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Background: The incidence of concomitant injuries, including meniscal and cartilage injuries, has not been adequately reported in
previous studies on multiligament knee injury (MLKI) because their primary focal points have been the degree of ligament injury,
treatment strategy, involvement of other soft tissues, and neurovascular injury.

Purpose: To analyze the incidence of associated lesions in MLKIs, including medial and lateral meniscal injuries, cartilage lesions,
and complications.

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

Methods: The PubMed, Embase, Cochrane Library, CINAHL, and Scopus databases were searched between inception and April
30, 2020. Studies were included if they reported the incidence rates of medial and/or lateral meniscal tears and cartilage injuries in
cases of MLKIs. For the meta-analysis, data were extracted on clinical outcomes measured according to the number of medial
and/or lateral meniscal tears, cartilage injuries, and complications.

Results: A total of 45 studies were included in the MLKI analysis (3391 patients). The pooled rate of medial meniscal tears was 30.4%
(95% Cl, 24.1%-37.1%; P < .0001; I? = 85.8%). The pooled rate of lateral meniscal tears was 27.5% (95% Cl, 20.3%-35.3%; P <
.0001; /2 = 89.6%). The pooled rate of cartilage injuries was 27.5% (95% Cl, 22.1%-33.3%; P < .0001; I? = 86.8%). The pooled rates
of peroneal nerve injuries, vascular injuries, and arthrofibrosis were 19.2% (95% CI, 14.2%-24.7%; P < .001; P?= 81.3%), 18.4%
(95% Cl, 13.2%-24.3%; P < .0001; /> = 81.0%), and 11.2% (95% Cl, 8.1%-14.7%; P = .0018; I? = 54.0%), respectively.
Conclusion: The pooled rates of meniscal tears and cartilage injuries concomitant with MLKIs were high, ranging from 27% to
30%, and the pooled rates of peroneal nerve injury, vascular injury, and arthrofibrosis were considerable, ranging from 11% to
19%. The influence of these associated lesions on clinical results should be evaluated in future clinical studies.
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Multiligament knee injuries (MLKIs) are rare; nevertheless,
they are potentially limb-threatening injuries given the
possibility of concomitant severe soft tissue inju-
ries.1819:21.58 The classification of injuries, techniques
and timing of surgical interventions, postoperative
rehabilitation, and reporting of surgical outcomes vary
widely among previously published case series in the
literature.19-21:45:58:62 Moreover, evidence on the treat-
ment and incidence of concomitant injuries is sparse
owing to the lack of high-level studies or meta-analyses
involving this patient population because previous studies
have primarily focused on the timing of surgery, rehabil-
itation, or treatment techniques.3345:58
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The incidence rates of concomitant injuries, including
meniscal and cartilage injuries, have not been adequately
reported in studies on MLKIs because their primary foci
have been the degree of ligament injury, treatment strat-
egy, involvement of other soft tissues, and neurovascular
injury.1%455862 While concomitant injuries have not been
explored in detail in cases of MLKI,1:21:42,561,59,74,78,80 {1, oy
are considered important in cases of anterior cruciate liga-
ment (ACL) injury for achieving favorable clinical out-
comes.495460:64 According to registry studies,*®%° 23% to
31% of MLKIs involved meniscal injuries, and 16% involved
cartilage injuries. In contrast, 46% of isolated ACL injuries
involved meniscal injuries, and 61% involved cartilage inju-
ries.’® However, no meta-analysis has focused on the inci-
dence of concomitant lesions in MLKIs.

This meta-analysis aimed to analyze the pooled incidence
of commonly occurring lesions in MLKIs (ie, medial and
lateral meniscal tears, cartilage lesions, and other
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complications). We hypothesized that MLKIs would dem-
onstrate a high incidence of concomitant injuries, similar to
that of isolated ACL injuries.

METHODS
Study Protocol and Registration

The systematic review and meta-analysis were performed
according to PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) guidelines.*® The sys-
tematic review protocol was registered in PROSPERO
international prospective register of systematic reviews®
and is accessible online (CRD42020145204).

Search Strategy

The PubMed, EMBASE, Cochrane Library, CINAHL, and
Scopus databases were searched. All publications up to
April 30, 2020, were included (the literature search was
performed on May 28, 2020). The following search specifics
and keywords were used:

(Multiligament[All Fields] OR ((“multiple chronic
conditions”[Medical Subject Headings (MeSH) Terms] OR
(“multiple”[All Fields] AND “chronic”[All Fields] AND
“conditions”[All Fields] AND “acute”[All Fields]) OR
“multiple chronic conditions”[All Fields] OR “multi”’[All
Fields]) AND (“ligaments”’[MeSH Terms] OR “ligaments”
[All Fields] OR “ligament”[All Fields]))) AND ((“meniscus”
[MeSH Terms] OR “meniscus”[All Fields]) OR
(“cartilage”[MeSH Terms] OR “cartilage”[All Fields])) AND
(“knee”[MeSH Terms] OR “knee”[All Fields] OR “knee join-
t’[MeSH Terms] OR (“knee”[All Fields] AND “joint”[All
Fields]) OR “knee joint”[All Fields]).

The search criteria were kept intentionally broad to cap-
ture all potentially relevant articles, but only those pub-
lished in English were included.

