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How Important are Posterior Tibial Plateau Fractures?
A review of the incidence, fragment characteristics,

and mechanisms of injury
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Posterior tibial plateau fracture is a common feature found in complex tibial plateau fractures. How-
ever, the fracture characteristics of posteromedial and posterolateral fragments are different. Various
mechanisms of tibial plateau injuries result in diverse fracture types which require appropriate treatment
strategies. To emphasize the importance and diversity of posterior tibial plateau fractures, the incidence
and characteristics of those fractures is reviewed. In addition, integration of knowledge of mechanisms
of injury and fracture characteristics with the selection of surgical procedures is discussed. Chiang Mai
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Introduction

Since the three-column concept was proposed
by Luo et al. in 2010 (1), interest in posterior
tibial plateau fractures has increased. Crucial fac-
tors, including the incidence of column involve-
ment, fracture characteristics, and mechanisms of
injury have been used to establish tibial plateau
classification systems. Current 3D- and CT-based
classifications, e.g., three-column (1), four-col-
umn (2, 3), and ten segment classifications (4),
are characterized by the specific articular surface
area involved. Many authors have endeavored
to link the mechanism of injury with the classi-
fication to further facilitate selection of surgical
applications. The aim of tibial plateau fixation is
to neutralize or buttress specific fragments. Poor

mechanical fixation of a tibial plateau fracture
with coronal fracture involvement, in particular,
a posteromedial fragment, can cause loss of re-
duction (5, 6). Treatment failure of a tibial pla-
teau fracture in which posterolateral involvement
results in fragment depression can lead to knee
instability (7). Understanding the mechanism of
injury together with fracture characteristics can
improve treatment outcomes and help surgeons
to choose the proper treatment strategy. Here,
we review the current literature to document the
incidence of posterior tibial plateau fracture. We
also consider fracture mechanisms that might
suggest the cause of the fracture characteristics
and provide clues with surgical relevance.
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Incidence of posterior fragments in tibial
plateau fractures.

Posteromedial and posterolateral fragments
have commonly been found to be associated
with bicondylar tibial plateau fractures resulting
from a high energy mechanism of injury. The
incidence of posteromedial fragments in bicon-
dylar tibial plateau fracture cases reported in the
literature varies from approximately one-third
to two-thirds. The largest case series, by Yang et
al. (8), included 525 tibial plateau cases with an
incidence of posterior tibial plateau fractures of
28.8%, of which 35.1% involved the posterolater-
al column, 45.7% the posteromedial column and
19.2% both the posterolateral and posteromedial
columns. Zhai et al. retrospectively reviewed 115
cases of Schatzker type IV fractures, reporting
that 47.83% of the total had posterior articular
depression (9).

Most studies have reported that posterolateral
fragments occuring in bicondylar fractures
(Schatzker type V and VI) are related to high en-
ergy injury mechanisms, while isolated tibial pla-
teau fractures, which are related to low energy in-
jury mechanisms, are less common. The reported
incidence of posterolateral fragments varies and
involves different inclusion criteria; therefore, it
is difficult to compare rates over a diverse range
of clinical settings. The incidence of posterolat-
eral tibial plateau fractures has been estimated
to reach 44.2% (OTA type B and C) (Sohn et al.)
(10) and 44.32% (Zhu et al.) (11, 12) of bicondy-
lar cases (Table 1). Posterolateral fragments can
consist of a single split fragment, a single de-
pressed fragment or a complex fracture; however,
the incidence of a single split or depressed frag-
ment is low (13). In the case of bicondylar tibial
plateau fractures with posterolateral involvement,
fragment-specific surgical approach and fixation
strategies are needed to deal with this complex
condition. In the case of isolated posterolateral
tibial plateau fractures, however, a direct poste-
rolateral approach to minimize soft tissue dissec-
tion is required (14-17). The incidence and mor-
phology of posterior fragments is shown in table
1-3 (18-21).

