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Background: We identified common morphologies of tibial plateau fractures that arise with multiligament knee injuries (MLKIs), and investigated the
relationship of the fracture with ligament tears. We also evaluated the correlation of 3 tibial plateau fracture classification systems (Schatzker, AO, and
Duparc).
Methods: Over a 2-year period, a single orthopaedic surgeon at our institution managed 90 MLKIs. Images of those knees with a tibial plateau fracture
were retrospectively reviewed and classified per Schatzker, AO, and Duparc systems. Correlation among the 3 systems was evaluated using Spearman
nonparametric correlation coefficient. Associations between fracture grading system and ligament tears were estimated using logistic regression.
Associations between ligament tears and tibial plateau fracture location (medial vs lateral) were estimated using exact logistic regression.
Results: A total of 19 of 90 knees suffered tibial plateau fractures. There was reasonable correlation among the 3 tibial plateau classification systems.
Increasing grade under the Schatzker system showed statistically significant associations with medial collateral ligament (MCL) (P ¼ 0.056) and
posterolateral corner (PLC) (P ¼ 0.035) tears. Increasing grade under the Duparc system showed statistically significant associations with MCL (P ¼
0.032) and PLC (P ¼ 0.058) tears. PLC tears had a statistically significant association with medial plateau fractures (P ¼ 0.003); odds ratio of 121.1 (95% CI:
2.2–∞). MCL tears had a statistically significant association with lateral plateau fractures (P ¼ 0.004); odds ratio of 18.4 (95% CI: 2.1–∞). Although not
statistically significant, 8 out of 9 knees with a lateral plateau fracture demonstrated tear of the anterior cruciate ligament (ACL).
Conclusions: As the grade of designation increases within the Schatzker and Duparc tibial plateau fracture classifications, as does the likelihood of MCL
and PLC tear. The majority of tibial plateau fractures that occur in the context of MLKI are either isolated to the medial or lateral tibial plateau. Medial
tibial plateau fractures are associated with PLC tears. Lateral tibial plateau fractures are associated with MCL tears, and although not statistically
significant in our small sample size, 8 out of 9 knees also demonstrated a tear of the ACL.

& 2017 Elsevier Inc. All rights reserved.
Introduction

The multiligament knee injury (MLKI) is a rare and clinically
challenging injury that often occurs in the setting of tibiofemoral
dislocation.1,2 Kennedy defined 5 types of knee dislocationwith regard
to tibial displacement relative to the femur (anterior, posterior, lateral,
medial, and rotatory). This system is useful in correlating dislocation
direction with underlying ligament disruption.2,3 Medial and lateral
dislocations occur because of varus or valgus stresses, and are
reportedly more commonly associated with tibial plateau fractures
when compared to anterior and posterior dislocations.2

Because many tibiofemoral knee dislocations spontaneously
reduce, the Kennedy classification system has limited clinical utility.
Additionally, this system fails to address ancillary injuries of the
popliteal artery and common peroneal nerve. The Schenck
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classification, later modified by Wascher, is used clinically today, and
stratifies injury based on ligament injury and the presence of ancillary
injuries, including fracture and neurovascular pathology.2,4

Previous studies have assessed soft tissue injury with tibial plateau
fracture patterns.5,6 We sought to identify the common morphologies
of tibial plateau fractures that occur with MLKI, and investigate the
relationship of a given tibial plateau fracture pattern with underlying
ligament tears in the specific context of MLKI. In so doing, we also
evaluated the correlation of 3 popular tibial plateau fracture classi-
fication systems (Schatzker, AO, and Duparc) (Figs 1-3).

Awareness of potentially predictable associations of tibial
plateau fracture type and underlying ligament injury in the
context of MLKI would be useful in the decision-making process
and management of these challenging patients.
Methods

This study was approved by the institutional review board at
the University of Washington.
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FIG 1. Schatzker classification system for describing fractures of the tibial plateau. (Reproduced with permission from Gicquel et al.7). Elsevier Masson SAS. All rights
reserved.

