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Abstract

Background and Objective: Non-contact anterior cruciate ligament (ACL) injury remains a major
concern in sport because it can produce long-term functional impairment and delayed return to play.
Dynamic knee valgus is frequently considered a modifiable biomechanical contributor to ACL loading.
This systematic review evaluated evidence on whether valgus movement or loading during landing tasks
is associated with non-contact ACL injury risk in healthy athletes.

Methods: The review was planned and reported according to PRISMA 2020. MEDLINE through
PubMed, Web of Science, Scopus, ScienceDirect, SpringerLink, Google Scholar, and the“Cochrane
Library were searched from database inception to December 2025, and reference lists were screened
manually. Eligible studies were observational investigations that quantified dynamic knee valgus during
standardized landing tasks, using maximum knee abduction angle or maximum knee-abduction moment,
in athletes with no previous ACL injury.

Results: The search produced 456 records. After duplicate removal and screening, 16 studies published
from 2002 to 2025 were retained. Four studies, 25%, were judged high quality, whereas 12 studies, 75%,
were rated moderate quality. Most investigations used laboratory-based three-dimensional motion
analysis with force plates and examined athletes aged mainly between 16.and 25 years. Overall, greater
valgus angle or moment was commonly linked with higher non-contact ACL injury risk, especially during
single-leg landing, in female athletes, and within 40 to 100 ms after initial contact. Female participants
generally showed larger valgus values, with mean differences of*about 4 to 10 degrees, together with
greater hip internal rotation and adduction and more lateral trunk displacement. Reported contributors
included reduced hip abductor and external rotator capacity, restricted ankle dorsiflexion, insufficient
trunk control, fatigue, and cognitive dual-task demands. Video-based evidence also indicated that multi-
planar valgus loading was frequent in actual injury sequences.

Conclusion: The available evidence supports dynamic knee valgus during landing as an observable and
trainable biomechanical factor associated with non-contact ACL injury risk, particularly in young female
athletes and in single-leg maneuvers: Nevertheless, variation in study designs, landing protocols, and
measurement thresholds prevents strong causal inference. Prevention strategies should therefore combine
neuromuscular education;.technically sound landing practice, targeted hip and quadriceps strengthening,
trunk and ankle stabilization, fatigue-resistance training, and lower-limb alignment correction.

Keywords: Dynamic Knee, Valgus, Anterior Cruciate Ligament, Non-contact Injury, Landing
Biomechanics, Sex Differences, Athletes.



1. Introduction

Dynamic knee valgus (DKV) describes a multi-planar lower-limb alignment pattern in which the
knee joint center moves medially while knee abduction increases, usually together with hip
adduction, hip internal rotation, and subtalar pronation (1, 2). It is commonly observed near
initial ground contact and around the point of peak vertical ground reaction force during landing
(3). Because this movement pattern can increase ACL loading, it has been discussed as an
important biomechanical marker of injury susceptibility (4). Several biomechanical studies
further suggest that valgus collapse, particularly when combined with limited knee flexion, may
help explain sex-related differences in ACL injury incidence (2, 5).

Safe landing requires timely neuromuscular coordination so that the hip,.knee, ankle, and trunk
remain aligned under rapidly changing loads (6, 7). When such control is insufficient, the knee
may move into valgus and expose the ACL to higher tensile and rotational demands (2, 8).
Prospective data show that female athletes with larger knee abduction moments during landing
experience higher ACL injury risk during subsequent sport participation(2, 9). Video studies of
real injury events also indicate that ACL rupture oftentoccurs very early after foot contact, near
40 ms, when valgus collapse develops rapidly (10, 11).

Different approaches have been used to assess knee valgus in landing tasks, including three-
dimensional (3D) motion capture, two-dimensional (2D) video analysis, force plate methods, and
structured video review (12). However, studies. differ in their measurement systems, task
protocols, and definitions of high valgus, which complicates synthesis across the field (13, 14).
Although 3D motion analysis is usually considered the reference method, 2D video and inertial
measurement units (IMUs) are increasingly used for clinically feasible and field-based screening
(12, 15). Recent markerless systems and IMU-based methods may improve ecological validity
while preserving acceptable measurement accuracy (16).

