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Abstract

Introduction The correct choice of a fracture-specific surgical approach with an articular accessibility in complex tibial
plateau fractures to facilitate durable fracture fixation of the anatomic articular reconstruction is under debate, as the most
important risk factor for malreduction in complex tibial plateau fractures is an impaired visualization of the articular surface.
Materials and methods Six established surgical approaches were simulated on 12 cadaver knees. The visible articular
surface was labeled with an electrocautery device for each approach and subsequently analyzed with ImagelJ. Areas of each
hemiplateau were compared using the Student’s ¢ test.

Results In the lateral tibial plateau, the dorsal 19.0+5.8% of the articular surface could be exposed via the postero-lateral
approach. Via the antero-lateral arthrotomy, 36.6 +9.4% of the anterior articular surface was visible. The additional oste-
otomy of the lateral femoral epicondyle significantly increased the exposure to 65.6 +7.7% (p <0.001). In the medial tibial
plateau, the osteotomy of the medial femoral epicondyle significantly improved visualization of the medial articular surface
(62.3 £8.6%) compared to the postero-medial approach (14.0 +£7.3%) and the antero-medial approach (36.9 +9.2%) of the
articular (p <0.001).

Conclusions Visualization of the tibial articular surface is limited through specific surgical approaches. Extension by oste-
otomy of the femoral epicondyle led to a significant improvement in the articular exposure without, however, obtaining
sufficient visibility of the posterior joint segments, which should be included in the preoperative strategy. The proposed
surgical approach-specific map of the tibial plateau may constitute an important instrument in the toolbox of an experienced
surgeon to treat complex tibial plateau fractures at the highest level.

Level of evidence Level IV.

Keywords Tibial plateau fracture - Accessibility - Surgical approach - 10-Segment classification - Cadaver study

Introduction leg axis preservation and stable fixation while simultane-
ously treating frequently accompanying considerable soft
Despite modern surgical developments, complex bicon-  tissue injuries with care [1]. To limit the increased risk for
dylar tibial plateau fractures still pose a challenge for the = post-traumatic osteoarthritis and impaired knee function,
trauma surgeon to achieve anatomic articular reconstruction, anatomic reconstruction of the articular surface is crucial
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[2-6]. However, malreduction in complex tibial plateau frac-
tures is common, especially in the posterior segments of
the lateral tibial plateau, and the impaired visualization of
the articular surface through standard surgical approaches
is its most important risk factor [7-9]. While supplemental
techniques such as fracturoscopy, application of a distrac-
tor, or 3D imaging may improve articular visualization, the
correct choice of a fracture-specific surgical approach with
an articular accessibility is still required to facilitate dura-
ble fracture fixation of the anatomic articular reconstruction
[7-10]. Although several surgical approaches to the tibial
plateau have been reported, their description focused primar-
ily on the protection of extra-articular concomitant ligamen-
tous and neurovascular soft tissue structures. Currently, there
are no data on which area of the fractured articular surface
can be exposed with which surgical corridor, which is of
utmost importance for the surgical strategy [2, 8, 11-23].
Hence, the purpose of the present study was to compare
the depictable articular surface areas exposed by different
standard and advanced extended surgical approaches to the
tibial plateau among each other. We hypothesized that the
depiction of the entire articular surface is limited based on
the individual surgical approach.

Materials and methods
Autopsy specimens

All surgical approaches were each performed on 12 knee
autopsy specimens [4 males and 2 females, mean age
(69.2 +20.4 years)] after informed consent was obtained
from the family members based on comprehensive infor-
mation [24]. Patients were eligible for inclusion if they had
a body mass index (BMI) between 18 and 30 kg/m?, and

an intact soft tissue envelope around the knee. Exclusion
criteria were severe putrefaction, BMI < 18 and > 30 kg/mz,
amputation of the lower limb, evidence of previous knee
arthrotomy or knee arthroplasty, and a restricted range of
motion due to contractures. The study was approved by the
local ethics committee (WF-31/16).

Surgical approaches

Prior to surgical intervention, all knees were flexed and
stretched within their full range of motion to loosen rigor
mortis. To expose the tibial plateau, established and fre-
quently applied surgical approaches were performed [25].

Postero-lateral approach (PL) [15]

To minimize soft tissue damage due to ethical reasons,
we started with the patient in prone position and a single
20-cm-long central skin incision crossing the fossa poplitea
with ample subcutaneous dissection to the medial and lat-
eral side. As an adaptation to the original description of the
postero-lateral approach by Frosch et al. [15], soft tissue
was dissected to the ventral edge of the fibular head. The
fascia dorsal to the m. biceps femoris was incised, the n.
peronaeus identified at its dorsal edge and was carefully
mobilized until its immersion around the m. peronaeus
longus (Fig. 1a). Subsequently, a blunt, digital dissection
between the lateral edge of the lateral head of the m. gas-
trocnemius and the m. soleus was performed. The popliteal
arteria and vena were secured by retraction of the lateral
head of the m. gastrocnemius to the medial side. In the case
the muscle tone was too high and the surgical visibility
was impaired, the femoral gastrocnemius insertion could
be partially incised and mobilized. If necessary, the arte-
ria and vena genicularis lateralis inferior were cauterized.

