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ABSTRACT

Non-contact anterior cruciate ligament (ACL) injuries are severe and common in
sports. Hip rotation range of motion (ROM) is crucial for limb control and may affect ACL injury risk, but
existing evidence remains contradictory. This systematic review and meta-analysis aimed to investigate
whether hip internal rotation and external rotation ROM differ between individuals with non-contact
ACL injury and healthy subjects.

[VETELEE This study followed PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) 2020 guidelines. Comprehensive search was conducted in PubMed, Scopus, Web of Science,
ProQuest, ScienceDirect, Scientific Information Database (SID) and, Magiran. Data extraction and qual-
ity assessment were performed independently by two reviewers using the modified Downs and Black
checklist. Standardized mean differences (SMD) were pooled using a random-effects model. Heteroge-
neity was assessed using 12 and Cochran’s Q. Publication bias was evaluated through funnel plots and
Egger’s regression tests. Sensitivity analysis was performed using the leave-one-out method.

ST A total of 14 studies (1437 participants) were eligible for the internal rotation analysis and 13
studies (1113 participants) for the external rotation analysis. Meta-analysis showed no significant dif-
ferences between the ACL-injured and control groups for hip internal rotation (SMD=-0.60; 95% Cl,
—1.40 to 0.20; P=0.14; 1>=0%) or hip external rotation (SMD=-0.45; 95% Cl, —1.23 to 0.33; P=0.26; 1>=0%).
Sensitivity analyses confirmed the stability of the findings. Egger’s test detected no publication bias for
either variable (internal rotation: P=0.69; external rotation: P=0.95).

[@TEERT It seems that hip internal rotation and external rotation ROM alone are not independent
predictors of non-contact ACL injury. However, combined rotational imbalance, particularly increased
internal rotation with limited external rotation, may contribute to altered knee loading patterns in high-
risk individuals. Multidimensional biomechanical assessment, rather than reliance on isolated hip ROM
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Introduction

on-contact anterior cruciate ligament (ACL)

injuries represent one of the most prevalent

and functionally limiting musculoskeletal

injuries in physically active populations.

The mechanism of non-contact ACL injury
typically involves a combination of excessive knee val-
gus, internal tibia rotation, and reduced neuromuscular
control during high-demand movements such as landing,
pivoting, or sudden deceleration. Given the substantial
physical, psychological and financial burden associated
with ACL injuries, including prolonged rehabilitation, re-
duced performance levels, increased risk of osteoarthritis,
and potential long-term disability, identifying modifiable
intrinsic risk factors remains a priority within sports in-
jury and Biomechanics researches.

Hip biomechanics play a central role in controlling
lower-extremity alignment during dynamic tasks. The hip
joint serves as a proximal stabilizer of the kinetic chain,
influencing knee valgus, rotational loading, and tibio-
femoral mechanics. Range of motion (ROM), particularly
internal rotation (IR) and external rotation (ER) are con-
sidered a critical factor in the capacity of the hip to ac-
commodate multiplanar forces. Altered hip rotation ROM
has been proposed as a potential risk factor for ACL in-
jury, as limited IR may restrict pelvic and femoral dissipa-
tion of torque, increasing the rotational load transmitted to
the knee. Conversely, excessive IR or insufficient ER may
facilitate dynamic valgus collapse, especially in popula-
tions with increased femoral anteversion or neuromus-
cular deficits. Despite these biomechanical justifications,
previous studies have reported conflicting findings, with
some showing a relationship between hip rotational ROM
and ACL injury, while others found no significant associ-
ation. A systematic synthesis of these findings is therefore
essential to clarify the role of hip rotation ROM in ACL
injury risk. This study aimed to conduct a comprehensive
systematic review and meta-analysis to determine wheth-
er hip IR and ER ROM differ between individuals with
non-contact ACL injuries and healthy subjects.

Methods

This systematic review and meta-analysis adhered to
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analyses) 2020 guidelines. A compre-
hensive literature search was performed in PubMed, Sco-
pus, Web of Science, ProQuest, ScienceDirect, Scientific
Information Database (SID), and Magiran from database
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inception to November 2025. Search terms included com-
binations of “ACL injury,” “anterior cruciate ligament,”
“hip internal rotation,” “hip external rotation,” “hip rota-
tion,” and “range of motion,” using Boolean operators.
No restrictions were applied regarding publication year,
language, or population.