Mechanism of injury in posteromedial
and posterolateral fractures

Understanding the mechanisms of tibial pla-
teau injuries can help explain fracture character-
istics. Many classification systems, e.g., Schatzker
(22), three-column (1, 23), four-column and nine
segment classification (24), use the mechanism
of injury of each fracture pattern as a guide to
treatment. In fact, there are many other factors
which are related to fracture mechanisms such
as force intensity, force direction and knee posi-
tion. These factors can result in differences in
the tibio-femoral contact area (25-28), and thus
potentially influence the variety of tibial plateau
fracture characteristics (29). These posteromedial
fracture mechanisms may be explained by indi-
rect evidence. Immerman et al. (27) prepared
maps showing the relationship between knee
flexion angle and tibio-femoral contact area on
the tibial plateau. Those relationships may also
suggest stress concentration locations. In theory,
the stress concentration area is associated with
material failure, i.e., bone fracture. The indirect
clues described in Immerman’s study, however,
do not allow extrapolation from the degrees of
knee flexion or the intensity and moment of load-
ing to fragment size and fragment morphology
(Figure 1).

Posterolateral tibial plateau fractures are com-
monly found in bicondylar tibial plateau fractures
resulting from a high-energy mechanism of inju-
ry; the less common isolated posterolateral tibial
plateau fractures are associated with a low-energy
mechanism. There have been few biomechanical
studies regarding mechanisms of injury to that
fragment. Zhu et al. (11) in biomechanical studies
on cadavers found that 30°and 60° of knee flexion
with axial loading results in posterolateral split
fractures, while 90° of knee flexion is more com-
monly associated with posterolateral depression
fractures. Chang et al. (14) and Waldrop et al. (7)
noted further that most isolated posterolateral tib-
ial plateau fractures are associated with a low ener-
gy of axial compression and with valgus moment,
although in that study the location of the fracture
varied by knee flexion angle (29) (Figure 2).
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I Full extension
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Figure 1. Map of femorotibial contact areas on the medial tibial plateau. Colors represent contact area at various degrees
of knee flexion (Adapted from Immerman et al.)(27).
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Figure 2. Relationship of knee flexion and fracture morphology of posterolateral fragment. (A) 90° knee flexion with
axial loading is associated with depression fractures. (B) 30° and 60° knee flexion with axial loading is associated with
split fractures. (Adapted from Zhu et al.) (11)
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Eggli et al. (30) proposed that the difference
of anatomical tibial plateau surface on the medial
(concave) and the lateral (convex) side are pos-
sibly related to specific fracture fragment charac-
teristics. Axial compression loading force of the
femoral condyle against the concave surface of
the medial plateau results in a split posteromedial
fragment, while compression on the convex lat-
eral plateau results in comminution and broaden-
ing of the lateral joint. Published reports on frag-
ment characteristics (Tables 2 and 3) indicate that
posteromedial fragments involve greater plateau
articular area and have greater fragment height
than posterolateral fragments. Molenaars et al.
(20) recently reviewed CT scans of 127 tibial pla-
teau fractures and created a “fracture map”. This
fracture map indicates the comminuted zone of
bicondylar tibial plateau fractures involving the
posterolateral area (19 of 48 cases; 40%). In addi-
tion, the fracture line density on the lateral tibial
plateau is higher than on the medial tibial plateau.
Additional studies of tibial plateau fracture mor-
phology using CT data were conducted by Chen
etal. (13) Interestingly, both studies, “Heatmap of
Depression Zone” by Chen et al. (13) and “Frac-
ture Mapping” by Molenaars et al. (20), reported
that the location of the depression (or comminu-
tion) zone in high energy fractures (Schatzker
types V and IV) was in the posterolateral corner
area of the lateral tibial plateau. This area is de-
scribed as “Postero-lateral-central (PLC)” in the
ten segment classification system (4). Anatomi-
cally, the PLC area is difficult to access. A direct
posterolateral approach is useful for direct visu-

Table 2. Posteromedial fragment morphology

alization and plate buttressing; however, most
surgeons are unfamiliar with this approach. Barei
et al. showed that good quality articular surface
reduction of the tibial plateau improves patient
functional outcomes (31); however, developing
a new treatment strategy to deal with a commi-
nuted PLC area is challenging.

Morphology of posteromedial and poste-
rolateral fragments

Barei et al. (18) and Higgins et al. (19) retro-
spectively studied the morphologic characteris-
tics of posteromedial fragments in CT scans (Ta-
ble 2) and proposed a technique of measurement
which was later used by Sohn et al. (10), Xiang
etal. (21) and Zhu et al. (11) to analyze postero-
lateral fragments. The posteromedial fragment is
larger than the posterolateral fragment, so some
posteromedial fragments can be fixed using an
anterolateral locking plate. The posterolateral
fragment has an inverted conical shape and ex-
tends over nearly one-third of the surface area of
the lateral tibial plateau (Table 3). However, most
posterolateral fragments are located posteriorly to
the screw purchase area in anterolateral locking
plate fixation. For that reason, fixing a posterolat-
eral fragment via the anterolateral approach using
only an anterolateral plate raises critical concern
for posterolateral fragment fixation stability (32).

