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| ABSTRACT

Fractures of the tibial plateau frequently are associated

with significant intraarticular injuries that generally

require surgical treatment. The commonly used

Schatzker classification of tibial plateau fractures first

described in 1979 includes 6 types of fractures, I to VI. In

the original description of this system, Type IV fractures

involved the medial tibial plateau and were described as

either (1) split-wedge types or (2) depressed and

comminuted, and the prognosis for these fractures was

reported to be poor. Frequently attributed to a high-

energy injury, these fractures are commonly felt to be

caused by a varus force. In our experience, some Type IV

fractures found in injured alpine skiers neither fit this

pattern of injury, are not adequately described by this

system, nor is the surgical treatment well defined. These

fractures can pose surgical treatment difficulties, espe-

cially if the complex, biplanar, or rotational nature of this

variant is not recognized and adequately reduced and

stabilized. This Schatzker Type IV variant found in

alpine skiers is described with emphasis on recognition,

diagnosis, and optimal surgical treatment of this serious

complex intraarticular fracture.
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F ractures of the tibial plateau or tibial condyles can

represent serious intraarticular injuries and consti-

tute approximately 1% of all fractures.1 The spectrum of

injury extends from less severe fractures of an isolated

plateau that may be treated nonsurgically with excellent

results to devastating involvement of the entire plateau

(and often the proximal tibial shaft) requiring extensive

surgery. These severe injuries may result in premature

arthritis, ligamentous injury, and lifelong pain and

disability.2,3 In 1979, Schatzker et al4 described 6 tibial

plateau fracture types. These types of tibial plateau

fractures have markedly different incidences, although

reported data are lacking. Hohl1 noted that about 55% to

70% of tibial plateau fractures involve the lateral

plateau, about 10% to 23% involved the medial plateau,

and about 10% to 30% involved both tibial condyles

(bicondylar). Other authors have reported higher per-

centages for lateral fractures with medial and tibial

bicondylar fractures having correspondingly lower

percentages. This low frequency of occurrence can lead

to inexperience in recognizing and treating patterns such

as the Type IV medial plateau fractures.

Type IV fractures are uncommon and are typically

classified as high-energy fractures involving the medial

tibial plateau.5 Classically described and usually illus-

trated as a split fracture of the medial plateau in the

sagittal plane, the fracture has sometimes been called

the medial counterpart to the Schatzker Type II fracture,

especially as the partial plateau fracture form. Berkson

and Virkus6 however noted that medial plateau fractures

were not the analogues of lateral fractures. Total plateau

varieties are also described.

Certain variations of plateau fractures may present

especially difficult surgical treatment options. Unrecog-

nized variations of previously described patterns that do

not fit into commonly used classification systems may

lead to suboptimal surgical treatment. We describe a

variant of a medial tibial plateau fracture (Schatzker

Type IV) found in skiers and discuss the optimal surgical

treatment.

| ANATOMY

The tibial plateau represents the entire proximal end of

the tibia and is composed of medial and lateral weight-

bearing articular surfaces. The 2 articular surfaces are
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asymmetric both in size and concavity (as well as

relative density and strength). The medial plateau is

larger and stronger than the lateral plateau and is

concave in both planes. The medial plateau carries

about 60% of the knee’s load and consequently has

increased subchondral bone and a stronger, denser

plateau when compared with the lateral.6 The smaller

and weaker lateral plateau is convex in the coronal and

sagittal planes. As a result of this relative weakness

combined with the natural valgus carry-angle of the

lower extremity (the leg is often protected from varus

forces by the contralateral leg), fractures of the lateral

plateau are more common.

Two additional dense bony prominences serve as

attachment sites for tendonous structures and are located

in close proximity of the tibial plateau: (1) the tibial

tubercle located anteriorly and serving as the attachment

of the patella tendon and (2) Gerdy tubercle located

laterally and serving as the attachment of the iliotibial

band. These structures usually remain intact in most

fractures of the tibial plateau. On the medial side, the

semimembranosis attaches to a ridge at the postero-

medial corner of the medial plateau just below the joint

line. The pes anserinus attaches more anteriorly and

distally, closer to the level of the tibial tubercle. These

tendons should be identified and protected when

approaching the tibial plateau from the medial side.

There are no ligamentous attachments to the lateral

tibial plateau, whereas the medial plateau has a broad

area of insertion for both the deep and superficial

medial collateral ligament posing difficulties for plate

placement on the proximal medial tibia. The posterior

aspect of the tibial plateau serves as the insertion site for

both the posterior cruciate ligament and the posterior

oblique ligament.

The entire plateau is set back from the longitudinal

axis of the tibial shaft, leaving the posterior aspect of

both the medial and lateral plateau cantilevered behind

the posterior tibial cortex. When placing a posterior

plate, this setback must be accommodated by appropri-

ate contouring.