Fig. 1 a—c Postero-lateral approach. Midline posterior incision with
depiction of the m. biceps femoris (BF) and the accompanying pero-
neal nerve (PN). The lateral head of the m. gastrocnemius (LHG) is
retracted medially to expose the m. soleus (SM) and protect the neu-
rovascular structures (a). The m. soleus (SM) is partially detached
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exposing the m. popliteus (PM) and its tendon (PT). The joint capsule
is incised horizontally (HA; red dotted line visible articular surface)
(b). The m. popliteus (PM) with its tendon (PT) is retracted lateral-
distally; / lateral, m medial, p proximal, d distal, red dotted line vis-
ible articular surface (c¢)
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Proximal fibers of the m. soleus were partially detached to
expose the m. popliteus, which was then distally retracted
(Fig. 1b). After horizontal capsulotomy and retraction
of the dorsal lateral meniscus, the articular surface was
exposed and labeled using an electrocautery device with
a fine and long needle tip (Erbotom K25, ERBE Elektro-
medizin GmbH, Tiibingen, Germany) (Fig. 1c).

Postero-medial approach (PM) [16]

One the medial side (prone position), the fascia of the
m. gastrocnemius was incised along its medial head. The
medial head of the m. gastrocnemius was retracted to
the lateral side and the m. semimembranosus proximally
exposing the proximal edge of the m. popliteus, which
was partially detached distally from its periosteal insertion
to expose the dorsal knee joint capsule. In cases where
the tendinous parts of the m. semimembranosus were too
prominent, they were also mobilized very cautiously from
their periosteal insertion. The dorsal joint capsule was hor-
izontally incised below the joint line and meniscotibial fib-
ers were detached close to the bone to expose the articular
surface (Fig. 2). Care was taken not to injure the posterior
cruciate ligament laterally and the m. semimembranosus
medially. The visible articular surface was labeled using
the electrocautery device.

Fig.2 Postero-medial approach. Retraction of the medial head of
the m. gastrocnemius (MHG) laterally and the m. semimembrano-
sus (SMM) and the postero-medial joint capsule (PMJC); [ lateral,
m medial, p proximal, d distal, SM m. soleus, red dotted line visible
articular surface

Antero-lateral approach (AL) [20]

Subsequently, the patient was turned around into the supine
position. We performed a longitudinal incision lateral, start-
ing 5 cm proximal to the joint line, descending anteriorly
over Gerdy’s tubercle and extending distally staying at least
1 cm lateral to the anterior border of the tibia. Deep subcu-
taneous dissection was followed by a longitudinal incision
of the ilio-tibial tract (IT) directly over the lateral femoral
epicondyle with the knee flexed at 30°—40°. The IT band
and the concomitant fascia of the m. tibialis anterior were
then released from Gerdy’s tubercle and posteriorly to the
anterior edge of the fibula head. The lateral knee joint cap-
sule was exposed and incised horizontally below the joint
line. The lateral meniscus was mobilized, while protecting
its attachment anteriorly and sparing the lateral collateral
ligament posteriorly. The lateral meniscus was retracted
proximally and the developed field of view of the lateral
articular surface was labeled with the electrocautery device
(Fig. 3a).

Extended lateral approach (elL) [12, 26]

To increase the surgical exposure of the lateral tibia pla-
teau, a femoral epicondylar osteotomy was performed, as
previously described [12] (Fig. 3b). The lateral collateral
ligament (LCL) was developed to its femoral bony inser-
tion, the lateral femoral epicondyle, which was subsequently
osteotomized with the LCL still attached (Fig. 3c). With a
1 cm osteotome, a cuboid bone block (3 x4 X 1 cm) compris-
ing the insertion of the LCL was carefully osteotomized,
while leaving the popliteus tendon, in contrast to its original
description by Bowers et al. [12], attached (Fig. 3d). With
gentle manual varus force, almost the entire lateral tibial
articular surface could be inspected and the visible field
of view was labeled, again, with the electrocautery device
(Fig. 3e).

Antero-medial approach (AM) [18, 20]

On the antero-medial side, a 12—15 cm skin incision (par-
allel to the patellar tendon) started from the most promi-
nent aspect of the medial femoral condyle descending to
the patellar tuberosity down to the fascia, sparing the ramus
infrapatellaris of the n. saphenous. The medial patellar reti-
naculum was incised parallel direction to the skin incision.
Subsequently, the subfascial fat pad was mobilized laterally
to the superficial medial collateral ligament, exposing the
knee joint capsule. Arthrotomy was performed below the
joint line, which was developed by periosteal preparation to
the proximal while protecting the anterior medial meniscus
(Fig. 4a). Again, the visible articular surface was labeled
with the electrocautery device.
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Fig.3 a—e Antero-lateral and
extended lateral approach.
Standard antero-lateral approach
with the labeled articular
surface below the proximally
retracted lateral meniscus (LM)
(a). Extended lateral approach
with exposure of the almost
entire lateral tibial plateau (b).
Visualization of a complex frac-
ture of the lateral tibial plateau
(LTP) via the postero-lateral
approach in a fracture model
provided by RIMASYS. Fibular
head (FH), peroneal nerve (red
band), m. biceps femoris (BF),
the lateral collateral ligament
(LCL), and the lateral menis-
cus (LM) (c). Osteotomy of

the lateral femoral epicondyle
(LFE) (d). Improved exposition
of the almost entire lateral tibial
plateau after osteotomy (LFE)
and retraction of the lateral
meniscus (LM); a anterior, po
posterior, p proximal, d distal,
LTP lateral tibial plateau, red
dotted line visible articular
surface (e)