FIG 2. AO classification system for describing fractures of the tibial plateau. (Reproduced with permission from Gicquel et al.7). Elsevier Masson SAS. All rights reserved.
Additional permission obtained from the AO Foundation: Copyright by AO Foundation, Switzerland. (Color version of figure is available online.)
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FIG 3. Duparc classification system for describing fractures of the tibial plateau. (Reproduced with permission from Gicquel et al.7). Elsevier Masson SAS. All rights reserved.
(Color version of figure is available online.)
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Over the course of a 25-month period, from May 2013 through
June 2015, a single orthopaedic trauma and sports medicine
surgeon (B.T.) at the University of Washington and Harborview
Medical Center managed a total of 90 knees with a MLKI. MLKI was
defined as surgically confirmed injury of a cruciate ligament, with
additional injury to the other cruciate ligament or collateral
ligaments, or both. Ligaments were considered “torn” when there
was full-thickness substance tear or avulsion requiring surgical
intervention. Patient age ranged from 17-79 years at the time of
presentation.

Patient demographics, ligament injury and management, and
accessory injuries were tabulated. Specific reference was made to
the presence of an ipsilateral tibial plateau fracture, when present.
Those knees with a tibial plateau fracture were isolated, and
their preoperative images (radiographs, computed tomography,
and magnetic resonance imaging, as available) retrospectively
reviewed by 2 readers in a consensus fashion—a musculoskele-
tal-trained radiologist and orthopaedic sports medicine surgeon
(J.P. and A.G., respectively). The 2 readers classified the tibial
plateau fractures per the Schatzker, AO, and Duparc tibial plateau
fracture pattern systems using diagrammatic depictions of the
systems provided in a recent study by Gicquel et al. 7 (Figs 1-3).
Additionally, when a Segond or reverse Segond fracture fragment
was identified on imaging, this was noted.

Statistical analysis was performed using the R environment for
statistical computing.8



TABLE 1
Classification schemes and their respective assigned numbers for tabulation of
nonparametric correlations. The standard nomenclature of each of the 3 systems
and its respective “grade” is noted

Schatzker Schatzker grade AO AO grade Duparc Duparc grade

I 1 A1 0 UL1 1
II 2 A2 0 UL2 2
III 3 A3 0 UL3 3
IV 4 B1.1 1 UM1 4
V 5 B1.2 2 UM2 5
VI 6 B1.3 3 UM3 6

B2.1 4 B1 7
B2.2 5 B2 8
B2.3 6 B3 9
B3.1 7
B3.2 8
B3.3 9
C1 10
C2 11
C3 12

B1, bicondylar simple (type 1); B2, bicondylar complexe (type 2); B3, bicondylar
comminutive (type 3); UL1, unicondylar lateral depression; UL2, unicondylar lateral
split; UL3, unicondylar lateral combined; UM1, unicondylar medial depression;
UM2, unicondylar medial split; UM3, unicondylar medial combined.

TABLE 3
Nonparametric correlation between Duparc and AO assigned grade

AO grade Duparc grade

1 2 3 4 5 6 7 8 9
1 0 4 0 0 0 0 0 0 0
2 0 0 0 0 1 0 0 0 0
3 0 0 0 0 0 0 1 0 0
5 1 0 0 0 0 0 0 0 0
6 0 0 0 1 0 0 0 0 0
7 0 0 4 0 0 0 0 0 0
8 0 0 0 0 0 5 0 0 0
12 0 0 0 0 0 0 0 1 1

TABLE 4
Nonparametric correlation between Duparc and Schatzker assigned grade

Schatzker grade Duparc grade

1 2 3 4 5 6 7 8 9
0 0 0 0 0 1 0 0 0 0
1 0 4 0 0 0 0 0 0 0
2 0 0 4 0 0 0 0 0 0
3 1 0 0 0 0 0 0 0 0
4 0 0 0 1 0 5 0 0 0
5 0 0 0 0 0 0 1 0 1
6 0 0 0 0 0 0 0 1 0
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Correlation Among the Classification Systems

The 3 classification systems used during the study employ
unique nomenclature. The Schatzker classification system is the
simplest, composed of 6 types of fracture, describing various forms
of unicondylar and bicondylar patterns. The AO system defines
3 primary fracture types (extra-articular, partial articular, and
complete articular) with 17 different subtypes. The Duparc system
has 5 primary fracture types (lateral unicondylar, medial unicon-
dylar, bicondylar, spinocondylar, and posteromedial) with 16 total
subtypes among these 3 categories7 (Figs 1-3).