The shape of the proximal tibia just distal to the

tibial plateau is triangular, affecting the placement and

type of any fixation device that might be used for

stabilization. The orientation of the posterior and lateral

walls is in their described direction, providing broad

surfaces for plates and screws in the posterior to anterior

and the lateral to medial directions. The medial wall,

however, is at a more oblique angle and is oriented

posteriorly as well as medially. Any plate placed on the

broad medial surface of the proximal tibia will therefore

be oriented in a posterior as well as a medial direction.

This leaves only the narrow junction of this triangle as

the most medial surface and only a small surface area

for direct medial plate placement for support in the

medial to lateral direction.

| MECHANISM OF INJURY

Historically, motor vehicle or motorcycle crashes,

pedestrian versus motor vehicle collisions, and falls

have been the most common causes of tibial plateau

fractures. Originally termed a Bcar bumper^ fracture,

where the knee was struck from the lateral side by an

automobile bumper, injuries of the lateral tibial plateau

result from the natural valgus carry-angle of the lower

extremity combined with a force directed.

With varus and compressive injuring forces applied

to the knee, medial tibial plateau fractures may be

produced. Such injuries are less common, partly because

of the valgus carry-angle of the leg, greater strength of

the medial plateau, and some protection afforded by the

contralateral leg. However, such medial injuries tend to

require more energy to produce and, as a result, are

more likely to have associated severe soft tissue

injuries, including injury to the cruciate ligaments,

peroneal nerve, popliteal vessels, and the lateral collat-

eral ligament.6,7 Posteromedial instability can cause the

femoral condyle to dislocate posteromedially when the

knee is flexed and the injury has been called a fracture

dislocation.8

| CLASSIFICATION SYSTEMS

Two common systems for classification of tibial plateau

fractures, the Schatzker and the Arbeitsgemeinschaft für

Osteosynthesefragen/Association for the Study of Inter-

nal Fixation (AO/ASIF), are used to describe plateau

fractures, with the Schatzker system probably the most

accepted and widely used in the clinical setting.4,9

Neither system, however, explicitly describes the vari-

ant fracture pattern we describe, although the AO/ASIF

system would likely include it in one of its subdivisions

(41-B). Other older classification systems include the

Hohl and Luck, the Moore, and a later combination of

the Hohl and Moore system. These systems are

infrequently used today. Other systems have been

proposed, some quite elaborate and inclusive, but are

not commonly used in clinical practice.

The Schatzker classification (Fig. 1) of tibial plateau

fractures combines features of the previous systems and

divides injuries into 6 types:

1. Type I or split fractures of the lateral plateau

2. Type II or split depression fractures of the lateral

plateau

3. Type III or central depression fractures of the lateral

plateau

4. Type IV or medial plateau fractures

5. Type V or bicondylar plateau fractures
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6. Type VI or any plateau fracture in association with a

proximal tibial shaft fracture (metaphyseal-diaphyseal

separation)

Implicit in the Schatzker system is an ever-increas-

ing amount of energy involved to produce the injury

corresponding to the higher types. Types I, II, and III

are considered lower-energy, whereas Types IV, V, and

VI are higher-energy fracture patterns, with correspond-

ingly increasing incidence of injury to neurovascular

and ligamentous structures about the knee. It is

important to remember that all types may be associated

with compartment syndrome.

The AO/ASIF system, later adopted by the Ortho-

paedic Trauma Association, is part of a unified

approach to classify fractures. Within the AO/ASIF

system, Type IV fractures correspond to B1.2, B1.3,

B2.3, B3.2, and B3.3 subgroups.10 Most useful in

research situations where the fracture can be very

specifically described, classified, and catalogued, its

use in the clinical setting is less practical.

Khan et al11 proposed a new comprehensive classi-

fication scheme that included posterior and anterior

coronal split fractures, recognizing the significance of

these atypical injury patterns not fully accounted for in

the Schatzker system (Fig. 2). Posteromedial coronal

split fractures were attributed to a combination of varus

force and axial load on a hyperflexed knee.

| HISTORICAL REVIEW

Few articles concern internal fixation of Type IV

fractures, perhaps because of their rarity. Schatzker’s

original article illustrated fixation with a medial plate.

Yang et al12 used plain radiographs and computerized

tomography (CT) to categorize Type IV fractures in 51

patients into 3 types: (1) split, (2) total condylar, and

(3) depression. In both depression and total condylar

injuries, buttress plate fixation was placed medially. In

the split injury, the plate was placed posteromedial.

