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Abstract

Purpose To review available approaches and fixation
methods for posterolateral fracture fragment (PLF) in tibial
plateau fracture, and to propose an algorithm to treat various
types of plateau fractures which all involve the PLF.
Methods This article reviews multiple surgical approaches for
PLF and suggests an algorithm for suitable approach and fix-
ation method according to PLF with combined plateau
fracture.

Results The modified anterolateral approach is a suitable sin-
gle approach for fractures with a PLF combined with an an-
terolateral plateau fracture and for isolated posterolateral frac-
ture fragments. For a multicolumn tibia plateau fracture in-
volving the lateral, medial and posterior columns, dual ap-
proaches (modified anterolateral and posteromedial approach)
can be used to access the entire plateau area.

Conclusions When considering approaches of this complex
fracture pattern, one must consider local soft tissue condition,
plateau fracture morphology, associated injuries, and fixation
options. After review of multiple approaches described in the
literature for PLF fixation, we can suggest an algorithm for the
approach and fixation to treat tibial plateau fractures with pos-
terolateral fracture fragments.
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Introduction

A posterolateral fracture fragment (PLF) in tibial plateau frac-
tures is defined as any separate posterolateral quadrant-based
articular fracture fragment, with extension of the fracture line
to the posterolateral cortex [1]. Posterolateral corner shearing
tibial plateau fractures are less commonly seen, with incidence
from 7 to 15%. A recent study has demonstrated a 44% inci-
dence of the PLF, with 36% occurring in AO/OTA type B
plateau fractures and 54% in AO/OTA type C [1-3].

Good long-term outcomes when treating tibia plateau frac-
tures are associated with an anatomic articular reduction and
stable fixation [4, 5]. Failure to stabilize these PLF fragments
are associated with knee instability during flexion [6].
Anatomic reduction of the posterolateral fracture fragment
can be achieved through either an indirect method using an
anterolateral approach or a direct reduction using one of the
various posterior approaches. Indirect reduction methods are
more commonly associated with articular mal-reductions.
Articular mal-reductions were present in up to 20% in cases
when using a less invasive and unilateral fixed-angle stabili-
zation system [2, 7, 8]. While the anterolateral approach is the
most commonly used approach for lateral tibia plateau frac-
tures, direct visualization of PLF is often inadequate [9]. With
suboptimal visualization, an anatomical reduction and stable
fixation of the PLF fragment is more challenging.

Various approaches for direct visualization and fixation of
PLF are described in the literature. Posterior approaches in-
clude both direct posterior and posterolateral. Some authors
have used a fibular osteotomy with a posterolateral approach
for exposure, while others have described an approach without
the fibular osteotomy [10—15]. While both approaches provide
direct access for reduction and fixation of the PLF fragment,
care must be taken with these approaches due to their prox-
imity and required exposure of neurovascular structures.
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There is a higher risk of injury to the common peroneal nerve,
popliteal vessels, and bifurcating vessels. Luo et al. [16] has
described a posteromedial approach in treating medial column
and posterior column fractures. They accessed the PLF using
an inverted L-shaped incision over posterior medial aspect of
the knee. The recently described modified anterolateral ap-
proach provides access through a single approach to reduce
and stabilize the PLF while simultaneously treating the antero-
lateral plateau fracture [17].

Despite the availability of multiple approaches to the pos-
terolateral plateau, a definitive treatment guideline and algo-
rithm is currently lacking. When choosing an approach or
combination of approaches, one must consider the condition
of soft tissues, the entire plateau fracture morphology includ-
ing the PLF fragment, and available fixation options. There is
no consensus or standard guidelines when choosing an ap-
proach for this PLF fracture pattern. To help address this prob-
lem, we reviewed multiple approaches described in the litera-
ture for the fixation of the PLF. In this review, we propose an
algorithm to treat these various types of plateau fractures
which all involve the PLF fragment. We describe guidelines
for approach selection and surgical techniques.