Fig.4 a—c Antero-medial and extended medial approach. Standard
antero-medial approach with submeniscal exposition of the articular
surface. Medial meniscus (MM), medial collateral ligament (MCL)
(a). Osteotomy of the medial femoral epicondyle (MFE) (b). Sub-

Extended medial approach (eM) [13]
As the surgical exposure of the medial tibial plateau

was limited due to the wide medial collateral ligament
(MCL), a medial epicondylar osteotomy was performed.

@ Springer

meniscal exposition of the almost entire medial tibial plateau after
epicondylar osteotomy; a anterior, po posterior, p proximal, d distal,
red dotted line visible articular surface (c)

To visualize the postero-medial sections of the articular
surface, a 4 X4 x 1 cm bone block was obtained, compris-
ing the femoral insertions of the MCL and the posterior
oblique ligament (POL, Fig. 4b) [13, 27]. Retraction of
the medial meniscus proximally revealed almost the entire
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medial tibial articular surface, which was then labeled
(Fig. 4c¢).

After the completion of articular surface labeling, the
proximal tibia was resected in total. The articular surface
was photographed and digitally stored. The labeled articular
surface was analyzed with the public image analysis soft-
ware Image] provided by the National Institute of Health
[28].

Statistics

Descriptive statistics of the labeled articular surfaces are
given as mean + standard deviation. An unpaired Student’s
t test was used to compare the mean articular surface areas
among the different surgical approaches. The significance
level was set at a p <0.05.

Results

In the lateral tibial plateau, only the dorsally convex aspect
of the articular surface could be exposed via the postero-
lateral approach (19.0+5.8%). In addition, gentle medial
retraction of the lateral gastrocnemius head revealed the
tibial footprint of the posterior cruciate ligament in all cases,
while the accompanying neurovascular structures were pro-
tected. Unfortunately, due to the soft tissue nature of the
accessible field of view, viable labeling was not consistently
possible. Using the antero-lateral standard approach, barely
more than one-third of the articular surface was accessi-
ble (36.6 +9.4%). The lateral extension, with the additional
osteotomy of the femoral epicondyle, enabled the visualiza-
tion of the almost entire anterior lateral articular surface
and significantly increased the exposure compared to the AL
standard approach (65.6 +7.7%, p <0.001). In the medial
tibial plateau, the postero-medial approach resulted only
in rather small exposure of the posterior articular surface

Fig.5 Tibial plateau with
labeled regions of the articular
surface to be accessible with
specific surgical approaches,
green area: articular surface.
Lines represent the 10-seg-
ment classification of the tibial
plateau. The tibial footprint of
the anterior cruciate ligament
(ACL) could also be exposed
via the antero-medial approach.
The tibial footprint of the
posterior cruciate ligament
(PCL) could be exposed via the
postero-medial and postero-
lateral approach

Antero-lateral
approach

Extended lateral
approach

Postero-lateral
approach

(14.0£7.3%). Mobilization and lateral retraction of the
medial gastrocnemius head revealed the tibial footprint of
the posterior cruciate ligament in all cases. Also, fractions
of the postero-latero-central segments were visible. Unfortu-
nately, due to the depth of surgical preparation, a valid labe-
ling of these regions was not consistently possible. While
with the antero-medial approach barely more than one-third
of the articular surface could be exposed (36.9 +9.2%), the
additional osteotomy of the femoral insertion of the MCL
and POL significantly improved visualization of the medial
articular surface (62.3+8.6%, p<0.001, Fig. 5). Also, the
tibial footprint of anterior cruciate ligament could clearly
be exposed.

With respect to different classifications of tibial plateau
fractures based on the axial view, Fig. 6 illustrates articular
exposition in different segments, columns, or quadrants of
the tibial plateau. Comparing the 10-segment, the 3-column,
the revisited Schatzker, and 4-quadrant classification with
respect to articular exposition through different surgical
approaches, each classification provides sufficient diversifi-
cation depending on the necessary articular exposition.

