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Background: There has been a marked increase in the number of Schenck knee dislocation (KD) I injuries reported in the multi-
ligament knee (MLK) injury (MLKI) and KD literature.

Purpose: To examine the heterogeneity of the Schenck KD I classification in the MLKI and KD literature.

Study Design: Systematic review; Level of evidence, 4.

Methods: A systematic literature search of PubMed, CINAHL, Scopus, Web of Science, EMBASE, and Cochrane Library was
conducted for all studies that investigated KDs and/or MLKIs, utilized the Schenck or an MLKI classification system, and
included patients with KD I or MLK 1 injuries. Pooled analysis determined the total number of KD I or MLK 1 injuries and
the specific ligamentous tear patterns. Binary meta-analyses of the studies that reported neurovascular injury within each
Schenck KD class compared the pooled odds ratio (OR) of vascular and neurological injury in unicruciate (KD I) and bicruciate
(KD II-IV) injuries.

Results: Included were 50 studies in which 3460 KD I injuries were reported out of 7872 KDs and MLKIs (43.9%). Of the 2912
patients reported to have had a Schenck KD I injury, 26 patients (0.9%) had a clinically and/or radiographically confirmed tibiofe-
moral KD. The overall prevalence of Schenck KD I injury with documented tibiofemoral KD was 26 of 7872 (0.3%). A total of 22
studies (n = 1702 patients) reported the specific ligamentous tear patterns; the most common patterns were posterior cruciate
ligament (PCL)/lateral collateral ligament (LCL) (n = 526; 30.9%), anterior cruciate ligament (ACL)/LCL (n = 488; 28.7%), ACL/
medial collateral ligament (MCL) (n = 408; 24.0%), and PCL/MCL (n = 198; 11.6%). Meta-analyses demonstrated that when com-
pared with bicruciate KD or MLKI, unicruciate KD or MLKI was significantly less likely to have concomitant vascular injury (OR,
0.28; 95% CI, 0.15-0.51; P \ .0001) and concomitant neurologic injury (OR, 0.49; 95% CI, 0.37-0.65; P \ .00001).

Conclusion: The number of true, clinically and/or radiographically confirmed unicruciate KDs was extremely rare, representing
\1% of all reported Schenck KD I injuries. A misappropriation of these injury patterns as true KDs may be taking place, affecting
outcome studies and potentially biasing published clinical results. An MLKI classification system must document whether a con-
firmed KD has occurred.
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Our understanding of knee dislocations (KDs) and multili-
gament knee (MLK) injuries (MLKIs) has evolved over
time. The use of standardized nomenclature and classifica-
tion systems provides the backbone for clinicians and

researchers to communicate and analyze similar injury
patterns. A KD is defined as loss of the normal tibiofemoral
articulation that is confirmed clinically and/or radiograph-
ically.15,52 The Schenck classification system stratifies KDs
into distinct classes based on the specific pattern of com-
plete ligamentous injuries with the primary goal of improv-
ing communication and operative planning among
providers (Table 1).15,52 Within this classification system,
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a KD I is defined as a single cruciate ligament remaining
intact with variable collateral ligament injury in the set-
ting of a clinically and/or radiographically confirmed dis-
ruption to the tibiofemoral joint.15,52 A true Schenck KD
I with a clinically and/or radiographically documented
tibiofemoral dislocation has been proven to be a particu-
larly rare knee injury pattern, with few cases reported in
the literature.4,13,16,23,24,57

Although the Schenck classification was initially
intended for describing KDs, the lack of a designated
MLKI classification system has led to its ubiquitous appli-
cation to both KD and MLKI studies. Over the past decade,
there has been a surge in the reporting of Schenck KD I
injuries in the orthopaedic literature, which can largely
be attributed to the inclusion of unicruciate MLKIs within
the same Schenck KD I designation as unicruciate
KDs.11,38,46 As a result, the uncertainty revolving around
the definitions for MLKIs, KDs, and Schenck KD I injuries
in recent study methodologies has led to challenges in
determining clinically relevant differences in patients pre-
senting with different ligamentous tear patterns in the
context of MLKIs and KDs. A recent study demonstrated
an increased neurovascular risk in documented tibiofe-
moral KDs compared with nondislocated MLKIs, suggest-
ing clinical differences exist between these entities.23 To

help address this dilemma, the initial Surgical Timing
and Rehabilitation (STaR) Trial for MLKI network investi-
gators49 proposed a separate MLKI classification system to
distinguish between KDs and MLKIs (known as the MLKI
anatomic classification system) with distinct categories
according to ligamentous tear pattern from MLK 1 to
MLK 4.

The Schenck classification system provides valuable
anatomic information that can be used in treatment
decision-making. However, in its current state, the KD I
classification fails to capture the full spectrum of injury
and does not adequately designate whether there has
been a documented dislocation event. These deficiencies
may limit its applicability in highlighting neurovascular
injury risk and accuracy in predicting operative
approaches and may not allow for optimal specificity for
collecting patient-reported outcome measures.23,38 Further
characterization and recognition of the distinct ligamen-
tous injury patterns comprising the Schenck KD I classifi-
cation may lead to improvements in operative planning,
provider to provider communication, and methodology of
future KD and MLKI studies.

