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Abstract This article summarizes a symposium on topics regarding the current management of tibial plateau fractures \
presented by the Spanish Orthopaedic Trauma Association as a guest nation society at the Orthopaedic Trauma Association Annual
Meeting in October 2023 in Seattle, Washington. These topics include staged treatment strategies, surgical planning, fracture
classification, and factors influencing weight bearing. A staged protocol for treating high-energy fractures of the proximal tibia using
spanning external fixation with quadrangular configuration is a simple and reproducible way to apply the device and reduce and span
these fractures. Multicolumnar fractures can behave differently based on their categorization using the main deformity direction
concept, defined as a theoretical vector representing the global displacement or deformity of the columns in a specific direction, and
this can help surgeons decide on the definitive treatment. With the classification of columnar involvement and their variants, surgeons
can use computed tomography scans to formulate solutions to approach and fix individual fracture patterns. Finally, a finite element
analysis may inform the surgeon’s decision for immediate weight bearing of a split plateau fracture after fixation with locking screw

1. Introduction

Tibial plateau fractures represent a challenge for patients and
surgeons because of their complexity and potentially devastating
sequelae.! High-energy tibial plateau fractures have a concom-
itant soft-tissue injury. Hence, a biologic approach with
temporary spanning external fixation, mindful of the vascularity
of soft tissue and bone, can prevent many adverse outcomes.”
Restoring the mechanical axis and articular congruence is critical
to achieving good clinical function.®> Preoperative computed
tomography (CT) studies can influence a surgeon’s surgical plan
by helping to identify the fragments, select an approach,
formulate a reduction sequence, and facilitate the selection of
an appropriate implant for a selected case.** Fracture morphol-
ogy, involvement of different areas of the plateau, surgical skills
and surgeon experience, available fixation options, patient
positioning requirements, and condition of the soft tissues are
all factors to consider when choosing a definitive approach.

In the past decade, many surgeons have developed numerous
approaches and conducted anatomical research studies, case
series reports, and clinical comparison studies. Unfortunately,
there is a lack of consensus on treatment methods, classifications,
temporal management, and definitive fixation to achieve optimal
functional results.

This article summarizes a symposium presented by the Spanish
Orthopaedic Trauma Association (SOTA) as the guest nation
society at the 2023 Annual Meeting of the Orthopaedic Trauma
Association in Seattle, Washington. This symposium addressed
these and other topically related areas.

2. Initial Management of Proximal Articular Tibial
Fractures: Span, Scan, and Other Surprises

As an articular fracture, treatment of tibial plateau fractures
follows the classic principles: articular reduction, stable fixation,
early total mobilization, and prevention of post-traumatic
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osteoarthritis. Infection prevention is also added as a deleterious
element of a good outcome. Elements such as articular stability,
meniscal integrity, proper mechanical alignment in the coronal
plane, and restoration of articular congruity are protective
against the appearance of post-traumatic osteoarthritis.> In the
1980s and early 1990s, the emergence of fixation techniques for
articular fractures encouraged early definitive reduction and
internal fixation using a midline anterior approach. However,
local complications such as surgical site infection, soft-tissue
breakdown, malunion, nonunion, and joint stiffness were
reported in up to 88% of patients.®™®

Consistent with the standards developed for distal tibia
fractures, a staged strategy has been proposed to treat high-
energy proximal tibia fractures.? Such treatment protocols
follow the currently popularized span-scan-plan principles. In
high-energy fractures, such as those classified as Schatzker VI,
forceful mechanisms, open injuries with contamination,
significant displacement and comminution, and soft-tissue
damage (eg, blisters, burns, and abrasions), a staged strategy
has demonstrated improved outcomes, particularly in in-
fection rates (5%-11%), relative to similar fractures treated
with immediate dual-incision approaches.” By contrast, some
studies have appeared in the literature advocating early
definitive fixation in some instances with comparable com-
plication rates (7%-17%). However, the subjective assess-
ment of the soft tissues, cohort heterogeneity, and individual
centers’ level of treatment expertise make global application
difficult.”

