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Abstract

Introduction Multi-ligament knee injuries (MLKIs) are rare and complex knee lesions and are potentially associated with
intra-articular injuries, especially meniscal tears. Understanding the meniscal tear patterns involved in MLKI can help the
orthopedic surgeon treat these complex injuries.

Objective The purpose of this study was to describe the incidence, classification, and treatment of meniscal injuries in a
cohort of patients with MLKIs and carry out an updated review of the evidence available.

Materials and methods Descriptive retrospective study. Patients with a history of reconstructive surgery for MLKI performed
between 2013 and 2023 were included. Informed consent was obtained from all patients included in the study. Patient demo-
graphics, magnetic resonance imaging (MRI) study, and operative reports were reviewed. Groups were then formed based
on ligament injury patterns. Meniscal tears were identified by MRI and through diagnostic arthroscopy for each patient. The
association between meniscal lesions and injury patterns was calculated through Fisher’s exact test. Agreement between
the presence of meniscal tear on MRI and in diagnostic arthroscopy was measured using the kappa test. The sensitivity and
specificity of MRI were calculated. We inferred the presence of a meniscal tear by injury pattern using the Agresti-Coull
confidence interval. For the statistical analysis, a significance of 5% and a confidence interval of 95% were considered.
Results Seventy patients with MLKIs were included, with a mean age of 30.69 years (SD 10.65). Forty-seven patients had
meniscal lesions (67.1%). Of them, 6 had only medial meniscus tears, 31 had only lateral meniscus tears, and 10 had lesions
of both menisci, comprising 57 meniscal lesions in total. An anterior cruciate ligament (ACL) 4+ medial collateral ligament/
posteromedial corner (MCL/PMC) was the most common injury pattern (52.86% of all patients). Of these 37 patients,
78.38% had meniscal injuries, and most of them (68.97%) were only lateral meniscus injuries. The odds ratio (OR) of having
a meniscal tear when having an ACL + medial-side injury was 4.83 (95% CI; 0.89-26.17). Patients with ACL + lateral-side
injury pattern had meniscal tears in 42.86%. The lateral meniscus was involved in 100% of these patients. 62.5% of medial
meniscus injuries were treated by meniscal repair, and 37.5% by partial meniscectomy. 58.54% of lateral meniscus injuries
were treated by meniscal repair, and 39.02% by partial meniscectomy. Agreement calculated using the kappa test between
MRI and diagnostic arthroscopy for medial meniscal lesions was 78.57%, and for lateral meniscal lesions was 84.29%.
Conclusion The ligament injury pattern and the side of the injured collateral ligament influenced the incidence and lateral-
ity of meniscal damage. ACL + medial-side injuries were shown to have significantly greater meniscal damage compared to
other injury patterns. It is crucial to have a high index of suspicion, obtain a high-quality MRI, and arthroscopically evaluate
any possible meniscal lesions in MLKISs.

Keywords Multi-ligament injuries - Menisci - Meniscus tear - Anterior cruciate ligament - Posterior cruciate ligament -
Medial collateral ligament - Lateral collateral ligament - Posteromedial corner - Posterolateral corner

Introduction

Multi-ligament knee injuries (MLKIs) are uncommon
lesions, reported to be around 0.02% to 0.20% of all ortho-
pedic injuries [1]. These lesions may be underestimated
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to spontaneous reduction or missed injuries in polytrauma
patients [2].

These complex knee injuries are often the result of high-
energy mechanisms producing extensive soft tissue dam-
age to the knee, and potentially concomitant intra-articular
injuries, including the articular cartilage and menisci [3].

Studies on MLKIs have placed their primary foci on the
degree of ligament injury, treatment strategy, involvement
of other soft tissues, and neurovascular injury. However,
the incidence rates of concomitant intra-articular findings,
including meniscal and cartilage injuries, remain largely
unreported. The small sample sizes and wide diversity of
these injuries, make it difficult to analyze these intra-articu-
lar damages, inducing very heterogeneous publications with
low levels of evidence and a high risk of bias involving this
patient population [4, 5].