Two authors (S.H.K. and Y.-B.P.) independently
screened the titles and abstracts of the retrieved studies for
eligibility and assessed the agreement using x statistics.
The full texts of the selected studies were reviewed to
assess whether they met the inclusion criteria. All citations
within the selected studies were screened for relevant stud-
ies in case these were missed in the initial search. Disagree-
ments were resolved via discussion between the authors or
via consultation with a third author (N.P.).
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Eligibility Criteria

The eligibility criteria for systematic reviews and meta-
analyses were as follows: published in the English language
between January 1980 and April 2020, level of evidence 1 to
4, number of concomitant injuries explicitly reported, and
“multiligament” injury defined as the disruption of at least 2
of the 4 major knee ligaments. The concomitant injuries
were recorded as follows: number of medial meniscal tears;
number of lateral meniscal tears; number of cartilage inju-
ries; and number of complications, such as peroneal nerve
injury, vascular injury, and arthrofibrosis. The locations
and types of meniscal tears and cartilage injuries were not
considered owing to heterogeneity. The numbers of injuries
in the studies were obtained regardless of diagnostic meth-
ods, such as arthroscopy or magnetic resonance imaging.
The number of combined medial and lateral meniscal tears
was added to the number of meniscal tears (medial or
lateral).

Studies were excluded if they were not published in
English or were case reports, clinical opinions and technical
notes, or discussions of emergency treatment for MLKI (eg,
timing of external fixator application, incidence of concom-
itant injuries of internal organs, and multiple fractures
other than knee fractures).

A total of 45 studies (3391 patients) reported the results
of concomitant injuries with MLKIs. A flow diagram illus-
trating the selection process for study inclusion is shown in
Figure 1.

Data Extraction and Collection

Data extraction was performed using the checklist devel-
oped by Spindler et al,®® which was based on the consensus
of authors on variables that should be reported. Data on the
following variables were extracted: study type, level of evi-
dence, number of cases, number of combined ligament inju-
ries, number of medial and lateral meniscal injuries,
number of cartilage injuries, number of complications, and
follow-up duration. The extracted data were also cross-
checked for accuracy; disagreements were resolved via dis-
cussion between the reviewing authors or via consultation
with the same third author.

Assessment of Methodological Quality

Two investigators independently assessed the methodolog-
ical quality of each study using the Downs and Black
quality assessment tool,'* which was developed for use for
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Records identified Additional records identified
through database searching through other sources
(n=175) (n=33)

l

}

Records after duplicates
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Records excluded (n = 88)
27 titles excluded
61 abstracts excluded:

l

Title and abstract
screened (n =178)

¢ Biomechanics study (10)

¢ Not in English (4)

e Emergency treatment for another
specialty (10)

|

Full-text articles
assessed for eligibility
(n=90)

4

e Surgical technique (6)

o Clinical opinion (8)

e Arthritis after MLKI (3)

e Case report (7)

 Surgical technique and review (13)

Full-text articles excluded (n = 45)

|

Studies included in
qualitative synthesis
(n=45)

[ Included ] [Eligibility] [Screening] [ Identification ]

¢ No full-text obtained (6)

¢ No available data for this meta-
analysis (33)

¢ Other study subject (6)

Figure 1. Flow diagram of the article selection process using PRISMA (Preferred Reporting Items for Systematic Reviews and

Meta-Analyses) guidelines. MLKI, multiligament knee injury.

systemic reviews of randomized and nonrandomized stud-
ies. This tool consists of 27 questions that assess the criteria
for reporting and external and internal validity (measure-
ment and confounding biases); the highest possible score is
32. Disagreements were resolved via discussion and
assessed according to the k value. The possibility of publica-
tion l‘t;ias was examined using funnel plots and the Egger
test.

Statistical Analysis

Data analyses were performed using the R program (Ver-
sion 3.5.3; R Foundation for Statistical Computing) with
the “meta” and “metafor” packages. Estimates of the inci-
dence of concomitant injuries among the eligible studies
were transformed using the Freeman-Tukey double arcsine
method?® and analyzed using a random-effects proportion
meta-analysis (weighted for individual study size). Statis-
tical heterogeneity was assessed using the I? statistic and
defined as follows: IZ > 50%, substantial heterogeneity; 20%
< I” < 50%, moderate; and I? < 20%, low. A random-effects
model was used to analyze the most robust results. Pooled
estimates were summarized using forest plots for the total
study population.

Interrater reliability was assessed using the « statistic
todetermine the degree of agreement between study selection
and risk assessment. Agreement was defined as fair (xk = 0.21-
0.40), moderate (x = 0.41-0.60), substantial (xk = 0.61-0.80), or
almost perfect (x = 0.81-1.00). In all analyses, a 2-sided P
value <.05 was considered statistically significant.

RESULTS
Study Characteristics

A summary of the studies in this review is shown in Appen-
dix Table Al.

Assessment of Methodological Quality and Grade
of Evidence Quality for Each Outcome

The results of the literature review and quality assessment
of the studies are summarized in Appendix Table A2
(x =0.71 [substantial agreement]). The funnel plots showed
no publication bias in the reporting of medial meniscal
tears (P = .062), lateral meniscal tears (P = .103), cartilage
injuries (P = .198), peroneal nerve injuries (P = .371), vas-
cular injuries (P = .069), and arthrofibrosis (P = .073)
(Appendix Figure Al).