Each classification system was arranged numerically, ranging
from lowest to highest number or letter of the classification
system scale; in general, the 3 scales progress in complexity with
increasing number or letter. (Table 1) This enabled correlation
among the tibial plateau classification systems assigned during
review through use of the Spearman nonparametric correlation
coefficient (Tables 2-4).

Tibial Plateau Fracture vs Ligament Status

Associations between fracture grading system and ligament
status were estimated using logistic regression.

Associations between the presence of ligamentous tears (ante-
rior cruciate ligament [ACL], posterior cruciate ligament [PCL],
medial collateral ligament [MCL], or posterolateral corner [PLC])
TABLE 2
Nonparametric correlation between Schatzker and AO assigned grade

AO grade Schatzker grade

0 1 2 3 4 5 6
1 0 4 0 0 0 0 0
2 1 0 0 0 0 0 0
3 0 0 0 0 0 1 0
5 0 0 0 1 0 0 0
6 0 0 0 0 1 0 0
7 0 0 4 0 0 0 0
8 0 0 0 0 5 0 0
12 0 0 0 0 0 1 1
and tibial plateau fracture location (medial vs lateral) were
estimated using exact logistic regression with the erlm package
for R.9
Results

A total of 19 out of 90 knees suffered a tibial plateau fracture in
addition to the multiligament soft tissue injury. (Fig 4). There were
10 males and 9 females. Patient age range was 22-59 years at the
time of presentation.

Mechanism of injury included motor vehicle collision (8),
pedestrian vs car (7), assault (1), fell down stairs (1), slipped while
dancing (1), and no documented injury in the medical record (1).

Correlation Among 3 Classification Systems

Among fractures isolated to the medial tibial plateau (n ¼ 7),
6 were classified as a Schatzker type IV, whereas 1, a medial split-
type fracture, could not be classified using the Schatzker system,
which does not have a specific designation for this pattern. These
fractures exhibited various AO and Duparc types, with the majority
FIG 4. Flowchart of those with multiligament knee injury addressed over a 2-year
time period, with and without a concomitant tibial plateau fracture.



TABLE 5
Classification types of knees encountered

Side (total) Schatzker AO Duparc

Medial (7) IV ¼ 6 B1.2 ¼ 1 Uni/med/split ¼ 1
None/split medial ¼ 1 B2.3 ¼ 1 Uni/med/dep ¼ 1

B3.2 ¼ 5 Uni/med/com ¼ 5

Lateral (9)* I ¼ 4 B1.1 ¼ 4 Uni/lat/split ¼ 4
II ¼ 4 B3.1 ¼ 4 Uni/lat/com ¼ 4
III ¼ 1 B2.2 ¼ 1 Uni/lat/dep ¼ 1

Both side V ¼ 2 B1.3 ¼ 1 Bi/type 1 ¼ 1
VI ¼ 1 C3 ¼ 2 Bi/type 2 ¼ 1

Bi/type 3 ¼ 1

bi, bicondylar; com, comminutive; dep, depression; lat, lateral; med, medial; uni,
unicondylar.

⁎ Lateral tibial plateau fractures demonstrated a one-to-one relationship among
the 3 systems.

TABLE 6
Spearman correlations among fracture classification systems

Comparison rho P

AO vs Schatzker 0.78 0.000082
AO vs Duparc 0.78 0.000084
Schatzker vs Duparc 0.82 0.000018

TABLE 8
Schatzker grade vs ligament status

Schatzker
grade

ACL
intact

ACL
tear

PCL
intact

PCL
tear

MCL
intact

MCL
tear

PLC
intact

PLC
tear

0 1 0 1 0 1 0 0 1
1 0 4 4 0 2 2 3 1
2 1 3 3 1 0 4 3 1
3 0 1 1 0 0 1 1 0
4 3 3 3 3 6 0 0 6
5 1 1 1 1 2 0 0 2
6 0 1 1 0 1 0 0 1