According to registry studies, 23% to 31% of MLKIs
involved meniscal injuries [6, 7]. A recent systematic review
of 2021 regarding the rates of concomitant meniscal tears in
MLKISs reported a high incidence ranging from 27 to 30%
[S].

Concomitant injuries are considered important for achiev-
ing favorable clinical outcomes [8, 9]. Meniscal injuries may
predispose patients to diminished outcomes, and increased
failure rates and are associated with the development of early
arthrosis [10].

Understanding meniscal tear patterns involved in MLKI
can help the orthopedic surgeon treat these complex injuries.

The purpose of this study was to describe the incidence,
classification, and treatment of meniscal injuries in a cohort
of patients with MLKIs and carry out an updated review of
the evidence available.

Materials and Methods

Patients were identified for this retrospective study using a
prospectively gathered database at our institution.

We included patients with a history of reconstructive
surgery for multi-ligament knee injury performed between
2013 and 2023 by the same surgical team using standardized
surgical techniques. Informed consent was obtained from all
individual participants included in the study.

Patient demographics, magnetic resonance imaging
(MRI) study, and operative reports were reviewed and
recorded following approval from our institutional ethics
committee.

The definition of a multi-ligament knee injury is com-
monly recognized as a tear of at least two of the four major
knee ligament structures: the anterior cruciate ligament
(ACL), the posterior cruciate ligament (PCL), the medial
collateral ligament/posteromedial corner (MCL/PMC) and

the lateral collateral ligament/posterolateral corner (LCL/
PLO).

Patients were excluded for non-operative treatment
only, prior ligament reconstructive surgery on the affected
knee, and skeletally immature patients.

Groups were then formed based on ligament injury
patterns. Injury patterns were further grouped using the
Schenck classification [11], and side of injury (medial/
lateral). Meniscal injuries were identified by magnetic
resonance imaging and at the time of diagnostic arthros-
copy for each group and then classified using Cooper clas-
sification (Fig. 1) [12].

The association between meniscal lesions and injury
patterns was calculated through Fisher's exact independ-
ence test, which is the gold standard for this testing [13].
When the independence test was significant, a logistic
regression analysis was performed.

The agreement between the presence of meniscal tear
on MRI and the presence of meniscal injury in arthroscopy
was measured using the kappa test [14]. Sensitivity and
specificity were calculated.

Given that the prevalence of certain injuries is very low,
we calculated the confidence interval for the presence of
meniscal injury by injury pattern using the Agresti-Coull
correction [15, 16].

For the statistical analysis, a significance of 5% and a
confidence interval of 95% were considered.

All data were processed in Stata 18.0.
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Fig.1 Cooper classification of meniscal tears. Radial zones are
divided into areas A, B, and C for the medial meniscus (posterior to
anterior) and areas D, E, and F for the lateral meniscus (anterior to
posterior). The 4 circumferential zones are 0 for the meniscocapsular
junction, 1 for the outer third, 2 for the middle third, and 3 for the
inner third
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Results
Demography and Injury Pattern

Seventy patients with multi-ligament knee injuries were
included.

Patients had a mean age of 30.69 years (SD 10.65). Most
patients were males (71.43%).

The injury pattern is presented in Table 1.

Forty-seven patients had meniscal lesions (67.1%). Of
them, 6 had only a medial meniscus tear (12.8%), 31 had
only a lateral meniscus tear (65.9%), and 10 had lesions of
both menisci (21.3%), comprising 57 meniscal lesions in
total.

ACL+MCL/PMC injury was the most common (N=37;
52.86% of all patients). Of these 37 patients, 29 (78.38%)
had meniscal injuries, and most of them were only lat-
eral meniscus injuries (20/29 meniscal lesions, 68.97%).
7 patients with ACL + medial-side injury had Stener-like
lesions. Of these, 6 had lateral meniscus tears, and none
had medial meniscus tears.

The second most common injuries were ACL +LCL/PLC
(7 patients, 10%) and KD 1V injuries (ACL +PCL +MCL/
PMC+ LCL/PLC, 7 patients, 10%) (Fig. 2).

