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B ABSTRACT

Arthroscopic reduction with internal fixation has long
been recognized as a treatment option for select tibial
plateau fractures. Benefits of direct visualization of
chondral surface reduction, diagnosis and treatment of
associated intraarticular soft tissue injuries, joint lavage,
decreased soft tissue dissection, and improved rehabili-
tation have been described in the literature. A review of
surgical techniques and instrumentation for various
fracture types is presented.
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m INTRODUCTION

The arthroscope has long been recognized as a useful
aid in the management of intraarticular fractures. The
following article will review fracture types commonly
seen in alpine skiing, present a rationale for arthroscopic
reduction and internal fixation (ARIF), and review
surgical techniques, results, and pitfalls.

m HISTORICAL PERSPECTIVE

Fractures of the tibial plateau are a common alpine
skiing injury."™ Data from our practice, encompassing
injuries from 4 ski resorts from 2003 to 2006, show that
a total of 85 tibial plateau fractures were treated
operatively; of these, 55 were of the lateral plateau (3
Schatzker type I, 40 type II, and 12 type III), 10 medial
Schatzker type IV, 9 Schatzker type V bicondylar
fractures, and 10 type VI. Of these fractures, 15 (17%)
were treated with ARIF. Demographics indicate equal
numbers of men and women, with average age of 47.8 £
11.3 years for men and 48.2 + 12.2 years for women.
Indications for surgical management of tibial plateau
fractures has been inconsistent with limits of acceptable
articular displacement, ranging from 2 to 10 mm.”>”’
Residual tilt of the tibial plateau® and varus or valgus
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malalignment” have been associated with higher risk of
arthrosis. Biomechanical studies on articular stepoff
show that a 6-mm stepoff of the lateral plateau produces
7.6 degrees of increased valgus and a 208% increase in
contact pressure.'® Holzack has recommended surgical
treatment of ski-related plateau fractures with 2 mm or
more of displacement.” Honkonen evaluated outcomes
in 131 tibial plateau fractures and recommended
surgical management for more than 5 degrees of valgus
malalignment, more than 3 mm of articular stepoff,
and more than 5 mm of condylar widening.” In
actuality, multiple factors likely contribute to long-term
outcome, and consideration should be given to fracture
type, presence of laxity on examination, location of
articular displacement (central vs submeniscal), associ-
ated soft tissue injuries, and patient’s factors such as
age, activity level, and comorbidities.®’

Inherent in our philosophy of treating intraarticular
fractures, particularly in weight-bearing joints, is the
goal of anatomical stable fixation of the joint surface for
early functional rehabilitation. Visualization of the knee
joint via arthroscopy has lead to its broader application
to fracture management.

B ARTHROSCOPICALLY ASSISTED
TREATMENT OF TIBIAL PLATEAU
FRACTURES

The potential advantages of ARIF are well documented:
better visualization of joint surface reduction, lavage
and removal of hematoma, and small loose fracture
fragments, treatment of concomitant soft tissue injuries
to ligaments/meniscus, limited soft tissue dissection
with no need to peripherally detach the meniscus to
gain visualization, and improved postoperative reco-
very, including decreased pain, shorter hospital stay,
and return of knee range of motion. A review of current
literature addressing these issues follows.

Anatomic Reduction

Review of the literature suggests ARIF to be equal to or
better than open reduction internal fixation (ORIF) in
achieving anatomical reduction. In the study of Bernfeld
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et al of a small series of 9 fractures, all reductions
remained anatomic at a mean follow-up of 10 months.'’
Fowble et al found all of their 12 ARIF patients
remained anatomic versus only 6 of 11 for the ORIF
group.'” In the study of Kiefer et al of a series of 31
fractures, 25 showed anatomic reduction at a mean of 25
months."® Van Glabbeek and van Riet were unable to
arthroscopically reduce only 1 of 20 split/depression
fractures.'* Ohdera and Tokunaga reported 16 of 19
type II and III fractures were able to be anatomically
reduced via ARIF." Gill and Moezzi were able to
correct articular depression from an average of 7.7 to
0.8 mm in 25 patients.'

Problematic in such studies involving small patient
numbers will be varying degrees of selection bias and a
mixture of fracture types. Extensive articular comminu-
tion yields difficulties in obtaining reduction regardless
of surgical technique, and cartilage loss may be
amenable only to autogenous osteochondral transplan-
tation or delayed reconstruction with allograft or
prosthetics. Factors that may make arthroscopic reduc-
tion difficult include articular fragments depressed so
far into metaphyseal bone that visualization through the
joint is impaired or multiple fracture fragments may be
displaced and, in particular, rotated in various planes.

Associated Soft Tissue Injury
This is perhaps the most compelling reason to incorpo-
rate arthroscopy routinely in the treatment of tibial
plateau fractures, because these fractures have a high
incidence of soft tissue injury within the joint. In a
review of 98 arthroscopically managed plateau frac-
tures, Abdel-Hamid and Chang found soft tissue injury
in 71%, including 57% meniscal injury, 25% anterior
cruciate ligament tear, 5% posterior cruciate ligament
tear, 3% lateral collateral ligament tear, 3% medial
collateral ligament tear, and 1% peroneal nerve injury.'®
In the study of Shepherds and Abdollahi of a series of
20 ARIF cases, 90% had significant soft tissue injury,
including 80% meniscal tears, and 40% incidence of
ligament injury.'” Gardner et al found that soft tissue
injury could be predicted based on plain radiographic
findings. Articular depression of more than 6 mm and
widening of more than 5 mm were associated with
lateral meniscal tear in 83% (vs 50% for less displace-
ment) and more than 8§ mm was associated with
increased risk of medial meniscal tear (53%-78%).
Ligament injury to lateral collateral and posterior
cruciate ligaments occurred 30% (vs 0%) for displace-
ment of more than 4 mm."®

