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Examining the effects of femoral anteversion 
and passive hip rotation on ACL injury 
and knee biomechanics: a systematic review 
and meta‑analysis
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Abstract 

Purpose:  Greater femoral internal rotation (via anteversion or passive hip ROM) is associated with knee biomechanics 
thought to contribute to anterior cruciate ligament (ACL) injury, but it is unknown if femoral internal rotation contrib-
utes to actual ACL injury occurrence. The objective of this systematic review and meta-analysis was to quantify the 
extent to which femoral anteversion and hip range of motion (ROM) influence knee biomechanics consistent with 
ACL injury and actual ACL injury occurrence.

Methods:  Using PRISMA guidelines, PubMed, CINAHL, SportDiscus, and Scopus databases were searched. Inclusion 
criteria were available passive hip ROM or femoral anteversion measure, ACL injury OR biomechanical analysis of func-
tional task. Two reviewers independently reviewed titles, abstracts, and full texts when warranted. Included studies 
were submitted to Downs & Black Quality Assessment Tool. Meta-analyses were conducted for comparisons including 
at least two studies.

Results:  Twenty-three studies were included (11 injury outcome, 12 biomechanical outcome). Decreased internal 
rotation ROM was significantly associated with history of ACL injury (MD -5.02°; 95% CI [-8.77°—-1.27°]; p = 0.01; 
n = 10). There was no significant effect between passive external rotation and ACL injury (MD -2.62°; 95% CI [-5.66°—- 
0.41°]; p = 0.09; n = 9) Participants displaying greater frontal plane knee projection angle had greater passive external 
rotation (MD 4.77°; 95% CI [1.17° – 8.37°]; p = 0.01; n = 3). There was no significant effect between femoral anteversion 
and ACL injury (MD -0.46°; 95% CI [-2.23°—1.31°]; p = 0.61; n = 2). No within-sex differences were observed between 
injured and uninjured males and females (p range = 0.09 – 0.63).

Conclusion:  Though individuals with injured ACLs have statistically less passive internal and external rotation, the 
observed heterogeneity precludes generalizability. There is no evidence that femoral anteversion influences biome-
chanics or ACL injury. Well-designed studies using reliable methods are needed to investigate biomechanical patterns 
associated with more extreme ROM values within each sex, and their prospective associations with ACL injury.

Level of evidence: IV.
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Introduction
Of the more than 150,000 ACL injuries that occur annu-
ally in the United States, 70% occur through non-contact 
mechanisms [7, 8]. These mechanisms have been studied 
extensively both in vivo and in vitro [2, 5], and have led 
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to the idea that functional valgus collapse, a multiplanar 
mechanism, may put one at risk of ACL injury [42]. The 
combination of hip adduction and internal rotation and 
tibial abduction and external rotation mechanism was 
first proposed as an ACL injury mechanism by Ireland 
[24] and subsequently documented in retrospective vide-
ographic studies [8, 29]. Compared with sex-matched 
controls, ACL-injured subjects moved progressively into 
greater dynamic knee valgus, with the injured cohort dis-
playing frontal plane knee angles ten degrees greater than 
uninjured controls at the assumed moment of injury (30-
50 ms after initial contact) [8, 18, 30]. Moreover, females 
are reported to display this valgus collapse injury mecha-
nism more frequently than males [29].

As ACL injury mechanisms are becoming better under-
stood, attention has turned toward factors precipitat-
ing the poor knee biomechanics that may contribute to 
these mechanisms. It is accepted that movement occurs 
in a proximal-to-distal fashion [14, 27], particularly in 
an open-kinetic chain system, where movement is gen-
erated proximally and transferred distally. Because ACL 
injuries occur so quickly following initial ground contact 
(30-50  ms) [30] it is possible that proximal factors also 
influence closed-chain ACL injury mechanisms as the 
literature suggests that aberrant hip kinematics may con-
tribute to poor knee biomechanics [21, 25, 46]. Because 
the hip and knee are coupled joints, knee abduction 
and rotation may follow hip adduction and hip rotation, 
respectively, when the foot is fixed [23]. Thus, dynami-
cally controlling the hip may be crucial to improved knee 
control.

Two characteristics thought to influence dynamic hip 
adduction and internal rotation are femoral antever-
sion and hip range of motion (ROM) [21, 38]. Specifi-
cally, increased femoral anteversion and greater internal 
rotation ROM are suggested to bias the femur toward 
internal rotation and adduction at the hip, which may 
predispose one to greater valgus collapse at the knee [39, 
40, 46]. Consistent with this theory, females are known 
to have greater amounts of both femoral anteversion 
and hip internal rotation ROM [37, 41] as well as greater 
prevalence of valgus collapse. Moreover, retrospec-
tive evidence suggests a link between increased femoral 
anteversion/hip ROM and ACL injury status [16, 48]. It 
is unknown whether femoral anteversion and passive hip 
ROM influence biomechanics and ACL injury status in a 
consistent manner (i.e. a femur biased to internal rotation 
is associated with greater valgus AND higher ACL injury 
risk). In other words, is valgus collapse the mechanistic 
connection between femoral orientation and ACL injury 
status, and are these relationships different between 
sexes? Understanding the underlying risk factors that 
promote both high-risk biomechanics and ACL injury are 

important for informing neuromuscular training strate-
gies and determining proximal characteristics may ulti-
mately influence ACL injury risk in men and women.

The objective of this systematic review was to pool rel-
evant literature and quantify the extent to which femoral 
anteversion and hip ROM influence knee biomechan-
ics, specifically measures of functional valgus, and ACL 
injury. Specifically, the following questions were of inter-
est: 1) Do femoral anteversion and hip ROM impact 
ACL injury occurrence? 2) Do femoral anteversion and 
hip ROM impact knee biomechanics? 3) Is there evi-
dence to support a sex-specific injury mechanism? (i.e., 
Are the relationships between femoral anteversion and 
hip ROM with knee biomechanics and injury outcomes 
different in males and females?). We hypothesized that 
greater femoral anteversion and hip internal rotation and 
lesser external rotation will be associated with greater 
functional valgus collapse and with a higher incidence 
of ACL injury. Additionally, we hypothesized that both 
effects would be greater in female cohorts. Answering 
these questions is necessary to determine if femoral ante-
version and hip ROM contribute to ACL injury through 
altering biomechanics, and if risk factors are the same for 
males and females.

Methods
Study design
This systematic review was conducted according to 
PRISMA guidelines [34]. Because there was no direct 
interaction with participants, Institutional Review Board 
approval was unnecessary. This systematic review did not 
use a registered protocol and was not supported by any 
external funding.

Search strategy
An initial electronic search of PubMed, CINAHL, 
SPORTDiscus, and Scopus was conducted on April 21, 
2016, and a follow-up search was conducted on May 5, 
2021. No restrictions were placed on the date of publica-
tion, nor were any initial restrictions placed on language. 
The following search strategy was used: (anterior cruciate 
ligament OR ACL) AND hip AND (range of motion OR 
rotation OR anteversion).

Eligibility criteria
Studies were included in this systematic review if they 
met the following criteria: 1) the study design was pro-
spective, retrospective or cross-sectional, 2) the sample 
cohort consisted of athletes or healthy participants, 3) 
detailed methods of hip ROM and/or femoral antever-
sion were reported, such that it would be easily replica-
ble, 4) means and standard deviations for hip ROM and/
or femoral anteversion were provided, or sufficient data 
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were available to compute an effect size, 5) participants 
with ACL injury had their injury verified surgically or 
via MRI, and 6) participants undergoing biomechanical 
assessment must have had 3D or 2D knee and hip biome-
chanical evaluation during a functional task (squatting, 
cutting, or landing) were reported. Prospective and ret-
rospective studies were considered appropriate for deter-
mining the relationship between femoral anteversion, 
hip ROM, and ACL injury. Cross-sectional studies were 
considered appropriate for determining the relationship 
between femoral anteversion, hip ROM, and biome-
chanics. Thus, both types of studies were considered for 
inclusion. If a study was identified that appeared to fit the 
above criteria, but key data were missing (e.g., sex-strat-
ified descriptive data), the author was contacted for the 
necessary information.

Study selection
Compilation and management of all retrieved arti-
cles were conducted using Excel Workbooks for Sys-
tematic Reviews (Helena VonVille, University of Texas 
School of Public Health Library, 2015). The initial and 
final searches were conducted by the primary author 
(JAH) on April 21, 2016 and May 5, 2021, respectively. 
After duplicates were removed, all titles and abstracts 
were independently screened for initial inclusion by 
two reviewers (JAH & JPW). Discrepancies between 
the two reviewers were settled by consensus. If no 

consensus could be reached, a third reviewer (SJS) was 
consulted. All remaining articles then underwent full-
text review by both reviewers. Each remaining article 
was read in its entirety, and final eligibility was deter-
mined based on the above criteria. Reference lists of all 
included studies were hand-searched by two review-
ers (JAH & JPW) to identify additional studies fitting 
inclusion criteria. Cohen’s Kappa was calculated after 
initial review and before reconciliation of differences to 
determine inter-reviewer agreement.