TABLE 9
Logistic regression summary for Schatzker grade vs ligament status

ACL PCL MCL PLC

P value 0.63 0.18 0.056 0.035
OR 0.86 1.64 0.48 2.42
OR (95% CI) 0.46–1.56 0.85–3.90 0.19–0.93 1.19–6.72

TABLE 10
AO grade vs ligament status

AO
grade

ACL
intact

ACL
tear

PCL
intact

PCL
tear

MCL
intact

MCL
tear

PLC
intact

PLC
tear

1 0 4 4 0 2 2 3 1
2 1 0 1 0 1 0 0 1
3 0 1 1 0 1 0 0 1
5 0 1 1 0 0 1 1 0
6 0 1 1 0 1 0 0 1
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of morphologies (5 out of 7) reflecting a combined depressed and
split-type pattern, as presented in Table 5.

There were 9 isolated lateral tibial plateau fractures. Those with
a designation of Schatzker type I (4 out of 9) were all classified as
AO type B1.1 and Duparc unicondylar/lateral/split. Those given a
designation of Schatzker type II (4 out of 9) were all classified by
the readers as AO B3.1 and Duparc unicondylar/lateral/compres-
sion. Finally, the lone Schatzker type III fracture corresponded to
an AO B2.2 and Duparc unicondylar/lateral/depression. The major-
ity of lateral tibial plateau fractures exhibited either split (4 out of
9) or combined depressed and split type (4 out of 9) patterns
(Table 5).

There were 3 fractures that involved both the medial and lateral
tibial plateau, with various Schatzker, AO, and Duparc classifica-
tions, as presented in Table 5.

The rho values presented in Table 6 (0 ¼ no correlation, 1 ¼
perfect correlation) demonstrate reasonable correlation among the
3 tibial plateau classification systems used.

Of the 19 knees with a tibial plateau fracture, 4 exhibited a
small Segond fracture fragment, and 1 knee a small reverse Segond
fracture fragment. These fragments are not included as part of any
of the 3 systems used. Those knees with a Segond or reverse
Segond fracture are presented in Table 7, along with respective
tibial plateau fracture type and ligament injury.
TABLE 7
Knees with a Segond or reverse Segond fracture, including their respective tibial
plateau fracture type and ligament status

Segond or
reverse
Segond

Tibial plateau fracture types
(Schatzker, AO, and Duparc)

ACL PCL MCL PLC

1 Both IV; B3.2; uni/med/com Intact Torn Intact Torn
2 Segond IV; B3.2; uni/med/com Torn Intact Intact Torn
3 Segond V; C3; bi/type 3 Intact Torn Intact Torn
4 Segond IV; B2.3; uni/med/dep Torn Intact Intact Torn

bi, bicondylar; com, combined; dep, depression; med, medial; uni, unicondylar.
Tibial Plateau Fracture vs Ligament Status

Fracture Classification vs Ligament Status
Increasing grade under the Schatzker system showed statisti-

cally significant associations between the assigned fracture grade
and ligament disruption for the MCL (P ¼ 0.056) and PLC (P ¼
0.035), but not for the ACL or PCL (Tables 8 and 9).

Increasing grade under the AO system did not show any
statistically significant association between the assigned fracture
grade and ligament disruption (Tables 10 and 11).

Increasing grade under the Duparc system showed statistically
significant associations between the assigned fracture grade and
ligament disruption for the MCL (P ¼ 0.032) and PLC (P ¼ 0.058),
but not for the ACL or PCL (Tables 12 and 13).