The primary aim of this systematic review and meta-
analysis was to examine the spectrum of reporting of
Schenck KD I injuries in the orthopaedic literature. The

TABLE 1
Modified Schenck Classification System for KDsa

Classification Description

KD I Disruption of 1 cruciate (ACL or PCL)
KD II Disruption of both cruciates (ACL 1 PCL)
KD III Disruption of both cruciates (ACL 1 PCL) and either collateral (MCL or LCL)
KD III-M Disruption of both cruciates (ACL 1 PCL) and MCL
KD III-L Disruption of both cruciates (ACL 1 PCL) and LCL
KD IV Disruption of both cruciates (ACL 1 PCL) and both collaterals (MCL 1 LCL)
KD V Fracture/dislocation

Modifiersb

-N Nerve injury
-C Vascular injury
-O Open injury
-EM Extensor mechanism injury

aACL, anterior cruciate ligament; KDs, knee dislocations; L, designates torn LCL; LCL, lateral cruciate ligament; M, designates torn
MCL; MCL, medial collateral ligament; PCL, posterior cruciate ligament.

bModifiers are added to indicate KDs with the respective concomitant injury: ‘‘-N’’ suffix indicates nerve injury and ‘‘-C’’ suffix indicates
vascular injury.15 The ‘‘-O’’ suffix was introduced by Held et al19 to describe open KD. The ‘‘-EM’’ suffix was advocated by Medvecky et al40

and Mojica et al.41 Example: KD III-M-C indicates KD with complete tears of ACL, PCL, MCL, and concomitant popliteal artery injury.
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secondary aim of this study was to characterize the current
state of the Schenck KD I classification by determining (1)
the overall prevalence of reported Schenck KD I injuries
and various subclasses and (2) the odds of concomitant
neurological and vascular injury in unicruciate injuries
(KD I) compared with bicruciate injuries (KD II-IV).

METHODS

This review was conducted in accordance with the
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) 2020 statement. Two
reviewers (J.S.G. and A.M.) conducted the review indepen-
dently, and a third reviewer was used to resolve any dis-
agreements (Z.I.L.).

Search Strategy

A systematic literature search was conducted in PubMed,
CINAHL, Scopus, Web of Science, EMBASE, and Cochrane
Library with no language restrictions on June 19, 2023.
The search was repeated on June 20, 2023, by a different
author and yielded the same results. The search query
used was the following: ((knee dislocation) OR (knee dislo-
cations) OR (tibiofemoral dislocation) OR (multi ligament
knee injury) OR (multi ligament knee injuries) OR (multi-
ligament knee injury) OR (multiligament knee injuries)
OR (multiple ligament knee injury) OR (multiple ligament
knee injuries) OR (multiligamentous knee injury) OR
(multiligamentous knee injuries) OR (multiligament knee
reconstruction)) AND ((unicruciate injury) OR (intact cru-
ciate) OR (intact PCL) OR (intact ACL) OR (Schenck) OR
(Schenck classification) OR (anatomic classification) OR
(class) OR (KD) OR (KD 1) OR (KD I) OR (MLI) OR
(MLKI)).

Study Inclusion and Exclusion Criteria

Studies were included if they met the following criteria: (1)
access to full-text papers in English; (2) prospective and
retrospective cohort studies, case-control studies, case
reports, case series, or cross-sectional studies; (3) investi-
gated KDs and/or MLKIs; (4) used the Schenck KD classi-
fication system or an MLKI classification system; (5)
included patients with knee injuries classified as Schenck
KD I or MLK 1; and (6) could sufficiently delineate the
number of KDs and/or MLKIs in each Schenck KD or
MLKI classification. For the purposes of this review,
a Schenck KD I injury was defined as one of the following:
(1) an MLKI with an intact cruciate ligament (anterior cru-
ciate ligament [ACL] or posterior cruciate ligament [PCL])
plus either collateral ligament (lateral collateral ligament
[LCL] and/or medial collateral ligament [MCL]) or (2)
a clinically and/or radiologically confirmed tibiofemoral
KD with an intact cruciate ligament and variable collateral
ligament involvement (Table 1). Each reported Schenck
KD I and MLK 1 injury was further categorized into

a distinct subclass based on the ligamentous tear pattern
and presence or absence of a clinically and/or radiographi-
cally confirmed tibiofemoral KD (Table 2).16,49 In each
included study, unicruciate injuries were categorized as
KD or MLKI based on the combination of definition(s) of
KD and/or MLKI provided in the methodology and desig-
nation of KD or MLKI within the article title. Exclusion
criteria were the following: (1) studies that did not include
patients with knee injuries that were classified as Schenck
KD I and (2) systematic reviews, review articles, commen-
taries, and animal studies. Two reviewers (J.S.G. and
A.M.) independently made the study selection based on
the inclusion and exclusion criteria. A third reviewer
(Z.I.L.) resolved any disagreements.

Data Extraction

Data were collected independently by 2 authors (J.S.G. and
A.M.), with a third author (Z.I.L.) resolving any discrepan-
cies and disagreements. The following items were
extracted from all included studies: first author name
and publication year, country, study period, study design,
inclusion/exclusion criteria, definition used for MLKI, def-
inition used for KD, definition used for Schenck KD I
injury, total number of included patients, and total number
of patients with Schenck KD I injury. Additionally, the
total number of Schenck KD I injuries with clinically
and/or radiologically confirmed tibiofemoral dislocation,
total number of Schenck KD I injuries with uncertain dis-
location (or MLKI), and the specific ligamentous tear