Spanning external fixation follows principles that include the
maintenance of bone length, axial alignment, and integrity of
tissues for future surgical approaches, which differ from those
used for definitive external fixation. The quadrangular configu-
ration for temporary spanning external fixation has been
proposed as an easy and reproducible assembly to reduce and
span acute fractures, whether applied by orthopaedic trauma
surgeons or general orthopaedists. When nonspecialists perform
this configuration, it not only improves the initial reduction
obtained but also facilitates and improves the definitive fracture
reduction and reduces surgical time.>

Computed tomography scanning under osteotaxis, as with
tibial pilon fractures, allows correction of fracture line
definition. A 360-degree view allows identification of the
fragments and comminution of the fracture. Thanks to this
technique, new classifications have been created. Elements
such as the column concept® and main deformity direction
(MDD)' assist in decision making regarding approaches and
the types of implants to use. Unfortunately, many of the
surprises during treatment are not from the bone injuries.
Instead, they result from missed and underestimated soft-tissue
injuries, particularly the lateral meniscus and posterolateral
complex.

Meniscal injuries can appear in 70%-80% of cases. High
suspicion arises with fragment depression greater than 6 mm and
separation more than 5 mm.'' Previous magnetic resonance
imaging (MRI) assessment and surgical approaches, particularly
the submeniscal approach, are requisites for proper diagnosis and
repair.

The presence of anteromedial fragments is suggestive of a
posterolateral corner injury, which was diagnosed through an
MRI study.'? Varus and hyperextension deformity can create an
anteromedial tibial plateau fracture and disrupt the fibular
collateral ligament, popliteus tendon, and articular capsule
(Fig. 1). Diagnosis and acute treatment with direct structure
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repair and techniques such as LaPrade augmentation improve the
opportunity for better outcomes than can be seen with chronic
injury management.

In conclusion, a staged strategy is indicated in high-energy
tibial plateau fracture treatment. A quadrangular external fixator
configuration can maintain proximal tibial axial alignment and
length in nonemergent situations, avoid compromise of future
approaches, improve the initial reduction and quality of definitive
reduction, and reduce overall surgical time.

Scanning under osteotaxis has enabled the development of
novel ways of evaluating fractures, including the column concept
and MDD, which can improve the surgical approach and implant
selection. The misdiagnosis of the lateral meniscus and postero-
lateral corner injuries can decrease definitive outcomes in tibial
plateau fracture treatment. Suspicion of the presence of these
conditions with specific injuries, including suspected posterolat-
eral corner injuries, followed by MRI evaluation is essential for
proper diagnosis and assessment. Acute treatment that includes
anatomical fracture reconstruction improves the functional
outcomes of these patients.

3. Decision-Making Approaches in Multicolumnar
Tibial Plateau Fractures Based on the Main Deformity
Direction Concept

A big step forward in the understanding of tibial plateau
fractures was the description of proximal tibial columns’*'?
and segments,'* which emphasized the importance of the
posterior columns (posteromedial and posterolateral). Multi-
columnar fractures involving 3 or 4 columns represent
complex injuries for which a universal surgical strategy may
not be optimal for all cases.!® These complex fractures can
behave differently, as outlined by the MDD concept, which
describes subtypes that might benefit from different surgical
strategies. The MDD concept, proposed related classification,
and decision-making algorithm published in 2021 are de-
scribed further.'®

The MDD is defined as a theoretical vector representing the
global displacement or deformity of the columns in a specific
direction. The “deformity” is produced by the most significant
impact zone and direction of the femoral condyles on the tibial
plateau. This deformity may manifest as angular, translational,
and compressive displacement. The “direction” refers to the
resultant of the deformity direction in sagittal plus coronal planes,
or essentially, the direction in the axial plane. There are, therefore,
4 main types of MDD, posterolateral (PL), posteromedial (PM),
anterolateral (AL), and anteromedial (AM), or the precise
determination of the MDD in the axial plane according to a
360-degree evaluation (Fig. 2A). Various parameters for de-
termining the MDD have been defined.