Risk of Concomitant Medial Meniscal Tears

The number of medial meniscal tears was reported in
20 studies (1663 patients) on MLKIs.! There were 461
medial meniscal tears in the MLKI group. The overall pooled
rate of medial meniscal tears in the MLKI group was 30.4%
(95% CI, 24.1%-37.1%; P < .0001); substantial heterogeneity
was noted (I = 85.8%; 95% CI, 79.5%-90.2%) (Figure 2).

I' References 3, 10, 13, 16, 32, 37, 41-43, 63, 70, 71, 73, 74, 76-79,
82, 83.
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Figure 2. Proportional forest plot with 95% Cls for medial
meniscal tears in multiigament knee injuries. The squares
represent the results of each study. The ends of the horizontal
bars represent 95% Cls. The diamond denotes the overall
pooled proportion from all studies. The pooled proportion
was 30.4% with substantial heterogeneity (95% ClI, 24.1%-
37.1%; P < .0001; /? = 85.8%).

Risk of Concomitant Lateral Meniscal Tears

The number of lateral meniscal tears was reported in
19 studies (1598 patients) on MLKIs.¥ There were 455
lateral meniscal tears in the MLKI group. The overall
pooled rate of lateral meniscal tears in the MLKI group
was 27.5% (95% CI, 20.3%-35.3%; P < .0001); substantial
heterogeneity was noted (I? = 89.6%; 95% CI, 85.2%-
92.7%) (Figure 3).

Risk of Concomitant Cartilage Injury

The incidence of cartilage injury was reported in 17 studies
(2245 patients) on MLKIs.” There were 589 cartilage inju-
ries in the MLKI group. The overall pooled cartilage injury
rate in the MLKI group was 27.5% (95% CI, 22.1%-33.3%;
P < .0001); substantial heterogeneity was noted
(I” = 86.8%; 95% CI, 80.3%-91.1%) (Figure 4).

Risk of Concomitant Complications in MLKIs

The number of peroneal nerve injures in MLKIs was
reported in 27 studies (231/1191 patients).” The pooled
rate of peroneal nerve injury in MLKIs was 19.2% (95%
CI, 14.2%-24.7%; P < .001); substantial heterogeneity was
noted (I> = 81.3%; 95% CI, 73.7%-86.8%) (Figure 5). The
number of vascular injuries concomitant with MLKIs was

9 References 3, 10, 13, 16, 32, 37, 41-43, 63, 70, 71, 73, 74, 76-78,
82, 83.

# References 3, 10, 16, 26, 37, 41, 43, 47, 49, 50, 52, 57, 59, 66, 76,
82, 83.

** References 3, 4, 16, 17, 24, 26, 30, 32, 35, 37, 38, 40, 47, 51, 52, 57,
61, 63, 65, 66, 71, 75, 77-79, 81, 83.
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Figure 3. Proportional forest plot with 95% Cls for lateral
meniscal tears in multiligament knee injuries. The squares
represent the results of each study. The diamond denotes the
overall pooled proportion from all studies. The pooled
proportion was 27.5% with substantial heterogeneity (95%
Cl, 20.3%-35.3%; P < .0001; /> = 89.6).
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Figure 4. Proportional forest plot with 95% Cls for concom-
itant cartilage injury in multiigament knee injuries. The
squares represent the results of each study. The diamond
denotes the overall pooled proportion from all studies. The
pooled proportion was 27.5% with substantial heterogeneity
(95% Cl, 22.1%-33.3%; P < .0001; I = 86.8%).

reported in 22 studies (170/1020 patients).”™ The pooled
rate of vascular injuries was 18.4% (95% CI, 13.2%-24.3%;
P < .0001); substantial heterogeneity was noted
(I% = 81.0%; 95% CI, 72.1%-87.1%) (Figure 6).

™t References 4, 16, 17, 24, 26, 30, 32, 36, 38, 47, 51, 52, 57, 61, 63,
65, 66, 75, 78, 79, 81, 83.
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Figure 5. Proportional forest plot with 95% Cls for peroneal
nerve injury in multiigament knee injuries. The squares rep-
resent the results of each study. The diamond denotes the
overall pooled proportion from all studies. The pooled propor-
tion was 19.2% with substantial heterogeneity (95% ClI,
14.2%-24.7%; P < .001; I* = 81.3%).
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Figure 6. Proportional forest plot with 95% Cls for vascular
injuries concomitant with multiligament knee injuries. The
squares represent the results of each study. The diamond
denotes the overall pooled proportion from all studies. The
pooled proportion was 18.4% with substantial heterogeneity
(95% Cl, 13.2%-24.3%; P < .0001; /? = 81.0%).

Arthrofibrosis in MLKI cases was reported in 21 studies
(84/833 patients).** The pooled rate of arthrofibrosis in
MLKI was 11.2% (95% CI, 8.1%-14.7%; P = .0018); substan-
tial heterogeneity was noted (I? = 54.0%; 95% CI, 24.6%-
71.9%) (Figure 7).

* References 3, 10, 16, 20, 26, 30, 34-37, 46, 51, 59, 61, 74, 76-79,
81, 85.
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Figure 7. Proportional forest plot with 95% Cls for arthrofi-
brosis in multiligament knee injuries. The squares represent
the results of each study. The diamond denotes the overall
pooled proportion from all studies. The pooled proportion
was 11.2% with substantial heterogeneity (95% CI, 8.1%-
14.7%; P = .0018; I = 54.0%).