Patients with ACL + lateral-side injuries had meniscal
injuries in 42.86% (3/7 patients). The lateral meniscus was
involved in 100% of these patients. One patient had lateral
meniscus injury only and two had injury of both menisci.

ACL + medial-side injuries were shown to have signifi-
cantly greater meniscal damage compared to ACL + lateral-
side injuries (29/37 patients vs. 3/7 patients; p=0.003), and
specifically greater likelihood of a lateral meniscus injury
(p=0.024).

Table 1 Injury pattern and meniscal tears

The odds ratio of having a meniscal injury, when
having an ACL + medial-side injury, is 4.83 (95% CI;
0.89-26.17), and specifically of having a lateral meniscus
injury, it’s 3.15 (95% CI; 0.60-16.49).

In this study, the probability of presenting a meniscal
injury in the case of a KD IV type injury and a KD IIIL is
100%, and the probability of a meniscal injury in a KD II
type injury and PCL + lateral-side injury is 0% (p=0.003).

The ACL + medial side injury and the KD IV injury
are significantly associated with presenting a meniscal
injury, with a 95% confidence interval of Agresti-Coull of
0.63-0.89, and 0.59-1.00, respectively.

Cooper’s Classification

According to Cooper's classification, most lateral inju-
ries involved zone F (posterior horn). Thirty-four injuries
involved at least the posterior horn, 6 the anterior horn,
and 12 the body of the meniscus.

Only 18 lateral meniscus lesions could be well
described by zone (0-1-2-3). The majority of the ade-
quately described lesions (11 out of 18) were in zone 2
(red-white), 4 in zone 0 (meniscocapsular junction), 4 in
zone 1 (red), and 2 in zone 3 (white).

Most of the medial injuries (13 lesions) also involved
the posterior horn (zone A), 7 involved zone B (body),
and there were no lesions in zone C (anterior horn). Only
8 lesions could be well described by zone. Out of them,
1 was in zone 1 (red), 3 were in zone 3 (white), 3 were in
zone 0 (meniscocapsular junction), and 1 was in zone 2
(red-white).

Injury pattern

Number of patients (%)

Medial menis- Lateral menis- Tear of both Total patients

cus tear only cus tear only menisci with meniscus
tear
ACL+MCL/PMC (KD I) 37 (52.86%) 3 20 6 29
ACL+LCL/PLC (KD 1) 7 (10%) 0 1 2 3
ACL+MCL/PMC +LCL/PLC (KD I) 6 (8.57%) 0 1 2 3
PCL +MCL/PMC (KD I) 3(4.29%) 1 1 0 2
PCL+LCL/PLC (KD I) 4 (5.71%) 0 0 0 0
PCL +MCL/PMC+LCL/PLC (KD I) 0 (0%) - - - -
ACL+PCL (KD II) 1 (1.43%) 0 0 0 0
ACL +PCL+MCL/PMC (KD IIIM) 1 (1.43%) 0 1 0 1
ACL+PCL+LCL/PLC (KD IIIL) 4 (5.711%) 1 1 0 2
ACL+PCL+MCL/PMC+LCL/PLC (KDIV) 7 (10%) 1 6 0 7
Total 70 6 31 10 47

ACL anterior cruciate ligament; MCL medial collateral ligament; PMC posteromedial corner; KD knee dislocation; LCL lateral collateral liga-

ment; PLC posterolateral corner; PCL posterior cruciate ligament
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Fig.2 Patient with KD IV
multi ligamentous injury and
lateral meniscus tear of the left
knee. A, B Coronal and sagittal
PD-Fat sat MRI showing medial
and lateral side injury, bicruci-
ate ligament injury, and lateral
meniscus tear. C Arthroscopic
image of a posterior horn lateral
meniscus tear with a meniscal
flap. D Arthroscopic image of a
lateral meniscal repair with an
all-inside suture technique. E,

F Post-operative control images
after reconstruction of both cru-
ciate and medial side injury

Treatment

Of the 16 medial meniscus tears, 10 (62.5%) were treated
by meniscal repair, and 6 (37.5%) were treated by partial
meniscectomy.