This information on fracture morphology
could be incorporated in fracture simulation
models representing common fracture charac-
teristics. Such models could, in turn, be used to
create fracture-specific plate designs (33, 34).

Parameters

Barei et al. 2008 (18) Higgins et al. 2009 (19)

Number of patients in the study
Major Medial articular fracture angle (MAFA)

Maximum posterior cortical height (PCH)
Posterior sagittal fracture angle (SFA)

Articular surface involvement

57 148
-9° -21.4°
(-45°-30°) (-87°-52.1°)
42 mm 45 mm
(16-59 mm) (22-72 mm)
81° 73°
(33°-112°) (33°-96°)
58% 25%

(19.3%-98%) (7%-43%)
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Table 3. Results of posterolateral fragment morphology

Parameters Sohn et al. Xiang et al. Zhu et al.
2014 (11) 2013 (21) 2014 (12)
Number of patients 190 36 164
Lateral major articular fracture angle (LMFA) 12.69 ° 23°+24° 12.94°
(-56.02°-72.44°) (-43°-62°) (-60.5°-69.88°)
Posterior major articular fracture angle (PMFA) 19.13° - -
(-39.47°-61.10°)
Diagonal distance 32.75 mm - -
(15.03-59.14 mm)
Lateral AP distance 10.22 mm - -
(-11.18-31.17 mm)
Posterior horizontal distance 22.93 mm - -
(4.1-49.95 mm)
Posterior cortical height 31.12 mm 29+7 mm 29.6 mm
(10.84-63.93 mm) (18-42 mm) (10.7-53.1 mm)
Sagittal fracture angle 78.48 ° 77°%12° 72.06°
(41.69°-105.12°) (58°-97°) (7.11°-104.5°)
Articular surface area 522.18 mm2 14.3%+6.3% -
(14.5% of total (8-32%)
articular surface)
Size of displacement - 10.5+5.2 mm -
(2-19 mm)
Major posterolateral articular fragment propor- - - 15.43%
tion (PL-AFP) (5.90-38.61%)
Size of major posterolateral articular depression - - 16.74%
proportion (PL-ADP) (3.82-35.48%)
Maximum posterolateral articular depression - - 24.7 mm
height (PL-ADH) (1.8-64 mm)

Furthermore, fracture morphology can guide
surgeons in selecting an appropriate surgical
treatment strategy and avoiding common pitfalls
while performing surgery. The posterior cortical
height of the posterolateral fragment is approxi-
mately 30 mm (10, 11, 21). Based on that anato-
my, the popliteal artery branches to the anterior
tibial artery (ATA) at approximately 50 mm distal
to the level of the tibial plateau (35, 36). Thus, in
some cases where the posterolateral approach is
required, the distal extension of the surgical dis-
section must be performed with particular care.
Oblique placement of the distal end of the pos-
terolateral buttress plate is needed to prevent an
iatrogenic ATA injury. Posterolateral fractures
are quite small (the mean posterior horizontal
distance is 22.93 mm) and are located at the far
lateral corner (10), making buttressing of the pos-

terolateral fragment using the posteromedial ap-
proach impossible in some cases. Orapiriyakul et
al. demonstrated limitations on using the poster-
omedial approach with a posterolateral fragment
(37). If the posterolateral fragment is located at a
distance of more than 43.72% of the lateral con-
dylar width, the fragment may be invisible with
the posteromedial approach. In that case, a com-
bination of the posterolateral and posteromedial
approaches is needed.

Conclusions

Posterior tibial plateau fracture fixation can-
not be overlooked, especially in bicondylar tibial
plateau fractures. As described in this review, the
posteromedial fragment is characteristically a
large and simple type. For biomechanical reasons,
a posteromedial buttressing plate is recommend-
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ed. The posterolateral fragment is small, commi-
nuted and located at the far lateral corner. To deal
with a posterolateral fragment, direct visualiza-
tion is required. Pre-operative surgical planning

is compulsory for posterior plateau fracture treat-
ment. In cases where the posterolateral approach
is needed, dissection must be performed meticu-
lously.
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