Quality assessment
The quality of each included study was examined using 
the Quality Index developed by Downs & Black [13] for 
the assessment of non-randomized studies. The origi-
nal checklist consists of 27 items; however, not all 27 
items were applicable to the chosen study design. Thus, 
a modified 14 item checklist was used, broken into four 
subscales: Reporting, External Validity, Internal Valid-
ity-Bias, and Internal Validity-Confounding (Table  1). 
The original checklist was reported to have a Spear-
man’s correlation coefficient of 0.79 for test–retest reli-
ability and 0.75 for inter-rater reliability [13]. Reported 
kappa values for test–retest reliability of the items 
included on the modified checklist ranged from 0.35–
1.00, with a mean of 0.65. One reviewer (JAH) assessed 
the quality of each included study.

Table 1  Modified Downs & Black Quality Index

*Adapted from Downs & Black, 1998

Reporting

Q1. Is the hypothesis/objective of the study clearly described?

Q2. Are the main outcomes to be measured clearly described in the Introduction or Methods?

Q3. Are the characteristics of the patients included in the study clearly described?

Q5. Are the distributions of principal confounder in each group of subjects to be compared clearly described?

Q6. Are the main findings of the study clearly described?

Q7. Does the study provide estimates of the random variability in the data for the main outcomes?

Q10. Have actual probability values been reported (e.g. 0.035 rather than < 0.05) for the main outcomes except where the probability value is less than 
0.001?

External Validity
Q11. Were the subjects asked to participate in the study representative of the entire population from which they were recruited?

Internal Validity-Bias
Q15. Was an attempt made to blind those measuring the main outcomes of the intervention? (only for retrospective studies)

Q16. If any of the results of the study were based on “data dredging”, was this made clear?

Q18. Were the statistical tests used to assess the main outcomes appropriate?

Q20. Were the main outcome measures used accurate (valid and reliable)?

Internal Validity-Confounding
Q21. Were the patients in different intervention groups (trials and cohort studies) or were the cases and controls (case–control studies) recruited from 
the same population? (only for retrospective studies)

Q27. Did the study have sufficient power to detect a clinically important effect where the probability value for a difference being due to chance is less 
than 5%?
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Data extraction
The following data were extracted from every included 
study: participant activity level, participant age, descrip-
tive statistics (mean ± SD) of femoral anteversion and/or 
hip ROM, reliability (if available), and effect size (Cohen’s 
d). For studies in which ACL injury was the outcome, the 
amount of time elapsed between ACL injury and clini-
cal measurement was also extracted. For biomechani-
cal studies, the functional task used and its associated 
kinematic or kinetic outcome variables were extracted. 
For all included studies, if no effect size was reported, 
then Cohen’s d was calculated between ACL-injured 
and healthy groups, or between high-risk and low-risk 
groups. If the effect size was reported as an R2 value, it 
was re-expressed as a Cohen’s d for more ready com-
parison. If reported data were insufficient to calculate 
an effect size, the author was contacted for further infor-
mation [6, 9, 11]. Meta-analyses were performed for all 
between-group comparisons (i.e., ACL-injured v. healthy, 
displaying medial knee displacement v. no medial knee 
displacement) containing at least two studies.

Results
Search results
An electronic database search of PubMed, SPORTDiscus, 
CINAHL, and Scopus yielded 1,013 titles and abstracts. 
After 478 duplicates were removed, the remaining 535 
titles and abstracts were screened by two reviewers (JAH 
& JPW) for initial eligibility (Cohen’s κ = 0.87, 95% CI 
0.76–0.98). After which, two reviewers read the full-text 
of 39 articles to determine eligibility for final inclusion. 
Of the 39 studies reviewed, 18 were excluded, leaving 
21 studies. The reference lists of the remaining studies 
were inspected for relevant articles, of which two addi-
tional articles were found. Thus, a total of 23 studies were 
included in the final review (Fig. 1).

Study characteristics
Of the 23 studies included in this review, eleven were of 
a retrospective design reporting ACL injury and twelve 
were cross-sectional studies assessing lower extremity 
biomechanics. General characteristics of these studies 
are presented in Tables 2 and 3.

Studies with ACL injury as the outcome
All participants in the retrospective injury risk studies 
were considered recreationally active. All studies except 
for one [31] were predominantly made up of participants 
under age 30, with two [31, 32] including participants up 
to age 40. Thus, the ages of the sample populations across 
studies were rather homogenous. Male participants 
across studies numbered 979, in contrast to 244 females. 
The time elapsed between ACL injury occurrence and 

data collection varied widely between studies, ranging 
from a few weeks up to five years. Four studies [16, 32, 
42] did not report time elapsed between injury occur-
rence and data collection.

Quality assessment scores for each study are detailed 
in Table  4. The average Downs & Black Quality Index 
score in the retrospective injury risk studies was 9.5/14 
(range = 8–13). The most commonly neglected items 
were blinding of the investigator and reporting of statisti-
cal power.

Detailed results of each injury risk study are presented 
in Table 5. Meta-analyses were conducted for the injury 
risk studies to assess aggregate between-group differ-
ences in femoral anteversion, passive internal rotation 
and external rotation between injured limbs and healthy 
control limbs. Fewer degrees of passive internal rotation 
was significantly associated with history of ACL injury 
based on the compiled data of 10 studies (MD -5.02°; 95% 
CI [-8.77°—-1.27°]; p = 0.01; n = 10) (Fig. 2). There was no 
significant effect between passive external rotation and 
ACL injury when examining the metadata of nine stud-
ies (MD -2.62°; 95% CI [-5.66° – 0.41°]; p = 0.09; n = 9) 
(Fig. 3). A meta-analysis of two studies, both in females, 
revealed no significant effect between femoral antever-
sion and ACL injury (MD -0.46°; 95% CI [-2.23° – 1.31°]; 
p = 0.61; n = 2) (Fig. 4).

Heterogeneity within the retrospective ACL injury 
studies was highly variable; I2 ranged from 20% for the 
influence of femoral anteversion on ACL injury to 90% 
and 92% for the influence of internal and external rota-
tion on ACL injury, respectively.

Cross‑sectional studies where lower extremity biomechanics 
was the outcome
With one exception (not reported) [9], all participants in 
the biomechanical studies were deemed physically active, 
and all were below the age of 30. Unlike the injury stud-
ies, which were composed mostly of males, the biome-
chanical studies included 452 females and 375 males. Of 
the twelve studies, eleven used a squat or jump landing 
variation to determine the influence of femoral antever-
sion and passive hip rotation on biomechanics. Of these 
eleven, three used a double-leg task [4, 40, 47] and eight 
opted for a single-leg task [6, 19–21, 26, 35, 38, 44]. A 
single study chose a side-cutting task [9]. Seven of the 
studies measured valgus motion via 3D biomechanics 
[9, 19–21, 26, 38, 40]; the remaining five [4, 6, 35, 44, 47] 
measured 2D frontal plane knee motion.

The average Downs & Black score for the cross-sec-
tional biomechanical studies was 10.5/12 (range = 8–12). 
Though the majority of these studies also omitted men-
tion of statistical power, they generally scored higher on 
the Quality Index scale than did the retrospective injury 
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risk studies. Because 2D biomechanics represent dif-
ferent movement patterns than 3D mechanics, they are 
reported separately below.

Biomechanical 2D results  Detailed results of each bio-
mechanical study are presented in Table 6. Of the seven 
studies assessing 2D biomechanics, three studies [6, 35, 
47] examined the association between femoral antever-
sion and passive internal rotation and 2D medial knee 

displacement (knee abduction) using single-leg squats [6, 
35] or double-leg jump landings [47] (Figs. 5 and 6). Only 
one study [6] detected a small effect (d = 0.3; p = 0.04) 
during a single-leg squat between groups displaying high 
and low internal rotation ROM. Three studies [4, 35, 47] 
examined the association between passive external rota-
tion and 2D medial knee displacement using an overhead 
squat [4], a single-leg squat [35], and a double-leg jump 
landing [47] (Fig.  6). All three studies observed greater 

Fig. 1  Flow diagram depicting study selection
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passive external rotation in participants with medial 
knee displacement (collectively, participants with greater 
external rotation ROM displayed 4.77° greater two-
dimensional frontal plane knee angle), though Bell (2008) 
[12] was the only study in which the external rotation 

difference was significant (MD 9.40°; CI [2.97 – 15.83]; 
p = 0.01).