The proposed classification is based on 3 main factors: the
number of affected columns (1C, 2C, 3C, 4C), which columns are
involved (L+/=M +/—PM +/—PL), and the MDD (PM-MDD,
PL-MDD, AM-MDD, AL-MDD). For supplementary informa-
tion, the option to include the exact MDD (360-degree
evaluation) allows for determining the precise location to
counteract the deformity. In addition, consideration of the 8
articular segments helps name the exact location of joint
fragments with depression or extrusion that require specific
articular reduction (Fig. 2B).

Based on this classification, the proposed surgical strategy
includes 2 main objectives, which form the basis of the algorithm.
The first objective is to achieve direct control of the MDD. The
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Figure 1. Clinical case with disruption of the fibular collateral ligament, popliteus tendon, and articular capsule.
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Figure 2. A, The MDD concept. Diagrams representing an anteromedial MDD. B, Four-column and MDD classification. The exact MDD can be expressed as
degrees from 0 to 90 degrees in each quadrant (360 degrees concept). For example, in AM-MDD, 30 degrees (or Am) means more anterior than medial deformity
direction. C, General algorithm for decision-making approaches in multicolumnar fractures according to the 4 main types of MDD.
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second objective is to obtain simultaneous global fracture control,
with the surgeon performing all necessary approaches with the
patient in a fixed position.

The first approach is the primary method for establishing the
MDD through a proposed general algorithm for decision-making
approaches in multicolumnar fractures. By contrast, the second
approach is a complementary strategy for managing other
columns that require direct reduction or fixation. The chosen
patient positioning seeks to optimize the control of the MDD and
allows simultaneous access to the approaches (Fig. 2C):

e PM-MDD: A modified oblique Lobenhoffer approach
addresses PM, PL, and medial columns. The deformities in
the segments of the PL column caused by the PM-MDD
(more significant depression in the posterolateral central
segment) facilitate a more straightforward reduction
through this approach. Simultaneously, an anterolateral
approach, used to address the lateral column, can be
performed with the patient in a fixed prone semilateral
position.

e PL-MDD: A modified, extended anterolateral approach
(EAL), with 4 deep progressive windows (prefibular [EAL-
PF], suprafibular [EAL-SF], retrofibular [EAL-RF], or trans-
fibular [EAL-TF]), can be used to address the lateral and PL
columns. One of these progressive options manages the PL
column deformities in these cases. Simultaneously, a
modified Lobenhoffer approach to address PM and medial
columns can be performed in a prone semilateral position.

e AM-MDD: A limited anterior approach can be helpful in
these cases to manage the medial and lateral columns,
particularly for articular depressions in the anteromedial
central, anteromedial medial, and anterolateral central
segments. A complementary posteromedial approach can
be performed in a supine position.

e AL-MDD: An anterolateral or an EAL approach is used to
control the lateral and the PL columns if required. In
addition, a posteromedial approach can be performed in the
supine position.

In conclusion, the algorithm presented can represent a general
guide for making decisions on the surgical management of these
complex fractures. However, it is crucial to emphasize the
importance of individualizing each case based on evaluating the
columnar involvement, MDD, and fracture segments. The MDD
concept can be helpful and relevant for planning the surgical
strategy, including decisions regarding patient positioning,
approaches, reduction, and fixation. Direct control of the MDD
and simultaneous global fracture control can assist with selecting
an optimized strategy in multicolumnar fractures.'’