The landing task itself also shapes the magnitude of dynamic knee valgus. Single-leg landings
generally impose greater frontal-plane knee motion and moment than double-leg landings
because the support base is _narrower and load sharing is reduced (16). Landing instructions,
platform height, stiffness strategy, and fatigue can further alter knee kinematics (17). As a result,
proposed thresholds for high valgus range from about 5 degrees in controlled laboratory contexts
to more «than 15 degrees in more sport-like settings (18). This diversity has improved
methodological'.options but has also produced uncertainty about the valgus level that
meaningfully.corresponds to ACL injury risk (19).

Several previous systematic reviews have examined biomechanical predictors of ACL injury and
have repeatedly identified knee valgus as relevant (7, 20). Yet many of those reviews grouped
landing with cutting, pivoting, and deceleration tasks, making it difficult to determine the
specific role of valgus during landing (21, 22). Thus, the independent contribution of landing-
related valgus angle or moment to non-contact ACL injury risk remains insufficiently isolated in
the review literature (7, 23).

This distinction is clinically important because landing technique is modifiable through training.
Compared with cutting or pivoting, which often depends on reactive game situations, landing

6



mechanics can be rehearsed through strength, plyometric, balance, and neuromuscular programs.
Interventions such as FIFA 11 Plus and PEP place explicit emphasis on lower-limb alignment
and valgus control (24, 25). A review limited to landing-related valgus biomechanics can
therefore help clarify screening priorities, potential threshold ranges, and prevention targets (7).

Accordingly, this systematic review aimed to synthesize evidence on the association between
dynamic knee valgus during landing tasks and non-contact ACL injury risk. By concentrating on
landing, the review seeks to define the role of valgus biomechanics more precisely and to support
evidence-informed screening and prevention strategies.

2. Methods

This systematic review was conducted and reported in line with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses, PRISMA 2020, statement (26, 27).

2.1. Eligibility Criteria
The eligibility framework was organized according to the PICO structure (28):

Population (P): Healthy athletes with no previous ACL injury.

Exposure (E): Knee valgus movement or loading measured during landing tasks.
Comparison (C): Athletes or task conditions showing higher versus lower valgus values.
Outcome (O): Non-contact ACL injury-verified by clinical assessment, MRI, or surgery.

Studies were retained when they satisfied the following criteria:

1. They quantified dynamic knee valgus as peak frontal-plane knee abduction angle or peak
knee abduction moment during a standardized landing task, including single-leg landing,
double-leg drop vertical jump, vertical jump landing, or stop-jump.

2. They evaluated the relationship between dynamic knee valgus and either the risk or the
mechanism of non-contact ACL injury.

3. They studied healthy athletes without a previous ACL injury.

4. They.were available as full-text articles written in English.

Cadaveric “investigations, earlier systematic reviews, and studies without biomechanical
information on landing-related knee valgus were excluded (1, 3, 29-31).

2.2. Information Sources

Relevant articles were identified through searches of MEDLINE via PubMed, Web of Science,
Scopus, ScienceDirect, the Cochrane Library, SpringerLink, and Google Scholar. Searches
covered all available years up to December 2025. Initial search terms were drawn from
standardized terminology and earlier systematic reviews (30, 32), then refined to capture the
complete set of eligible records. Reference lists of the included papers were also checked
manually.



2.3. Search Strategy

The database strategy combined terms for knee valgus, landing tasks, ACL injury, and
prospective or risk-related study designs:

("dynamic knee valgus" OR "knee valgus" OR "knee abduction angle™ OR "knee abduction moment")
AND ("landing" OR "drop jump" OR "single-leg landing" OR "double-leg landing" OR "stop-jump" OR
"vertical jump landing") AND (“anterior cruciate ligament" OR "ACL") AND ("prospective” OR "cohort"
OR "longitudinal™ OR "injury risk" OR "non-contact ACL injury")

The same conceptual search was also applied in Persian databases, namely the. Secientific
Information Database (SID), Medlib, IranMedex, IranDoc, and Magiran, ~using Persian
equivalents of the international terms. After all records were compiled, titles and abstracts were
screened independently. Articles that satisfied the predefined eligibility criteria were moved to
full-text review; those that did not were excluded. After the final assessment, 16 full-text articles
were included.

Table 1: Synthesized characteristics and main findings of the included studies (n = 16).
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2.4. Selection Process

Two reviewers, N.N. and A.F., independently screened titles and abstracts and then examined the
full text of potentially relevant articles. Disagreements about inclusion were settled through
discussion until consensus was reached.