TABLE 2
Proposed Stratified Unicruciate KD

and MLKI Subclassification Schemea16,49

Suffixb
Schenck KD

Subclassc MLKI Subclassd Ligaments Torn

-A KD I2A N/Ad ACL
-AM KD I2AM MLK 12AM ACL/MCL
-AL KD I2AL MLK 12AL ACL/LCL
-ALM KD I2ALM MLK 12ALM ACL/LCL/MCL
-P KD I2P N/Ad PCL
-PM KD I2PM MLK 12PM PCL/MCL
-PL KD I2PL MLK 12PL PCL/LCL
-PLM KD I2PLM MLK 12PLM PCL/LCL/MCL

aSuffix ‘‘A’’ or ‘‘P’’ designates torn cruciate ligament (ACL or
PCL); suffix ‘‘M’’ or ‘‘L’’ designates torn collateral ligament (MCL
or LCL). ACL, anterior cruciate ligament; AL, ACL/LCL; ALM,
ACL/LCL/MCL; AM, ACL/MCL; KD, knee dislocation; LCL, lat-
eral collateral ligament; MCL, medial collateral ligament; MLK,
multiligament knee; MLKI, multiligament knee injury; PCL, pos-
terior cruciate ligament; PL, PCL/LCL; PLM, PCL/LCL/MCL; PM,
PCL/MCL.

bDesignates a clinically and/or radiologically confirmed tibiofe-
moral dislocation.

cDesignates multiligamentous knee injury without clinically
and/or radiologically confirmed tibiofemoral dislocation.

dNot applicable (N/A) as MLKI requires 2 or more complete lig-
ament tears
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patterns were collected from studies that adequately
reported these data or could be deduced with certainty
from the data provided.

Data were extracted and aggregated from all included
studies that reported on the incidence of vascular and/or
neurological injuries within each Schenck KD classifica-
tion. For the purposes of this review, a vascular injury
was defined as occlusion, thrombosis, transection, intimal
flap, or intimal tear, while an isolated arterial spasm did
not constitute a vascular injury.11,39 A neurological injury
was defined as any degree of impaired motor or sensory
function in the tibial or peroneal nerves.39

Risk of Bias

The quality assessment of the included studies was per-
formed using the methodological index for
nonrandomized studies checklist, which is deemed a reli-
able scoring system for the risk of bias in noncomparative
and comparative studies.56 The checklist uses 12 items,
each of which is scored on a scale from 0 to 2. A score of
0 indicates ‘‘not reported,’’ a score of 1 indicates ‘‘reported
but inadequate,’’ and a score of 2 indicates ‘‘reported and
adequate.’’ The maximum score for a noncomparative
study is 16, and the maximum score for a comparative
study is 24.

Statistical Analysis

A simple pooling of data across all studies was performed
to allow for interpretation of results regarding the general
prevalence of Schenck KD I injuries with and without
documented tibiofemoral dislocation and the specific
Schenck KD I subclass. Given the rarity of Schenck KD I
injuries with documented tibiofemoral dislocation and the
limited description in the literature, comparative statisti-
cal analysis of the neurovascular outcomes was not possi-
ble. Separate binary meta-analyses were utilized to
compare the respective pooled odds ratio (OR) of vascular
and common peroneal nerve (CPN) injuries in unicruciate
(KD I) and bicruciate (KD II-IV) KDs. KD V injuries were
excluded from the meta-analyses since the specific liga-
ment injuries could not be identified. Random-effects mod-
els were used to account for heterogeneity among the
included studies. Heterogeneity between included studies
was evaluated using the Cochran Q statistic in addition
to the I2 statistic. An I2 of .50% was considered significant
heterogeneity. All meta-analysis was conducted using the
Statistical Package for Social Sciences (Version 26; IBM),
and statistical significance was set at P � .05.

RESULTS

Search Results

The search query yielded a pooled result of 699 articles.
After duplicate articles were removed, 369 articles were
screened, and 299 articles were excluded based on the

study title and abstract. Of the 70 remaining studies, 50
studies were eligible for inclusion in this review (Figure 1).

Definitions of MLKI, KD, and Schenck KD I
Classification

A summary of the definitions used for MLKI, KD, and the
Schenck KD I classification in all included studies is shown
in Appendix Table A1. Of the 50 included studies, 21 stud-
ies{ provided a definition for MLKIs only, 9 studies# pro-
vided a definition for KDs only, 4 studies7,16,23,41

provided separate definitions for MLKI and KD, and 16
studies** did not provide a definition for either MLKI or
KD. There were 23 studiesyy that included a definition of
the Schenck KD I classification.

Prevalence of Schenck KD I Injury

All included studies reported knee injuries that were clas-
sified as Schenck KD I, with a total of 7872 patients sus-
taining an MLKI and/or KD. Of these patients, 3460
(43.9%) were reported as having a Schenck KD I injury.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flowchart for literature
screening.

{References 2, 3, 5, 8–10, 30, 34-36, 38, 44, 48–51, 55, 60, 62, 64, 65.
#References 13, 17, 24, 29, 33, 45, 47, 57, 58.

**References 4, 6, 12, 14, 18, 20, 21, 26, 28, 32, 37, 43, 46, 53, 54, 63.
yyReferences 3, 5, 8, 9, 12, 16, 17, 23, 26, 31, 34, 37, 43-46, 48, 49, 53,

54, 57, 58, 62.
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Seven studies4,13,16,23,24,45,57 described Schenck KD I as
a clinically and/or radiologically confirmed tibiofemoral
dislocation on initial presentation (Table 3).

Of the 3460 patients with a Schenck KD I injury, 28
patients had a documented tibiofemoral KD (0.8%). The
overall prevalence among the included studies of KD I inju-
ries with documented tibiofemoral KD was 28 of 7872
(0.3%). The trend of reporting on KD I injuries is shown
in Figure 2.