Of the 41 lateral meniscus tears, 24 (58.54%) were
treated by meniscal repair, 16 (39.02%) were treated by

partial meniscectomy and 1 (2.44%) partial stable tear
was not treated.

Treatment of meniscus tear by injury pattern is
described in Table 2.
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Table 2 Treatment of meniscus tear by injury pattern

Injury pattern Medial Medial menis- Medial Lateral Lateral menis-  Lateral meniscus repair
meniscus  cus meniscec-  meniscus ~ meniscus  cus meniscec-
tear tomy repair tear tomy
ACL+MCL/PMC (KD I) 9 2 7 26 13 13
ACL+LCL/PLC (KD I) 2 1 1 3 1 2
ACL+MCL/PMC+LCL/PLC (KD I) 2 2 0 3 1 2
PCL+MCL/PMC (KD I) 1 1 0 1 1 0
PCL+LCL/PLC (KD I) 0 - - 0 - -
PCL+MCL/PMC+LCL/PLC (KD I) - - - - - -
ACL+PCL (KD II) 0 - - 0 - -
ACL +PCL+MCL/PMC (KD IIIM) 0 - - 1 0 1
ACL+PCL+LCL/PLC (KD IIIL) 1 0 1 1 0 1
ACL+PCL+MCL/PMC+LCL/PLC (KD 1 0 1 6% 0 5
V)
Total 16 6 (37.5%) 10 (62.5%) 41 16 (39.02%) 24 (58.54%)

ACL anterior cruciate ligament; MCL medial collateral ligament; PMC posteromedial corner; KD knee dislocation; LCL lateral collateral liga-

ment; PLC posterolateral corner; PCL posterior cruciate ligament

*] patient had a partial stable lateral meniscus tear that was not treated

Table3 Agreement between MRI and diagnostic arthroscopy for
medial meniscus tears

DA (+) for MM DA (-) for
tear MM tear
MRI (+) for MM tear 15 14
MRI (-) for MM tear 1 40

MRI magnetic resonance imaging; DA diagnostic arthroscopy; MM
medial meniscus

Table 4 Agreement between MRI and diagnostic arthroscopy for lat-
eral meniscus tears

DA (+) for DA (-) for
LM tear LM tear
MRI (+) for LM tear 34 4
MRI (-) for LM tear 7 25

MRI magnetic resonance imaging; DA diagnostic arthroscopy; LM
lateral meniscus

MRI and Diagnostic Arthroscopy Agreement

The sensibility and specificity of MRI for detecting medial
meniscus tears were 93.75% and 74.07%, respectively
(Table 3).

The sensibility and specificity of MRI for detecting lat-
eral meniscus tears were 82.93% and 86.21%, respectively
(Table 4).

Agreement calculated using the kappa test between MRI
and diagnostic arthroscopy for medial meniscal lesions

@ Springer

was 78.57%, and for lateral meniscal lesions was 84.29%
(Table 5).

Discussion

Our study showed a 67.1% of MLKI patients with meniscus
lesions (47 patients). 8.5% of all patients with MLKI had
only medial meniscus tears (6 patients), 44.3% had only lat-
eral meniscus tears (31 patients) and 14.3% had a lesion of
both menisci (10 patients).

Out of all the meniscal tears, most of them (71.9%) were
lateral meniscus injuries, and only 28.1% affected the medial
meniscus. Most lateral meniscus tears occurred without
involving the medial meniscus (75.6%), unlike the medial
meniscus, whose injuries mostly occurred in conjunction
with injury to the lateral meniscus (62.5% of medial menis-
cus lesions).

A recent systematic review published by Kim et al.
reported a pooled rate of 30.4% of medial meniscal tears and
27.5% of lateral meniscal tears in patients with MLKIs [5].

The incidence of lateral meniscal tears in MLKIs varied
across studies, ranging from 1.8 to 56.4% [9, 17], so the
incidence of medial meniscal tears was between 8.8 and 64%
[18, 19].