2.5. Risk of Bias in Individual Studies

Methodological quality.was.appraised independently by the same two reviewers, N.N. and A.F.,
using a modified.Downs and Black checklist (44). Sixteen items suitable for observational
designs were selected. from the original 27-item instrument. The total possible score was 17, with
higher values reflecting stronger methodological quality. Item 5, concerning the reporting and
contrel of confounding, was scored from 0 to 2; all other items were scored 0 or 1. Differences
between.reviewers were resolved by consensus.
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Table 2. Methodological quality assessment of the included studies using the modified Downs
and Black checklist (Maximum Score = 17)

Total Score (Max: = Quality

Authors (Year) Q1 Q2 Q3 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q18 Q20 Q21 Q26 Q27 17) Status
Chappell et al. (2002)(22) 111 2 1 1 0 1 1 o0 0O 1 1 1 1 1 14 Moderate
Olsen et al. (2004)(21) 11121101 1 1 1 1 1 1 1 o0 15 High
Hewett et al. (2005)(2) 11 1 1 1 1 0 1 1 1 1 1 1 1 1 0 14 Moderate
McLean et al. (2005)(33) 11 1 1 1 1 0 1 1 1 1 1 1 1 1 0 14 Moderate
Sigward & Powers(2007)34) 1 1 1 2 1,1 0 1 1 1 1 1 1 1 1 O 15 High
Krosshaugetal. (2007)5) 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 14 Moderate
Pollard et al. (2007)(35) 11 1 1 1 1 0 1 1 1 1 1 1 1 1 0 14 Moderate
Boden et al. (2009)(36) 11 1 1 1 1 0 1 1 1 1 1 1 1 1 0 14 Moderate
Ford et al. (2010)(37) 1111 1 1 0 1 1 1 1 1 1 1 1 0 14 Moderate
Schmitz et al. (2007)(38) 11 1 11 1 0 1 1 1 1 1 1 1 10 14 Moderate
Dix et al. (2020)(39) 11 1 11 1 0 1 1 1 1 1 1 1 1 0 14 Moderate
Ford et al. (2010)(40) 111 2 1 1 0 1 1 1 1 1 1 1 1 0 15 High
Kagaya et al.
(2015)(41)
11 1 1 1 1 0 1 1 1 1 1 1 1 1 0 14 Moderate
Donnellyetal. (2012)(42) '1 1 1 2 1 1 0 1.1 1 1 1 1 1 1 © 15 High
Kristianslund et al. (2014)43) 1 1 1 1 1,1 0.1 1 1 1 1 1 1 1 0 14 Moderate
Leppénenetal. (2017)(45) 1 1 1 11 1,0 4 1 1 1 1 1 1 1 0 14 Moderate
3. Results

3.1. Study.Selection

The search process yielded 456 records. After 182 duplicates were removed, 274 titles and
abstracts were assessed. At this stage, 198 records were excluded because they did not meet the
inclusion criteria, most commonly because they used cross-sectional designs without injury
follow-up, examined non-landing tasks, or lacked relevant longitudinal injury data. Seventy-six
full-text articles were then reviewed, and 16 primary studies met all eligibility criteria (Figure 1,
PRISMA flowchart).
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Articles identified Additional articles
from database identified from other
searches sources (hand search)
(n = 286) (n =20)

Articles after removal of
duplicates

(n =274) Irrelevant by title and
screened abstract 4

Title and abstract
screening (n = 198)

Full-text articles assessed for
eligibility (n = 76)

Articles excluded, with reasons:

Not No ACL Review or
prospective injury

S reasons
studies follow-up

Studies included in qualitative synthesis
(N =16)

Figure 1. PRISMA Flow Diagram

3.2. Study Characteristics

The included studies varied in design. Four were prospective cohort studies with follow-up for
injury occurrence, three used video analysis of recorded ACL injuries, and nine were laboratory-
based “or cross-sectional biomechanical investigations. Participants were mainly young
competitive Or active athletes, approximately 16 to 25 years old, from sports with frequent
jumping and pivoting demands, including basketball, volleyball, soccer, handball, and track and
field. Reported sample sizes ranged from 16 to 205 participants.

Most studies, about 85%, measured kinematics and kinetics with 3D motion analysis and force
plates. Other studies used 2D video analysis, electromyography, or modeling tools such as
OpenSim. The landing tasks most often examined were drop vertical jump, single-leg landing,
jump landing, and stop-jump maneuvers. Approximately 30% of the studies included sex-based
comparisons, and these analyses generally showed larger dynamic knee valgus in females.
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3.3. Methodological Quality

Quality assessment was performed with the modified Downs and Black checklist, which
included 16 items and a maximum score of 17. Scores ranged from 14 to 15, with a mean of 14.2
and a standard deviation of 0.4. Using the predefined categories, high quality was defined as 15
to 17, moderate quality as 12 to 14, and low quality as less than 12. Four studies, 25%, were
categorized as high quality, and 12 studies, 75%, were categorized as moderate quality. No study
was rated as low quality.