Biomechanical 3D results  Five studies [19, 20, 26, 
38, 40] examined the relationship between femoral 

Table 2  Characteristics of included injury studies

Note: M male; F female

Study (year) Participants Age of Participants (yrs) Time Elapsed Post Injury Level of Evidence

Bagherifard et al. (2018) [1] 127 non-professional athletes 
with ACL injury (13F, 113 M), 
90 (11F, 79 M) non-ACL injured 
patients

27.8 ± 6.1 and 28.9 ± 6.3,  
respectively

Not reported Level III

Bedi et al. (2016) [3] 34 injured National Football 
League players; 290 uninjured 
National Football League players

Not reported Not reported Level IV

Budinski et al. (2016) [11] 60 active ACL-injured males 
(uninjured limb control)

24.86 (range 15–46 years)  < 6 months Level III

Daneshmandi et al. (2012) [12] 20 injured females, 20 uninjured 
females

24.9 ± 5.8 and 24.8 ± 5.6,  
respectively

2 years Level III

Gomes et al. (2008) [16] 50 injured male soccer athletes, 
50 injured male soccer controls

28.1 ± 5.7 and 23.3 ± 5.4,  
respectively

Not reported Level III

Hertel et al. (2004) [17] 20 ACL injured (10F, 10 M), 20 
uninjured controls (10F, 10 M)

20.7 ± 1.4 and 20.4 ± 1.2,  
respectively

3–84 months Level III

Kramer et al. (2007) [28] 33 ACL injured females, 33 
female controls

21 ± 2.1 and 19.6 ± 1.3,  
respectively

5 years Level III

Lopes et al. (2016) [31] 45 non-contact ACL injured 
males, 35 contact ACL injured 
males

Aged 18–40  < 6 months Level III

Lopes et al. (2017) [32] 41 male ACL-injured patients, 39 
male uninjured patients

Aged 20–40 Not reported Level III

Tainaka et al. (2014) [48] 44 ACL injured (21F, 23 M), 123 
healthy controls (49F, 74 M)

Aged 13–17 Several weeks Level III

VandenBerg et al. (2017) [49] 25 ACL-injured (12F, 13 M) and 25 
control patients (12F, 13 M)

22.8 ± 7.2 and 24.5 ± 7.9,  
respectively

Within 3 months post-injury Level III

Table 3  Characteristics of included biomechanical studies

Note: M male; F female

Study (year) Participants Age of Participants (yrs) Level of Evidence

Bell et al. (2008) [4] 37 healthy participants (15F, 4 M) 20.7 ± 2.1 Level IV

Bittencourt et al. (2012) [6] 254 athletes (79F, 175 M) 16.6 ± 5.0 Level IV

Breen et al. (2010) [9] 16 participants (8F, 8 M) 21 ± 3 Level IV

Hogg et al. (2019) [20] 20 healthy participants (20F) 24.9 ± 4.1 Level IV

Hogg et al. (2021) [19] 90 healthy participants (45F, 45 M) 20.5 ± 1.9 Level IV

Howard et al. (2011) [21] 45 healthy participants (30F, 15 M) 21 ± 2 Level IV

Kaneko et al. (2013) [26] 16 healthy females 20.8 ± 1.0 Level IV

Mauntel et al. (2013) [35] 20 healthy females and 20 males 20.2 ± 1.7 Level IV

Nguyen et al. (2015) [40] 141 active adults (91F, 50 M) 21.7 ± 2.7 Level IV

Nguyen et al. (2011) [38] 60 healthy adults (30F, 30 M) 23.1 ± 3.1 Level IV

Rabin & Kozol (2010) [44] 29 healthy females 24.3 ± 3.2 Level IV

Stiffler et al. (2015) [47] 27 active subjects with medial knee displacement (21F, 
6 M), 70 controls (48F, 22 M)

20.2 ± 1.4 and 20.3 ± 1.5, 
respectively

Level IV
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anteversion and three-dimensional valgus measured 
as initial contact joint angle [26], peak joint angle 
[19, 20, 26, 40], peak joint moment [19, 20, 40] and/
or joint excursions [38] using a single-leg jump land-
ing [26], single-leg forward landing [19, 20], single-
leg squat [38], or double-leg drop jump [40]. Due 
to varying functional tasks, a meta-analysis was not 
possible. However, generally, greater femoral ante-
version was associated with greater initial and peak 
hip flexion (d range = 0.2 – 1.6) [26], peak knee val-
gus angle (d range = 0.1 – 1.5) [19, 20, 26, 40], peak 
hip internal rotation moment (d range = 0.2–0.9) 
[19, 20, 40], and peak hip internal rotation angle (d 
range = 0.2 – 0.7) [19, 20, 40]. Four studies [9, 19–
21] examined the relationship between hip ROM 
and 3D biomechanics, and generally revealed that 
greater passive internal rotation was predictive of 
greater frontal plane hip and knee excursions (d 
range = 0.7–1.2) [21] and frontal and transverse 
plane knee moments (d range = 0.1–1.0) [19, 20].

Evidence for a sex‑specific effect
Where available, data were stratified by sex and reported 
in Table  7. Eight injury outcome studies reported sex-
specific data (130 females, 670 males). From these stud-
ies, ROM differences between injured and uninjured 
females could be computed in two studies, and between 
injured and uninjured males in 6 studies. In females, 
there were no significant differences in passive internal 
(MD = 1.60°; p = 0.68) or external (MD = 1.10°; p = 0.33) 
rotation between ACL-injured and non-injured females 
[12, 49]. Similarly, in males, there were no significant 
differences in internal (MD = 3.75°; p = 0.09) or external 
(MD = 1.99°; p = 0.22) rotation between ACL-injured 
and non-injured males [3, 11, 16, 32, 42, 49]. Only one of 
the 8 studies included both males and females [49], and 
restricted internal and external rotation was associated 
with greater injury occurrence only in females.

Sex-specific data were available for four biomechani-
cal studies, including 189 females and 220 males [6, 19, 
20, 26, 44]. Only one within study biomechanical sex 

Table 4  Downs & Black Quality Index Scores for included studies

Reporting External Validity Internal Validity-Bias Internal 
Validity-
Confounding

no = 0, yes = 1 Q1 Q2 Q3 Q5 Q6 Q7 Q10 Q11 Q15 Q16 Q18 Q20 Q21 Q27 Total

Injury outcome

Bagherifard(2018) [1] 0 1 1 1 1 1 0 1 0 0 1 0 1 0 8
Budinski(2016) [11] 0 1 0 1 1 1 1 1 0 1 0 0 1 0 8
Bedi(2016) [3] 1 1 1 1 0 0 1 1 0 1 1 0 1 0 9
Daneshmandi(2012) [12] 0 1 1 1 1 1 1 1 0 1 1 1 0 0 10
Gomes(2008) [16] 1 1 1 0 1 1 1 1 0 0 1 0 0 0 8
Hertel(2004) [17] 1 1 1 1 1 1 1 1 0 1 1 1 1 0 12
Kramer(2007) [28] 0 1 1 1 1 1 1 1 0 1 1 0 0 0 9
Lopes(2016) [31] 1 1 1 0 1 1 1 1 1 0 0 0 0 1 9
Lopes(2017) [32] 0 1 0 0 1 1 1 1 1 1 1 0 0 0 8
Tainaka(2014) [48] 0 1 1 1 1 1 1 1 0 1 1 1 1 0 11
VandenBerg(2017) [49] 1 1 1 1 1 1 1 1 0 1 1 1 1 1 13
Biomechanic outcome

Bell(2008) [4] 1 1 1 1 1 1 1 1 NA 1 1 1 NA 1 12
Bittencourt(2012) [6] 0 1 1 1 1 1 1 1 NA 1 1 1 NA 0 10
Breen(2010) [9] 1 1 0 1 1 0 1 1 NA 1 0 0 NA 1 8
Hogg(2019) [20] 1 1 1 1 1 1 1 1 NA 1 1 1 NA 0 11
Hogg (2021)[19] 1 1 1 1 1 1 1 1 NA 1 1 1 NA 1 12
Howard(2011) [21] 1 1 1 1 1 1 1 1 NA 1 1 1 NA 1 12
Kaneko(2013) [26] 1 1 1 1 1 1 0 1 NA 1 0 0 NA 0 8
Mauntel(2013) [35] 1 1 1 1 1 1 1 1 NA 1 1 1 NA 1 12
Nguyen(2015) [40] 1 1 1 1 1 1 1 1 NA 1 1 1 NA 0 11
Nguyen(2011) [38] 1 1 1 1 1 1 0 1 NA 1 1 1 NA 0 10
Rabin(2010) [44] 1 1 1 1 1 1 0 1 NA 1 1 1 NA 0 10
Stiffler(2015) [47] 1 1 1 1 1 1 1 1 NA 1 1 0 NA 0 10
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Table 5  Results of studies examining the relationship between transverse plane femoral alignment and history of ACL injury

Study (year) Clinical Measure(s) Clinical Measure(s) Mean 
(SD)
(injured, control)

Reliability of Clinical 
Measure

P value Effect size 
(Cohen’s 
d)

Bagherifard et al. (2018) [1] Internal rotation ROM
External rotation ROM

33.5(13.3), 40.3(10.5)
49.4(8.0), 49.6(7.0)

