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Abstract 

Background: The functional outcome of tibial plateau fractures depends a lot on stable osteosynthesis. It require an 
exact knowledge of the spatial configuration of the fracture. Our objective is to describe fracture plane base on computer 
tomography.  

Methods: We used Schatzker's three-dimensional classification to analyze computed tomography of patients admitted 
for tibial plateau fractures at the University Hospital Center of Oujda between January 2012 and August 2020. 

Results: We found 94 fractures, mostly type II and VI with 3 unclassifiable fractures. The anterolateral compartment is 
the most often affected. The overall tibial plateau coronal fracture lines was 14.89% and is most common among type 
IV.  

Conclusion: Characterization of complex tibial plateau fractures with use of the main shear presented in this study may 
be more reliable for communication among surgeons, comparison of studies, preoperative planning and guiding the 
surgical approach and specific fixation techniques.  
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1. Introduction

Tibial plateau fractures are articular injuries which have a broad spectrum of clinical presentations and are frequently 
associated with long term complications [1]. The complete understanding of the personality of these fractures is the key 
element in the decision-making process when choosing the best possible treatment [2]. Although many classification 
systems have been published, Schatzker and AO/OTA are the most studied regarding their reliability. In most studies of 
reliability using only plain radiographs, the reliability of Schatzker and AO/OTA classification systems was rated as fair 
or moderate [3]. Lately Schatzker et al proposed a revised three-dimensional complement to the Schatzker 
classification, which not only provides the axial, coronal, and sagittal morphology of the tibial plateau but also the 
mechanisms of injury and the exact spatial localization of the main fracture planes [4]. In this study, we applied this 
extension to a large series of tibial plateau fractures to improve understanding of this challenging injury. 
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2. Patients and Methods 

2.1. Patients 

Between January 2012 and August 2020, a total of 125 patients with a tibial plateau fracture were treated at the 
university hospital center of Oujda (Morocco) and retrospectively analyzed. Of these cases, 19 had to be excluded, as 
there was no pre-operative computed tomography (CT) scan available. Another 8 were excluded due to an extra-
articular fracture manifestation (OTA/AO type A). Other exclusion criteria were pathologic fractures or old fractures; 
periprosthetic fracture and patients younger than 18 years of age. After exclusion, a total of 94 cases were identified 
from our institution database. All the radiographs and CT film have been evaluated by the same surgeon to determine 
fracture plane. All the tibial plateau fractures were classified on the basis of the modified three-dimensional Schatzker 
classification system. Other factors, such as age, gender, occupation, and mechanism of injury, were also explored. 

2.2. Modified three-dimensional Schatzker classification system 

The surface of the tibial plateau is divided into two halves, anterior and posterior by a virtual equator. On the lateral 
side of the knee, the anatomical reference is the lateral tubercle of the fibula, which corresponds to the insertion of the 
fibular collateral ligament. On the medial side of the joint, the virtual equator intersects the tibial plateau posterior to 
the attachment of the superficial medial collateral ligament, which also coincides distally with the posterior tibial crest. 
The glenoid cavities of the tibia are anatomically separated by the eminence and intercondylar areas, so the added 
virtual equator splits the proximal tibia into four asymmetrical articular quadrants. The six principle fracture types of 
Schatzker remain the same .A new set of modifiers “A” (anterior) and “P” (posterior) are added to denote the quadrants 
involved in the six principle types (figure 1). Split wedge fractures of the tibial plateau will disrupt the articular rim at 
two points and will exit the metaphysis distally to the joint, at the apex of the wedge. The points where the wedge bisects 
the rim are identified by lowercase letters which denote the location or the points in relationship to the virtual equator, 
namely anterior (“a”) or posterior (“p”). The third point where the fracture exits at the metaphyseal area is denoted as 
“x”. This metaphyseal exit point could be anterior (ax) or posterior (px). These three points, being two on the rim and 
one on the metaphysis, determine the main fracture plane. In case of unicondylar fracture types, the new denotation of 
the fracture will include the Roman numerals, which describes the lateral column (I to III) or the medial column (IV), 
and the upper-case letter A (anterior) or P (posterior). In case of bicondylar fractures types, attention must be paid to 
each column of the tibial plateau, medial and lateral, and determine which quadrants are compromised in each column. 
The new denotation of the fracture includes the Roman numerals (V or VI), and the spatial location of the main fracture 
plane noted with an upper-case letter (A and/or P) in each of the two anatomical columns, lateral (L) and medial (M) 
[4]. An example is shown in figure 2.  