Prevalence of Schenck KD I Subtypes

There were 22 studieszz (n = 1702 patients) that described
the specific ligamentous tear patterns of the KD I injuries,

which could therefore be further categorized into sub-
classes. The most common ligamentous tear patterns
were PCL/LCL (n = 526; 30.7%), ACL/LCL (n = 487;
28.6%), ACL/MCL (n = 404; 23.7%), and PCL/MCL (n =
196; 11.5%). The distribution of KD I subclasses is shown
in Table 4.

Risk of Vascular Injury

The vascular status of each Schenck KD classification was
reported in 14 studies,§§ of which 10 studies|| || reported suf-
ficient data to calculate an OR for vascular injury between

TABLE 3
Studies That Utilized Schenck Classification and Included KD I Injuries With Clinically

and/or Radiographically Confirmed Tibiofemoral Dislocationa

Lead Author
(Year)

KD I
Injury, n KD Definition

Green16 (2023) 12 Complete disruption of the normal tibiofemoral articulation with radiographic evidence at the time of
presentation

Kahan23 (2021) 3 Disruption on imaging of normal alignment of tibiofemoral articulation
Figueroa13 (2021) 1 Complete loss of the tibiofemoral congruency that is confirmed radiographically
Kilicoglu24 (2021) 6 Complete loss of tibiofemoral joint contact as verified by radiography or multiligamentous injury with gross

knee instability confirmed on MRI and clinically by orthopaedic surgeon
Azar4 (2011) 1 Definition not provided
Nicandri45 (2010) 2 A knee that presented dislocated and required reduction, or a grossly unstable knee with MRI-documented

bicruciate, 3-, or 4-ligament injury
Stannard57 (2004) 3 A dislocated or grossly unstable knee with tears of at least both the anterior and the posterior cruciate

ligaments as documented on MRI, with surgical confirmation of the pathology

aKD, knee dislocation; MRI, magnetic resonance imaging.
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Figure 2. Annual reporting of Schenck knee dislocation (KD)
I cases reported among studies that utilized the Schenck
classification system.

TABLE 4
Prevalence of Schenck KD I Subclasses Among Included
Studies That Utilized the Schenck Classification System

and Reported Ligamentous Tear Patternsa

Ligaments Torn Subclass
KD I

Injury, n
MLK 1

Injury, n

ACL A 10 0
ACL/MCL AM 4 404
ACL/LCL AL 1 487
ACL/LCL/MCL ALM 0 33
PCL P 0 0
PCL/MCL PM 2 196
PCL/LCL PL 3 523
PCL/LCL/MCL PLM 0 39

aA, designates torn ACL; ACL, anterior cruciate ligament; AL,
ACL/LCL; ALM, ACL/LCL/MCL; AM, ACL/MCL; KD, knee dislo-
cation; LCL, lateral collateral ligament; MCL, medial collateral
ligament; MLK, multiligament knee; P, designates torn PCL;
PCL, posterior cruciate ligament; PL, PCL/LCL; PLM, PCL/LCL/
MCL; PM, PCL/MCL.

zzReferences 4, 6, 7, 10, 13, 16, 17, 24, 29, 30, 34, 36, 47–49, 51, 54, 55,

58, 61, 62, 63.

§§References 4, 13, 23, 24, 31, 34, 38, 45, 49, 51, 53, 54, 57, 61.
|| ||References 4, 23, 24, 31, 38, 45, 49, 51, 53, 57.
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unicruciate injuries (KD I) and bicruciate injuries (KD II-
IV). In these 10 studies, concomitant vascular injury was
reported in 11/665 patients with unicruciate injuries classi-
fied as KD I (1.7%) and 78/680 patients with bicruciate
injuries classified as KD II and IV (11.5%). Meta-analysis
demonstrated that patients with unicruciate KD or MLKI
were significantly less likely to have concomitant vascular
injury when compared with patients with bicruciate KD or
MLKI (OR, 0.28; 95% CI, 0.15-0.51; P \ .0001). Heteroge-
neity of the pooled studies was insignificant (I2 = 0.00).
The results of the meta-analysis can be visualized in the
forest plot in Figure 3.

Risk of Neurologic Injury

The neurologic status was reported in 14 studies,{{ of
which 8 studies4,10,23,24,36,38,49,64 reported sufficient data
to calculate an OR for neurologic injury between unicruci-
ate injuries (KD I) and bicruciate injuries (KD II-IV). In

these 8 studies, concomitant neurologic injury was
reported in 105/923 patients with unicruciate injuries
(11.4%) and 183/765 patients with bicruciate injuries
(23.9%). All neurologic injuries included in the meta-
analysis were to the CPN. Meta-analysis demonstrated
that patients with unicruciate KD or MLKI were signifi-
cantly less likely to have concomitant neurologic injury
when compared to patients with bicruciate KD or MLKI
(OR = 0.49; 95% CI, 0.37-0.65; P \ .00001). Heterogeneity
of the pooled studies was insignificant (I2 = 0.40). The
results of the meta-analysis can be visualized in the forest
plot in Figure 4.

DISCUSSION

In this systematic review and meta-analysis, we examined
the current reporting of Schenck KD I injuries in the ortho-
paedic literature to highlight the overall heterogeneity of
the Schenck KD I classification and emphasize the impor-
tance of reporting the specific ligamentous tear patterns in
unicruciate MLKIs and KDs. The most important finding{{References 3, 4, 10, 13, 23, 24, 28, 36, 38, 42, 49, 54, 60, 64.