DISCUSSION

The primary finding of the present meta-analysis was that
the pooled incidence of injuries concomitant with MLKIs
was 30.4% for medial meniscal tears, 27.5% for lateral
meniscal tears, and 27.5% for cartilage injuries. Although
study heterogeneity was substantial, the pooled rates of
injuries concomitant with MLKIs in this proportional
meta-analysis were lower than were those concomitant
with isolated ACL injuries in previous studies.?3:5%-53.72
Moreover, the pooled rates for peroneal nerve injuries, vas-
cular injuries, and arthrofibrosis ranged from 11% to 19%.
As such, careful examination should be performed during
the assessment of combined injuries.

Controversy persists in orthopaedic reports regarding
the treatment for or incidence of injuries concomitant with
MLKITs owing to the paucity of high-level studies, rarity of
MLKTs, and heterogeneity in patients and involved struc-
tures.?3*%58 The incidence of meniscal and cartilage inju-
ries concomitant with MLKIs has not been previously
examined because clinical outcomes, such as postoperative
stiffness, stability, and timing of surgery, are usually high-
lighted in systematic reviews and meta-analyses.5-21:33:45.58
Thus, it is necessary to evaluate the incidence rates of con-
comitant meniscal tears, cartilage injuries, and complica-
tions, especially using pooled proportional meta-analysis
methods.

The pooled results of concomitant medial meniscal tears
showed that 30.4% of MLKIs involved medial meniscal
tears. In the MLKI group, Yeh et al®® cited the highest
incidence of medial meniscal tears (64.0% [16/25]) in a
small series, whereas Kosy et al*? noted the lowest inci-
dence (8.8% [20/226]) in a large cohort. As Kosy et al eval-
uated the incidence of root tears of the meniscus in patients
with MLKIs, the incidence may have been lower than that
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in other studies. In a study by Wyatt et al,®2 30.4% of medial
meniscal tears were in cases of MLKIs, similar to our pooled
result, and the incidence rate was 39.5% in patients with
isolated ACL injuries. According to the results of Wyatt
et al, in the largest comparative study on MLKIs and iso-
lated ACL injuries, lower likelihood rates for all meniscal
injuries (odds ratio, 0.56; 95% CI, 0.47-0.67; P < .001) and
medial meniscal injuries (odds ratio, 0.053; 95% CI,
0.44-0.65; P < .001) were found after multivariable adjust-
ment in the MLKI group versus the isolated ACL injury
group. Meanwhile, among previous studies on isolated ACL
injuries reporting the results of combined lesions, Cipolla
et al'? cited a high incidence of medial meniscal tears in
patients with isolated ACL injuries (61.7% [475/770]); in
contrast, Herbst et al®! indicated a rate of only 16.0% (33/
206). In the largest cohort study by Magnussen et al,?®
33.3% (1643/4928) of medial meniscal tears were found in
cases of an isolated ACL injury, and interestingly, the inci-
dence of medial meniscal tears in the Multicenter Ortho-
paedic Outcomes Network prospective cohort was higher
than that in the Norwegian National Knee Ligament Reg-
istry.2%53 In the study by Mehl et al,>® 52.1% of isolated
ACL injuries involved medial meniscal tears: 41.2%
occurred <6 months after ACL injury, and 63.9% occurred
>6 months after ACL injury. In brief, the pooled incidence
of medial meniscal tears in the MLKI group was approxi-
mately 30%, similar to that in the isolated ACL injury
group of Magnussen et al but lower than that in the isolated
ACL injury group of Wyatt et al. As such, these lesions
should be carefully evaluated during surgery to determine
whether the meniscus needs to be treated.

The pooled results for concomitant lateral meniscal tears
showed that 27.5% of MLKIs involved lateral meniscal
tears. In contrast, the incidence of lateral meniscal tears
in MLKIs varied across studies, ranging from 1.8% to
56.4%>""; however, the overall pooled rate of lateral menis-
cal tears in the MLKI group was 26.5%, similar to that
reported by Magnussen et al.?®> However, Wyatt et al®? indi-
cated a higher incidence of lateral meniscal tears in the
MLKI group (37.9%) than in this study. The incidence rate
of lateral meniscal tears in isolated ACL injuries ranged
from 48.7% (73/150)% to 13.2% (31/235) in previous stud-
ies.®* In the study by Magnussen et al, the rate of lateral
meniscal tears in patients with isolated ACL injuries was
25.1%, as opposed to 37.4% from Wyatt et al. However, the
pooled incidence of lateral meniscal tears in patients with
MLKTs in this study seemed to be lower than that in previ-
ous studies on isolated ACL injuries.?>52

The pooled rate of cartilage injuries was 27.5% in the
MLKI group. A cohort study by Lind et al®® showed that
the rate of cartilage injuries was 63.0% in the isolated ACL
injury group but only 16% in the MLKI group. In the study
by Wyatt et al,®? the rate of cartilage injuries in the isolated
ACL group was 26.4%, but a higher incidence (31.7%) was
found in the MLKI group, although these differences were
not significant after multivariate adjustment. In brief, the
incidence rates of cartilage injuries concomitant with
MLKTs or isolated ACL injuries also varied across studies,
ranging from 11.2% to 76.6% for isolated ACLs injuries®>"?
and from 5% to 43.6% for MLKIs.?*” The pooled incidence
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of cartilage injuries in the MLKI group in this study was
lower than that in the isolated ACL injury group in other
large cohort series.5-56:82