 

Figure 1 The anatomical quadrants of the tibial plateau 
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Figure 2 2A: X-ray of a type VI fracture, 2B: axial CT scan of the same fracture showing articular fractures lines , in 
black (a, p, ax) and in red a fracture with a frontal line (p, p, px) which separates the entire posterior border, divided 

by a secondary line into posterolateral and posteromedial fragments. 2C: three-dimensional reconstruction, schatzker 
classification: Type VI AL + PL + PM 

3. Results  

Over the 8-year period, 93 patients were identified with tibial plateau fractures. There were 68 (73.1%) men and 25 
(26.9%) women with an average age of 46.19+/-15. years. A total of 49 (52.13%) cases were left injuries, 43 (45.74%) 
cases were right injuries, and 1 (2, 13%) case was bilateral injury.  

The age group with the highest proportion of tibial plateau fractures is that of 45 to 55, with more men than women. 
Above 75, women are mainly affected. Figure 3  

 

Figure 3 Distribution of age 

A total of 77 patients sustained tibial plateau fractures as a result of traffic accidents; there were 4 falls from height, 15 
slips, trips or falls at home and 1 sport injury.  

 The distribution of fractures according to schatzker classification is summarized in figure 4 
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Figure 4 Fractures classification according to Schatzker  

 Type I fractures representing 13.8% constantly split the lateral tibial plateau by an anteroposterior line with a 
distal point at the level of the anterior cortex (a,p,ax).  

 Split wedge depression fracture of the lateral plateau (Type II) are the most common fracture (28.7%). Isolated 
anterolateral quadrant involving is typical and account for 88.8%. The fracture plane is often the same as for 
type I fracture(a,p,ax) but a second anterior to posterior oblique fracture line (a,p,px) or posterior coronal 
shear(p,p,px) is associated respectively in 7.4% and 3.7%, detaching a posterolateral fragment. The fracture 
lines are described in the table. 

 Type III isolated depression of lateral tibial plateau are unfrequent with just 5 cases. Depression was either 
anterior or posterior with 3 anterior (type III A) and 2 posterior (type III B). Two anteromedial depression 
were unclassifiable according to the Schatzker classification.  

 Type IV represent 14.9% of the fractures. This is a medial tibial plateau split fracture. It isn’t a mirror of the 
type I fracture. For the most part, the fracture line exits through the posterior cortex, making it more prone to 
posterior sliding. It’s also the only type with isolated coronal fracture line (p, p, px), present in 2 cases. The 
fracture lines are described in the table. 

 Type V (11.7%), is a bicondylar tibial plateau fracture, where there is continuity between the epiphysis and the 
diaphysis. it typically includes an anterolateral fragment associated with a posteromedial fragment with 
sagittal or coronal shear. In nearly 50% of cases, the fracture line of the medial segment is frontal. 2 cases of 
exclusives posteromedial and posterolateral shear have been noted. The fracture lines are described in the 
table. 

 Type VI (22.3%) is a bicondylar fracture with complete dissociation between the epiphysis and the diaphysis. 
This is the most common fracture after type II fracture. When the fracture is simple, it often has the shape of an 
inverted T detaching two large antero or posteromedial fragments and an anterolateral fragment when it 
passes through the level of the tibial spines, or only affects the lateral compartment while passing through. In 
more complex fractures, a secondary fracture line splits the medial or lateral compartment (figure 2). The 
frequency of coronal fracture is 12.8%. The third unclassifiable fracture corresponds to a type VI fracture whose 
extreme comminution made it impossible to describe the fracture lines according to the schatzer's 3D 
classification. The overall tibial plateau coronal fracture lines was 14.89%.  

4. Discussion 

Brunner et al. demonstrated that CT improves the intra- and inter-observer reliability of Schatzker and AO/OTA 
classification systems [5].Two-dimensional CT allows for a better characterization of the main fracture planes as 
compared to plain radiographs. Also, there is an increasing understanding of the three-dimensional character of tibial 
plateau fractures and open reduction and internal fixation is rather based on fracture assessment in the frontal, sagittal, 
and axial plane with use of CT scans and/or magnetic resonance imaging [6, 7]. Since 2010, four main classifications 
have been described for a better understanding of the articular involvement of complex fractures of the tibial plateau. 
That of Luo et al with the three-column concept, adjust by Chang et al in four quadrants concept for posterolateral and 
the posteromedial differentiation, that of Krause et al in ten segments and lately schatzker’s three-dimensional 
extension [4,7,8,9].  

The six type Schatzker fracture classification based on Plain radiographs allow for the understanding of the mechanism 
of injury [10]. Extension of the classification to the third dimension by the means of CT gives us a detailed information 
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about the exact location of the main fracture plane in each of the four anatomical quadrants which have been defined 
[4].In the current study, we were able to identify the most frequently affected segments of the articular surface of intra-
articular tibial plateau fractures according to the modified Schatzker classification.  