Morphological evaluation of the PLF

The morphological characteristics of posterolateral tibial pla-
teau fractures has not been widely described in the literature.
Recently, a few papers have helped to describe this fragment.
Xiang et al. [1] determined the posterolateral articular frag-
ment has a relatively small articular surface area, with the
average size of the fragment relative to the surface area of
the plateau being 14.3% = 6.3% (range, 8-32%). The average
major articular fracture angle of the posterolateral fracture
fragment plane was 23° £ 24° (range, 62° to —43°), which
implied a coronal fracture line. The average height of the
fragment was 29 mm (range, 18-42 mm; 90th percen-
tile = 38 mm). Average sagittal angle was 77° (range, 58-97°).
Sohn et al. [3] reported the average posterior cortical height
was 31.12 mm (range, 10.84-63.93 mm), and the average
sagittal fracture angle was 78.48 degrees (range, 41.69—
105.12 degrees). The mean articular surface area was
522.18 mm? (14.5%) of the total tibial articular surface. The
mean posterior horizontal distance was 22.93 mm (range, 4.1-
49.95 mm) and the lateral anteroposterior distance (LAPD)
averaged 10.22 mm (range, —11.18 to 31.17 mm). The
LAPD can be helpful when determining the best fixation strat-
egy for the posterolateral fragment. In sum, the fracture pat-
terns in the posterolateral quadrant are usually depression or
split-depression type patterns. The fragments are usually con-
ical in shape with a relatively small articular surface area.
Recent computed tomography (CT)-based morphological
study also reported the combined quadrant of plateau with
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PLF according to the three column theory. They revealed that
PLF can be presented as, isolated PLF in 7 cases, combined
with anterolateral quadrant in 19 cases, posteromedial quad-
rant in two cases and bicolumnar involvement (AM, AM +
AL, AM + PM) in eight cases among 36 PLF [1].

Biomechanical considerations in fixation of PLF

A recent literature review of loading mechanics concluded
that biomechanically, the posterolateral buttress plate is the
strongest fixation method for the posterolateral shearing tibial
plateau fracture [18]. However, it remains controversial that a
lateral locking plate can provide sufficient stability to the PLF.
In this construct, the proximal locking screws are parallel to
the coronal fracture line; therefore, single locking screws are
less likely to gain adequate purchase into the PLF and the
fixation may fail in this area [18]. Even with locking screws,
front-to-back screws are at a mechanical disadvantage with
cantilever loading.

Rafting screws, along with an appropriately placed buttress
plate, can usually provide the stability needed to maintain the
reduction. However, conventional anterolateral periarticular
plates do not usually have screws that support a posterior
articular fragment. Anterior plating is not strong enough to
withstand the axial loading force and the traditional use of
lag screws from anterior to posterior was at high risk of failure
[19].

Sassoon et al. [20] examined the amount of the lateral tibial
plateau which remains unsupported after insertion of the most
common anterolateral periarticular plates. The average anteri-
or to posterior depth of the lateral tibial plateau was 38 mm,
but the average distance from the posterior-most rafting screw
to the posterior tibial plateau border was 16 mm, resulting in
approximately 42% of the lateral plateau unsupported by an
anterolaterally based rafting screws. This study confirmed that
even if posterior articular reduction can be obtained through a
standard anterolateral approach, posteriorly placed implants
are likely necessary to support the reduction. A variety of
plating options have been described, including a one-third
tubular plate, 2.7-mm variable-angled locking compression
plate, T-plate, 3.5-mm recon plate, and posteromedial specific
peri-articular plates [10, 13, 17, 21, 22].

Approaches for posterolateral fracture fragment

The best approach for treating PLF in tibial plateau fractures
remains controversial. The optimal approach should provide
maximum visualization with access for fracture reduction with
rigid fixation, all while causing minimal insult to the sur-
rounding structures. Current available approaches for PLF
fragment fixation as described in the literature include: the
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posterior approach, the posterolateral approach with and with-
out a fibular osteotomy, the posteromedial approach, and the
modified anterolateral approach.

Posterior approach

Bhattacharyya et al. [13] described open reduction and inter-
nal fixation through a posterior approach to the knee. They
used a mid-line S-shaped incision over the popliteal fossa. The
medial head of the gastrocnemius was divided, leaving a
stump for repair. The medial head was retracted laterally,
protecting the neurovascular bundle, exposing back of the
knee. The origins of the popliteus and soleus were then ele-
vated from the posteromedial aspect of tibia from medial to
lateral. The entire posterior aspect of the tibia was exposed
without talking down the lateral head of the gastrocnemius.
Using this approach, the posteromedial and posterolateral
fragments can be exposed simultaneously.