In this study, high incidence rates of medial and lateral
meniscal tears were found in the MLKI group; the inci-
dence rates were similar to or lower than those in the iso-
lated ACL injury groups in previous studies®?-5%-82
(Appendix Table Al). Deficiency in the ACL increases the
contact and hoop forces of the menisci and cartilage, espe-
cially in response to rotatory loading, as shown in biome-
chanical and clinical studies.>?829-5584 Thus, the twisting
mechanism (ie, the combined force of hyperextension and
rotational direction, as well as valgus/varus compression
forces) would increase the risk of meniscal and cartilage
injuries.®** However, if cruciate deficiency is combined
with a deficiency in the collateral ligaments in the case of
high-energy direct trauma, the twist loading on the knee
joint could be lower than that on intact collateral models
owing to loss of the knee hinge,53%*+57:68 which might be a
reason for the relatively lower incidence of meniscal injury
in MLKIs than in isolated ACL injuries. However, in this
study, the mechanism of MLKIs was not identified; thus, it
is difficult to conclude how the mechanism of injury or dif-
ferences in load distribution might affect the ligament, car-
tilage, or meniscal tear patterns.

In terms of complications in the MLKI group, the pooled
rate of vascular injuries was 18.4%. However, the incidence
of vascular injuries in the present study was lower than
that in previous studies, ranging from 21% to
50%.72427:85 The popliteal artery is an “end-to-end artery”
to the leg, with minimal collateral circulation; thus, injury
to this artery is considered an emergency situation. When
the pooled results were calculated, studies on emergency
treatment for vascular and nerve injury were excluded,;
therefore, the rate may be lower than those in other previ-
ous studies. The pooled rate of peroneal nerve injuries was
19.2%. This result was similar to those in some previous
studies®3""; however, other studies have reported higher
incidence rates.”4%47

There are many other complications in MLKIs, and a
careful evaluation is therefore essential. Alentorn-Geli
et al® observed osteoarthritis development (33% [13/39])
after a mean 27 months of follow-up in MLKI injuries.
Roman et al® and Richter et al®® examined tibial nerve
injury (9.2% [11/119]), and Richter et al and Engebretsen
et al'® investigated combined patellar tendon injuries (7.5%
[11/147]) and patellar dislocations (5.9% [5/85]) with MLKI,
respectively. Engebrestsen et al and Jenkins et al®” focused
on combined deep vein thrombosis after treatment of MLKI
(5.83% [5/95]), and Eranki et al'? studied compartment syn-
drome of the limb (5% [1/20]).

There are several limitations to the present study. First,
the lack of randomization, low methodological quality, and
heterogeneity of the studies may have reduced the external
validity of the studies and this meta-analysis. The lack of a
large number of studies might be the reason for the nonsig-
nificant results of the metaregression analysis. Second, the
pooled rates of concomitant injuries could not be directly
compared with the rates associated with isolated ACL inju-
ries, which were not pooled. Moreover, clinical outcomes
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and objective measurements, such as stress radiography
findings, could not be pooled for studies on MLKIs because
of heterogeneity or missing data. Third, the timing of sur-
gery, mechanism of injury, and ligament injuries in the
MLKI group were not classified. There might have been
differences in the number of combined ligament injuries,
such as ACL and/or posterior cruciate ligament injuries
with collateral ligament injuries. Moreover, there may have
been outcome differences in early versus delayed surgery
for MLKIs. As such, there may have been differences in
concomitant injuries according to these factors.

The strengths of this meta-analysis were its systematic
approach and the pooling of data from studies that reported
on injuries concomitant with MLKIs. Studies on MLKIs are
inconsistent and uncommon, with many potential con-
founding factors and sources of heterogeneity; therefore,
manually counting and pooling the numbers of combined
injuries in each study might be possible in a proportional
meta-analysis. To our knowledge, this is the first study to
focus on the pooled rates of meniscal tears, cartilage inju-
ries, and complications in MLKIs and compare them with
the respective rates associated with isolated ACL injuries.
The results of this study suggest that the incidence rates of
concomitant meniscal tears and cartilage injuries are high
in cases of MLKIs and are comparable with the rates in
cases of isolated ACL injuries; thus, these injuries should
be carefully diagnosed, and ligament surgery should be
planned accordingly.

CONCLUSION

The pooled rates of concomitant meniscal tears and carti-
lage injuries in MLKIs were high, ranging from 27% to 30%,
and the complications of peroneal nerve injury, vascular
injury, and arthrofibrosis were considerable, with pooled
rates ranging from 11% to 19%. The influence of these asso-
ciated lesions on clinical results should be evaluated in
future clinical studies.
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APPENDIX

TABLE Al
Results From Studies on Multiligament Knee Injury®

Combined Injuries, No. (%)

Mean + SD (Range)