Because the incidence of accompanying soft tissue
injury is so high, and the fact that magnetic resonance
imaging (MRI) is quite accurate, we routinely use MRI
in all tibial plateau fractures, with computed tomogra-

phy scanning becoming more the exception. Medical
literature strongly supports the use of MRI. Kode and
Lieberman compared computed tomography to MRI in
evaluating fracture pattern and found the 2 modalities to
be equal, with MRI additionally being able to detect
meniscal injury (55%) and ligament injury (68%)."
Yacoubian and Nevins found better interobserver
agreement using MRI, and found that MRI actually
changed treatment plan in 23% of cases.”” Holt et al
found similar benefits to preoperative MRI in surgical
planning.?' A preponderance of literature supports use
of MRI in evaluation of tibial plateau fractures and their
soft tissue injury components.

Improved Postoperative Recovery

Arthroscopy holds theoretical advantages in patient
cosmesis and, more importantly, soft tissue handling.
Less iatrogenic soft tissue injury may reduce intraarticu-
lar scarring, thus improving recovery of range of
motion. Wound healing and risk of infection may be
improved for higher energy fractures, and postoperative
pain may be less.

Some of these factors have been examined in the
literature. Even as early as 1985, Jennings noted more
rapid recovery, with earlier return of knee motion and
reduced pain in 21 patients.”” Ohdera and Tokunaga
found easier and faster rehabilitation, with time to
recovery of 120 degrees of knee flexion 4.6 versus 9.1
weeks for ORIF.'> Fowble et al noted more rapid return
to full weight bearing at 8.95 versus 12.30 weeks and
shorter hospital stay at 5.36 versus 10.27 days.'? In our
patient population, the ARIF group averaged 1.5 = 1.1
days in the hospital versus 3.2 = 2.2 days for ORIF.

Complications

Reported complications arising specifically from ARIF
are rare. In type I, II, IV, V, and VI fractures, direct
communication exist between the joint space and muscle
compartments. Extravasation of arthroscopy fluid during
the procedure can contribute to the development of
compartment syndrome. Case report of this complication
is presented in the literature by Belanger and Fadale.?
General complications such as deep venous thrombosis,
infection, neurovascular injury, and arthrofibrosis are
infrequently reported in ARIF series, 1141524726 34
may be related to selection bias of less severe fracture
types for arthroscopic treatment.

B PREOPERATIVE PLANNING

Careful review of the MRI is the initial step in surgical
planning. Fractures with less sever comminution and
degrees of depression will be more amenable to
arthroscopic techniques. The presence of other soft
tissue injuries, in particular meniscal tear, may also
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FIGURE 1. Operating room setup with lateral fluoroscopic
view.

present an indication for use of the arthroscope. The
next critical step is evaluation of each patient’s soft
tissue envelope and degree of swelling. Although the
arthroscope may provide a less invasive option, one
must anticipate conversion to an open reduction. Thus,
surgical timing is still of critical importance in prevent-
ing patient morbidity. This being said, we have noted
that alpine skiing mechanisms are generally lower in
energy, and at the time of initial evaluation soft tissue
swelling is minimal, and immediate same-day treatment
can be considered.

m SURGICAL TECHNIQUES

General Considerations

Patient positioning is somewhat of a dilemma, because
the arthroscope requires varying degrees of knee flexion
and varus/valgus stress to adequately view the joint and
concomitant fluoroscopic viewing is generally with the
knee extended. We have found that use of an arthroscopic
leg holder with the foot of the operating room table
dropped 90 degrees is restrictive for leg positioning

options and requires an assistant to support the leg. We
use the supine position on a flat radiolucent table with a
hinged stress post positioned laterally that can be used for
medial compartment viewing and can be flipped down
when not needed. A figure-4 position allows good access
to the lateral compartment with little to no assistance, and
the fluoroscope can be brought in from the opposite side
of the table and appropriately angled (Fig. 1). In more
tightly constrained joints, visualization and instrument
placement may still be limited despite the varus force
provided by the figure-4 position. In these cases, a
femoral distractor can be placed on the lateral side
percutaneously to provide mechanical distraction of the
lateral compartment (for lateral-sided fractures). If the
proximal pin is placed near the lateral femoral epicon-
dyle, flexion/extension mobility of the joint is adequate-
ly preserved during the case. The distal pin is placed in
the tibial shaft, and the connecting bar is flipped
posteriorly out of the way of instrumentation.

Arthroscopic fluid use should be monitored to
decrease risk of compartment syndrome. Whenever
possible, the tourniquet should not be inflated. Gravity
or lower pressure pump inflow should be chosen, with
frequent attention given to the lower leg to check for
increasing size or firmness. An outflow cannula is
recommended and assists in hematoma evacuation. If
the preoperative plan calls for an incision to place
hardware, placement of this incision early in the case
may allow for venting of fluid and extravasation from
the fracture out through the skin instead of into the
compartment.” Another alternative is use of ‘‘dry”’
arthroscopy if intraarticular bleeding is minimal.

In some cases, fracture visualization may be im-
paired by overlying meniscus, particularly on the lateral
side where a larger percentage of the articular surface is
covered. In these instances, meniscal retraction will be
beneficial. This can be accomplished simply using a
hooked arthroscopic probe (Fig. 2). If prolonged
retraction and exposure is needed, a temporary suture

FIGURE 2. (A) Fracture viewed arthroscopically. (B) Meniscus retracted.
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