Discussion

The nearly anatomic articular reconstruction is essential to
maintain knee function after complex tibial plateau fractures
[4]. The limited visualization of the tibial plateau after frag-
ment reduction through the surgical approach is the most
critical reason for articular malreduction [8—10]. Especially
in the lateral tibial plateau, the comminuted articular surface
can usually only be reconstructed approximately as these
areas cannot entirely be accessed through the antero-lateral
standard approach and even harder to reduce accurately
due to its posterior convex shape [7-9]. Hence, a specific
knowledge of the articular accessibility of established sur-
gical approaches to the tibial plateau is a pre-requisite in

Antero-medial
approach

Extended medial
approach

Postero-medial
approach
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Fig.6 Illustration of the

tibial plateau in axial view with
respect to the different fracture
classifications depending of the
articular visualization

10-segment

3-column

revisited Schatzker

the preoperative planning in the treatment of complex tibial
plateau fractures, but specific data are not available.

In the present study, we were able to demonstrate that
with the most commonly applied standard antero-lateral or
posterior approaches, only one-third or less than one-fifth
of the articular surface was visible, respectively. Only the
osteotomy of the femoral epicondyle, either medial or lat-
eral, resulted in significantly increased exposure of the tibial
plateau compared to the established standard approaches.

Due to the emerging understanding of complex tibial
plateau fractures, numerous surgical approaches have been
proposed to facilitate optimal direct reduction and fixation
with respect to concomitant soft tissue structures, especially
around the postero-lateral corner [15, 23, 26, 29-34]. Here,
the posterior convex shape of the articular surface, the liga-
mentous stabilizers of the arcuate complex, the peroneal
nerve, and the fibular head prevent ideal articular fracture
visualization. In addition, together with the frequent mani-
festation of comminuted lateral fragments, malreduction
rates of up to 77% have been reported, if the tibial plateau
was approached through an antero-lateral approach only
[8, 9, 19]. Whereas direct posterior approaches allow ana-
tomic reduction and direct fixation of meta- and epiphyseal
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4-quadrant

fragments [23, 31, 34], the subsequent evaluation of the
reconstruction result may be insufficient [2, 35]. Specific
advanced postero-lateral approaches, on the other hand, ena-
ble an improved visibility in combination with direct fixa-
tion, in particular for postero-latero-lateral segments without
an increased risk of nerve palsy [15, 32, 36]. Although the
initial folding of peripheral fragments may allow anatomic
reduction of the central parts of the articular surface, the
final result is hard to visualize directly or with fluoroscopy
once the peripheral fragments are reduced and fixed [8, 9].
The postero-lateral approach allowed visualization of the
posterior 19.0 +5.8% of the lateral tibial plateau only, while
the mean fragment size is 14.5% of the total articular sur-
face [37]. However, anatomic articular reconstruction should
be the objective, also in the lateral compartment, as it is
significantly associated with functional outcome as well [2,
38]. To improve visual access, additional techniques such
as a distractor or 3D imaging have been described [9]. The
subsidiary insertion of an endoscopic optic (fracturoscopy)
has been shown to be an excellent aid to intraoperatively
detect residual articular steps and correct them in the same
surgical session, even in complex tibial plateau fractures [7,
8]. However, fracturoscopy is a demanding technique, which
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requires some surgical familiarity. Although the surgical
exposure of the articular surface in terms of width and depth
has to be balanced with respect to the additional soft tis-
sue trauma, an extended surgical approach may be justified
in cases with severely depressed postero-lateral fragments.
The postero-medial L-shaped approach has proven useful
in some cases of complex tibial plateau fractures to expose
postero-latero-central segments by lateral retraction of the
medial gastrocnemius head [30, 31, 33]. However, extensive
lateralization for an entire postero-lateral visualization, not
to mention fracture reduction or even fixation is frequently
challenging due to an impaired soft tissue envelope or a
strong muscle tone. In these cases, a femoral epicondyle
osteotomy with a slight varus stress can expose the lateral
hemijoint and improve visualization by an average of 65.6%
[12, 21]. The osteotomy and mobilization of the femoral
insertion of the lateral collateral ligament, originally includ-
ing the popliteus tendon and popliteo-fibular fibers [29, 26],
has been used successfully before [21]. However, although
almost two-thirds of the lateral plateau were visible, its
posterior slope was not sufficiently exposed, which has to
be acknowledged prior to surgery. The additional femoral
osteotomy of the popliteus tendon or, alternatively, the trans-
fibular approach has also been described to increase articular
visualization [26, 32, 12]. However, specific data compar-
ing the extent of postero-lateral articular exposure are not
available. Hence, the combination of surgical approaches,
such as antero-lateral, postero-medial L-shaped, or postero-
lateral, may be required to also directly fix the anatomically
reduced comminuted lateral plateau fracture. Solomon et al.
were only able to achieve anatomic articular reconstruction
using a combination of the antero-lateral and the postero-
lateral approach compared to using antero-lateral arthrotomy
alone [19].