Lead Author No. of No. of Time From Trauma to
(Year) Patients Ligament Meniscal Cartilage Complications Surgery Follow-up
Krych 122  Multiligament MM tear: 40 52 62 early (<3 mo)
(2015)*3 LM tear: 41 40 delayed (3-12 mo)
20 chronic (>12 mo)
Lind (2009)* 457  Multiligament 73 (16) 21.9% early (<0.5 2y after
v)53.4% delayed (0.5-  surgery
5 y)24.7% chronic
>5y)
King (2015)*! 95  Multiligament (knees MM tear: 32 38 Mean 8 mo 6y(2-20y)
with only ACL-MCL or LM tear: 32
ACL-PLC injuries
excluded)
King (2016)*° 56 Multiligament (ACL- Peroneal nerve ACL-PCL-MCL: 9.8+ ACL-PCL-
PCL-MCL and ACL- injury: 12 23.3 mo MCL:
PCL-LCL) ACL-PCL-LCL: 7.2 + 78.3 +
15.0 mo 60.4 mo
ACL-PCL-
LCL:
76.1 +
58.9 mo
Tardy 39 Multiligament, PMC vs MM tear: 11 Arthrofibrosis: 5 28 acute (<3 wk)11 Median, 57
(2017)™ PLC, combined ACL or LM tear: 5 chronic (>3 wk) mo (12-
PCL injury 129 mo)

(continued)
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TABLE Al (continued)

Combined Injuries, No. (%) Mean + SD (Range)

Lead Author No. of No. of Time From Trauma to
(Year) Patients Ligament Meniscal Cartilage Complications Surgery Follow-up
Alentorn- 39  Multiligament MM tear: 17 17 Peroneal nerve 36 acute (8 £ 5.3 wk) Median, 27
Geli LM tear: 22 injury: 2 3 chronic (124 + 87 mo) mo (12-
(2019)3 Arthrofibrosis: 13 84 mo)
Levy (2015)*7 125 Multiligament Total: 73 50 Peroneal nerve Median, 5y
injury: 28 (2-22y)
Vascular injury: 16
Derby 38  Multiligament MM tear: 14 26 acute (<3 mo)
(2017)2 LM tear: 9° 7 chronic (>3 mo)
5 unknown
Moatshe 65 ACL-PCL rupture with/  Total: 25 25 Peroneal nerve 33 acute (<21 d) 13.1y (10-
(2017)%7 without collateral injury: 15 32 chronic (>21 d) 18.8 y)
ligament injury Vascular injury: 5
Lind (2018)%° 344  Multiligament injury Total: 79 (23) 55 (16) 57+29y
Woodmass 62  Multiligament injury Peroneal nerve 10 acute (<3 wk) 67 mo (24-
(2018)%1 including fracture injury: 7 52 delayed (>3 wk) 220 mo)
Vascular injury: 7
Arthrofibrosis: 4
Hongwu 13 Multiligament injury Arthrofibrosis: 1 1.84d(1-3d) 32.6 mo
(2018)3* (24-46
mo)
Chahla 105  Multiligament injury MM tear: 26 24 Arthrofibrosis: 5 72 acute (<6 wk) 3.0y (2.0-
(2017 LM tear: 24 33 chronic (>6 wk to 6 4.7y)
mo)
Yeh (1999)%3 25  Multiligament injury MM tear: 16 3 Peroneal nerve 11.1+5d (5-25d) 27.2 +7.86
LM tear: 13 injury: 2 mo
Vascular injury: 3
Levy (2010)*¢ 9 Multiligament injury Arthrofibrosis: 1 75d (21-171 d) 4 mo (13-32
5 acute (<6 wk) mo)
4 chronic (>6 wk)
Liow (2003)5? 22  Multiligament injury Peroneal nerve 8 acute (<2 wk) 32 mo (11-
including fracture injury: 1 14 chronic (>6 mo) 77 mo)
Vascular injury: 1
Arthrofibrosis
(stiffness): 1
Sanders 48 Multiligament injury Total: 30 17 Peroneal nerve 13 acute (<3 wk) 8350y
(2017)%8 including fracture injury: 30 35 chronic (>3 wk) (2.1-21.8
Vascular injury: 16 y)
Subbiah 19 Multiligament injury MM tear: 11 11 acute (<3 wk) 22 mo (14-
(2011)"° LM tear: 5 8 chronic (>3 wk) 33 mo)
Tao (2013)" 9  Multiligament injury MM tear: 4 Acute (<3 wk): 114+ 30 mo (18-
LM tear: 4 48d 46 mo)
Zhang 59  Multiligament injury Arthrofibrosis: 2 48 acute (<3 wk): 7.3 2.5y (1.75-
(2013)%° including fractures d(1-13d) 3.75y)
11 chronic (>3 wk): 3.8
mo (1-9 mo)
Kosy (2018)*2 226  Multiligament injury MM root tear: All within 2 wk of
including fractures 20 trauma
LM root tear: 18
Khakha 36 Multiligament injury Peroneal nerve All within 3 wk after 10.1y (7-19
(2016)%® injury: 8 trauma y)
Vascular injury: 4
Richter 68  Multiligament MM tear: 28 Peroneal nerve 10.6 £26.6 d (0-140d) 8.2y (2-25
(2002)%2 LM tear: 25 injury: 5 y)
Vascular injury: 18
Tzurbakis 48  ACL + medial side: 12 MM tear: 20 6 Arthrofibrosis: 5 38 acute (<3 wk): 7.47+ 51.3 £28.9
(2006)™ (25) LM tear: 13 5.82d mo (24-
Cruciate + PLC: 11 (22.9) 10 chronic (>3 wk): 96 mo)
Bicruciate + collateral: 25 204.7£138.1d
(52.1)
Noyes 11 Multiligament including Total: 5 3 Arthrofibrosis: 6 7 acute (<2 wk) 45y (2.5-
(1997)%° fracture 4 chronic (>2 wk) 6.9y)

