two other studies reported an 
increase in the activity of this muscle during overhead 
squats. The outcomes showed that there was no signifi-
cant difference between the DKV and healthy groups 
regarding the activity of the medial gastrocnemius mus-
cle (MD: 2.67, 95% CI [-0.33, 5.68], Z = 1.75, P = 0.08, 
I2 = 52%).

Lateral gastrocnemius muscle  Only one study [12] 
investigated this during overhead squats. The results 
indicated that the activity of the lateral gastrocnemius 
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muscle in the DKV group was greater than that of the 
healthy group but, that there was no significant differ-
ence between the two groups (MD: 5.80, 95% CI [-0.61, 
12.21], Z = 1.77, P = 0.08, I2 = 0%).

Tibialis anterior muscle  Two studies [12, 30] investi-
gated the activity of the tibialis anterior muscle during 
overhead squat. The result suggest that there is a signifi-
cant difference between the two groups, with the activity 
of the tibialis anterior muscle being greater in the DKV 
group than in the healthy group (MD: 8.21, 95% CI [1.26, 
15.17], Z = 2.31, P = 0.02, I2 = 28%).

Peroneus longus muscle  The activity of the peroneus 
longus muscle during overhead squats was investigated 
only in one study [30]. The results showed that the activ-
ity of the peroneus longus muscle was greater in the 
dynamic knee valgus group than in the healthy group. 
However, there was no significant difference between the 
two groups (MD: 18.68, 95% CI [-13.96, 51.32], Z = 1.12, 
P = 0.26, I2 = 66%).

Discussion
The present study aimed to investigate the muscle acti-
vation of the lower limb muscles in individuals exhibit-
ing dynamic knee valgus during single-leg and overhead 
squats. The results of this systematic review and meta-
analysis indicated that there were significant differences 
between the groups in only 5 muscles out of the 11 mus-
cles examined (adductor magnus, vastus medialis, vastus 
lateralis, biceps femoris, and tibialis anterior muscles) 
examined. The findings also revealed that the activity 
level of all muscles in individuals with dynamic knee val-
gus was higher compared to the healthy group.

Hip
The results of the present meta-analysis showed that 
there wasn’t a significant difference between the DKV 
and healthy groups. In 75% of the examined studies, it 
was suggested that the activity level of the gluteus maxi-
mus muscle in both descending and ascending phases 
was greater in individuals with DKV than in healthy 
participants. Barbosa et  al., [31] reported a relationship 

Fig. 2  The forest plot for the findings regarding the activity of the hip muscle (DKV vs Healthy)
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between increased activity of the gluteus maximus mus-
cle and increased DKV [31]. This increase in activity was 
likely due to the weakness of the gluteal muscles which 
resulted in a compensatory increase in muscle activity 
in individuals with DKV [32]. The gluteus maximus is an 
external rotator. Therefore, its increased activity during 
the squat task may serve to counteract internal rotation, 
hip adduction, and knee valgus [33]. Although the activ-
ity of the gluteus medius muscle in the DKV group was 
greater than that of the healthy group, there was no sig-
nificant difference between the DKV and healthy groups 
in this muscle. The gluteus medius muscle is primarily an 
abductor, but it also contributes to hip internal rotation. 
The gluteus medius rotational torque arm increases with 
hip flexion, especially at angles greater than 30 degrees 
[34]. According to the findings of Hollman et al., [33] the 
hip is flexed at 40–50 degrees in a single-leg squat. The 
increased recruitment of gluteus medius motor neurons 
does not prevent hip adduction during squat but rather 
intensifies hip internal rotation and adduction during hip 
flexion (a coupling motion) [33]. Accordingly, it is neces-
sary to consider the kinematics of the hip joint and the 
function of gluteal muscles in the evaluation and reha-
bilitation of individuals with DKV. Additionally, evidence 

showed that the activity of the adductor magnus muscle 
in the DKV group increased during both single-leg and 
overhead squats. The overactivity of the adductor mag-
nus muscle in the DKV group may be due to its role in 
controlling hip extension during squat [28]. If the gluteus 
maximus muscle does not have sufficient strength to con-
trol the amount of extension, the adductor magnus mus-
cle becomes overactive as a synergist muscle to control 
hip extension. These findings highlight the importance 
of hip activity muscles in controlling knee movements in 
the frontal plane.

Knee
The results of the present meta-analysis also showed 
that there was a significant difference between the DKV 
and healthy groups regarding the activity of the lateral 
muscles of the knee. It was also shown that the activity 
of the lateral muscles in the DKV group was higher than 
that in the healthy group. The increased activity of the 
biceps femoris muscle may be a compensatory response 
to the increased activity of the vastus medialis and later-
alis muscles for knee stability [30]. According to Palm-
ieri-Smith et  al., [35] there was a relationship between 
increased DKV and the enhanced feed-forward activity 

Fig. 3  The forest plot for the findings regarding the activity of the knee muscle (DKV vs Healthy)
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of lateral muscles (vastus lateralis and biceps femoris) 
[35]. It has been shown that the long head of the biceps 
femoris externally rotates the leg during the descending 
phase. This external rotation manifests as knee abduc-
tion and/or tibia internal rotation, ultimately leading to 
medial knee displacement [30]. Given the position of the 
biceps femoris and semitendinosus, the increased activity 
of the semitendinosus muscle in the DKV group is nota-
ble. The semitendinosus muscle acts as an agonist for 
the ACL. The enhanced activity of the medial hamstring 
muscle may help limit knee valgus and external rotation, 
thereby reducing strain on the ACL [36]. Unfortunately, 
few studies have investigated the activity of the medial 
hamstring muscle during squatting.