Compared to the frequent lateral fragment comminution,
the medial tibial plateau typically presents with a coronal
postero-medial split fracture, although complex fracture pat-
terns have also been described [39—41]. In shear fractures,
anatomic reduction and fixation of the distal cortical frag-
ment wedge extension usually results in a congruent articu-
lar reconstruction. However, the articular visibility with the
postero-medial approach is rather small (14.0%) and does
not necessarily allow exposure of the entire postero-medial
fragment, which typically comprises about 25% of the total
joint surface [39]. Nonetheless, and most importantly, next
to addressing bony PCL avulsions, this approach allows for
biomechanically advantageous direct fixation of postero-
medial shear fragments [7, 14, 31, 40, 42]. If needed, visual
reduction control can be achieved via fracturoscopy, the
antero-medial approach or the extension via the medial fem-
oral epicondyle osteotomy [8, 9]. Usually, the medial femo-
ral epicondyle osteotomy is used in total knee arthroplasty
or meniscus transplantation to increase articular exposure

[13]. Yet, in the case of fragment comminution of the medial
plateau, the medial epicondyle osteotomy can also provide
improved articular exposition.

Comparing different fracture classifications respecting the
axial view of the tibial plateau, the 10-segment, 3-column,
4-quadrant, and the revisited Schatzker classification each
provided a differentiated visualization of the articular sur-
face with respect to the intra-articular fracture course [30,
41, 43, 44]. From our point of view, the lack of visual control
of the articular surface after “successful” fragment reduction
is the most important risk factor for articular malreduction
[8, 9]. Hence, our present findings emphasize the use of an
axial view-based fracture classification in the case of focus-
sing on articular reconstruction, which adds important infor-
mation to the decision making about the correct surgical
approach. However, articular exposition is an important but
not the only aspect for the choice of the surgical approach.
Also, with respect to the extra-articular fracture configura-
tion and to provide long-term stability of the knee, the pos-
sible placement of the osteosynthesis as well as concomitant
soft tissue injuries should be considered [3].

Study limitations include the labeling of the articular
surface in patients without a tibial plateau fracture and the
preclinical study design in cadavers. In the clinical setting,
visualization and reduction of central fragments may be
achieved by folding peripheral fragments of the fractured
tibial plateau apart. However, from our own experience, sub-
sequent reduction of these peripheral segments precludes
optimal visual control of an anatomic reconstruction after-
wards in complex tibial plateau fractures resulting in high
rates of malreduction. Especially in the postero-latero-cen-
tral segments, no congruent articular reconstruction could be
achieved in 89% of the cases [8]. Therefore, from our point
of view, the present study resembles the intraoperative visu-
alization capability in the clinical setting after final reduction
and fixation quite realistically. The potential rigor mortis
of the patients may have impaired the exposure of the pre-
pared articular surface while applying varus or valgus force.
However, prior to surgical preparation all lower extremities
were mobilized within their full range of motion without an
assessable impaired visualization. In addition, with respect
to the large number of various surgical approaches to the
tibial plateau and given the limited number of cases only a
selection of surgical approaches was analyzed. The chosen
approaches do not claim completeness, but represent a fun-
damental selection from our point of view. Specifically, we
did not perform the transfibular approach or an elevation
of the popliteus tendon to increase postero-lateral articular
visualization compared to the lateral femoral epicondyle
osteotomy solely including the lateral collateral ligament,
as originally described by Bowers et al. [12] or recently
Kfuri and coworkers [26]. We also did not include extensive
postero-medial approaches like the postero-medial approach
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described by Lobenhoffer or the reversed posterior L-shaped
approach [32, 33]. With respect to the correlation of the pre-
sent findings to different fracture classifications, the updated
and widely used OTA/AO classification has not been consid-
ered as it defines specific fracture types rather than quadrant,
columns, or quadrants to correlate with.

In conclusion, the present findings illustrate which articu-
lar regions of interest of the tibial plateau can be visualized
through which surgical approach. These results are of great
clinical significance as they help to strategically choose the
correct surgical approach with respect to the individual frac-
ture pattern in complex tibial plateau fractures to treat as
minimal invasive as possible. Extension by osteotomy of
the medial or lateral femoral epicondyle may be considered
a salvage procedure but led to a significant improvement
in articular exposure without, however, obtaining sufficient
visibility of the posterior joint segments, which should also
be included in the preoperative strategy. The extension of
the lateral or lateral approach via osteotomy may, therefore,
prove to be advantageous in patients with comminuted tibial
plateau fractures with a deep central fragment depression to
realize anatomic reconstruction of the articular surface. We
were able to produce a map of accessibility of the tibial pla-
teau for different surgical approaches, which constitutes an
important instrument, along with many others, in the toolbox
of an experienced surgeon to treat complex tibial plateau
fractures at the highest level.

Funding This study was funded by AO Trauma, Germany e.V.

Compliance with ethical standards

Conflict of interest MK has received research Grants from AO Trau-
ma, Germany e.V. SK, GM, KP, and KHF declare that they have no
conflict of interest.