Figure 3. Forest plot comparing the odds ratio of vascular injury between unicruciate (Schenck knee dislocation [KD] I) and bicru-
ciate (Schenck KD II-IV) injuries. M-H, Mantel-Haenszel.

Figure 4. Forest plot comparing the odds ratio of neurologic injury between unicruciate (Schenck knee dislocation [KD] I) and
bicruciate (Schenck KD II-IV) injuries. M-H, Mantel-Haenszel.
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in this study was that unicruciate injuries with docu-
mented tibiofemoral dislocation appear to be much rarer
entities than unicruciate MLKIs and represent approxi-
mately 0.5% of all reported Schenck KD I injuries. There-
fore, the Schenck KD I classification should be reserved
for unicruciate injuries with concomitant tibiofemoral dis-
location that are confirmed clinically and/or radiographi-
cally, and nondislocated MLKI should be included only in
the recently described MLKI anatomic classification
system.49

Over the past decade, there has been an exponential
rise in the reporting of Schenck KD I injuries that is
most likely due to increased recognition of unicruciate
MLKIs. In 2022, 11 studies## reported a cumulative total
of 1508 unicruciate MLKIs that were classified as Schenck
KD I. Of these studies, Neilsen et al46 reported 903
Schenck KD I injuries out of 1160 MLKIs from an online
registry over a 12-year period (77.8%). This represents
the largest total of Schenck KD I injuries reported in a sin-
gle study and far exceeds the overall frequency of Schenck
KD I injuries in the literature as determined by the cur-
rent review (43.9%). The lack of an MLKI classification
system has resulted in the inclusion of unicruciate MLKI
into the Schenck KD I class, effectively eliminating any
distinction between unicruciate KDs and MLKIs.

The initial STaR Trial Network investigators49 pro-
posed a separate MLKI anatomic classification system in
which unicruciate MLKIs were broken down into sub-
classes based on the specific combination of ligaments
torn. In alignment with this proposed MLKI classification,
we endorse a similar stratification of unicruciate KDs
within a modified Schenck KD I classification system and
to separate the nondislocated MLKI from the true disloca-
tion (Table 4).16 For future studies, we recommend that
unicruciate MLKIs without clinically and/or radiographi-
cally confirmed tibiofemoral dislocation should be denoted
using the MLKI classification system nomenclature while
those with a well-documented dislocation event should fol-
low the proposed modification to the Schenck KD I class.
As demonstrated by Kahan et al,23 a documented KD car-
ries a higher neurovascular risk than the nondislocated
MLKI and a delineation of these differing injury patterns
is warranted. Adopting a classification system that strati-
fies all KDs and MLKIs into classes/subclasses based on
the pattern of ligament injury will provide a comprehensive
and uniform algorithm for characterizing all complex knee
injuries (Figure 5). Furthermore, the inclusion of suffixes
for neurovascular injuries, extensor mechanism injuries,
open injuries, and the subclassification of KD V injuries
as described by Stannard et al57 (eg, KD V.3L represents
a knee fracture-dislocation with ACL, PCL and LCL/PLC
injuries) allows for the most up-to-date and thorough
description of the ligament and associated injuries that
need to be included in the complex treatment decision-
making process.19,40,41,57

KDs and MLKIs carry significant risk for concomitant
vascular injury, and a high index of suspicion needs to be

maintained for vascular injury in any MLKI. However,
the current literature suggests that popliteal artery inju-
ries are extraordinarily rare in the setting of a Schenck
KD I injury, and the overall frequency is roughly 1%.a A
systematic review conducted by Medina et al39 determined
that the overall frequency of vascular injury after KD was
approximately 18%. Kim et al25 reported a similar pooled
incidence rate of vascular injury in MLKIs at 18.4%. How-
ever, in an updated meta-analysis based on the Medina
et al study, Constantinescu et al11 reported that the fre-
quency of vascular injuries after KDs has decreased to
10.7% over the past 10 years. A significant contribution
toward this apparent decline in the frequency of vascular
injuries in patients reported as having KDs may partially
be attributed to the increased incidence of reported
Schenck KD I injuries during the past 10 years that in
reality were MLKIs.11 While the overall frequency of vas-
cular injury in KDs has been documented exten-
sively,11,25,39 this study aimed to directly examine the
difference in the frequency of vascular injury between uni-
cruciate injuries (Schenck KD I) and bicruciate injuries
(Schenck KD II-IV).

The current meta-analysis found that unicruciate inju-
ries (Schenck KD I) were 72% less likely to be associated
with concomitant vascular injury compared with bicruciate
injuries (Schenck KD II-IV). The popliteal artery is the
most susceptible to injury due to the anatomic course of
the artery, as it is tethered at the tendinous hiatus of the
adductor magnus and tendinous arch of the soleus, while
spanning the tibiofemoral joint.1,11,27,39 During a disloca-
tion event, tibial translation can impose shearing forces
or stretching of the popliteal artery and increase vascular
morbidity. Involvement of both cruciates in Schenck KD
II to IV injuries may lead to greater anteroposterior insta-
bility, subsequent tibial translation, and resultant impact
on the popliteal artery, which could explain the increased
incidence of vascular injury demonstrated in this study.
In contrast, in Schenck KD I injuries, a single cruciate lig-
ament remaining intact may protect the knee from excess
tibial translation and subsequent vascular injury during
tibiofemoral dislocation. It remains unclear if vascular
injuries are more prominent in specific subclasses of
Schenck KD I injuries, leaving an opportunity for future
studies to further explore how specific patterns of cruciate
and collateral involvement may influence vascular morbid-
ity in these injuries.