Posterolateral approach with/without fibular osteotomy

The posterolateral approach, originally described by
Lobenhoffer et al. [23], can be utilized with or without a fib-
ular osteotomy. Lobenhoffer et al. developed an extensive
lateral approach with fibular osteotomy for posterolateral frac-
tures. This allows posterior retraction of the segment proximal
to the osteotomy or even rotation of the fibular head upward,
thus exposing the posterolateral plateau, and the lateral and
posterior flare of the proximal tibia. Yu et al. [11] has de-
scribed a new approach with osteotomy of fibular head to
access posterolateral aspect of tibial plateau. Tscherne et al.
[24] and Solomon et al. [25] demonstrated extensile approach
for posterolateral plateau with osteotomy of the fibular neck.
While providing nice exposure to the posterolateral plateau,
these approaches with fibular osteotomy are always associated
with increased risk of peroneal nerve palsy.

Tao et al. [15] introduced a modified posterolateral ap-
proach for posterolateral shearing tibial plateau fractures, in
which an modified L-shaped incision was made to expose the
posterior aspect of the lateral plateau through the intervals
along the medial gastrocnemius, lateral gastrocnemius,
popliteus and soleus without the need for an osteotomy,
tenotomy, or division of muscles. However, with this ap-
proach, the common peroneal nerve has to be dissected out
and carefully protected. The inferolateral genicular branch of
popliteal artery was easily injured with this approach. Distal
extension of this dissection should be restricted to no further
than five centimeters from the joint line to avoid injury to the
bifurcating vessels of the anterior tibial artery [26].

Carlson et al. [10] has described a case series of patients
with posterior bicondylar tibial plateau fractures treated by
direct fracture exposure and fixation through dual incisions:
a posteromedial incision, followed by a posterolateral

incision. He used a gentle S-shaped curvilinear incision in
the posteromedial aspect of the knee and posterolaterally over
the biceps femoris muscle. Using these approaches, both
posteromedial and posterolateral fragments can be exposed
separately, sequentially or simultaneously as the fracture mor-
phology dictates.

Frosch et al. [12] presented a posterolateral approach with
the patient positioned in a lateral position. In this approach, a
lateral arthrotomy was used for visualizing the joint surface
and a posterolateral approach was utilized for the fracture
reduction and plate fixation. Both of these could be achieved
through one posterolateral skin incision. This can be very
helpful in more complex fracture patterns that involve the
lateral or anterolateral parts of the tibia plateau.

The posterolateral approach offers the distinct advantages
of being able to not only visualize and manipulate a postero-
lateral fracture fragment but also to apply posteriorly based
implants for definitive fixation. However, a downside to this
approach is for fractures that involve the anterior aspect of the
lateral plateau. These fractures cannot be directly addressed
through this approach. Moreover, assessment of reduction in
the posterolateral corner can be technically demanding via a
limited surgical field with a surgeon-unfriendly prone or lat-
eral position. This limits the use of a posterolateral approach to
the rare, isolated posterolateral coronal shear fracture. Further
disadvantages of the posterolateral approach include the risk
to the inferolateral geniculate artery, the anterior tibial artery,
and the common peroneal nerve. Posterior plating can be dif-
ficult with distinctive inclination of the posterior surface of the
proximal tibia and relatively deep surgical field.

Posteromedial approach addressing the posterolateral
fracture fragment

Luo etal. [16] described a computed tomography based “three
column fixation” concept and a “floating position” with an
inverted L-shaped posterior approach and anterolateral ap-
proach. A posterior inverted L-shaped incision was used to
address posterior and medial column fractures. The incision
begins at the center of popliteal fossa parallel to Langer’s lines
superiorly and medially, than turns distally from the medial
corner of the popliteal fossa. Full thickness fascial flaps were
elevated, avoiding injury to sural nerve and short saphenous
vein. Medial head of gastrocnemius was retracted laterally. All
the dissection was performed beneath popliteal muscle to pro-
tect the neurovascular bundle. The popliteal and soleus muscle
origin were elevated laterally from the proximal medial aspect
of tibia. The entire posterior aspect of tibia can be visualized.
This is all performed without incising the medial head of the
gastrocnemius. Both the posteromedial and posterolateral pla-
teau can be addressed through this approach. However, any
anterolateral tibial plateau fracture needs to be addressed
through an additional anterolateral approach.