4. Surgical Approaches for Tibial Plateau Fractures

A decade-and-a-half ago, anteroposterior and lateral X-ray
images of the tibial plateau were largely relied on to classify
fractures and determine possible approaches,'>'® with lateral
and medial approaches managed in a supine position and
posterior approaches in a prone position. Following the
establishment of a CT-based columnar classification system,
columnar-based approaches became popular, with the medial,
lateral, and posterior columns divided into
2 areas—posteromedial and posterolateral.” This change in
how fractures were evaluated led to several surgical approaches
and their variants to address individual fracture patterns.
Generally, tibial plateau fixation should begin with the posterior
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columns (if involved) and then with the anterior columns through
the anterior approaches.

4.1. Approaches in the Supine Position for Anterior
Column Fractures

Anterolateral and anteromedial approaches are intuitive. Al-
though they allow for excellent intra-articular visualization
through the submeniscal window, combined osteosynthesis of
the posterior columns cannot be performed through these
approaches. Primary fixation of these fractures can be a valuable
complement to the reduction of the anterior columns once
posterior osteosynthesis has been accomplished through prone
approaches.

4.2. Approaches in the Prone Position for Posterior
Column Fractures

Trickey described his classical approach in 1968'7; it was
beneficial but more demanding than anterior approaches because
it involves the dissection of the neurovascular bundle. To
overcome these problems, the direct posteromedial approach'®
has been described with an extension for posterolateral frac-
tures.'” Subsequently, more direct posterolateral approaches
were designed to reach the posterolateral fragments through
intermuscular planes in the shape of an inverted L. Still, they have
the problem of distal extension, which is made impossible by the
exit of the anterior tibial artery.?°

4.3. Approaches in the Supine Position for Posterior
Column Fractures

Anterior approaches to reach posterior columns theoretically
save surgical time and potential injury to the posterior soft-tissue
structures. For this reason, supine approaches for the poster-
omedial and posterolateral columns have become popular. For
the posteromedial approach, no important anatomical structures
obscure reaching the posterior plateau. However, with the supine
posterolateral approach, there can be difficulties with the lateral
ligament, head of the fibula, peroneal nerve, and, at the bottom of
the approach, the distal complex of the popliteal vessels.

More complex approaches have been developed to avoid this,
such as the transfibular approach with proximal abatement of
the lateral ligamentous complex with osteotomy of the fibula
neck.'® During the osteotomy we should avoid injury to the
lateral capsule, the external meniscus, and the peroneal nerve
itself. To mitigate this issue, a supine posterolateral approach
without fibula osteotomy was recommended, which was an
intuitive but complex approach.?! This approach uses a minimal
space to reduce fracture, including an inverted triangle delimited
by the peroneal nerve and the posterior vessels, with the
proximal base being the articular line. Moreover, the roof of this
structure is formed by the lateral gastrocnemius, which can
make the placement of plates with screws challenging (Fig. 3).
To address this limitation, proximal structures (ie, the lateral
femoral epicondyle osteotomy, including the popliteus tendon)
can be detached, increasing lateral articular visualization
without risk to neurovascular or posterolateral soft-tissue
structures.

In conclusion, surgeons must know at least 1 approach for each
column, knowing that the posterolateral approach in prone might
provide little bone exposure.
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Figure 3. Inverted triangle delimited by the peroneal nerve and posterior
vessels, with the proximal base being the articular surface.

5. Split Fracture of the Lateral Tibial Plateau With
Locking Screw Plate Versus Cannulated Screw
Fixation: A Finite Element Study

Lateral tibial plateau fractures represent approximately 60% of
tibial plateau fractures because of specific geometry of the knee and
tibiofemoral joint forces. Most of these fractures are low-energy split
fractures, and some are associated with depression of the articular
surface.”® Frequently, surgical treatment consists of arthroscopic-
assisted reduction and ad minimum fixation with percutaneous
cannulated screws."! Arthroscopic visualization of the reduction
allows for improved anatomical reduction and diagnosis and
treatment of meniscus- or ligament-associated injuries. Although
arthroscopic-assisted percutaneous screw fixation is a less-invasive
surgical technique, some authors prefer locking plate fixation.