As originally described by Schatzker, type I pure cleavage fracture are typical wedge shaped fragment with almost an 
anterior to posterior shear without comminution [10].  

Also, lateral tibial plateau split-depression fracture (Schatzker type II) is the most common fracture type encountered 
clinically, and accounts for 25–33 % of all tibial plateau fractures, as found in our study (28.7%) [7,10,11,12]. We 
distinguish two main fracture line (a, p, px) or (a, a, ax), depending on the presence of a posterior rim discontinuity. The 
fracture can be simple or complex with an anterolateral fragment and a posterolateral fragment. The presence of a free 
postero-lateral fragment is important to note for the choice of the approach and for optimal implant positioning as the 
fragment are hidden by the head of the fibula. But we did not find an isolated posterolateral fragment as described by 
Chen P. et al [13]. As well, we found 11.1% of posterolateral fragment which is much lower than that of Qilin Zhai et al, 
who found 44.1%  [14].  

Although the Schatzker classification allows a precise description of the fracture lines, it doesn’t allow to specify neither 
location of the depression nor of its depth, so it doesn’t add more to the description of type III fractures. Depression can 
be anterior, posterior or both.  

Table 1 Fractures features among type II, IV, V and VI  

Type II fracture Type IV fracture 

  Percentage   Percentage 

A (a, a, ax) 33.3 A (a, p, ax) 21.4 

A (a, p, ax) 55.6 P (a, p, px) 57.1 

A (a, p, ax) + P (a, p, px) 7.4 P (p, p, px) 14.3 

A (a, p, ax) + P (p, p, px) 3.7 
A (a, a, ax) + P(p, p, 
px) 

7.1 

Type V fracture Type VI fracture 

  Percentage   Percentage 

AL (a, p, ax) + PM (a, p, px) 27.3 AL 14.3 

AL (a, p, ax) + PM (p, p, px) 27.3 AL+ PM 23.8 

AL(a, a, ax)+ PM (a, p, px) 9.1 AL+PL+PM 14.3 

PL(a, p, px)+ PM (a, p, px) 18.2 AL+PL+AM 9.5 

AL+PL+PM (p, p, px) 9.1 AL+AM+PM 9.5 

AL+PL+AM+PM (p, p, px) 9.1 AM+PM+PL 4.8 

 

According to Schatzker’s classification, type IV fracture is a unicondylar medial fracture [10]. However, through our 
study, we observed frequent involvement of both the medial and the lateral condyle in Schatzker type-IV fractures, 
which is inconsistent with the assumption of a unicondylar medial fracture. The posteromedial fragment, is a spectrum 
of fracture lines ranging from a parallel, to an oblique, to an anteroposterior line orientation with respect to the 
posterior femoral condylar axis, as described by Barei and colleagues [15]. An arbitrary cutoff between parallel and 
oblique fractures lines would distinguish the “classic” posteromedial shear fracture (a coronal fracture line exiting on 
the medial side from a bicondylar tibial plateau fracture) from the posterior shear-type fracture (involving the posterior 
aspect of the medial and lateral condyles). Previous studies have shown that these bicondylar posterior shear-type 
fractures do not fit into the type-IV, V, or VI category in the Schatzker classification. Weil and colleagues classified 
isolated posteromedial shear fractures as Schatzker type IV and a bicondylar shear-type fracture in the sagittal plane as 
Schatzker type V or VI [16]. Although the frequency of posteromedial fragments in schatzker bicondylar fractures V 
(100%) and VI (52.8%) is as common as in literature, 30-65% [15, 17], fractures with frontal features are less frequent. 
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Hence the need for an exact description for a distinction between different anatomical forms. Especially since, fractures 
with coronal shear must be treated by a posterior approach or by antero-posterior lag screw when their size allows it. 

Another important finding of our investigation was that the highest proportional age group of tibial plateau fractures 
was 45–54 years, which is similar to the findings of Zheng et al [18]. For young adult males, this is associated with an 
increasing risk of high-energy trauma, such as traffic accidents, falls from height, and serious crashes as, which, in turn, 
lead to serious tibial plateau fractures. The phenomenon of peak age delay for females may be due to the high prevalence 
of osteoporosis among women, especially following menopause [19]. Osteoporosis causes bones to become brittle, 
which can often be accompanied by comminuted fractures, when compared with young adults with the same trauma. 

5. Conclusion 

The modified schatzker classification allows an exact description of fractures lines of type I, II, IV and simple fractures 
of type V and VI. For type V and VI complex fractures, it merges with the four quadrants classification, allowing the 
segments affected to be specified. Characterization of tibial plateau fractures with use of the main features used in this 
study is more reliable for communication among surgeons, comparison of studies, preoperative planning and guiding 
the surgical approach and specific fixation techniques. 
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