(continued)
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TABLE Al (continued)

Combined Injuries, No. (%) Mean + SD (Range)

Lead Author No. of No. of Time From Trauma to
(Year) Patients Ligament Meniscal Cartilage Complications Surgery Follow-up
Harner 47"  Multiligament Peroneal nerve 19 acute (<3 wk) 44 mo (2-6
(2004)3° injury: 4 12 chronic (>3 wk) y)
Vascular injury: 5
Arthrofibrosis: 4
Owens 28 Multiligament Total: 14 Peroneal nerve All within 2 wk of 48 mo (13-
(2007)61 injury: 4 trauma (17 d [1-101 82 mo)
Vascular injury: 1 dD
Arthrofibrosis: 5
Engebretsen 85  Multiligament including MM tear: 17 22 Peroneal nerve 50 acute (<2 wk) 53+19y
(2009)8 fracture LM tear: 11 injury: 18 35 chronic (>2 wk)
Vascular injury: 5
Arthrofibrosis: 5
Jenkins 20  ACL-MCL: 1 (5); ACL- MM tear: 2 1 Peroneal nerve 6 acute (<3 wk): 2y
(2011)*7 PCL: 3 (15); ACL-PLC: LM tear: 3 injury: 3 33d(1-7d)
4 (20); PCL-PLC: 2 (10); Arthrofibrosis: 1 14 chronic (>3 wk):
ACL-PCL-PLC: 8 (40); 13 mo (1-64 mo)
ACL-MCL-PCL: 2 (10)
Werner 65 KD 3 M: 32(49.2); KD 4: MM tear: 14 Peroneal nerve All within 3 wk 6.2y (1.1-
(2014)™ 33 (50.8) injury: 6 11.6y)
Vascular injury: 3
Arthrofibrosis: 10
Talbot 21 KD2:1(4.8; KD3M:9 MM tear: 11 Peroneal nerve All within 3 wk 27.4 mo
(2004)™ (42.9); KD 3 L: 10 LM tear: 9 injury: 8
(47.6); KD 4: 1 (4.8)
Eranki 20 Multiligament including Peroneal nerve All within 14 d 24 mo
(2010)*7 fracture (ACL-PCL- injury: 6
MCL most common, Vascular injury: 6
PCL-LCL-PLC second,
ACL-PCL-MCL-LCL-
PLC third)
Hua (2016)3® 18 Multiligament including Peroneal nerve All within 2 wk (5-10 48+ 13y
fracture injury: 13 d after injury)
Arthrofibrosis: 3
Almekinders 31 Multiligament Peroneal nerve 40 mo
(1992)* injury: 5
Vascular injury: 10
Roman 30 Multiligament Peroneal nerve
(1987)%5 injury: 4
Vascular injury: 10
Wascher 13 ACL-PCL-MCL: 7 (563.8); MM tear: 4 Peroneal nerve 9 acute (<3 wk) 38.4 mo
(1999)™® ACL-PCL-PLC: 6 (46.2) LM tear: 4 injury: 2 4 chronic (>6 wk)
Vascular injury: 2
Arthrofibrosis: 2
Fanelli 21 All were PCL-PLC Arthrofibrosis: 1 10 acute 24 mo (24-
(1996)%° injuries 11 chronic 54 mo)
Frassica 20  Multiligament including Vascular injury: 17 12 within 5d 57 mo (22-
(1991)% fracture Peroneal nerve 96 mo)
injury: 4
Hirschmann 24 KD 3M:12(50); KD3L:8 MM tear: 4 Peroneal nerve 12 within 1 wk 8y (1-23 y)
(2010)*? (33); KD 4: 4 (17) LM tear: 8 injury: 1 5 within 2-3 wk
Vascular injury: 9 7 after 3 wk
Ibrahim 36 ACL-PCL-MCL: 15 (75); Vascular injury: 5 2-3 wk after injury 43 mo
(2008)%8 ACL-PCL-PLC: 5 (25); Arthrofibrosis: 3
others excluded
Wajsfisz 53 Multiligament MM tear: 3 Peroneal nerve 10 early (<3 wk) 49 mo (12-
(2014)" LM tear: 1 injury: 1 43 delayed (>3 wk) 146 mo)

Arthrofibrosis: 4

(continued)
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TABLE Al (continued)

Combined Injuries, No. (%)

Mean + SD (Range)

Lead Author No. of No. of Time From Trauma to
(Year) Patients Ligament Meniscal Cartilage Complications Surgery Follow-up
Wyatt 549 Multiligament MM tear: 167 174
(2017)%2 LM tear: 208
Lustig 67 Multiligament 16 Peroneal nerve
(2009)>? injury: 12
Vascular injury: 9
Twaddle 63  Multiligament Peroneal nerve
(2003)™ injury: 12
Vascular injury: 9
Freychet 40  Multiligament Total: 22 13 Peroneal nerve 20 single-stage surgery >2y
(2020)%8 injury: 18 20 staged surgery

Vascular injury: 9
Arthrofibrosis: 3

“Blank cells indicate not reported. ACL, anterior cruciate ligament; KD, knee dislocation classification; L, lateral; LCL, lateral collateral
ligament; LM, lateral meniscus; M, medial; MCL, medial collateral ligament; MM, medial meniscus; PCL, posterior cruciate ligament; PLC,

posterolateral corner; PMC, posteromedial corner.