@ Springer



1890

International Orthopaedics (SICOT) (2017) 41:1887-1897

Modified anterolateral approach (or extended
anterolateral approach)

The senior authors have also described a modified anterolat-
eral approach to reduce and stabilize the PLF through the
space between the fibular collateral ligament (FCL) and the
posterolateral plateau rim [17]. We have aptly named this the
‘Para-FCL space’. We set up the patient in the supine position
on an ordinary operation table. At first, we put the knee joint in
modest flexion with a bump underneath the knee joint. A 10-
to 15 cm-long curvilinear incision was made centered over the
Gerdy’s tubercle. After the skin incision, subcutaneous dissec-
tion was made about 2 cm along the skin incision so that the
ITB (iliotibial band) and crural fascia covering the anterior
compartment muscles are exposed clearly. Then a fascial in-
cision was made same as the skin incision. The ITB was split
in the middle along the direction of the fibers and sharply
elevated from Gerdy’s tubercle anteriorly and posteriorly.
Then the fascial incision was extended down to the crural
fascia leaving a 5-mm anterior fascial flap from the tibial crest
for repair. This fascial dissection creates anterior and posterior
flaps made of ITB and crural fascia in continuity respectively.
The dissection was extended posteriorly by taking down the
extensor muscles from the lateral surface of the lateral plateau
to the point right in front of the FCL. By this point, we flexed
the knee joint further up to 90 degrees to relax the FCL and
also the common peroneal nerve. Then, a Sane retractor is
placed to the inferior part of the FCL to retract the FCL
posterolaterally. Then the interval between the FCL and the
posterolateral surface of the lateral plateau (Para-FCL space)
was developed by dissecting loose soft tissues from the pos-
terolateral plateau (Fig. 1). Most of the time the popliteus
tendon insertion onto the lateral epicondyle is not visible be-
cause the thick fascial covering is not incised and explored. It
is critical to keep the dissection around the plateau below the
joint line so as not to injure the popliteus tendon, which runs
obliquely under the femoral origin of the FCL. Once the Para-

Fig. 1 The para-fibular collateral
ligament (Para-FCL) space in
modified anterolateral approach.
a The Para-FCL space (yellow-
shaded space) is located between
fibular collateral ligament (FCL)
and lateral rim of the tibial plateau
(AP view). b At the posterolateral
corner, popliteal tendon (marked
by asterisk) runs in an
inferomedial to superolateral
direction. The dissection should
be performed anterior to popliteus
(oblique lateral view)
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FCL space is cleared up, the meniscotibial ligament is incised
from the tibial attachment in order to gain access to the artic-
ular surface. By this point, we should be able to place a
Hohmann retractor to the posterior surface of posterolateral
corner of the lateral plateau (Fig. 2). We place a Schanz screw
to the lateral epicondyle parallel to the joint line on the AP
view. Another Schanz screw is placed to the lateral side of the
tibial shaft to install a femoral distractor. The knee joint can be
distracted with the knee in 90 degrees of flexion. For getting
AP fluoroscopic images we pivot the knee joint around the
femoral Schanz screw to extend the knee joint up to 30 de-
grees of flexion. This modification was the posterolateral ex-
tension to the classical anterolateral approach. We may call
this an ‘extended anterolateral approach’.

Authors’ preferred surgical approach and fixation
technique for management of PLF

Standard AP, lateral, and oblique proximal tibia radiographs
and CT scans with 3D reconstruction are obtained pre-
operatively to assist in identifying fracture morphology and
pre-operatively plan. Patients with compartment syndrome are
treated with knee spanning external fixation and four-
compartment fasciotomy using a single or dual incisions in
an emergent nature if required. Patients with bicolumnar pla-
teau fracture patterns, compromised skin, and vascular injuries
are also temporized in a knee-spanning external fixator. CT
scans are obtained after the application for the external fixator.
Patients are taken for definitive fixation once skin conditions
are optimized for a surgical incision.

The approach is ultimately chosen after consideration of
the fracture morphology of the PLF fragment, the condition
of the soft tissues, the possible involvement of other parts of
the plateau, and the available fixation options. The PLF frag-
ment is usually seen in combination with another area of the
plateau fractured, as we have described. We can further divide
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the PLF fragment into four types based upon the associated
tibial plateau fracture. The preferred surgical approach and
fixation options are described according to each type. The
types are as follows and classified by AO-OTA classification
[27]:

1. Isolated PLF [41-B 1.1 (4), B 2.2(4), B 3.1(2)]

2. PLF with associated anterolateral plateau fracture (41-B
3.1)

3. PLF with posterior shearing fracture (41-B1)

4. PLF with a bicolumnar plateau fracture (41-C 3.1, 3.2,
3.3); posteromedial buttressing is mandatory due to the
small posteromedial fragment

Isolated PLF

Isolated PLF can be treated with a single posterolateral ap-
proach or a modified anterolateral approach. The posterolat-
eral approach offers the distinct advantage of being able to not
only visualize and manipulate a posterolateral fracture frag-
ment but also apply posteriorly based implants for definitive
fixation. However, fractures that involve the anterior aspect of
the plateau cannot be directly addressed through this ap-
proach. The peroneal nerve, inferolateral genicular artery
and anterior tibial artery have to be protected as previously
described. Through this approach, the PLF can be visualized
and manipulated after an arthrotomy. The distal extent of ex-
posure in this approach is restricted to no greater than 5 cm
from the joint because the anterior tibial vascular bundle en-
ters the anterior compartment at this point distal to joint line
(46.3 £ 9.0 mm; range, 27-62). The lateral tibial metaphysis
has a posterior inclination angle of about 45° and the postero-
lateral split fracture segment is usually less than 4 cm in cor-
tical length. For fixation using this approach, we recommend
using a short buttress plate while being cautious of the anterior
tibial artery bifurcation [26, 28] (Fig. 3).

The direct posterolateral approach requires a deep dissec-
tion to gain access to the PLF. In this approach, caution is
taken around the inferolateral genicular artery and common
peroneal nerve as previously described. Some surgeons may
feel uncomfortable when accessing and manipulating the PLF
fragment through this deep and limited surgical field. In con-
trast to the direct posterolateral approach, the modified antero-
lateral approach provides a safer corridor around the rim of the
lateral tibial plateau medial to the fibular collateral ligament.
Direct access to a posterolateral fragment is possible, and frac-
ture reduction can be done under direct visualization. The
relative simplicity of this approach, ease of positioning, and
decreased likelihood of iatrogenic injury to neurovascular
structures are other potential advantages.

Through this approach, the displaced PLF could be reduced
by collinear clamp or pointed reduction clamp through the Para-
FCL space. Although it is difficult to place a buttress plate
directly with the modified anterolateral approach, the recently
described rim plating technique provides adequate support to
PLFs with wrapping up of the fragment and multiple rafting
screws through the variable angled screw holes [17] (Fig. 4).
Detailed rim-plating fixation techniques using a 2.7-mm vari-
able angle (VA) plate will be described in the next section.

PLF with associated anterolateral plateau fracture

A combined dual posterolateral and anterolateral approach can
be utilized for PLF with associated anterolateral plateau frac-
tures. The advantage of these combined approaches is their
utility in directly accessing entire lateral tibial plateau simulta-
neously addressing both anterolateral and posterolateral frag-
ments. This combined approach method also has all of the
disadvantages of the direct posterolateral approach (Fig. 5).
Our preferred approach for PLF with associated anterolat-
eral fracture is a modified anterolateral approach. The advan-
tages of this modified anterolateral approach include: (1) ex-
posure of the entire articular surface of the lateral plateau, (2)

Fig. 2 Modified anterolateral approach in cadaveric dissection. a
Dissection of the Para-FCL space (white arrowheads indicate the FCL).
b After the coronary ligament was incised, the entire lateral plateau

(which contains posterolateral corner) is exposed. ¢ A Hohmann retractor
can be placed anterior to FCL. A pointed reduction clamp can be placed to
control the posterolateral fracture fragment
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Fig. 3 Isolated posterolateral
tibial plateau depression fracture.
A 35-year-old man was injured by
a fall. a, b Three-dimensional
reconstructions demonstrating an
isolated right-knee posterolateral
tibial plateau depression. ¢ The
patient was operated on using a
direct posterolateral approach in
the lateral position with direct
visualization of the fracture
fragment. The PLF was
buttressed using a 3.5-mm
locking T-plate (white
arrowheads indicate the common
peroneal nerve). d Post-operative
radiograph demonstrating an
anatomic reduction