Across the included literature, common strengths were explicit aims, clear outcome reporting,
and adequate description of participants. Recurrent weaknesses were the. absence of formal
sample-size or power calculations in nearly all studies, 95%, and incomplete control of
confounders such as age, sex, and competitive level in about 70% of the papers. No article was
removed from the synthesis on quality grounds.

3.4. Main Findings

3.4.1. Association Between Dynamic Knee Valgus and Non-Contact Anterior Cruciate
Ligament Injury Risk

Across the seven analyses based on injury videos or ‘injury simulations, ACL injury was often
preceded by sport-specific situations such as-offensive pressing or tackling, 44%, opponent
pressure, balance recovery after kicking, or uncontrolled landing after a jump. Most injuries,
88%, were classified as non-contact, although-indirect contact, such as close opponent presence
without knee contact, was also common.

The most frequent mechanical presentation was multi-planar valgus loading. This pattern
involved frontal-plane knee abduction together with hip adduction or internal rotation and lateral
trunk flexion and was observed in 81% of cases. Fatigue, dual cognitive task demands, and
reduced trunk stability. were also reported to intensify valgus magnitude, with statistically
significant increases in several studies, p < 0.05.

3.4.2. Sex Differences

The reviewed studies showed clear sex-related differences in landing biomechanics. Females
generally reached higher peak knee abduction angles than males, with reported mean differences
of 4 t0.10-degrees, p < 0.001, Cohen's d = 0.8 to 1.2, reflecting a large effect. The contrast was
greater in single-leg landings, 7 to 10 degrees, than in double-leg landings, 4 to 6 degrees. Peak
knee abduction moments were also higher in females, with mean differences of 15 to 25 Nm, p <
0.01, Cohen'sd = 0.6 to 0.9.

Multi-planar analysis further indicated that females displayed a distinct lower-extremity and
trunk profile. Compared with males, they showed greater hip adduction and internal rotation,
with mean differences of 5 to 8 degrees, p < 0.05, Cohen's d = 0.5 to 0.7; less knee flexion at
initial contact, with mean differences of 8 to 12 degrees, p < 0.01; and greater lateral trunk
displacement, approximately 30% to 40% higher, p < 0.05. These sex-specific differences were
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most pronounced within 40 to 100 ms after initial ground contact, the interval in which peak
vertical ground reaction force and high ACL loading typically occur.

4. Discussion

This review indicates that landing-related dynamic knee valgus is a clinically relevant,
observable, and modifiable biomechanical factor associated with non-contact ACL injury in
athletes. Fourteen of the 16 included studies, approximately 88%, reported a positive association
between greater valgus behavior and higher ACL injury risk or injury-relevant loading. The
pattern appeared most critical during the early deceleration phase after foot contact; especially
within 40 to 100 ms, which corresponds closely with mechanisms described in real-world injury
videos.

These findings agree with Cronstrom et al. (2020), whose systematic.review and meta-analysis
identified knee abduction moment as a prospective predictor of ACL injury risk. They are also
consistent with the classic prospective work of Hewett et al. (2005), in"which laboratory-based
valgus measures predicted subsequent ACL injury in female athletes. More recently, Sigurdsson
et al. (2025) proposed the early peak knee abduction moment-waveform as an independent
predictor in young athletes, suggesting that the timing of valgus loading may be as important as
its magnitude. Studies that failed to identify a significant ‘relationship generally had smaller
samples or shorter follow-up, which may haverreduced statistical power.

Sex-related differences were a consistent theme. Female athletes tended to show greater dynamic
valgus, with mean peak differences of about 4 to*8 degrees and moderate-to-large effects, along
with larger hip internal rotation and more lateral trunk displacement during landing. Male
athletes more often showed inter-limb asymmetry rather than bilateral valgus dominance.
Plausible mechanisms include: lower relative strength of the hip abductors and external rotators,
which weakens frontal-plane control; larger. Q-angle, which can increase valgus leverage; and
cyclic hormonal effects on ligament laxity.