A retrospective study from 2023 described meniscal
injuries in 235 patients undergoing surgical treatment for
MLKI. 29.4% of patients had a meniscal lesion; 15.3% had
an isolated medial meniscus tear, 17.9% with an isolated
lateral meniscus tear, and 3.8% had both menisci torn.
They also reported significantly less meniscal damage in
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lateral-sided injuries than in medial-sided injuries (17.7%
vs. 41%; p<0.001) [8].

This was also demonstrated long before by Kaeding et al.
[20] in 2005, and even longer ago by Shelbourne et al. [21]
who reported that lateral meniscal damage was significantly
higher in the ACL/MCL group, and medial meniscal damage
was significantly lower in this group. They concluded that
ACL + MCL + medial meniscus tear was, in fact, an unusual
clinical entity among athletes with knee injuries.

This is consistent with our study, in which ACL + medial-
side injuries were shown to have significantly greater menis-
cal damage compared to ACL + lateral-side injuries.

Our study describes a higher rate of meniscal injuries
than the articles cited previously, nevertheless, King et al.
[22] in 2015 reported a meniscal injury in 56% of patients
(isolated medial 22%; isolated lateral 22%; combined,
12%), and Krych et al. [23] in the same year reported 55%
of MLKIs with meniscal tears (38.8% isolated medial, 40.3%
isolated lateral, and 20.9% combined medial/lateral), which
is more consistent with the current study.

Meniscal injuries in MLKIs may predispose patients to
diminished outcomes. Assessment and treatment of these
injuries may help improve surgical results and functional
scores in these patients, with good outcomes demonstrated
for meniscal repair. A study conducted by Chahla et al. [24]
showed that the failure rate for inside-out meniscal repair
with concomitant multi-ligament reconstruction was low,
regardless of meniscus laterality and tear characteristics.
They suggest that the biological augmentation resulting from
intra-articular ligament reconstruction tunnel reaming may
partially contribute to the overall improved outcomes and
the low failure rate of meniscal repair.

The retrospective design of the present study confers
some inherent limitations. First, potential selection biases
may occur, given the retrospective recruitment of patients,
for example, non-operative MLKIs were not included
because arthroscopic diagnosis was used to assess the menis-
cal status. Another example is that few patients did not sign
the consent to be included in future studies, limiting the
number of patients.

Second, we didn’t assess the impact of timing on the
presence and treatment of the meniscal tears. Song et al.
[25] confirmed that early surgery increased the prevalence
of meniscus repair, especially when the tear is located in the
posterior horn of the lateral meniscus.

Third, mainly in chronic cases, some initial ligament and
meniscal damage may have healed when the patient was
cared for. This would explain some of the discrepancies
between MRI and diagnostic arthroscopy.

Fourth, these results are from a cohort of a single institu-
tion and may not reflect the global incidence. The number
of patients is limited, especially in some injury patterns,
with none or only 1 patient included, which could taint the

@ Springer

results and lead to wrong conclusions based on the number
of patients.

On the other hand, this current study has several clinical
implications. First, these findings encourage evaluating con-
comitant intra-articular injuries in all MLKIs, and expect
surgical care according specific lesions associated. Second,
the difference in associated meniscal damage in different
MLKI injury patterns reflects that these are different lesions,
with different injury mechanisms, and treatment decision
parameters should not be the same for all. Furthermore,
increasing meniscal assesment in acute multi ligamentous
reconstruction could help decide the ideal timing for surgical
care of this intra-articular injuries.

Conclusion

Meniscal injuries are commonly associated with MLKIs.

The ligament injury pattern and the side of the injured
collateral ligament influenced the incidence and laterality of
meniscal damage. ACL +medial-side injuries were shown
to have significantly greater meniscal damage compared to
other injury patterns.

It is crucial to have a high index of suspicion, obtain a
high-quality MRI, and arthroscopically evaluate any pos-
sible meniscal lesions and other concomitant injuries in
MLKTIs to decide the ideal timing and appropriate treatment
of these complex injuries.

Data availability The data that support the findings of this study are not
openly available due to reasons of sensitivity and are available from the
corresponding author upon reasonable request.
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