Not reported  < .001
 > .05

0.6
0.0

Budinski et al. (2016) [11] Internal rotation ROM
External rotation ROM

30.9(11.6), 30.9(10.8)
39.8(11.5), 40.2(11.1)

Not reported  > .99
.85

0.0
0.0

Bedi et al. (2016) [3] Internal rotation ROM 23.4(7.6), 24.5(6.5) Not reported .36 0.2

Daneshmandi et al. (2012) [12] Femoral anteversion Internal 
rotation ROM
External rotation ROM

17.4(5.5), 16.0(6.7)
40.9(5.8), 39.2(6.0)
36.4(3.8), 37.2(3.9)

ICC > .85 (SEM not reported) .46
.38
.51

0.2
0.3
0.2

Gomes et al. (2008) [16] Internal rotation ROM External 
rotation ROM

26.4(7.7), 39.0(7.1)
42.1(9.3), 43.3(8.3)

Not reported .001
.48

1.7
0.1

Hertel et al. (2004) [17] Internal rotation ROM External 
rotation ROM

39.1(8.3), 41.2(9.1)
31.4(8.9), 30.5(9.0)

ICC > .70 (SEM not reported) .30
.35

0.2
0.1

Kramer et al. (2007) [28] Femoral anteversion 10.2(3.0), 11.1(2.7) Not reported .06 0.3

Lopes et al. (2016) [31] Internal rotation ROM
External rotation ROM

28.6(5.7), 35.6(5.7)
37.5(4.3), 43.7(6.6)

Not reported .001
.001

1.2
1.1

Lopes et al. (2017) [32] Internal rotation ROM
External rotation ROM

33.4(6.4), 32.9(6.0) 41.1(5.8), 
40.2(6.4)

ICC = 0.98 (SEM not reported) .67
.50

0.1
0.1

Tainaka et al. (2014) [48] Internal rotation ROM
External rotation ROM

35.0(9.1), 50.2(7.2)
45.7(6.1), 56.3(6.8)

Test–retest Pearson R > .85 .0001
.0001

1.9
1.6

VandenBerg et al. (2017) [49] Internal rotation ROM
External rotation ROM

23.4(7.6), 30.4(10.4)
36.9(8.4), 42.2(10.7)

ICC = 0.90 (SEM not reported) .01
.06

0.8
0.6

Fig. 2  Meta-analysis results detailing the association between passive internal rotation ROM and ACL injury

Fig. 3  Meta-analysis results detailing the association between passive external rotation ROM and ACL injury
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comparison was possible [6]. During a jump landing, 
females displaying risky biomechanics (high frontal plane 
knee projection angle) trended toward greater passive 
internal rotation ROM than females displaying safer bio-
mechanics, but this was not significant (p = 0.08, d = 0.7). 
This trend was not observed in the corresponding male 
cohort (p = 0.95, d = 0.0). Conversely, during a single-leg 
squat, there was no difference in internal rotation ROM 
between females displaying greater or fewer frontal plane 
knee projection angles, while males who had 6.4° less 
internal rotation ROM displayed more risky frontal plane 
knee movement (p = 0.04, d = 0.4) [6].

Discussion
Our hypotheses were not supported. Although a relation-
ship was observed between hip ROM and ACL injury, the 
direction of the relationship was contrary to our hypoth-
esis. Specifically, ACL-injured individuals had approxi-
mately 5° less available passive internal rotation (p = 0.01). 
Given these findings, and the trend toward ACL injured 
also having 3° less passive external rotation (p = 0.09) 
than healthy participants, this evidence may suggest that 
tighter hips are problematic in terms of noncontact ACL 
injury risk. In regards to our second research question, 
greater femoral anteversion and passive internal rota-
tion are more often than not associated with frontal and 
transverse plane hip and knee indicators of dynamic val-
gus, but there were not sufficient data to conduct meta-
analyses with biomechanical studies. With regards to our 
third research question, though the existence of a sex-
specific ACL injury mechanism was not supported with 
this systematic review, the different trends noted in ROM 
patterns with both knee biomechanics and ACL injury 
(less range of motion in males, greater range of motion 
in females) warrant further investigation. Specifically, 
fewer degrees of passive ROM in males associated with 
both risky biomechanics and injury; whereas in females 
greater passive internal rotation associated with risky 
biomechanics but not with injury.

Passive hip ROM and ACL injury
The most salient finding of this meta-analysis was that 
participants with ACL injuries had 5.02° less internal 
rotation ROM than did healthy control participants (979 
males, 178 females included). This finding was contrary 

to our hypothesis that greater passive internal rotation 
would predispose one to higher ACL injury risk; how-
ever, this is consistent with a related systematic review 
that investigated healthy and injured ROM differences 
in  vivo and in  vitro [10]. Our findings are also consist-
ent with cadaveric research [8], which demonstrated that 
limited hip internal rotation predicted higher cumula-
tive ACL strain. They theorized that a restriction of hip 
internal rotation would necessitate a compensatory 
increase in internal tibial movement in order to com-
plete the desired movement outcome. Greater internal 
tibial movement, in turn, has consistently been shown 
to increase in  situ ACL strain [15, 29, 33, 36]. This may 
also explain the trend toward lesser passive hip exter-
nal in ACL injured (thus greater total hip restriction), 
which may further exacerbate tibiofemoral joint com-
pensations. Though the link between lesser hip ROM and 
risky biomechanics is admittedly speculative, having less 
available passive internal rotation may correspond with 
one’s ability to generate sufficient hip external rotation 
torque. Deficits in hip external rotation moments have 
been demonstrated to put one at risk of ACL injury [45], 
possibly related to a weak gluteus maximus. Because the 
gluteus maximus both externally rotates and extends 
the hip, a weak gluteus maximus would result in poor 
eccentric control of hip internal rotation and hip flexion. 
Decreased hip flexion during landing is hypothesized to 
be an ACL injury mechanism [22]. Further research is 
warranted to determine the efficacy of gluteal strength-
ening to improve eccentric control of both hip flexion 
and internal rotation.

Despite the statistical significance of the meta-analyses, 
the high heterogeneity of the included literature should 
caution readers against broad application of these find-
ings. Among the six studies detailing the association 
between passive internal rotation and ACL injury, the 
observed I2 was 92%. For the five studies analyzing pas-
sive external rotation and ACL injury, I2 was 90%. This 
means that 92% and 90% of the between-study varia-
tion cannot be attributed to chance, but instead are the 
results of underlying differences in study design  and 
characteristics. Study quality could possibly have con-
tributed to the observed heterogeneity. Of the ten stud-
ies comparing either internal or external rotation in 
ACL-injured and healthy participants, seven of them did 

Fig. 4  Meta-analysis results detailing the association between femoral anteversion and ACL injury



Page 10 of 16Hogg et al. Journal of Experimental Orthopaedics            (2022) 9:40 

Table 6  Results of studies examining the relationship between transverse plane femoral alignment and biomechanics during a 
functional task

Study (year) Clinical 
Measure(s)

Clinical 
Measure(s) 
Mean (SD)
(high risk, low risk 
(if applicable)

Reliability of 
Clinical Measure 
(ICC(SEM)

Functional Task Outcome 
Measure(s)

P value Effect size
(Cohen’s d)

Bell et al. (2008) [4] External rotation 
ROM

61.3(9.0), 51.9(10.9) .87-.96 (1.6–2.6°) Overhead squat 2D medial knee 
displacement

.01 0.9

Bittencourt et al. 
(2012) [6]

Internal rotation 
ROM

41.6(13.1), 
46.3(15.1)
46.9(11.6), 
44.6(17.0)

.99 (1.5°) Single leg squat 
and jump landing

Frontal plane pro-
jection angle

.04

.43
0.3
0.2

Breen et al. (2010) 
[9]

Internal rotation 
ROM
External rotation 
ROM

30.29(8.8), 
44.46(6.0)
43.21(8.7), 
46.54(8.0)

Not reported Maximal drop jump 
with diagonal side 
cut

Knee flexion at 
initial contact
Hip flexion at initial 
contact
Dorsiflexion at 
initial contact
Thigh rotation at 
initial contact
Shank rotation at 
initial contact

.003

.87

.31

.32

.14

1.8
0.1
0.6
0.5
0.8

Hogg et al
(2019) [20]

Internal rotation 
ROM
External rotation 
ROM
Femoral antever-
sion

31.3 ± 8.4
44.6 ± 9.8
10.3 ± 5.8

.97(1.6)

.85(3.3)

.92(1.2)