Fig. 4 A 55-year-old woman had sustained an injury due to a fall. a
Three-dimensional CT reconstructions (articular view and posterior view)
shows a depressed PLF with inferomedial displacement and an
incomplete split with anterolateal depression. Although there was an
incomplete split of anterolateral plateau, the main component that needs
to be buttressed was located predominantly at the posterolateral corner,
we categorized this fracture as an isolated PLF treated with rim plating
through the modified anterolateral approach. A modified anterolateral
approach was utilized and rim plating was performed. b Postoperative
3D CT reconstuctions (articular view and posterior view) demonstrates
reduction of the displaced PLF with rim plate fixation. The small
depressed articular surface could be elevated easily by anterolateral
cortical window with impacted bone graft and other substitute. The
incomplete split of anterolateral plateau with cortical window can also
be protected with a simple anterolateral buttress plate using a three-hole
3.5-mm T-plate

@ Springer

reduction of articular surface under direct vision, (3) no need
for peroneal nerve dissection and exposure, (4) the surgery can
be performed in the familiar supine position, and (5) if needed,
removal of hardware can be performed with standard ap-
proaches with little risk to vital structures.

Surgical technique of the rim-plating fixation technique

After completing the approach to the PLF using modified
anterolateral approach (as previously described), the entire
lateral plateau articular surface can be exposed. The depressed
articular surface is then elevated through either a small rect-
angular cortical window that is made at the metaphyseal area

Fig.5 Combined dual posterolateral and anterolateral approach for PLF
with an associated anterolateral plateau fracture. Surgery was performed
in the lateral position using separate incisions for the PLF and
anterolateral plateau fracture fragments
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of anterolateral surface of proximal tibia or through the frac-
ture window between lateral plateau and anterior rim. It is
elevated with a small impactor or tamp with bone graft or bone
graft substitute.

The elevated anterolateral articular surface is then sta-
bilized temporarily with K-wires. The lateral plateau frac-
ture gap is then reduced with a pointed reduction clamp.
The displaced PLF is then reduced with a pointed reduc-
tion clamp or collinear clamp and then temporarily stabi-
lized with K-wires in an anterior to posterior direction to
prevent blocking the positioning of rim plate (Fig. 6).

For the choice of rim plate, we usually use a 2.7-mm
variable-angle locking compression plate (VA LCP) plate
from the VA foot set (DePuy Synthes, West Chester, PA,
USA). This is then contoured appropriately with VA LCP
bending pliers, while avoiding VA hole deformation. The
plate is contoured according to the shape of the rim of the
lateral plateau. A 2.7-mm cloverleaf-head plate was usually
used to support the PLF. The wider portion of plate was posi-
tioned posterior to PLF to wrap up the fragment. Then the
head of the rim plate was compressed against the PLF using
a collinear clamp. Then the anterior most screw hole is filled
with a cortical screw to bring the plate down to bone over the
lateral surface of the plateau. One or two additional screws are
placed through the rim plate while the collinear clamp was
maintained. Then the collinear clamp was released. Screws
are placed as far posteriorly as possible through the plate usu-
ally just anterior to the fibular collateral ligament. Trajectories
of the screws are aimed to ensure rafting under the main area
of depression.

Fig. 6 A 59-year-old man
sustained a lateral tibial plateau
fracture after a fall from 3 metres
height. a Three-dimensional CT
reconstructions (AP, posterior,
and articular views) show an
anterolateral split depression
fracture with a posterolateral
fracture fragment. b The
depressed anterolateral articular
fragment was elevated with graft
material through the fracture
window of the anterolateral split
fracture fragment. ¢ The fracture
window was closed and reduced
with a small pointed reduction
clamp. The PLF was reduced with
large pointed reduction clamp
through the Para-FCL space. d
The PLF was fixed with
provisional K-wires

Sometimes we will place two screws through one
combination hole to maximize the fixation because the
longest 2.7-mm screw is 60 mm. A locking screw is
placed first, followed by the cortical screw. Due to the
contour of rim plate, there is a high amount of screw
traffic and drill bits can be easily broken. To avoid bro-
ken drill bits, we use 2.0-mm K-wires to drill and slight-
ly tilt the trajectories, alternating between slightly cranial
and caudal inclinations.

After completing the rim plating, a 3.5-mm anatomi-
cally precontoured locking plate is placed at anterolater-
al surface of tibial plateau to buttress the anterolateral
fragment (Fig. 7).