The quadriceps and hamstring muscles potentially pro-
vide dynamic stability of the knee in the frontal plane due 
to their abductor/adductor torque. However, because of 
the mutual junctions of the quadriceps muscles and the 
patellar tendon, they cannot preferentially control abduc-
tion (vastus medialis) and adduction (vastus lateralis) 
[37]. The increased activity of the vastus lateralis can lead 

to knee abduction if the loads applied to the knee are not 
counteracted by the activity of the medial muscles [38]. 
Knee abduction and hip internal rotation create valgus 
rotational forces in the lower extremity [30]. The activ-
ity of the vastus medialis muscle was significantly greater 
in the DKV group compared to the healthy group, with 
a notable difference observed between the two groups. 
The increased activity of the vastus medialis muscle may 
help counteract abduction loads and reduce valgus laxity 
[39]. The co-contraction of medial knee muscles, which 
provide a varus torque arm, appears to be an effective 
method for reducing the valgus loads [37].

Ankle
The results of the present meta-analysis regarding the 
ankle joint area showed a significant difference between 
the DKV and healthy groups in only one case: tibi-
alis anterior muscle. There was no significant difference 
between the two groups for the other muscles (peroneus 
longus, medial gastrocnemius, and lateral gastrocne-
mius). However, the activity level of the calf muscles 

Fig. 4  The forest plot for the findings regarding the activity of the ankle muscle (DKV vs Healthy). Abbreviations: IV: inverse variance; CI: confidence 
interval
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in the DKV group was greater than that of the healthy 
group. Researchers believe that the increased activity 
of the anterior tibialis, medial gastrocnemius, and lat-
eral gastrocnemius muscles may be attributed to the 
increased plantar flexion torque and ankle joint stiffness 
[12]. Previous studies have reported that increased co-
contraction of agonist and antagonist muscles around 
a joint leads to greater overall joint stiffness [40]. Addi-
tionally, the results of a previous meta-analysis suggested 
a relationship between reduced ankle dorsiflexion range 
of motion and DKV [41]. The increased activity of the 
anterior tibialis, medial gastrocnemius, and lateral gas-
trocnemius muscles likely contributed to reduction in 
dorsiflexion ankle range of motion on the sagittal plane 
and an increase in the knee range of motion on the fron-
tal plane (valgus) [12, 42]. The limitation of ankle dor-
siflexion range of motion leads to hindfoot pronation 
(at the subtalar joint) and eversion, which are associ-
ated with tibia internal rotation and DKV on the frontal 
plane [43]. Although the peroneus longus muscle is the 
primary evertor of the ankle joint and crucial stabilizer 
against sudden inversion forces [44], only one study has 
investigated its role [30]. Therefore, the current study 
cannot conclude the difference between individuals with 
DKV and healthy individuals regarding the activity of the 
peroneus longus muscle during weight-bearing activi-
ties. Since the knee joint is not isolated from the rest of 
the lower extremity kinetic chain during weight-bearing 
activities, the activity patterns of the hip and ankle mus-
cles influence the load applied to the knee joint.

Limitations
There are some limitations to the present investigation. 
One limitation is that the meta- analysis was not regis-
tered on the PROSPERO website before conducting the 
research. Additionally, in previous studies, the research-
ers who measured the research variables were not 
blinded to the participants’ grouping and a majority of 
the participants in the previous studies were females.

Furthermore, the squat tasks were performed at varying 
speeds. It remains unclear whether dorsiflexion restric-
tion is due to increased activity of the tibialis anterior and 
gastrocnemius muscles or an adaptation to DKV, as the 
analyses are based on cross-sectional studies that do not 
establish causal relationships between the research varia-
bles. Although the quadriceps and hamstrings play a crucial 
role in controlling knee movement during overhead squats, 
these muscles were only studied in one study. Therefore, 
further research is needed to understand the activity pat-
terns of these muscles in individuals with DKV. Given the 
very limited evidence (with only 4 articles included), the 
results of this systematic review and meta-analysis should 

be interpreted with caution and require validation or con-
firmation through future studies.

Conclusions
The results of the present meta-analysis highlight signifi-
cant muscle activation in the lower limb muscles among 
individuals with dynamic knee valgus (DKV). These find-
ings suggest distinct patterns of muscle activity in indi-
viduals with DKV compared to healthy individuals during 
single-leg and overhead squats. Increased activity levels 
were observed in certain muscles including the adductor 
magnus, vastus medialis, vastus lateralis, biceps femoris, 
and tibialis anterior, in the DKV group. This indicates a 
compensatory response and potential factors contributing 
to altered movement patterns and knee stability. Under-
standing the muscle activation patterns associated with 
DKV can help design targeted rehabilitation programs 
to address specific muscle imbalances and movement 
dysfunctions.
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