Eligible studies should have met the following criteria:
(1) observational design (cross-sectional, case-control, or
cohort), (2) participants with confirmed non-contact ACL
injury verified by MRI or arthroscopy, (3) assessment of
hip IR and or ER ROM using static clinical methods such
as goniometry, (4) inclusion of a healthy control group,
and (5) provision of quantitative data (means and stan-
dard deviations) sufficient for effect size calculation. Ex-
clusion criteria included studies involving contact-related
injuries, dynamic or laboratory-based kinematic assess-
ments, cadaveric or animal studies, conference abstracts,
case reports, and articles without extractable data.

Two reviewers independently screened titles, abstracts,
and full texts. Inter-rater agreement between the two re-
viewers was assessed, and disagreements were resolved
through discussion or consultation with a third reviewer.
A standardized data extraction form was used to record
study characteristics, participant demographics, methods
of hip ROM measurement, and outcomes. Methodologi-
cal quality was assessed using the modified Downs and
Black checklist, focusing on reporting, internal validity,
external validity, and statistical power. Studies scoring be-
low eight were excluded from the meta-analysis.

A random-effects model was used to pool standardized
mean differences (SMD) with 95% confidence intervals.
Effect sizes were calculated as Cohen’s d based on group
means and standard deviations, and treated as SMD val-
ues for meta-analytic pooling. Heterogeneity was assessed
using Cochran’s Q and the I? statistic, with thresholds of
0%—-40% indicating minimal heterogeneity. Publication
bias was evaluated through funnel plot inspection and Eg-
ger’s regression tests. Sensitivity analyses were performed
by sequential leave-one-out procedures to assess the ro-
bustness of findings. Statistical analyses were conducted
using STATA 17.0, and significance was set at P<0.05.

Results

The search yielded a total of 14 studies (1437 partici-
pants) for hip IR and 13 studies (1113 participants) for
hip ER. The included studies comprised athletes and non-
athletes, with diverse age ranges and sports disciplines.
Measurement techniques were predominantly static clini-
cal goniometry in prone or supine positions.
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Based on meta-analysis, hip internal rotation ROM did
not significantly differ between individuals with non-con-
tact ACL injury and healthy controls (SMD=-0.60; 95%
CI, —1.40 to 0.20; P=0.14). Heterogeneity was negligible
(I>=0%), indicating consistency among included studies.
Similarly, hip external rotation ROM showed no signifi-
cant group differences (SMD=10.45; 95% CI, —1.23 to
0.33; P=0.26), with [*=0%. Sensitivity analyses indicated
that no single study disproportionately influenced pooled
outcomes, as effect sizes remained stable across leave-
one-out iterations for both IR and ER. Funnel plots dem-
onstrated symmetrical distribution of study effects, and
Egger’s tests confirmed the absence of publication bias
for both variables (P=0.69 for IR; P=0.95 for ER).

Overall, findings suggest a lack of evidence support-
ing hip rotational ROM deficits as isolated intrinsic risk
factors for ACL injury. Although some individual studies
reported significant reductions in hip rotation particularly
in female athletes or adolescents with increased femoral
anteversion. These patterns were not strong enough to
produce significant pooled effects.

Conclusion

This systematic review and meta-analysis found no sig-
nificant differences in hip internal or external rotation ROM
between individuals with non-contact ACL injuries and
healthy controls. These findings indicate that isolated hip
ROM measures may not serve as reliable independent pre-
dictors of ACL injury risk. However, rotational imbalance
specifically the combination of increased IR and reduced
ER may contribute to dynamic valgus alignment and in-
creased knee joint loading in high-risk populations. There-
fore, clinicians should avoid relying solely on static hip
ROM assessments for ACL injury risk screening. Instead,
a comprehensive, multifactorial approach incorporating
hip strength, neuromuscular control, dynamic stability, and
sport-specific biomechanics is recommended. Future pro-
spective cohort studies using standardized hip ROM assess-
ment protocols and incorporating structural variables such
as femoral anteversion may better elucidate the complex
role of hip mechanics in ACL injury risk. The ratio between
ER and IR is also recommended to be study as a risk factor.
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Study

Effect size Weight
with 95% Cl (%)

Bagherifard (2018)
Vandenberg (2017)
Amraee (2015)

Bedi (2016)
Budiniski(Right, 2016)
Budiniski(Left, 2016)

-0.60[-3.90, 2.70] 5.89
-0.77[-5.82, 428 252
-0.48[-2.20, 1.23] 21.88
-0.20[-2.55, 2.15] 11.60
-0.12[-3.88, 3.63] 4.56
0.12[-4.28, 452] 331