The CPN is the most commonly injured nerve in KDs
and MLKIs with a pooled incidence rate of 19.2% in the
systematic review from Kim et al.25 The literature suggests
that KDs and MLKIs involving the posterolateral corner
(PLC) are associated significantly more with concomitant
CPN injury than those without PLC injury.22,49 Further-
more, findings from Markus et al36 indicate that ACL
involvement in MLKIs, especially in conjunction with
PLC injury, is associated with significantly increased
CPN injury. In the current study, concomitant CPN injury
was 51% less likely to be associated with unicruciate

##
References 3, 7, 10, 12, 30, 31, 34, 36, 46, 55, 65.

aReferences 4, 16, 23, 24, 38, 45, 49, 50, 57, 59.
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injuries (Schenck KD I) compared with bicruciate injuries
(Schenck KD II-IV). However, ambiguity regarding the lig-
amentous tear patterns of included Schenck KD I injuries
limits the ability to properly elucidate the attributable risk
of bicruciate involvement compared with KDs or MLKIs
with an intact ACL or PCL, respectively. This problem
underpins the importance of adopting separate KD and
MLKI classification systems that make a clear distinction
of cruciate and collateral involvement to better understand
the relationship of dislocation events and anatomic, neuro-
logical, and vascular injuries.

Limitations

There were several limitations in the current review. We
focused solely on studies that included unicruciate KDs
and MLKIs and used the Schenck or MLKI classification
system; we did not account for studies that reported injury
patterns consistent with unicruciate KDs or MLKIs but did
not explicitly classify them as Schenck KD I or MLK 1.
Moreover, the inclusion of multiple studies from the
same institution or research group may have accounted
for the same patients additional times. Less than half of
the included studies provided specific ligamentous tear
patterns for the reported Schenck KD I injuries, which
also leaves a significant quantity of unicruciate KDs and
MLKIs in the literature to not be fully characterized. The

data presented in this review therefore represent an
approximation of the prevalence of Schenck KD I injuries
reported in the literature.

In the meta-analysis for vascular and CPN injury, there
were likely undetectable differences among the included
studies despite the heterogeneity being determined as
insignificant (\50%). Several included studies reported
neurovascular injuries in patients with unicruciate
KDs,4,24,45,57 while other studies reported on unicruciate
MLKIs31,38,49,50,53 or included both KDs and MLKIs.23

These inconsistencies in KD and MLKI reporting may
have obscured the findings in this study, as documented
dislocation has previously been found to carry an increased
vascular risk, and it remains unclear how much the spe-
cific ligamentous injuries contribute.23

This systematic review and meta-analysis highlights
the marked increase in the reporting of unicruciate
MLKI. Given the rarity of previously described Schenck
KD I with documented dislocation and the prior lack of
an MLKI classification system, this most likely represents
a misappropriation of injuries into the Schenck classifica-
tion, which is meant for dislocated knee injuries. This
review provides valuable insight into the relative infre-
quency of true Schenck KD I injuries, the distribution of
respective ligamentous tear patterns, or subclasses, and
sufficient evidence of decreased neurovascular morbidity
when a cruciate ligament remains intact in KDs and
MLKIs. Widespread implementation of the MLKI

The Stra�fied Complex Knee Ligament Injury Classifica�on System

Class 1

Unicruciate injury with 
variable collateral injury

Class 2

Bicruciate injury with 
NO collateral injury

Class 3

Bicruciate injury with 
Medial- OR lateral-sided injury

Class 4

Bicruciate injury with 
Medial- AND lateral-sided 

injury

Class 5

Class 1-4 with 
periar�cular fracture

KD II KD IV
KD V.1-V.4 with 
corresponding 

subclasses

KD III-M

KD III-L

MLK 2 MLK 4
MLK 5.1-5.4 with 

corresponding 
subclasses

MLK 3-L

MLK 3-M

KD I-A

KD I-AM

KD I-AL

KD I-ALM

KD I-P

KD I-PM

KD I-PL

KD I-PLM

Not Applicable

MLK 1-AM

MLK 1-AL

Not Applicable

MLK 1-PM

MLK 1-PL

MLK 1-PLM

ACL

ACL + MCL

ACL + PLC

ACL + MCL + PLC

PCL + MCL

PCL + PLC

PCL + MCL + PLC

PCL

ACL

ACL + MCL

ACL + PLC

ACL + MCL + PLC

PCL

PCL + MCL

PCL + PLC

Figure 5. The stratified complex knee ligament injury classification system. ACL, anterior cruciate ligament; AL, ACL/LCL; ALM,
ACL/LCL/MCL; AM, ACL/MCL; KD, knee dislocation; MCL, medial collateral ligament; MLK, multiligament knee; PCL, posterior
cruciate ligament; PL, PCL/LCL; PLC, posterolateral corner; PLM, PCL/LCL/MCL; PM, PCL/MCL. Suffix ‘‘A’’ or ‘‘P’’ designates
torn cruciate ligament (ACL or PCL). Suffix ‘‘M’’ or ‘‘L’’ designates torn collateral ligament (MCL or LCL).
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classification system proposed by the initial STaR Trial
Network investigators and the proposed modifications to
the Schenck KD I classification may facilitate a more uni-
fied and systematic approach to differentiating these dis-
tinct injuries in future studies.