Location of Plateau Fracture vs Ligament Tear
Isolated fractures of the medial tibial plateau (n ¼ 7) exhibited

a PLC tear in 7 out of 7 knees, whereas the MCL was universally
(7 out of 7) intact. The cruciate ligaments were variably disrupted
(3 out of 7 with ACL tears; 3 out of 7 with PCL tears).
7 1 3 3 1 0 4 3 1
8 3 2 2 3 5 0 0 5

12 1 1 1 1 2 0 0 2

TABLE 11
Logistic regression summary for AO grade vs ligament status

ACL PCL MCL PLC

P value 0.18 0.086 0.39 0.11
OR 0.80 1.55 0.88 1.30
OR (95% CI) 0.65–1.16 1.04–3.17 0.65–1.16 0.97–1.88



TABLE 14
Distribution of tibial plateau fracture, based on location, vs ligament status

Plateau
fracture

ACL
tear

ACL
intact

PCL
tear

PCL
intact

MCL
tear

MCL
intact

PLC
tear

PLC
intact

Lateral 8 1 1 8 7 2 2 7
Medial 3 4 3 4 0 7 7 0
Both 2 1 1 2 0 3 3 0
Total 13 6 5 14 7 12 12 7

TABLE 12
Duparc grade vs ligament status

Duparc
grade

ACL
intact

ACL
tear

PCL
intact

PCL
tear

MCL
intact

MCL
tear

PLC
intact

PLC
tear

1 0 1 1 0 0 1 1 0
2 0 4 4 0 2 2 3 1
3 1 3 3 1 0 4 3 1
4 0 1 1 0 1 0 0 1
5 1 0 1 0 1 0 0 1
6 3 2 2 3 5 0 0 5
7 0 1 1 0 1 0 0 1
8 0 1 1 0 1 0 0 1
9 1 0 0 1 1 0 0 1
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Fractures isolated to the lateral tibial plateau (n ¼ 9) exhibited
an ACL tear in 8 out of 9 knees, as well as an MCL tear in 7 out of
9 knees. There were few PCL (1 out of 8) and PLC (2 out of 8) tears
in this cohort.

Finally, fractures involving both sides of the tibial plateau
(n ¼ 3) exhibited PLC tears in all 3 knees, universally intact MCLs
(3 out of 3), and variable cruciate ligament tears.

The full distribution of tibial plateau fracture, based on location,
vs ligament status is presented in Table 14.

Tears of the ACL did not have a statistically significant associ-
ation with the location of tibial plateau fracture (medial vs lateral)
(P ¼ 0.11), with an odds ratio (OR) of 8.64 (95% CI: 0.57–572). Tears
of the PCL did not have a statistically significant association with
the location of tibial plateau fracture (medial vs lateral) (P ¼ 0.27),
with an OR of 5.16 (95% CI: 0.31–342). (Table 15).

Tears of the PLC had a statistically significant association with
medial tibial plateau fractures (p ¼ 0.003) with an OR of 121.1
(95% CI: 2.2–∞). Tears of the MCL had a statistically significant
association with lateral tibial plateau fractures (P ¼ 0.004) with an
OR of 18.4 (95% CI: 2.1–∞) (Table 15).
Discussion

The definition of MLKI varies, but in general encompass injuries
to 2 or more ligaments of the knee, and is often associated with
tibiofemoral dislocation.2 Concomitant neurovascular injury is
unfortunately common, and there are near unanimous functional
deficits following a MLKI.2,10 Although often the result of high-
energy trauma, such as motor vehicle collisions, MLKI also occurs
in the morbidly obese population from a low-energy mechanism.2

The injury is rare; the incidence having been reported as 0.02%-
0.2% of all orthopaedic injuries.2

The Schenk and Wascher classification of knee dislocation
considers ligament injury, as well as ancillary injury to include
neurovascular structures and fracture.2,4 The presence of ipsilateral
femoral or tibial fractures has been shown common, and may
delay the diagnosis of underlying ligament injury, in those with
knee instability or MLKI.11-14 Although the presence of soft tissue
injury in the context of tibial plateau fracture has been
addressed,5,6 we sought to highlight the description of tibial
plateau fracture patterns occurring exclusively with MLKI, and
TABLE 13
Logistic regression summary for Duparc grade vs ligament status

ACL PCL MCL PLC

P value 0.087 0.096 0.032 0.058
OR 0.63 1.59 0.31 5.2
OR (95% CI) 0.34–1.01 0.98–3.12 0.06–0.68 1.73–85.1
establish an association of a particular tibial plateau fracture
morphology with underlying ligament injury patterns in this
unique and challenging setting.