These mechanisms may combine. to increase valgus-rotatory loading and ACL strain under
multi-planar forces. The observed sex-specific movement profile is therefore compatible with the
substantially-higher ACL injury incidence reported for female athletes and supports prevention
approaches.that are tailored to sex-specific biomechanical risk patterns.

The valgus-injury relationship was stronger during single-leg landing than during double-leg
landing,~with mean valgus differences of 8 to 12 degrees. Single-leg tasks increase valgus
demand because the base of support is reduced, load distribution is more asymmetric, and
neuromuscular control requirements are greater. This interpretation is consistent with video
analyses showing that many non-contact ACL injuries occur during one-leg actions, including
jump landing, recovery after kicking, and rapid deceleration.

In these injury scenarios, the common mechanical profile was simultaneous knee abduction, hip
adduction or internal rotation, and lateral trunk tilt, observed in 81% of analyzed cases.
Clinically, this supports the inclusion of single-leg landing assessments in screening protocols
for athletes considered at elevated ACL injury risk.
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Several modifiable intrinsic factors were repeatedly associated with larger dynamic knee valgus,
including weakness of the hip abductors and external rotators, restricted ankle dorsiflexion, and
inadequate core stability. Fatigue and dual cognitive task conditions further increased valgus
severity. These findings highlight the importance of trunk control and fatigue resistance for
preserving lower-limb alignment during sport-specific demands.

From a practical standpoint, the role of hip abductor weakness supports the use of exercises such
as single-leg squats, lateral band walks, and resistance-band strengthening within injury-
prevention programs, including FIFA 11 Plus and PEP. Accessible screening with 2D.video or
inertial sensors may also help identify high-risk athletes before injury occurs. Because females
showed distinct valgus-related profiles, prevention programs should include sex-sensitive
neuromuscular components.

Despite the strength of the overall association, interpretation is limited by methodological
heterogeneity. Measurement approaches varied from 3D motion capture.to 2D video and inertial
sensors, affecting both precision and comparability. Definitions ofthigh valgus also differed
substantially, ranging from about 5 to 15 degrees, depending on-the task, landing instruction,
jump height, and fatigue condition. Consequently, a universal risk threshold cannot yet be
justified, and future work requires more standardized protocols.

Other limitations within the evidence base include small samples, infrequent power calculations,
and incomplete adjustment for confounding variables. These issues, together with differences in
task protocols and injury ascertainment, prevented quantitative meta-analysis. Future studies
should use harmonized measurement methods, longer follow-up, accurate injury surveillance,
and more diverse athlete samples, including-males, older athletes, and different competitive
levels.

Limitations

Several limitations of this review should be recognized. First, excluding non-English studies and
retrospective designs may- have reduced the available evidence and introduced language or
publication hias; although these restrictions were applied to maintain methodological
consistency. Second, the search covered major databases only up to December 2025, so grey
literature_and newer records may not have been captured. Third, heterogeneity in valgus
assessment methods, including 3D, 2D, and video-based approaches, as well as variation in high-
valgus definitions and landing protocols, made meta-analysis inappropriate.

The included studies also differed in design. Some were prospective cohorts with injury follow-
up, whereas others were laboratory cross-sectional studies or video analyses. This design
diversity limits direct comparability and should be considered when interpreting the results. In
addition, the evidence was concentrated mainly on young female athletes, which restricts
generalization to male athletes, older groups, and other competitive levels.

Finally, confounders such as fatigue, cognitive load, and menstrual-cycle related hormonal

variation were reported inconsistently, and most studies did not include formal power
calculations. The exclusive focus on landing tasks may also omit the contribution of valgus
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during other high-risk movements such as cutting and pivoting. Nevertheless, this focus was
necessary for the review question. Future studies should prioritize standardized assessment,
longer follow-up, better confounder control, and broader participant representation so that future
meta-analyses become feasible.

5. Conclusion

This systematic review shows that dynamic knee valgus during landing, especially in female
athletes and during single-leg tasks, is strongly associated with non-contact ACL injury risk.
Although measurement approaches, landing protocols, and high-valgus criteria differed across
studies, the evidence consistently supports a meaningful clinical relationship between valgus
behavior and injury risk. Neuromuscular prevention programs that target.lower-limb alignment,
hip strength, trunk stability, ankle control, and fatigue resistance may ‘reduce ACL injury
incidence in high-risk athletes. Future research should establish standardized assessment
procedures and conduct rigorous prospective studies to define mechanisms, thresholds, and
optimized preventive strategies more precisely.
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