References

1. McNamara IR, Smith TO, Shepherd KL, Clark AB, Nielsen
DM, Donell S, Hing CB (2015) Surgical fixation methods for
tibial plateau fractures. Cochrane Database Syst Rev. https://doi.
org/10.1002/14651858.CD009679.pub2

2. Bhattacharyya T, McCarty LP 3rd, Harris MB, Morrison SM,
Wixted JJ, Vrahas MS, Smith RM (2005) The posterior shear-
ing tibial plateau fracture: treatment and results via a posterior
approach. J Orthop Trauma 19(5):305-310

3. Giannoudis PV, Tzioupis C, Papathanassopoulos A, Obak-
ponovwe O, Roberts C (2010) Articular step-off and risk
of post-traumatic osteoarthritis. Evidence today. Injury
41(10):986-995. https://doi.org/10.1016/j.injury.2010.08.003

4. Singleton N, Sahakian V, Muir D (2017) Outcome after tib-
ial plateau fracture: how important is restoration of articu-
lar congruity? J Orthop Trauma 31(3):158-163. https://doi.
org/10.1097/BOT.0000000000000762

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Wasserstein D, Henry P, Paterson JM, Kreder HJ, Jenkinson
R (2014) Risk of total knee arthroplasty after operatively
treated tibial plateau fracture: a matched-population-based
cohort study. J Bone Jt Surg Am 96(2):144-150. https://doi.
org/10.2106/J1BJS.L.01691

Weigel DP, Marsh JL (2002) High-energy fractures of the tibial
plateau. Knee function after longer follow-up. J Bone Jt Surg
Am 84-A(9):1541-1551

Eggli S, Hartel MJ, Kohl S, Haupt U, Exadaktylos AK, Roder
C (2008) Unstable bicondylar tibial plateau fractures: a clini-
cal investigation. J Orthop Trauma 22(10):673—-679. https://doi.
org/10.1097/BOT.0b013e31818b1452

Krause M, Preiss A, Meenen NM, Madert J, Frosch KH (2016)
"Fracturoscopy" is superior to fluoroscopy in the articular
reconstruction of complex tibial plateau fractures—an arthros-
copy assisted fracture reduction technique. J Orthop Trauma
30(8):437-444. https://doi.org/10.1097/BOT.000000000000056
9

Meulenkamp B, Martin R, Desy NM, Duffy P, Korley R, Pulo-
ski S, Buckley R (2017) Incidence, risk factors, and location of
articular malreductions of the tibial plateau. J Orthop Trauma
31(3):146-150. https://doi.org/10.1097/BOT.0000000000000735
Haller JM, O’Toole R, Graves M, Barei D, Gardner M, Kubiak
E, Nascone J, Nork S, Presson AP, Higgins TF (2015) How much
articular displacement can be detected using fluoroscopy for
tibial plateau fractures? Injury 46(11):2243-2247. https://doi.
org/10.1016/j.injury.2015.06.043

Barei DP, O’Mara TJ, Taitsman LA, Dunbar RP, Nork SE (2008)
Frequency and fracture morphology of the posteromedial frag-
ment in bicondylar tibial plateau fracture patterns. J Orthop
Trauma 22(3):176—182. https://doi.org/10.1097/BOT.0b013e3181
69ef08

Bowers AL, Huffman GR (2008) Lateral femoral epicondylar oste-
otomy: an extensile posterolateral knee approach. Clin Orthop
Relat Res 466(7):1671-1677. https://doi.org/10.1007/s1199
9-008-0232-5

Engh GA (1999) Medial epicondylar osteotomy: a technique used
with primary and revision total knee arthroplasty to improve sur-
gical exposure and correct varus deformity. Instr Course Lect
48:153-156

Fakler JK, Ryzewicz M, Hartshorn C, Morgan SJ, Stahel PF,
Smith WR (2007) Optimizing the management of Moore type
I postero-medial split fracture dislocations of the tibial head:
description of the Lobenhoffer approach. J Orthop Trauma
21(5):330-336. https://doi.org/10.1097/BOT.0b013e318055603¢c
Frosch KH, Balcarek P, Walde T, Sturmer KM (2010) A new
posterolateral approach without fibula osteotomy for the treatment
of tibial plateau fractures. J Orthop Trauma 24(8):515-520. https
://doi.org/10.1097/BOT.0b013e3181e5¢17d

Galla M, Lobenhoffer P (2003) The direct, dorsal approach to the
treatment of unstable tibial posteromedial fracture-dislocations.
Unfallchirurg 106(3):241-247. https://doi.org/10.1007/s0011
3-002-0554-9

Potocnik P, Acklin YP, Sommer C (2011) Operative strategy in
postero-medial fracture-dislocation of the proximal tibia. Injury
42(10):1060-1065. https://doi.org/10.1016/j.injury.2011.03.041

Scheibel MT, Schmidt W, Thomas M, von Salis-Soglio G (2002)
A detailed anatomical description of the subvastus region and its
clinical relevance for the subvastus approach in total knee arthro-
plasty. Surg Radiol Anat 24(1):6-12