Tibial plateau fractures have been described using multiple
classification systems. Three popular tibial plateau fracture classi-
fication systems (Schatzker, AO, and Duparc) were evaluated in
conjunction with ipsilateral ligament injury in our study. The
Schatzker classification is commonly used and simplistic, catego-
rizing fracture patterns into 6 types that reflect increasing com-
plexity or severity. The AO classification categorizes fractures by
articular involvement and then further subdivides those into
fracture patterns. The Duparc classification is the most compre-
hensive with multiple subdivisions, but is not commonly used in
the United States7 (Figs 1-3).

Fractures isolated to either the medial or lateral tibial plateau
comprised the majority of the knees within our study, and
were divided 37% medial and 47% lateral. Three knees presented
with a fracture involving both sides of the tibial plateau (16%).
Fractures of the lateral tibial plateau exhibited a direct, one-to-one
correlation among each classification system designation, whereas
those involving the medial plateau, or both sides of the plateau
were more varied.

Notably, there is no Schatzker classification designation for a split-
type medial tibial plateau fracture (designated 0 in our data sets). This
poses a clinical limitation of this system. Additionally, all 3 of these
systems lack a designation for a Segond or reverse Segond type
fracture fragment, which carries a well-documented association with
underlying cruciate ligament injury.15,16 We feel the most descriptive
system is the Duparc, but admittedly do not use this in routine
practice when reporting fractures of the tibial plateau.

As the grade of designation increased under the Schatzker and
Duparc systems, as did the likelihood of MCL and PLC tear in a
statistically significant fashion. An increased incidence of ligament
tears with higher Schatzker grades has been reported previously in
the literature.6 There was no statistically significant association
between AO grade and ligament tear.

Medial tibial plateau fractures had a statistically significant
association with tears of the PLC (p ¼ 0.003) with an OR of 121.1
(95% CI: 2.2–∞), in keeping with prior reports,6 whereas the MCL
was universally intact in this cohort. Medial plateau fractures
demonstrated variable cruciate ligament tears.

Lateral tibial plateau fractures had a statistically significant
association with tears of the MCL (p ¼ 0.004) with an OR of 18.4
(95% CI: 2.1–∞). ACL tears were present in 8 out of 9 (88%) lateral
tibial plateau fractures, however, this was not statistically
TABLE 15
Association between plateau fractures and ligament tears. Notably, as a result of
small sample size, both-side tibial plateau fractures were not evaluated

Ligament
tear

Associated plateau
fracture

P
value

Odds
ratio

Odds ratio 95%
CI

ACL Neither 0.11 8.64 0.57, 572
PCL Neither 0.27 5.16 0.31, 342
PLC Medial 0.003 21.1 2.2, infiniti
MCL Lateral 0.004 18.4 2.1, infiniti
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significant (p ¼ 0.11), likely because 3 out of 7 (43%) medial tibial
plateau fractures also demonstrated disruption of the ACL. How-
ever, one should take note of the fact that ACL tears are never-
theless near universally present with fractures isolated to the
lateral tibial plateau in the context of MLKI.

Our study has certain limitations that should be noted.
Although addressing 90 knees with a MLKI over the course of a
2-year period is a robust sample size, having only 19 knees within
this group with a tibial plateau fracture hampered the power of
our data. In addition, although we have anecdotally found value in
analyzing the tibial plateau fracture in effort to determine if the
osseous injury is related to impaction or conversely avulsion,
which appears to correlate with underlying soft tissue pathology,
none of the commonly used tibial plateau fracture classification
systems take this distinction into account. There may be benefit in
evaluating these specific fracture patterns and how they influence
underlying ligament injury.
Conclusions

As the grade of designation increases within the Schatzker and
Duparc tibial plateau fracture classifications, as does the likelihood
of MCL and PLC tear. The majority of tibial plateau fractures that
occur in the context of MLKI are either isolated to the medial or to
the lateral tibial plateau. Medial tibial plateau fractures are
associated with PLC tears. Lateral tibial plateau fractures are
associated with MCL tears, and although not statistically signifi-
cant in our small sample size, ACL tears should also be suspected.
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