PLF with posterior shearing fracture

Carlson et al. [10] originally reported a posterior dual ap-
proach for a posterior shearing plateau fracture. But most sur-
geons tend to use a posteromedial approach only because
posterolateral corner can be easily accessible and buttressed
with this approach. We recommend the posteromedial ap-
proach for PLF with a posteromedial plateau fracture as de-
scribed by Luo et al. [16]. This approach provides better ex-
posure for more substantial posteromedial tibial plateau frac-
tures and can be used to gain access to the posterolateral tibial
plateau with retraction of the medial gastrocnemius laterally
and elevation of popliteus and soleus off the posterior tibia.
Special caution must be given when placing the Hohmann
retractor at the lateral border of tibia due to the arterial bifur-
cation. Through this approach, placement of buttress plating is
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Fig. 7 a, b The rim plate was
contoured and advanced along the
rim of posterolateral plateau.
Using the collinear clamp, the
head of the plate and the PLF
were compressed to the anterior
rim of the plateau. Using a 2.0 K-
wire as a drill bit, a conventional
2.7-mm screw was inserted to
make the plate contoured with the
lateral rim while holding the
collinear clamp. ¢ Postoperative
3D CT scans demonstrate the
anterolateral plateau fracture
buttressed with a 3.5-mm
precontoured plate and PLF
stabilized with a rim plate. d
Axial CT scan demonstrates the
trajectory of the screws which
purchasing the PLF from the rim
plate

possible to each posterior column separately. For a
posteromedial fragment, the buttress plate is usually placed
in a longitudinal direction, while for the posterolateral frag-
ment the plate is usually orientated obliquely.

PLF with a bicolumnar plateau fracture; posteromedial
buttressing is mandatory due to small posteromedial
fragment

Most multicolumn plateau injuries need separate incisions for
gaining access to each column. Several factors must be

considered when selecting an approach. Fracture morphology,
surgical skill set, patient positioning requirements, and the
condition of the soft tissues are all factors to consider
when choosing an approach. For these fracture patterns, we
prefer to use a dual modified anterolateral approach and a
posteromedial approach with the contralateral limb in the
lithothomy position. The classic posteromedial approach with
prone positioning has limitations requiring the changing pa-
tient position to perform an anterolateral approach. To over-
come this obstacle, we position the patient supine with con-
tralateral limb in lithotomy position. Both the posteromedial

Fig. 8 PLF with a bicolumnar tibial plateau fracture. This can be a
multicolumn injury involving the medial, posterolateral and
anterolateral plateau. A 69-year-old woman injured by a fall. a The
patient had an anterolateral split and depression fracture, a medial plateau
fracture, and a posterolateral fracture fragment which demonstrated
enough metaphyseal beak for posterior buttress. b Both posteromedial
and anterolateral approach can be simultaneously utilized without
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changing the position of patient. Posteromedial and posterolateral
buttressing was done using posteromedial approach using two 3.5-
mm T-plates (white arrowhead indicates buttress plate for PLF). The
anterolateral fragment was reduced and fixed using anterolateral approach
using 5.0-mm precontoured locking plate. ¢ Complete radiological union
was observed at 12 weeks following surgery
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and anterolateral approaches can be performed simultaneously
using this position without changing the position of the patient
in between two approaches. For the posteromedial approach,
the surgeon occupies a position between two legs, while an-
terolateral approach can be performed sitting at a lateral aspect
of the patient’s leg. This positioning reduces intraoperative
time and prevents complications associated with prone
positioning.

Through the modified anterolateral approach, we can
access the anterolateral and posterolateral aspect of the
plateau. The posteromedial aspect of the plateau can be
accessed from the posteromedial approach. As described
by Luo et al. [16], the anteromedial aspect of the tibial
plateau can also be accessed by utilizing the interval
between the pes anserinus and medial collateral liga-
ment (MCL). Fixation for the PLF can be buttress plat-
ing through the posteromedial approach or rim plating
through modified anterolateral approach, depending on
the fracture morphology of PLF and the comminution
at the metaphysis of the posterolateral corner. When the
medial extent of the PLF is located far enough medially
to reach from posteromedially and the metaphyseal beak
is enough for a posterior buttress plate, we use a 3.5-
mm T-plate (Fig. 8). In cases where the medial fracture
margin ends at the posterolateral corner or metaphyseal
beak is small, we preferred fixation with a rim plate
(Fig. 9).