Single-leg forward 
landing

Peak hip adduction 
moment

.63

.75

.91

0.8
0.2
0.1

Peak hip internal 
rotation moment

.10

.85

.07

0.8
0.1
0.9

Peak knee abduc-
tion moment

.05

.95

.57

1.0
0.0
0.3

Peak knee internal 
rotation moment

.16

.09

.92

0.7
0.9
0.0

Peak hip adduction 
angle

.47

.78

.88

0.3
0.1
0.1

Peak hip internal 
rotation angle

.40

.70

.13

0.4
0.2
0.7

Peak knee abduc-
tion angle

.63

.81

.87

0.2
0.1
0.1

Peak knee internal 
rotation angle

.68

.36

.86

0.2
0.4
0.1

Hogg et al. (2021) 
[19]

Internal rotation 
ROM
External rotation 
ROM
Femoral antever-
sion

.97(1.6)

.85(3.3)

.92(1.2)

Single-leg forward 
landing

Peak hip adduction 
moment

.07

.77

.02

0.4
0.1
0.5

Peak hip internal 
rotation moment

.01

.10

.32

0.6
0.4
0.2

Peak knee abduc-
tion moment

.12

.95

.80

0.3
0.0
0.1
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Table 6  (continued)

Study (year) Clinical 
Measure(s)

Clinical 
Measure(s) 
Mean (SD)
(high risk, low risk 
(if applicable)

Reliability of 
Clinical Measure 
(ICC(SEM)

Functional Task Outcome 
Measure(s)

P value Effect size
(Cohen’s d)

Peak knee internal 
rotation moment

.66

.29

.86

0.1
0.2
0.0

Peak hip adduction 
angle

.11

.69

.08

0.3
0.1
0.4

Peak hip internal 
rotation angle

.002

.01

.01

0.7
0.6
0.6

Peak knee abduc-
tion angle

.001

.89

.05

0.7
0.0
0.4

Peak knee internal 
rotation angle

.43

.05

.32

0.2
0.4
0.2

Howard et al. 
(2011) [21]

Internal rotation 
ROM
External rotation 
ROM

29.0(11.0)
35.0(7.0)

.99(.5°)

.95(1.9°)
Single-leg jump 
landing

Hip adduction 
excursion

.02 0.8

Knee abduction 
excursion

.001 1.2

Knee adduction 
excursion

.03 0.7

Knee external rota-
tion excursion

.005 0.9

Kaneko et al. (2013) 
[26]

Femoral antever-
sion

20.7(3.3), 16.1(1.7) Not reported Single-leg jump 
landing

Hip flexion at IC 
and 100 ms PC

.01, .01 1.6, 1.7

Hip abduction at IC 
and peak

.38, .10 0.5, 1.1

Knee flexion at IC 
and peak

.42, .04 0.5, 1.4

Knee valgus at IC 
and peak

1.00, .03 0.0, 1.5

Mauntel et al. 
(2013) [35]

Internal rotation 
ROM
External rotation 
ROM
Femoral antever-
sion

59.6(8.1), 54.7(9.9)
72.4(7.3), 69.9(12.0)
3.2(2.8), 3.5(3.1)

.89(4.5°)

.64(7.5°)

.73(0.9°)

Single-leg squat Visual medial knee 
displacement

.09

.43

.75

0.5
0.3
0.1

Nguyen et al
(2015) [40]

Femoral anteversion 15.3(5.2), 9.7(4.7)  > .87 (SEM not 
reported)

Double-leg drop 
jump

Hip flexion angle .07 0.2

Hip adduction 
angle

.34 0.2

Hip IR angle .16 0.2

Knee flexion angle .37 0.4

Knee valgus angle .02 0.4

Knee ER angle .45 0.1

Hip flexion 
moment

.36 0.2

Hip adduction 
moment

.11 0.3

Hip IR moment .07 0.3

Knee flexion 
moment

.46 0.1
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not report reliability statistics for ROM measurement 
(Downs & Black Question 20), resulting in the lowest 
Downs & Black Quality Index scores. Of the three stud-
ies with Quality Index scores above ten, Tainaka (2014) 
[48] reported the most extreme mean differences for 
internal and external rotation between ACL-injured and 
healthy participants. Interestingly, the participants in 

Tainaka’s study were 13–17  years old, which is younger 
than the participants in all other studies. Also, passive 
ROM measures were obtained within several weeks 
of the initial injury, which was quicker than measure-
ments obtained in all other studies. This suggests that a 
young adolescent population may possess problematic 
restricted ROM, or that the ROM limits observed in the 

Table 6  (continued)

Study (year) Clinical 
Measure(s)

Clinical 
Measure(s) 
Mean (SD)
(high risk, low risk 
(if applicable)

Reliability of 
Clinical Measure 
(ICC(SEM)

Functional Task Outcome 
Measure(s)

P value Effect size
(Cohen’s d)

Knee valgus 
moment

.02 0.4

Knee ER moment .002 0.6

Nguyen et al. 
(2011) [38]

Femoral anteversion 10.7(5.2)  > .87(SEM not 
reported)

Single-leg squat Hip internal rota-
tion excursion

.06 0.5

Knee valgus excur-
sion

.82 0.1

Knee external rota-
tion excursion

.006 0.8

Rabin & Kozol 
(2010) [44]

Internal rotation 
ROM
External rotation 
ROM

41.1(7.9), 48.4(7.4)
62.2(7.4),63.0(4.2)

.91(SEM not 
reported)
.82(SEM not 
reported)

Lateral step-down 5-point 2D visual 
criteria (“arm strat-
egy, trunk align-
ment, pelvis plane, 
knee position, 
steady stance”)

.03

.77
1.0
0.1

Stiffler et al. (2015) 
[47]

Internal rotation 
ROM
External rotation 
ROM
Femoral antever-
sion

31.9(11.2), 
34.2(11.0)
46.1(14.3), 
43.3(12.6)
9.7(6.8), 9.4(5.4)

Not reported Double-leg jump 
landing

2D medial knee 
displacement

.61

.25

.81

0.1
0.2
0.2

Note: IC initial contact, PS post-contact, ms milliseconds, IR internal rotation, ER external rotation

Fig. 5  Meta-analysis results detailing the association between internal rotation ROM and 2D frontal plane knee projection angle

Fig. 6  Meta-analysis results detailing the association between external rotation ROM and 2D frontal plane knee projection angle
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initial weeks following injury are different than the ROM 
limits later in the post-acute phase. High-quality cor-
responding data in mature populations are lacking, and 
thus support further research to determine the effect of 
hip ROM on injury risk across the life span.

Prospective data on this topic is lacking, and retrospec-
tive data is limited. One critique of retrospective data is 
that ROM could be altered as a result of ACL injury, not 
precede it. Of note, Lopes (2016) compared non-contact 
ACL injured patients with contact ACL injuries. If ROM 
changes as a result of ACL injury it follows that the two 
ACL groups display similar ROM patterns. However, that 
was not the case. The non-contact injured patients were 
reported to have 7.0 and 6.2 fewer internal and external 
rotation degrees of motion than patients injured in with a 

contact mechanism [31]. This further supports the argu-
ment of restricted hip ROM contributing to non-contact 
ACL injury.

Passive hip ROM, femoral anteversion, and biomechanics
Due to methodological differences between the biome-
chanical studies, it was not appropriate to conduct any 
meta-analyses. Twelve studies were retrieved to assess 
the relationship between hip ROM and femoral antever-
sion and biomechanics during a functional task and they 
varied greatly in the type of biomechanical measure (e.g. 
2D vs 3D) and task (e.g. single vs double leg; squat, jump-
ing, cutting). Five of these [4, 6, 35, 44, 47] used 2D crite-
ria to assess biomechanics, while the remaining seven [9, 
19–21, 26, 38, 40] used 3D motion capture. A variety of 

Table 7  Results detailing sex differences in transverse plane femoral alignment in both injury and biomechanical studies

Injury Outcome Study (year) Clinical Measure Injured/High 
Risk Mean (SD)

Uninjured/Low 
Risk Mean (SD)

P value Cohen’s d

Females Daneshmandi (2012) [12] Femoral anteversion
Internal rotation ROM
External rotation ROM

17.4(5.5)
40.9(5.8)
36.4(3.8)

16.0(6.7)
39.2(6.0)
37.2(3.9)

.46

.38

.51

0.2
0.3
0.2

Kramer (2007) [28] Femoral anteversion 10.2(3.0) 11.1(2.7) .06 0.3

VandenBerg (2017) [49] Internal rotation ROM
External rotation ROM

24.1(8.2)
57.6(8.4)

30.4(10.4)
42.2(10.7)

.003
 < .001

0.7
1.6

Males Bedi (2016) [3] Internal rotation ROM 23.4(7.6) 24.5(6.5) .36 0.2

Budinski (2016) [11] Internal rotation ROM
External rotation ROM

30.9(11.6)
39.8(11.5)

30.9(10.8)
40.2(11.1)

 > .99
.85

0.0
0.0

Gomes (2008) [16] Internal rotation ROM
External rotation ROM

26.4(7.7)
42.1(9.3)

39.0(7.1)
43.3(8.3)

.001

.48
1.7
0.1

Lopes (2016) [31] Internal rotation ROM
External rotation ROM

28.6(5.7)
37.5(4.3)