Solomon LB, Stevenson AW, Lee YC, Baird RP, Howie DW
(2013) Posterolateral and anterolateral approaches to unicondylar
posterolateral tibial plateau fractures: a comparative study. Injury
44(11):1561-1568. https://doi.org/10.1016/j.injury.2013.04.024


https://doi.org/10.1002/14651858.CD009679.pub2
https://doi.org/10.1002/14651858.CD009679.pub2
https://doi.org/10.1016/j.injury.2010.08.003
https://doi.org/10.1097/BOT.0000000000000762
https://doi.org/10.1097/BOT.0000000000000762
https://doi.org/10.2106/JBJS.L.01691
https://doi.org/10.2106/JBJS.L.01691
https://doi.org/10.1097/BOT.0b013e31818b1452
https://doi.org/10.1097/BOT.0b013e31818b1452
https://doi.org/10.1097/BOT.0000000000000569
https://doi.org/10.1097/BOT.0000000000000569
https://doi.org/10.1097/BOT.0000000000000735
https://doi.org/10.1016/j.injury.2015.06.043
https://doi.org/10.1016/j.injury.2015.06.043
https://doi.org/10.1097/BOT.0b013e318169ef08
https://doi.org/10.1097/BOT.0b013e318169ef08
https://doi.org/10.1007/s11999-008-0232-5
https://doi.org/10.1007/s11999-008-0232-5
https://doi.org/10.1097/BOT.0b013e318055603c
https://doi.org/10.1097/BOT.0b013e3181e5e17d
https://doi.org/10.1097/BOT.0b013e3181e5e17d
https://doi.org/10.1007/s00113-002-0554-9
https://doi.org/10.1007/s00113-002-0554-9
https://doi.org/10.1016/j.injury.2011.03.041
https://doi.org/10.1016/j.injury.2013.04.024

Archives of Orthopaedic and Trauma Surgery (2019) 139:1369-1377

1377

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Tscherne H, Lobenhoffer P (1993) Tibial plateau fractures. Man-
agement and expected results. Clin Orthop Relat Res 292:87-100
Yoon YC, Sim JA, Kim DH, Lee BK (2015) Combined lateral
femoral epicondylar osteotomy and a submeniscal approach for
the treatment of a tibial plateau fracture involving the postero-
lateral quadrant. Injury 46(2):422—426. https://doi.org/10.1016/j.
injury.2014.12.006

Krause M, Menzdorf L, Preiss A, Frosch KH (2017) Are there
four tibial plateau columns? Yes there are, as illustrated by a pos-
tero-lateral apple-bite fracture. Response to a letter-to-the-editor.
Int Orthop. https://doi.org/10.1007/s00264-017-3686-9

Carlson DA (1998) Bicondylar fracture of the posterior aspect
of the tibial plateau. A case report and a modified operative
approach. J Bone Jt Surg Am 80(7):1049-1052

Piischel K (2016) Lehre und Forschung an Verstorbenen. Rechts-
medizin 26:115-119

Krause M, Muller G, Frosch KH (2018) Surgical approaches to
tibial plateau fractures. Unfallchirurg. https://doi.org/10.1007/
s00113-018-0515-6

Kfuri M, Schatzker J, Castiglia MT, Giordano V, Fogagnolo F,
Stannard JP (2017) Extended anterolateral approach for complex
lateral tibial plateau fractures. J] Knee Surg 30(3):204-211. https
://doi.org/10.1055/s-0037-1598077

Mihalko WM, Saeki K, Whiteside LA (2013) Effect of medial
epicondylar osteotomy on soft tissue balancing in total knee
arthroplasty. Orthopedics 36(11):e1353-1357. https://doi.
org/10.3928/01477447-20131021-14

Schneider CA, Rasband WS, Eliceiri KW (2012) NIH image to
Imagel: 25 years of image analysis. Nat Methods 9(7):671-675
Garner MR, Warner SJ, Lorich DG (2016) Surgical approaches to
posterolateral tibial plateau fractures. J Knee Surg 29(1):12-20.
https://doi.org/10.1055/s-0035-1564731

Chang SM, Hu SJ, Zhang YQ, Yao MW, Ma Z, Wang X, Dargel
J, Eysel P (2014) A surgical protocol for bicondylar four-quadrant
tibial plateau fractures. Int Orthop 38(12):2559-2564. https://doi.
org/10.1007/s00264-014-2487-7

Orapiriyakul W, Apivatthakakul T, Phornphutkul C (2018) Pos-
terolateral tibial plateau fractures, how to buttress? Reversed
L posteromedial or the posterolateral approach: a comparative
cadaveric study. Arch Orthop Trauma Surg 138(4):505-513. https
://doi.org/10.1007/s00402-018-2875-3

Lobenhoffer P, Gerich T, Bertram T, Lattermann C, Pohlemann
T, Tscheme H (1997) Particular posteromedial and posterolateral
approaches for the treatment of tibial head fractures. Unfallchirurg
100(12):957-967

Qiu WIJ, Zhan Y, Sun H, Xu YF, Wang YK, Luo C (2015) A
posterior reversed L-shaped approach for the tibial plateau frac-
tures—a prospective study of complications (95 cases). Injury
46(8):1613-1618. https://doi.org/10.1016/j.injury.2015.05.005
Carlson DA (2005) Posterior bicondylar tibial plateau fractures.
J Orthop Trauma 19(2):73-78