®Included in clinical analysis: n = 31.
“Confirmed using arthroscopy.

TABLE A2
Quality Assessment of the Included Studies
Internal Validity

Lead Author No. of External Confounding
(Year) Study Design (Level of Evidence) Patients  Reporting Validity Bias (Selection Bias) Power Total
Krych (2015)*%  Retrospective (3) 122 3 1 3 3 5 15
King (2015)* Retrospective (3) 95 5 1 3 3 4 16
King (2016)*° Retrospective comparative (3) 56 5 1 2 2 3 13
Tardy (2017)’*  Retrospective (3) 39 4 1 3 3 2 13
Alentorn-Geli Retrospective cross-sectional 39 5 1 3 3 2 14

(2019)2 comparative (3)
Levy (2015)*7 Retrospective (3) 125 4 1 3 3 5 16
Derby (2017)'%  Retrospective diagnostic (2) 38 6 1 3 2 2 14
Moatshe Retrospective cohort (3) 65 9 1 4 3 4 21

(2017)%"
Hongwu (2018)3* Retrospective cohort (4) 13 4 1 3 3 0 11
Woodmass Retrospective cohort (3) 62 9 1 3 3 20

(2018)3!
Chahla (2017)1° Retrospective cohort (3) 105 9 1 5 3 5 23
Yeh (1999)%2 Retrospective cohort (4) 25 4 1 3 3 1 12
Levy (2010)%6 Retrospective cohort (4) 9 5 1 3 3 0 12
Liow (2003)%1 Retrospective cohort (4) 22 5 1 3 3 1 13
Subbiah (2011)" Retrospective cohort (4) 19 7 1 3 2 0 13
Tao (2013)" Retrospective cohort (4) 9 8 1 3 2 0 14
Zhang (2013)%°  Retrospective cohort (3) 59 7 1 3 2 3 16
Sanders (2017)%¢ Retrospective cohort (3) 48 7 1 4 2 3 17
Richter (2002)% Retrospective case-control (3) 68 5 1 3 3 4 16
Kosy (2018)*2 Retrospective cohort (3) 226 5 1 2 0 5 13
Khakha (2016)*® Prospective cohort (2b) 36 6 1 3 2 2 14
Tzurbakis Retrospective cohort (3) 48 5 1 2 0 3 11

(2006)™
Noyes (1997)%°  Retrospective cohort (4) 11 3 1 2 0 0 6
Harner (2004)*°  Retrospective cohort (3) 47 9 1 3 3 2 18
Owens (2007)%1  Retrospective cohort (4) 28 4 1 2 0 1 8
Engebretsen Prospective cohort (2) 85 8 1 3 2 4 18

(2009)'°

(continued)
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TABLE A2 (continued)

Internal Validity
Lead Author No. of External Confounding
(Year) Study Design (Level of Evidence) Patients  Reporting Validity Bias (Selection Bias) Power Total
Jenkins (2011)>” Retrospective cohort (4) 20 6 1 3 0 1 10
Werner (2014)”°  Retrospective cohort (3) 65 4 1 3 2 4 14
Talbot (2004)")  Retrospective cohort (4) 21 4 1 2 0 1 8
Eranki (2010)!”7  Retrospective cohort (4) 20 5 1 2 0 1 9
Hua (2016)3® Retrospective cohort (4) 18 6 0 2 0 0 8
Almekinders Retrospective cohort (3) 31 5 1 3 2 0 11
(1992)*
Roman (1987)%°  Retrospective cohort (3) 30 2 1 2 0 2 7
Wascher Retrospective cohort (4) 13 5 1 2 0 0 8
(1999)™®
Fanelli (1996)2° Retrospective cohort (4) 21 3 0 1 0 1 5
Frassica Retrospective cohort (4) 17 3 0 1 0 1 5
(1991)**
Hirschmann Retrospective cohort (4) 24 3 1 1 0 1 6
(2010)2
Ibrahim (2008)*® Retrospective cohort (3) 36 4 1 2 0 1 8
Wajsfisz (2014)"7 Retrospective cohort (3) 53 6 1 3 2 3 15
Lind (2018)%° Prospective cohort (registry data) (3) 344 10 2 4 3 5 24
Lind (2009)*° Prospective cohort (registry data) (3) 457 10 2 4 3 5 24
Wyatt (2017)%2  Prospective cohort (2) 549 10 2 4 3 5 24
Lustig (2009)°2  Prospective cohort (2) 67 9 1 3 3 4 20
Twaddle Prospective cohort (2) 63 9 1 3 3 4 20
(2003)™
Freychet Retrospective cohort (3) 40 9 1 2 2 3 17
(2020)°
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Figure A1. Funnel plots for publication bias in the studies on multiigament knee injury (MLKI). No evidence of asymmetry was
found: (A) medial meniscal injury (P = .062), (B) lateral meniscal injury (P = .103), (C) cartilage injury (P = .198), (D) peroneal nerve
injury in MLKI group (P = .371), (E) vascular injury in MLKI group (P = .069), and (F) arthrofibrosis (P = .073).
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