35.6(5.7)
43.7(6.6)

.001

.001
1.2
1.1

Lopes (2017) [32] Internal rotation ROM
External rotation ROM

33.4(6.4)
41.1(5.8)

32.9(6.0)
40.2(6.4)

.67

.50
0.1
0.1

VandenBerg (2017) [49] Internal rotation ROM
External rotation ROM

23.4(7.6)
36.9(8.4)

25.1(7.9)
40.2(10.7)

.09

.41
0.2
0.3

Biomechanical Outcome

Females Bittencourt (2012) [6] jump landing Internal rotation ROM 51.1(7.6) 44.7(11.2) .08 0.7

Bittencourt (2012) [6] single-leg squat Internal rotation ROM 40.9(11.6) 42.9(12.1) .56 0.2

Hogg (2019) [20] Femoral anteversion
Internal rotation ROM
External rotation ROM

10.3(5.8)
31.3(8.4)
44.6(9.8)

NA .07-.92
.05-.68
.09-.85

0.0–0.9
0.2–1.0
0.1–0.9

Hogg (2021) [19] Femoral anteversion
Internal rotation ROM
External rotation ROM

9.4(4.5)
30.4(10.3)
47.8(7.6)

NA .33-.90
.03-.69
.02-.42

0.0–0.3
0.1–0.7
0.3–0.8

Kaneko (2013) [26] Femoral anteversion 20.7(3.3) 16.1(1.7) .01–1.0 0.0–1.7

Rabin & Kozol (2010) [44] Internal rotation ROM
External rotation ROM

41.1(7.9)
62.2(7.4)

48.4(7.4)
63.0(4.2)

.03

.77
1.0
0.1

Males Bittencourt (2012) [6] jump landing Internal rotation ROM 44.8(12.7) 44.5(18.4) .95 0.0

Bittencourt (2012) [6]
single-leg squat

Internal rotation ROM 41.9(13.8) 48.3(16.5) .04 0.4

Hogg (2021) [19] Femoral anteversion
Internal rotation ROM
External rotation ROM

3.0(3.5)
19.8(8.5)
49.6(6.4)

NA .03-.94
.02-.95
.01-.62

0.0–0.7
0.0–0.8
0.2–0.9
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functional tasks were used, including an overhead squat 
[4], single-leg jump landing [19–21, 26], single-leg squat 
[6, 35], double-leg drop jump [40], double-leg jump land-
ing [47], a lateral step-down [44], and a diagonal side 
cut [9]. Seven studies examined the influence of femoral 
anteversion on biomechanics [19, 20, 26, 35, 38, 40, 47]; 
eight studies analyzed internal rotation ROM [6, 9, 19–
21, 35, 44, 47]; eight studies analyzed external rotation 
ROM [4, 9, 19–21, 35, 44, 45].

Generally, participants with greater passive external 
rotation tended to display approximately 4.77° greater 
2D medial knee displacement [4, 35, 47]. Not only is 
this contrary to our hypothesis that lesser passive exter-
nal rotation would predict biomechanics consistent with 
functional valgus collapse, but it is also contrary to the 
injury outcome results which suggested that ACL-injured 
individuals have less passive external rotation (or less 
ROM in general) [31, 48, 49]. The disparity between the 
injury results and the biomechanical results may partly 
be explained by the distribution of males and females in 
each set of evidence. The retrospective ACL injury body 
of evidence included 979 males and 244 females, while 
the biomechanical body of evidence included 375 males 
and 452 females. Thus, greater passive external rotation is 
associated with medial knee displacement in a predomi-
nately female cohort. However, it is also possible that the 
relationship between hip ROM and ACL injury is not 
mediated by functional knee valgus.

Howard (2011) [21], Hogg (2019) [20], and Hogg (2021) 
[19] examined relationships between 3-dimensional biome-
chanics and passive hip ROM. While the results pertaining 
to external rotation ROM were equivocal, each study dem-
onstrated greater internal rotation ROM to be associated 
with isolated joint angles and moments consistent with 
dynamic knee valgus in females. Again, this is contrary to 
the injury outcome results, and further speaks to the pos-
sibility that passive hip ROM influences ACL injury risk 
differently between sexes, and may influence injury risk in 
a way that does not act through knee valgus. Females are 
known to have greater hip internal rotation motion than 
males, and it is feasible that this greater amount of pas-
sive internal rotation may alter lower extremity biome-
chanics along the kinetic chain differently than males. 
More research is needed that directly compares males and 
females on their anatomical hip characteristics and the 
combined impact on knee biomechanics and ACL injury 
risk in order to fully understand these relationships and 
determine a potential mediating effect of knee valgus.

Sex‑specific differences
Within study sex-specific data is lacking, particularly 
within-study biomechanical data. Regarding ACL 
injury, the data suggest that in males, limited internal 

rotation is associated with ACL injury. This is partially 
supported by the scant biomechanical data available in 
a male cohort. During a single-leg squat, Bittencourt 
(2012) [6] observed that males who displayed more 
risky biomechanics also had less passive internal rota-
tion, though this observation did not hold true for a 
jump landing in the same cohort. Hogg (2021) [19] 
used a single-leg landing, reporting males with greater 
internal rotation ROM display more risky biomechan-
ics. Thus, there may be a task-specific effect, in addition 
to a sex-specific effect. It has been suggested that males 
injure their ACLs during sagittal plane mechanisms, 
instead of during frontal and transverse plane activities 
[43]. A single-leg squat is a purely sagittal plane motion, 
while a jump landing challenges frontal and transverse 
plane control. Conversely, in females, the relationship 
between passive hip ROM and ACL injury was unre-
markable. During a jump-landing, females possessing 
greater internal rotation ROM displayed more risky 
biomechanics than females with more limited ROM [6]. 
When the same cohort performed a single-leg squat, 
there were no ROM differences between the group 
identified as high-risk and the low-risk group. This data 
is far from conclusive and further research is needed 
to determine if the biomechanical differences observed 
within each sex are predictive of future ACL injury.

There are limitations of the current systematic review 
and meta-analysis. Firstly, it was not prospectively regis-
tered. Additionally, varying methodology between stud-
ies (e.g., 2D v. 3D measurement, choice of functional task) 
resulted in high observed heterogeneity, which limits the 
generalizability of our findings. Lastly, more studies are 
needed to conclusively answer our research questions.

Conclusion
In conclusion, there is not enough evidence currently 
available to conclusively determine the effects of femo-
ral anteversion and passive hip ROM on ACL injury and 
biomechanics. Additionally, there are not enough data 
to support sex-specific injury mechanisms. Although 
our meta-analysis indicates that individuals with injured 
ACLs have statistically less passive internal rotation, the 
observed heterogeneity compromises the generalizability 
of our findings. This is contradicted by cross-sectional 
biomechanical studies suggesting that greater internal 
rotation ROM, not less, is more likely to be associated 
with the high-risk biomechanics thought to be associated 
with ACL injury risk. Specifically, well designed stud-
ies including both sexes, and using reliable methods and 
consistent methodology are needed to investigate biome-
chanical patterns associated with ROM values, and their 
prospective associations with ACL injury.



Page 15 of 16Hogg et al. Journal of Experimental Orthopaedics            (2022) 9:40 	

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s40634-​022-​00479-7.

Additional file 1. Disclosure of potential conflicts of interest (Jennifer A 
Hogg)

Additional file 2. Disclosure of potential conflicts of interest (Justin 
Waxman)

Additional file 3. Disclosure of potential conflicts of interest (Sandra J 
Shultz)

Authors’ contributions
All authors read and approved the final manuscript.

Author details
1 Department of Health and Human Performance, The University of Tennessee 
Chattanooga, 615 McCallie Ave, Chattanooga, TN 37403, USA. 2 Biomechan-
ics Division, S-E-A, Ltd, Columbus, OH, USA. 3 Department of Kinesiology, The 
University of North Carolina at Greensboro, Greensboro, NC, USA. 