CONCLUSION

The number of true, clinically and/or radiographically con-
firmed unicruciate KDs is extremely rare, representing
\1% of all reported Schenck KD I injuries. A misappropri-
ation of these injury patterns as true KDs may be taking
place, affecting outcome studies and potentially biasing
published clinical results. An MLKI classification system
must document whether a confirmed KD has occurred.
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APPENDIX TABLE A1
Characteristics of the Included Studies (N = 50)a

Study (Year)

Definitions

Study

Period

Sample

Size

KD I Injury,

n (%)

MINORS

ScorebMLKI Knee Dislocation Schenck KD

Allen2 (2015) Grade 3 injury in

�2 ligaments

NR NR 2007-2010 42 15 (35.7) 17/24

Atinga3 (2022) Acute injury

involving �2

ligaments, or

intra-articular

fracture and

injury of �1

ligament in

patients with

clinically

suspected KD

NR Single cruciate

ligament injury

2005-2018 115 1 (0.9) 16/24

Azar4 (2011) NR NR NR 6-y period 17 1 (5.9) 11/16

Bagherifard5 (2019) Tear of �2 of the 4

major knee

ligaments (ACL,

PCL, MCL, PLC

[including

LCL])

NR Injury of single

cruciate ligament

(ACL or PCL)

2011-2016 41 15 (36.6) 11/24

Barrett6 (2018) NR NR NR 2008-2015 32 16 (50.0) 14/16

Bi7 (2022) Involvement of �2

ligaments: ACL,

PCL, MCL,

LCL/PCL

TF dislocation at

time of injury

NR 2001-2020 190 73 (38.4) 21/24

Billieres8 (2020) Disruption of �2

of the 4 major

ligaments

NR Single cruciate

ligament injury

with 1 collateral

ligament injury

2013-2015 20 6 (30.0) 13/16

Born9 (2014) Disruption of �1

of the cruciate

ligaments and

�1 of the

collateral

ligaments

through

a documented or

presumed KD

event based on

imaging,

history, and

pattern

NR Single cruciate 1

collateral injury

1992-2013 134 52 (38.8) 16/24

Borque10 (2022) �2 ligaments

injured

NR NR 2001-2019 136 117 (86.0) 13/24

Djebara12 (2022) NR NR Single cruciate

ligament injury

2008-2013 29 12 (41.4) 13/24

Figueroa13 (2021) NR Dislocated knee

clinically or in

plain

radiograph with

either ACL or

PCL torn, with

MCL or PLC

complex tear

NR NR 1 1 (100.0) 6/16

Freychet14 (2020) NR NR NR 1992-2015 40 6 (15.0) 18/24

Green16 (2023) Complete tear of

�2 of the

following: ACL,

PCL, sMCL,

LCL

Complete

disruption of

the normal TF

articulation

with

radiographic

evidence

Complete tearing of

only a single

cruciate ligament

and clinical and/or

radiological

evidence of TF

dislocation

2001-2022 12 12 (100.0) 8/16

Hart17 (2009) NR TF dislocation Injury to 1 or both

cruciate ligaments

2002-2005 27 10 (37.0) 17/24

(continued)
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APPENDIX TABLE A1
(continued)

Study (Year)

Definitions

Study

Period

Sample

Size

KD I Injury,

n (%)

MINORS

ScorebMLKI Knee Dislocation Schenck KD

Hatch18 (2018) NR NR NR 2006-2013 33 11 (33.3) 14/24

Hoit20 (2021) NR NR NR 2011-2018 36 5 (13.9) 22/24

Hughes21 (2022) NR NR NR 2009-2018 136 83 (61.0) 11/24

Kahan23 (2021) Injury to �2 of the

following: ACL,

PCL, MCL, LCL

Disruption on

imaging of

normal

alignment of TF

articulation

PCL- or ACL-intact

KD with variable

collateral

involvement

2001-2020 23 19 (82.6) 16/24

Kilicoglu24 (2021) NR Complete loss of

TF joint contact

verified by

radiography or

multiligament

injury with

gross knee

instability

confirmed on

MRI and

clinically by

orthopaedic

surgeon

NR 1997-2013 42 6 (14.3) 12/24

Kosy26 (2018) NR NR Single cruciate with

collateral ligament

injury

2004-2016 188 27 (14.4) 9/24

Krych28 (2014) NR NR NR 1992-2013 27 4 (14.8) 18/24

Krych29 (2015) NR Ligamentous

reconstruction

for either

a PCL-based

multiligament

injury or

a minimum of 3

surgically

treated

ligaments

NR 1993-2010 122 25 (20.5) 11/24

Labarre30 (2023) Disruption of �2

of the 4

ligaments,

including .1

cruciate

ligament

NR NR 2010-2020 235 99 (42.1) 15/24

Lee31 (2022) NR NR ACL or PCL injured 2015-2018 42 16 (38.1) 10/16

Levy33 (2015) NR Injury to multiple

ligaments of the

knee

NR 1992-2013 125 29 (23.2) 10/24

Li34 (2022) Complete tear in

�2 cruciate and/

or collateral

ligaments, with

or without

injuries of

meniscus,

nerves, arteries,

or periarticular

fractures

NR 2 ligaments ruptured,

1 cruciate ligament

and 1 collateral

ligament, ACL/PCL

1 MCL/LCL/PCL

2012-2020 97 29 (29.9) 10/24

Lian35 (2020) �2 ligaments

injured

NR NR 2011-2018 108 57 (52.8) 10/24

Markus36 (2022) Injury to �2 of the

4 major

ligaments: ACL,

PCL, MCL, LCL

NR NR 2001-2021 221 101 (45.7) 9/16

(continued)
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APPENDIX TABLE A1
(continued)