De Boeck and Opdecam13 reported on posteromedial

tibial plateau fractures and recommended a posterior

approach with partial division of the medial gastrocne-

mius tendon to obtain exposure. Several articles have

described approaches to the posteromedial tibial plateau,

usually for surgical treatment of Schatzker V bicondylar

fractures.14Y16 Some studies have noted that the division

of the tendon of the medial gastrocnemius is not required

for exposure.15Y17

Bhattacharyya et al18 reported on an uncommon

posterior shearing tibial plateau fracture treated through

FIGURE 2. Posterior shearing tibial plateau fracture similar
to skier Type IV variant reported by Bhattacharyya et al.18

Reprinted with permission from Bhattacharyya T, McCarty
LP 3rd, Harris MB, et al. The posterior shearing tibial
plateau fracture: treatment and results via a posterior
approach. J Orthop Trauma. 2005;19:305Y310.

FIGURE 1. Original Schatzker Classification System. Reprinted with permission from Schatzker J, McBroom R, Bruce D.
The tibial plateau fracture. The Toronto experience 1968Y1975. Clin Orthop Relat Res. 1979;138:94Y104.
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a posterior approach in 13 patients, similar to the skier

Type IV variant (Fig. 3). Such fractures defied classi-

fication as Schatzker Type IV, V, or VI fractures and

did not fit fully into the system of Khan et al.11 The

authors noted the importance of coronal plane fractures

visible only on lateral radiographs or CT. Such fracture

planes, if not properly addressed and stabilized, may

lead to inadequate reduction and the use of inappropri-

ate or inadequate stabilization techniques. The article

illustrated the need to recognize and address coronal

plane fractures that coexist with more typical sagittal

plane fractures in the variant Type IV fracture we

describe.

Hybrid fixation, with small-wire fixation, for complex

tibial plateau fractures offer satisfactory fixation stability,

but all studies show pin tract complications.19Y21 More

recently, Egol et al22 and Stannard et al23 reported on the

benefits of a locked lateral plate (less invasive stabiliza-

tion system, Synthes USA, Paoli, Pa) for the management

of unstable complex tibial plateau fractures (Orthopaedic

Trauma Association class 41C, Schatzker Type IV, V,

and VI). They both reported excellent stabilization of

medial fragments with this technique with low compli-

cation rates.

| INDICATIONS AND PREOPERATIVE
PLANNING

In an excellent review article, BArticular Fractures: Does

an Anatomic Reduction Really Change the Result?^
Marsh et al24 examined the factors that affect long-term

outcome of periarticular fractures, including tibial plateau

fractures. Age of the patient, extent of articular cartilage

injury, step off of the articular surface, meniscal

pathology and menisectomy, malalignment, and instabil-

ity all play a role in long-term functional results. Of these

factors, only the latter are affected by the decision-

making process of the orthopedic surgeon. The degree of

acceptable articular step off remains unresolved. Brown

et al25 using pressure-sensitive film in a human tibial

plateau model demonstrated a 75% increase in local peak

pressures with a 3-mm step off. Clinical follow-up

studies, however, have shown little differences in

outcome until step off exceeds 10 mm.26Y28 Instability

and malalignment on the other hand play an especially

important role in long-term outcome with any residual

varus being very poorly tolerated.2,3,27,29 Because Type

IV fractures by definition involve the medial tibial

plateau and any displacement or instability will lead to

a varus deformity, most of these fractures will require

reduction and stable fixation.

Soft tissue injury also plays a significant role in

preoperative evaluation. Abdel-Hamid et al30 used

arthroscopy to evaluate soft tissue injuries in tibial

plateau fracturesVfrequency of soft tissue injury was

71% (70/98 fractures). Although no association was

noted between fracture type and presence of meniscal,

cruciate ligament, collateral ligament, or neurovascular

injury, significantly higher rates for anterior cruciate

ligament injury were noted for Schatzker Type IV and

VI injuries. Gardner et al31 used magnetic resonance

imaging (MRI) to evaluate soft tissue injury in 103

patients. The overall incidence of injury to soft tissue

was higher than previously reported, and only 1 patient

had no soft tissue injury. Stevens et al32 noted peroneal

nerve palsies and avulsions, multiligamentous injuries,

and popliteal artery contusion in 8 Type IV fractures.

Clearly, strict attention to neurovascular status and

careful assessment of soft tissue injury are required,

and because compartment syndromes can be associated

with all Schatzker types, the tibial compartments should

be carefully evaluated and monitored throughout the

patient’s hospitalization.

FIGURE 3. Partial description of a classification system by Khan et al.11 Reprinted with permission from Khan RM, Khan
SH, Ahmad AJ, et al. Tibial plateau fractures. A new classification scheme. Clin Orthop Relat Res. 2000;375:231Y242.
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