Received: 22 February 2022   Accepted: 21 April 2022

References
	1.	 Bagherifard A, Jabalameli M, Yahyazadeh H, Shafieesabet A, Gharanizadeh 

K, Jahansouz A et al (2018) Diminished femoral head-neck offset and the 
restricted hip range of motion suggesting a possible role in ACL injuries. 
Knee Surg Sports Traumatol Arthrosc 26(2):368–373. https://​doi.​org/​10.​
1007/​s00167-​017-​4589-4

	2.	 Beaulieu ML, Oh YK, Bedi A, Ashton-Miller JA, Wojtys EM (2014) Does Lim-
ited Internal Femoral Rotation Increase Peak Anterior Cruciate Ligament 
Strain During a Simulated Pivot Landing? Am J Sports Med 42(12):2955–
2963. https://​doi.​org/​10.​1177/​03635​46514​549446

	3.	 Bedi A, Warren RF, Wojtys EM, Oh YK, Ashton-Miller J a., Oltean H, et al. 
(2016) Restriction in hip internal rotation is associated with an increased 
risk of ACL injury. Knee Surgery, Sport Traumatol Arthrosc. 1–8. https://​
doi.​org/​10.​1007/​s00167-​014-​3299-4

	4.	 Bell DR, Padua DA, Clark MA (2008) Muscle Strength and Flexibility Character-
istics of People Displaying Excessive Medial Knee Displacement. Arch Phys 
Med Rehabil 89(7):1323–1328. https://​doi.​org/​10.​1016/j.​apmr.​2007.​11.​048

	5.	 Berns GS, Hull ML, Patterson HA (1992) Strain in the Anteromedial Bundle 
of the Anterior Cruciate Ligament Under Combination Loading. J Orthop 
Res 10(2):167–176

	6.	 Bittencourt NFN, Ocarino JM, Mendonça LD, Hewett TE, Fonseca ST 
(2012) Foot and Hip Contributions to High Frontal Plane Knee Projec-
tion Angle in Athletes: A Classification and Regression Tree Approach. J 
Orthop Sport Phys Ther 42(12):996–1004. https://​doi.​org/​10.​2519/​jospt.​
2012.​4041

	7.	 Boden B, Dean G, Faegin J, Garrett W (2000) Mechanisms of anterior cruci-
ate ligament injury. Orthopedics 23(6):573–578

	8.	 Boden BP, Torg JS, Knowles SB, Hewett TE (2009) Video analysis of anterior 
cruciate ligament injury: abnormalities in hip and ankle kinematics. Am J 
Sports Med 37(2):252–259. https://​doi.​org/​10.​1177/​03635​46508​328107

	9.	 Breen S, Harrison D, Kenny I (2010) Hip Rotation Range of Motion and Its 
Impact on Lower Limb Alignment on Landing. Int Symp Biomech Sport 
Conf Proc Arch 28:1–4

	10.	 Boutris N, Byrne RA, Delgado DA, Hewett TE, McCulloch PC, Lintner 
DM et al (2018) Is There an Association Between Noncontact Anterior 
Cruciate Ligament Injuries and Decreased Hip Internal Rotation or 
Radiographic Femoroacetabular Impingement? A Systematic Review 
Arthroscopy 34(3):943–950. https://​doi.​org/​10.​1016/j.​arthro.​2017.​08.​302

	11.	 Budinski Z, Budinski S, Vranjes M, Obradovic M, Mikic M, Milankov M 
(2016) The Relationship between the Range of Moton of the Hip Joint 
with Ruptured Anterior Cruciate Ligament. Med Pregl 69(5–6):160–166. 
https://​doi.​org/​10.​2298/​MPNS1​60616​0B

	12.	 Daneshmandi H, Saki F, Daneshmandi MS, Daneshmandi L (2012) Lower 
extremity alignment in female athletes with ACL reconstruction. Med 
dello Sport 65(2):211–221

	13.	 Downs SH, Black N. The feasibility of creating a checklist for the assess-
ment of the methodological quality both of randomised and non-
randomised studies of health care interventions. [1998] J Epidemiol 
Community Health. 52(6):377–84. https://​doi.​org/​10.​1136/​jech.​52.6.​377

	14.	 Duval K, Lam T, Sanderson D (2010) The mechanical relationship between 
the rearfoot, pelvis and low-back. Gait Posture 32(4):637–640. https://​doi.​
org/​10.​1016/j.​gaitp​ost.​2010.​09.​007

	15.	 Fukuda Y, Woo SL-Y, Loh JC, Tsuda E, Tang P, McMahon PJ et al (2003) A quantita-
tive analysis of valgus torque on the ACL: a human cadaveric study. J Orthop 
Res 21(6):1107–1112. https://​doi.​org/​10.​1016/​S0736-​0266(03)​00084-6

	16.	 Gomes JLE, de Castro JV, Becker R (2008) Decreased hip range of motion 
and noncontact injuries of the anterior cruciate ligament. Arthroscopy 
24(9):1034–1037. https://​doi.​org/​10.​1016/j.​arthro.​2008.​05.​012

	17.	 Hertel J, Dorfman JH, Braham RA (2004) Lower extremity malalignments 
and anterior cruciate ligament injury history. Journal of sports science & 
medicine 3:220-5.

	18.	 Hewett TE, Torg JS, Boden BP (2009) Video analysis of trunk and knee 
motion during non-contact anterior cruciate ligament injury in female 
athletes: lateral trunk and knee abduction motion are combined compo-
nents of the injury mechanism. Br J Sports Med 43(6):417–422. https://​
doi.​org/​10.​1136/​bjsm.​2009.​059162

	19.	 Hogg JA, Ackerman T, Nguyen A-D, Ross SE, Schmitz RJ, Vanrenterghem 
J, et al. [2021] The Effects of Gluteal Strength and Activation on the 
Relationship Between Femoral Alignment and Functional Valgus Collapse 
During a Single-Leg Landing. J Sport Rehabil. 1–10. https://​doi.​org/​10.​
1123/​jsr.​2019-​0528

	20.	 Hogg JA, Schmitz RJ, Shultz SJ. [2019] The influence of hip structure on 
functional valgus collapse during a single-leg forward landing in females. 
J Appl Biomech. 35(6). https://​doi.​org/​10.​1123/​jab.​2019-​0069

	21.	 Howard JS, Fazio MA, Carl G, Uhl TL, Jacobs CA (2011) Structure, Sex, 
and Strength and Knee and Hip Kinematics During Landing. J Athl Train 
46(4):376–385

	22.	 Hashemi J, Breighner R, Chandrashekar N, Hardy DM, Chaudhari AM, 
Shultz SJ et al (2011) Hip extension, knee flexion paradox: a new mecha-
nism for non-contact ACL injury. J Biomech 44(4):577–585. https://​doi.​
org/​10.​1016/j.​jbiom​ech.​2010.​11.​013

	23.	 Imwalle LE, Myer GD, Ford KR, Hewett TE (2009) Relationship between hip 
and knee kinematics in athletic women during cutting maneuvers: a pos-
sible link to noncontact anterior cruciate ligament injury and prevention. 
J Strength Cond Res 23(8):2223–2230. https://​doi.​org/​10.​1519/​JSC.​0b013​
e3181​bc1a02

	24.	 Ireland ML (1999) Anterior cruciate ligament injury in female athletes: 
epidemiology. J Athl Train 34(2):150–154

	25.	 Jacobs CA, Uhl TL, Mattacola CG, Shapiro R, Rayens WS (2007) Hip abduc-
tor function and lower extremity landing kinematics: sex differences. J 
Athl Train 42(1):76–83

	26.	 Kaneko M, Sakuraba K (2013) Association between Femoral Anteversion 
and Lower Extremity Posture upon Single-leg Landing: Implications for 
Anterior Cruciate Ligament Injury. J Phys Ther Sci 25(10):1213–1217. 
https://​doi.​org/​10.​1589/​jpts.​25.​1213

	27.	 Khamis S, Yizhar Z (2007) Effect of feet hyperpronation on pelvic align-
ment in a standing position. Gait Posture 25(1):127–134. https://​doi.​org/​
10.​1016/j.​gaitp​ost.​2006.​02.​005

	28.	 Kramer LC, Denegar CR, Buckley WE, Hertel J (2007) Factors associated 
with anterior cruciate ligament injury: history in female athletes. The 
Journal of sports medicine and physical fitness 47(4):446-54.

	29.	 Krosshaug T, Nakamae A, Boden BP, Engebretsen L, Smith G, Slauterbeck 
JR et al (2007) Mechanisms of anterior cruciate ligament injury in basket-
ball: video analysis of 39 cases. Am J Sports Med 35(3):359–367. https://​
doi.​org/​10.​1177/​03635​46506​293899

	30.	 Krosshaug T, Slauterbeck JR, Engebretsen L, Bahr R (2007) Biomechanical 
analysis of anterior cruciate ligament injury mechanisms: three-dimen-
sional motion reconstruction from video sequences. Scand J Med Sci 
Sports 17(5):508–519. https://​doi.​org/​10.​1111/j.​1600-​0838.​2006.​00558.x