Study (Year)

Definitions

Study

Period

Sample

Size

KD I Injury,

n (%)

MINORS

ScorebMLKI Knee Dislocation Schenck KD

Marwan37 (2018) NR NR MLI with

involvement of just

1 of the cruciate

ligaments

2008-2016 49 5 (10.2) 10/16

Maxwell38 (2021) Grade 2 or 3

injury to �2

ligaments

NR NR 2011-2015 287 121 (42.2) 8/24

Mojica41 (2023) Injury to �2 of the

4 major

ligaments: ACL,

PCL, MCL,

LCL/PLC

Recorded if TF

dislocation was

documented on

initial

radiographs or

a documented

reduction

occurred in the

emergency room

NR 2011-2020 24 7 (29.2) 16/24

Mygind-Klavsen43 (2017) NR NR ACL or PCL injured 2002-2010 196 57 (29.1) 12/24

Neri44 (2019) Complete injury to

a combination of

�2 of the 4

major ligaments

(ACL, PCL,

MCL, PLC)

NR 1 cruciate ligament

tear combined with

a complete medial

or lateral side

injury

1986-2017 256 144 (56.3) 17/24

Nicandri45 (2010) NR Knee that

presented

dislocated and

required

reduction, or

a grossly

unstable knee

with MRI

documented

bicruciate, 3-, or

4-ligament

injury

Dislocations

associated with

multiligament

injuries that did not

include both

cruciate ligaments

2004-2005 35 2 (5.7) 9/24

Nielsen46 (2022) NR NR Tear of single cruciate

ligament and either

1 or both collateral

ligaments

2005-2017 1160 903 (77.8) 14/24

Otto47 (2020) NR Combined rupture

of multiple

ligaments

leading to loss of

the continuity of

TF articulation

NR 2014-2016 14 6 (42.9) 11/24

Patel48 (2021) �2 of the 4 major

ligaments

disrupted

NR Involvement of ACL

or PCL

2011-2018 108 56 (51.9) 14/24

Poploski49 (2023) Assigned on the

basis of all

ligaments that

had a grade 3

(complete) tear

or were

clinically

incompetent

and required

surgical repair/

reconstruction

NR All injuries involving

a single cruciate

ligament and the

medial and/or

lateral side

2011-2015 773 483 (62.5) 8/24

Sanders50 (2017) �2 ligaments

injured

NR NR 1992-2004 48 9 (18.8) 17/24

Sanders51 (2018) �2 ligaments

injured

NR NR 2006-2013 61 25 (41.0) 11/24

(continued)
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APPENDIX TABLE A1
(continued)

Study (Year)

Definitions

Study

Period

Sample

Size

KD I Injury,

n (%)

MINORS

ScorebMLKI Knee Dislocation Schenck KD

Scheu53 (2020) NR NR Injury to a single

cruciate ligament.

IA = ACL injured,

PCL, LCL, MCL

intact; IP = PCL

injured, ACL, LCL,

MCL intact

2012-2017 50 9 (18.0) 10/24

Schlumberger54 (2020) NR NR Rupture of PCL and

PCL/LCL or MCL

2004-2019 1000 366 (36.6) 9/24

Shamrock55 (2022) Disruption of �2

of the 4 major

ligaments

NR NR 2003-2018 207 125 (60.4) 9/16

Stannard57 (2004) NR Dislocated or

grossly unstable

knee with tears

of at least both

ACL and PCL,

documented on

MRI with

surgical

confirmation

Dislocations

associated with

multiligamentous

injuries that did not

include both

cruciate ligaments

1996-2002 134 3 (2.2) 13/24

Tardy58 (2017) NR All ligament

injuries that

involved �2

major ligaments

Injury to 1 cruciate

ligament and

associated

collateral ligament

injury

2003-2011 39 18 (46.2) 17/24

Werner61 (2014) Disruption of �2

primary

ligaments

NR NR 2001-2013 238 126 (52.9) 18/16

Woodmass62 (2018) �2 ligaments

injured

NR MLKI involving ACL

or PCL

2004-2013 23 7 (30.4) 12/16

Woodmass63 (2018) NR NR NR NR 20 6 (30.0) 10/16

Worley64 (2019) �2 ligaments

injured

NR NR 12-y period 357 58 (16.2) 19/24

Worley65 (2022) �2 ligaments

injured

NR NR 12-y period 231 32 (13.9) 16/16

aACL, anterior cruciate ligament; IA, Schenck KD Subclass IA (knee dislocation with isolated ACL injury); IP, Schenck KD Subclass IP (knee dislocation with

isolated PCL injury); KD, knee dislocation; LCL, lateral collateral ligament; MCL, medial collateral ligament; MINORS, methodological index for nonrandom-

ized studies; MLI, multiligament injury; MLKI, multiligament knee injury; MRI, magnetic resonance imaging; NR, not reported; PCL, posterior cruciate liga-

ment; PLC, posterolateral corner; sMCL, superficial medial collateral ligament; TF, tibiofemoral.
bFor noncomparative studies (maximum score = 16), a score of 0 to 5 indicates very low quality, a score of 6 to 9 indicates low quality, a score of 10 to 13

indicates fair quality, and a score of 14 to 16 indicates good quality. For comparative studies (maximum score = 24), a score of 0 to 12 indicates poor quality,

a score of 13 to 18 indicates fair quality, and a score of 19 to 24 indicates excellent quality.
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