Discussion

A PLF can be addressed through any of the direct posterior or
posterolateral approaches previously mentioned. The modi-
fied anterolateral approach also provides good access to this
fragment. We prefer a modified anterolateral approach over
the direct posterior and posterolateral approaches for several
reasons. The posterior and posterolateral approaches allow
reduction and fixation of a posterolateral fragment under di-
rect visualization with posterior buttress plating. This buttress
plating provides stable fixation and allows early knee motion
[12, 29]. However, there are many limitations associated with
the direct posterior and posterolateral approaches. A direct
midline posterior incision has a deep field and visualization
can be difficult. This situation is further complicated by pres-
ence of a complex fracture pattern involving the lateral and
anterolateral tibial plateau. Another potential downfall from
the direct posterior and posterolateral approaches is the prox-
imity of the required exposure of the common peroneal nerve
and the close proximity of the popliteal vessels.

Chang et al. [30] also reported the anterolateral supra-fibular
head approach for posterolateral tibial plateau fractures. They
also developed space between the FCL and the lateral condyle
of tibia. The posterolateral fracture fragment was fixed success-
fully at least two screws from a laterally based implant. In
contrast to this technique, the above described rim plating tech-
nique not only provides screw purchase into the PLF but also

Fig. 9 A 53-year-old man sustained a left-knee injury in a fall down
some stairs. a Three-dimensional CT reconstructions (AP, posterior, and
articular views) after knee spanning external fixation shows a complex
plateau fracture with an anterior fragment, a lateral split fragment, central
depression, a medial fragment, and a displaced PLF. The PLF has a small
metaphyseal beak with comminution of the posterior cortex (red

arrowhead). b The medial plateau was buttressed through the
posteromedial approach. The depressed central articular was elevated
with impacted bone graft. The displaced PLF was fixed with a rim plate
and the anterolateral split fragment was fixed with an anterolateral plate.
PLF was wrapped with rim plate and fixed with two screws (one screw
through the plate and one screw from outside the plate)
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Fig. 10 Approach and fixation algorithm in plateau fracture based on PLF with combined plateau fracture pattern

contributes a posterior buttress effect on the fragment, which
only strengthens fragment fixation.

We designed the rim plate to hold the PLF, which tends
to be displaced posteriorly. It is not real buttressing plat-
ing but it could be wrap the fragment along the posterior
rim of plateau (named a “hugging plate”). With a collin-
ear clamp used for rigid maneuver reduction throughout
the fixation procedure, the rim plate functions to maintain
the PLF reduction. Most recent biomechanical analysis
compared different type of fixation to PLF. They com-
pared anterolateral lag screws (anterior to posterior direc-
tion), screw fixation through an anteromedial plate, screw
fixation through a lateral locking plate and a posterolater-
al buttress plate which were available for PLF fixation.
But there was no direct comparison with rim plating
[18]. A biomechanical study about rim plating is needed
in the near future.

Though there were not many reports, clinical evidence
of rim plating was reported. Horizontal belt plate as a rim
plating could be applied to complex tibial plateau fracture
and showed relevant clinical outcome [30, 31]. We have
also reported the good clinical outcomes of rim plating. A
total of seven cases were enrolled in that study. There was
no loss of reduction and no complications which were re-
lated with this procedure. All cases healed in 3 months
after operation. Functional outcomes were excellent in four
cases, good in one case and fair in one case [17].

In deciding the approach in the treatment of tibial pla-
teau fractures, consideration must be given to the fracture
fragment morphology, the available implants, the condition
of the soft tissues around the proximal tibia, and the expe-
rience of the surgeon. Many alternative approaches for
PLF management have been described in the literature.

@ Springer

The PLF is usually combined with other additional frac-
tures in the tibial plateau.

In this review, we divide the PLF into four types based
upon the presence of injury to other parts of the plateau.
We provide guidelines to help determine approach and
fixation options. In our experience, the modified antero-
lateral approach is the most suitable single approach for
fractures with a combined posterolateral fracture fragment
with an anterolateral plateau fracture and for isolated or
predominantly posterolateral fracture fragments. For a
multicolumn tibia plateau fracture involving the lateral,
medial and posterior columns, dual approaches are need-
ed. In this instance, we prefer a posteromedial and mod-
ified anterolateral approach using the lithotomy position
for the contralateral lower extremity. This is a versatile
position, where both the posteromedial and modified an-
terolateral approaches can be performed simultaneously
without the need for changing patient positioning. The
posterolateral fragment can be simultaneously managed
through both incisions. In addition, an anteromedial frag-
ment can also be addressed utilizing the interval between
pes anserinus and MCL (Fig. 10).
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