	31.	 Lopes OVJ, Gomes JLE, de Freitas SL (2016) Range of motion and radio-
graphic analysis of the hip in patients with contact and non-contact 
anterior cruciate ligament injury. Knee Surg Sports Traumatol Arthrosc 
24(9):2868–2873. https://​doi.​org/​10.​1007/​s00167-​015-​3532-9

https://doi.org/10.1186/s40634-022-00479-7
https://doi.org/10.1186/s40634-022-00479-7
https://doi.org/10.1007/s00167-017-4589-4
https://doi.org/10.1007/s00167-017-4589-4
https://doi.org/10.1177/0363546514549446
https://doi.org/10.1007/s00167-014-3299-4
https://doi.org/10.1007/s00167-014-3299-4
https://doi.org/10.1016/j.apmr.2007.11.048
https://doi.org/10.2519/jospt.2012.4041
https://doi.org/10.2519/jospt.2012.4041
https://doi.org/10.1177/0363546508328107
https://doi.org/10.1016/j.arthro.2017.08.302
https://doi.org/10.2298/MPNS1606160B
https://doi.org/10.1136/jech.52.6.377
https://doi.org/10.1016/j.gaitpost.2010.09.007
https://doi.org/10.1016/j.gaitpost.2010.09.007
https://doi.org/10.1016/S0736-0266(03)00084-6
https://doi.org/10.1016/j.arthro.2008.05.012
https://doi.org/10.1136/bjsm.2009.059162
https://doi.org/10.1136/bjsm.2009.059162
https://doi.org/10.1123/jsr.2019-0528
https://doi.org/10.1123/jsr.2019-0528
https://doi.org/10.1123/jab.2019-0069
https://doi.org/10.1016/j.jbiomech.2010.11.013
https://doi.org/10.1016/j.jbiomech.2010.11.013
https://doi.org/10.1519/JSC.0b013e3181bc1a02
https://doi.org/10.1519/JSC.0b013e3181bc1a02
https://doi.org/10.1589/jpts.25.1213
https://doi.org/10.1016/j.gaitpost.2006.02.005
https://doi.org/10.1016/j.gaitpost.2006.02.005
https://doi.org/10.1177/0363546506293899
https://doi.org/10.1177/0363546506293899
https://doi.org/10.1111/j.1600-0838.2006.00558.x
https://doi.org/10.1007/s00167-015-3532-9


Page 16 of 16Hogg et al. Journal of Experimental Orthopaedics            (2022) 9:40 

	32.	 Lopes OVJ, Tragnago G, Gatelli C, Costa RN, de Freitas SL, Saggin PRF et al 
(2017) Assessment of the alpha angle and mobility of the hip in patients 
with noncontact anterior cruciate ligament injury. Int Orthop 41(8):1601–
1605. https://​doi.​org/​10.​1007/​s00264-​017-​3482-6

	33.	 Markolf KL, Burchfield DM, Shapiro MM, Shepard MF, Finerman G a M, 
Slauterbeck JL.[1995] Combined knee loading states that generate high 
anterior cruciate ligament forces. J Orthop Res. 13(3):930–5.

	34.	 Matthew P, Joanne M, Patrick B, Isabelle B, Tammy H, Cynthia M, et al. 
[2021] PRISMA 2020 statement: updated guidelines for reporting system-
atic reviews and meta analyses. J Clin Epidemiol. 1–12. https://​doi.​org/​10.​
1016/j.​jclin​epi.​2021.​03.​001

	35.	 Mauntel TC, Begalle RL, Cram TR, Frank BS, Hirth CJ, Blackburn T et al 
(2013) The effects of lower extremity muscle activation and passive 
range of motion on single leg squat performance. J Strength Cond Res 
27(7):1813–1823

	36.	 Meyer EG, Baumer TG, Slade JM, Smith WE, Haut RC (2008) Tibiofemoral 
contact pressures and osteochondral microtrauma during anterior cruci-
ate ligament rupture due to excessive compressive loading and internal 
torque of the human knee. Am J Sports Med 36(10):1966–1977. https://​
doi.​org/​10.​1177/​03635​46508​318046

	37.	 Moreno-Pérez V, Ayala F, Fernandez-Fernandez J, Vera-Garcia FJ (2015) 
Descriptive profile of hip range of motions in elite tennis players. Phys 
Ther Sport 19:43–48. https://​doi.​org/​10.​1016/j.​ptsp.​2015.​10.​005

	38.	 Nguyen A-D, Shultz SJ, Schmitz RJ, Luecht RM, Perrin DH (2011) A prelimi-
nary multifactorial approach describing the relationships among lower 
extremity alignment, hip muscle activation, and lower extremity joint 
excursion. J Athl Train 46(3):246–256

	39.	 Nguyen A, Cone J, Stevens L, Schmitz R, Shultz S (2009) Influence of hip 
internal rotation range of motion on hip and knee motions during land-
ing. J Athl Train 44(3):S68

	40.	 Nguyen A-D, Shultz SJ, Schmitz RJ (2015) Landing biomechanics in 
participants with different static lower extremity alignment profiles. J Athl 
Train 50(5):498–507. https://​doi.​org/​10.​4085/​1062-​6050-​49.6.​03

	41.	 Nguyen A-D, Shultz SJ (2007) Sex differences in clinical measures of lower 
extremity alignment. J Orthop Sports Phys Ther 37(7):389–398. https://​
doi.​org/​10.​2519/​jospt.​2007.​2487

	42.	 Padua DA, DiStefano LJ, Hewett TE, Garrett WE, Marshall SW, Golden GM 
et al (2018) National Athletic Trainers’ Association Position Statement: 
Prevention of Anterior Cruciate Ligament Injury. J Athl Train 53(1):5–19. 
https://​doi.​org/​10.​4085/​1062-​6050-​99-​16

	43.	 Quatman CE, Hewett TE (2009) The anterior cruciate ligament injury 
controversy: is “valgus collapse” a sex-specific mechanism? Br J Sports 
Med 43(5):328–335. https://​doi.​org/​10.​1136/​bjsm.​2009.​059139

	44.	 Rabin A, Kozol Z (2010) Measures of Range of Motion and Strength 
Among Healthy Women With Differing Quality of Lower Extremity 
Movement During the Lateral Step-Down Test. J Orthop Sport Phys Ther 
40(12):792–800. https://​doi.​org/​10.​2519/​jospt.​2010.​3424

	45.	 Paterno MV, Schmitt LC, Ford KR, Rauh MJ, Myer GD, Huang B et al (2010) 
Biomechanical measures during landing and postural stability predict 
second anterior cruciate ligament injury after anterior cruciate ligament 
reconstruction and return to sport. Am J Sports Med 38(10):1968–1978. 
https://​doi.​org/​10.​1177/​03635​46510​376053

	46.	 Sigward SM, Ota S, Powers CM (2008) Predictors of frontal plane knee 
excursion during a drop land in young female soccer players. J Orthop 
Sports Phys Ther 38(11):661–667. https://​doi.​org/​10.​2519/​jospt.​2008.​2695

	47.	 Stiffler MR, Pennuto AP, Smith MD, Olson ME, Bell DR (2015) Range of 
Motion, Postural Alignment, and LESS Score Differences of Those With 
and Without Excessive Medial Knee Displacement. Clin J Sport Med 
25(1):61–66. https://​doi.​org/​10.​1097/​JSM.​00000​00000​000106

	48.	 Tainaka K, Takizawa T, Kobayashi H, Umimura M (2014) Limited hip rota-
tion and non-contact anterior cruciate ligament injury : A case – control 
study. Knee 21(1):86–90. https://​doi.​org/​10.​1016/j.​knee.​2013.​07.​006

	49.	 VandenBerg C, Crawford EA, Sibilsky Enselman E, Robbins CB, Wojtys EM, 
Bedi A (2017) Restricted Hip Rotation Is Correlated With an Increased Risk 
for Anterior Cruciate Ligament Injury. Arthroscopy 33(2):317–325. https://​
doi.​org/​10.​1016/j.​arthro.​2016.​08.​014

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s00264-017-3482-6
https://doi.org/10.1016/j.jclinepi.2021.03.001
https://doi.org/10.1016/j.jclinepi.2021.03.001
https://doi.org/10.1177/0363546508318046
https://doi.org/10.1177/0363546508318046
https://doi.org/10.1016/j.ptsp.2015.10.005
https://doi.org/10.4085/1062-6050-49.6.03
https://doi.org/10.2519/jospt.2007.2487
https://doi.org/10.2519/jospt.2007.2487
https://doi.org/10.4085/1062-6050-99-16
https://doi.org/10.1136/bjsm.2009.059139
https://doi.org/10.2519/jospt.2010.3424
https://doi.org/10.1177/0363546510376053
https://doi.org/10.2519/jospt.2008.2695
https://doi.org/10.1097/JSM.0000000000000106
https://doi.org/10.1016/j.knee.2013.07.006
https://doi.org/10.1016/j.arthro.2016.08.014
https://doi.org/10.1016/j.arthro.2016.08.014

	Examining the effects of femoral anteversion and passive hip rotation on ACL injury and knee biomechanics: a systematic review and meta-analysis
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study design
	Search strategy
	Eligibility criteria
	Study selection
	Quality assessment
	Data extraction

	Results
	Search results
	Study characteristics
	Studies with ACL injury as the outcome
	Cross-sectional studies where lower extremity biomechanics was the outcome
	Evidence for a sex-specific effect


	Discussion
	Passive hip ROM and ACL injury
	Passive hip ROM, femoral anteversion, and biomechanics
	Sex-specific differences

	Conclusion
	References