Yasuda(20186)

Tainaka (2014)

Daneshmandi (2012)

Daneshmandi (2011)

Gomes (2008)

Hertel (2004)

Lopes(2016)

Lopes{2017)

Overall

Heterogeneity: 7 = 0.00, I” = 0.00%, H* = 1.00
Test of 6, = 6 Q(13) = 2.66, p= 1.00
Testof0=0:2=-1.47,p=0.14

B 1.39[-9.38, 12.16] 055
-1.85[-452, 081] 903
0.28[-3.37, 393] 483
-023[-321, 275] 7.23
A77[-467, 113] 7862
-023[-5.65, 518 2.19
-120[-3.72, 132] 1012
0.08[-2.64, 2.80] 866

-0.60[-1.40, 0.20]

Random-effects REML model
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Omitted study

Effect size
with 95% ClI

p-value

Bagherifard (2018)
Vandenberg (2017)

-0.60 [ -1.43, 0.22]

Amraee (2015)

-0.60[-1.41, 0.21]

Bedi (2016)

-0.64 [ -1.54, 0.27]

-0.66 [ -1.51, 0.20]

Budiniski(Right, 2016)

-0.63[-1.45, 0.19]

Budiniski(Left, 2016)

-0.63 [ -1.44, 0.19]

Yasuda(2016)

-0.61 [ -1.42, 0.19]

Tainaka (2014)
Daneshmandi (2012)

-0.48 [ -1.32, 0.36]

Daneshmandi (2011)

-0.65[-1.47, 0.17]

Gomes (2008)

-0.63 [ -1.46, 0.20]

-0.51 [ -1.34, 0.33]

Hertel (2004)

-0.61 [ -1.42, 0.20]

Lopes(2016)

-0.54 [ -1.38, 0.31]

Lopes(2017)

-0.67 [-1.51, 0.17]

15
Random-effects REML model

0 5

0.153
0.148
0.169
0.132
0.135
0.131
0.134
0.264
0.122
0.137
0.234
0.140
0.214
0.119
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Effect size Weight

Study with 95% CI (%)
Bagherifard (2018) -0.02[-2.07, 2.03] 14.41
Vandenberg (2017) -0.55[-5.88, 478] 2.13
Amraee (2015) -0.17[-2.03, 1.69] 17.58
Budiniski(Right, 2016) 0.19[-4.23, 461] 3.1
Budiniski(Left, 2016) -0.05[-4.83, 473] 2.66
Yasuda(2016) B -1.74[-8.94, 546] 1.17
Tainaka (2014) -1.64[-3.92, 0.64] 11.66
Daneshmandi (2012) -0.21[-2.61, 2.20] 10.49
Daneshmandi (2011) -0.66[-3.04, 1.73] 10.65
Gomes(2008) -0.10[-3.56, 3.36] 5.08
Hertel (2004) 0.10[-5.43, 5.63] 198
Lopes(2016) -1.10[-3.50, 1.30] 10.58
Lopes(2017) 0.14[-2.53, 2.81] 8.49
Overall -0.45[-1.23, 0.33]

Heterogeneity: ©° = 0.00, I’ = 0.00%, H” = 1.00
Test of 6, = 6;: Q(12) = 2.15, p = 1.00
Testof6=0:2z=-1.13,p =0.26

Random-effects REML model
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Omitted study
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Effect size

with 95% CI p-value

Bagherifard (2018)
Vandenberg (2017)
Amraee (2015)
Budiniski(Right, 20186)
Budiniski(Left, 20186)
Yasuda(2016)
Tainaka (2014)
Daneshmandi (2012)
Daneshmandi (2011)
Gomes(2008)

Hertel (2004)
Lopes(2016)
Lopes(2017)

A5

-1

Random-effects REML model

0.223
0.264
0.244
0.243
0.252
0.276
0.488
0.254
0.311
0.250
0.250
0.374
0.224

-0.52 [ -1.37, 0.32]
-0.45 [ -1.24, 0.34]
-0.51 [-1.37, 0.35]
-0.47 [ -1.26, 0.32]
-0.46 [ -1.25, 0.33]
-0.44[-1.22, 0.35]
-0.29[-1.12, 0.54]
-0.48 [ -1.30, 0.34]
-0.43 [ -1.25, 0.40]
-0.47 [-1.27, 0.33]
-0.46 [ -1.25, 0.33]
-0.37 [ -1.20, 0.45]
051 [-1.32, 0.31]
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