Both treatments require a 6-8 week period of non-weight
bearing postoperatively, even in those cases with simple fractures
or anatomical reductions.>* This non-weight-bearing period
likely delays the final functional outcome, increases health care
costs, and causes the absence of mechanical forces applied to the
knee to harm cartilage preservation.”® In this study, a split
fracture of the lateral tibial plateau (LTP) was recreated in a finite
element (FE) model of a human tibia to study the ability to limit
weight bearing immediately after surgery. A locking screw plate
and a cannulated system were modeled to reduce the fracture
virtually, and 80-kg static body weight was simulated.

400 N load force was applied to the femoral model, which
pressed against the tibial plateau, corresponding to weight
bearing in an 80-kg patient (Fig. 4). Interfragmentary distance
(ID) was calculated anteriorly through multiple pairs of nodes
distributed in the fracture plane. ID and bone tension values were
calculated according to the total weight percentage applied.

The results of this study demonstrated that the medial and
lateral reaction forces on the tibial plateau were 325 N and 75 N
with the Polyax device (DePuy, Leeds, United Kingdom) and

Figure 4. Models of load force applied to the femur against the tibial plateau and
demonstration of the measured interfragmentary motion (IFM).

367 N and 33 N with the cannulated screws, respectively. The
reaction forces between the fragment and the tibia were 1 order of
magnitude higher with the cannulated screws than with the
Polyax device. In addition, while the lateral fragment was slightly
compressed with the Polyax plating system, there was a tendency
to separate from the tibia with cannulated screws. Accordingly,
the maximum interfragmentary motion (IFM) calculated with the
cannulated screws was more than twice that calculated with the
Polyax. However, the values did not exceed 0.03 millimeters
(Fig. ).

Regarding the stresses transmitted to the trabecular bone, the
maximum shear stresses were 0.17 megapascals (MPa) and 0.66
MPa with the Polyax and cannulated screws, respectively (Fig. 6).
Maximum principal stresses were always 1 order of magnitude
higher with the cannulated screws than with the Polyax, and the
most significant computed values were 0.24 MPa and 0.13 MPa
in traction and compression, respectively. Trabecular bone
stresses tended to concentrate around the screws near the fracture
plane with the Polyax. At the same time, they showed a tendency
to concentrate around the start of the screw threads with the
cannulated screws. Maximum von Mises stresses within the
simulated implants were generated by the contact with the
cortical shell, with values of nearly 20 MPa for the Polyax and 32
MPa for the cannulated screws. The simulated body weight led to
clinically acceptable IFM, and possible traumatic bone shear
stresses were predicted near the cannulated screws.

In conclusion, split fractures of the LTP fixed with either a
locking screw plate or cannulated screws showed no clinically
relevant IFM in a FE model. The locking screw plate showed
higher mechanical stability than cannulated screw fixation. The
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Figure 5. Fragment displacement under tension.

locking screw plate might also allow full or at least partial weight
bearing under static posture at time 0.2

6. Conclusions

The treatment of tibial plateau fractures continues to evolve. The
span-scan-plan principle in high-energy proximal tibia fractures
can reduce complications through spanning external fixation in a
quadrangular configuration, as it is an easy and reproducible
assembly to reduce and span these fractures. The MDD concept,
defined as a theoretical vector representing the global displace-
ment or deformity of the columns in a specific direction, could aid
in the definitive treatment decision making for tibial plateau
fractures. Surgeons should be familiar with atleast 1 approach for
each affected tibial plateau column, understanding that the
posterolateral approach in a prone position may limit access to
posterolateral fragments. A finite element study of split fractures
of the lateral tibia plateau showed higher mechanical stability of a

0.3

0.25 —Cannulated screws

~——Polyax

0.2

0.15

0.1

Mean IM +/- SD (mm)

0.05

0 01 02 03 04 05 06 07 08 09 1
% Load

Figure 6. Interfragmentary movements associated with load with the Polyax
and the cannulated screws.
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screw plate construct compared with cannulated screw fixation,
allowing for at least partial weight bearing.
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