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Brunner A, Honigmann P, Horisberger M, Babst R (2009) Open
reduction and fixation of medial Moore type II fractures of the tib-
ial plateau by a direct dorsal approach. Arch Orthop Trauma Surg
129(9):1233-1238. https://doi.org/10.1007/s00402-009-0841-9
Pires RES, Giordano V, Wajnsztejn A, Oliveira Santana EJ,
Pesantez R, Lee MA, de Andrade MAP (2016) Complications
and outcomes of the transfibular approach for posterolateral frac-
tures of the tibial plateau. Injury 47(10):2320-2325. https://doi.
org/10.1016/j.injury.2016.07.010

Sohn HS, Yoon YC, Cho JW, Cho WT, Oh CW, Oh JK (2015)
Incidence and fracture morphology of posterolateral fragments in
lateral and bicondylar tibial plateau fractures. J Orthop Trauma
29(2):91-97. https://doi.org/10.1097/BOT.0000000000000170
Bai B, Kummer FJ, Sala DA, Koval KJ, Wolinsky PR (2001)
Effect of articular step-off and meniscectomy on joint alignment
and contact pressures for fractures of the lateral tibial plateau. J
Orthop Trauma 15(2):101-106

Higgins TF, Kemper D, Klatt J (2009) Incidence and morphol-
ogy of the posteromedial fragment in bicondylar tibial plateau
fractures. J Orthop Trauma 23(1):45-51. https://doi.org/10.1097/
BOT.0b013e31818f8dc1

Yoo BJ, Beingessner DM, Barei DP (2010) Stabilization of the
posteromedial fragment in bicondylar tibial plateau fractures: a
mechanical comparison of locking and nonlocking single and
dual plating methods. J Trauma 69(1):148-155. https://doi.
org/10.1097/TA.0b013e3181e17060

Krause M, Preiss A, Muller G, Madert J, Fehske K, Neumann
MYV, Domnick C, Raschke M, Sudkamp N, Frosch KH (2016)
Intra-articular tibial plateau fracture characteristics according to
the "Ten segment classification". Injury 47(11):2551-2557. https
://doi.org/10.1016/j.injury.2016.09.014

Frosch K, Proksch N, Preiss A, Giannakos A (2012) Treatment
of bony avulsions of the posterior cruciate ligament (PCL) by
a minimally invasive dorsal approach. Oper Orthop Traumatol
24(4-5):348-353. https://doi.org/10.1007/s00064-012-0208-1
Wang Y, Luo C, Zhu Y, Zhai Q, Zhan Y, Qiu W, Xu Y (2016)
Updated three-column concept in surgical treatment for tibial pla-
teau fractures—a prospective cohort study of 287 patients. Injury
47(7):1488-1496. https://doi.org/10.1016/j.injury.2016.04.026
Kfuri M, Schatzker J (2018) Revisiting the Schatzker classification
of tibial plateau fractures. Injury 49(12):2252-2263. https://doi.
org/10.1016/j.injury.2018.11.010

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.injury.2014.12.006
https://doi.org/10.1016/j.injury.2014.12.006
https://doi.org/10.1007/s00264-017-3686-9
https://doi.org/10.1007/s00113-018-0515-6
https://doi.org/10.1007/s00113-018-0515-6
https://doi.org/10.1055/s-0037-1598077
https://doi.org/10.1055/s-0037-1598077
https://doi.org/10.3928/01477447-20131021-14
https://doi.org/10.3928/01477447-20131021-14
https://doi.org/10.1055/s-0035-1564731
https://doi.org/10.1007/s00264-014-2487-7
https://doi.org/10.1007/s00264-014-2487-7
https://doi.org/10.1007/s00402-018-2875-3
https://doi.org/10.1007/s00402-018-2875-3
https://doi.org/10.1016/j.injury.2015.05.005
https://doi.org/10.1007/s00402-009-0841-9
https://doi.org/10.1016/j.injury.2016.07.010
https://doi.org/10.1016/j.injury.2016.07.010
https://doi.org/10.1097/BOT.0000000000000170
https://doi.org/10.1097/BOT.0b013e31818f8dc1
https://doi.org/10.1097/BOT.0b013e31818f8dc1
https://doi.org/10.1097/TA.0b013e3181e17060
https://doi.org/10.1097/TA.0b013e3181e17060
https://doi.org/10.1016/j.injury.2016.09.014
https://doi.org/10.1016/j.injury.2016.09.014
https://doi.org/10.1007/s00064-012-0208-1
https://doi.org/10.1016/j.injury.2016.04.026
https://doi.org/10.1016/j.injury.2018.11.010
https://doi.org/10.1016/j.injury.2018.11.010

	How can the articular surface of the tibial plateau be best exposed? A comparison of specific surgical approaches
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusions 
	Level of evidence 

	Introduction
	Materials and methods
	Autopsy specimens
	Surgical approaches
	Postero-lateral approach (PL) [15]
	Postero-medial approach (PM) [16]
	Antero-lateral approach (AL) [20]
	Extended lateral approach (eL) [12, 26]
	Antero-medial approach (AM) [18, 20]
	Extended medial approach (eM) [13]
	Statistics

	Results
	Discussion
	References




