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Abstract
Purpose The objective of this study was to evaluate the
morphological characteristics of lateral tibial plateau split-
depression fractures (Schatzker type II).
Methods A retrospective analysis of radiographic and com-
puted tomographic (CT) data of lateral tibial plateau split-
depression fractures from January 2009 to December 2010
was conducted in a level 1 trauma centre. The discontinuity
arc, angle of depression centre (ADC), anterior-posterior
position of articular depression centre (APDC), surface area
percentage (SAP), sagittal angulation and depression depth
were measured on CT images using the Picture Archiving
and Communication System.
Results Based on the integrity of posterolateral wall and
discontinuity arc, 140 cases of Schatzker type II fracture
were divided into two subtypes: intact group (69 cases) and
broken group (71 cases). The fracture of the intact group
was located in the anterior part of the lateral plateau, the
average ADC was 72.13°, APDC was 43.25 % of sagittal
diameter, SAP was 22.16 % of total plateau, sagittal angu-
lation was 6.59°and depression depth was 10.80 mm. Of the
broken group, the average ADC, APDC, SAP, sagittal an-
gulation and depression depth was 92.45°, 61.84 %,

22.63 %, 9.00° and 10.78 mm, respectively. Forty-seven
cases in the broken group had a posterolateral fragment
and 15 cases among them had articular depression centered
in the posterolateral region. The difference in ADC, APDC
and sagittal angulation between the two groups was statisti-
cally significant (p<0.05), while no significant difference
was observed for SAP and depression depth.
Conclusions Of all the 140 cases in this study, 10.7 % are
located in the posterolateral region. An appropriate opera-
tive approach and fixation method should be selected
based on the individual morphological characteristics of
lateral plateau fractures.

Introduction

Lateral tibial plateau split-depression fracture (Schatzker
type II, AO/OTA Type B3) is the most common fracture
type encountered clinically, and accounts for 25–33 %
of all tibial plateau fractures [1–4]. The fracture mor-
phology of this type is often described in anterior-
posterior position, and lateral buttress plating is widely
recommended [5–7]. Compared with plain radiographs,
computed tomography (CT) scans can provide detailed
information on intra-articular fractures. With the wide-
spread use of CT, it has been found that in some cases,
the fracture line may appear on the coronal plane and
the split-depression fracture may be restricted in the
posterolateral region, which is different from ordinary
Schatzker type II fractures, as the visualisation of the
fracture site was obstructed by the fibular head [8–10].
Inadequate vision or assessment of the fracture may lead
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to failure of primary fixation, and furthermore, second-
ary articular depression, valgus deformity and deteriora-
tion in the long-term [11].

Thorough understanding of the fracture morphology can
help orthopaedic surgeons understand the accurate mecha-
nism of injury and plan appropriate surgical procedures.
However, to our knowledge, there has not been a study that
has analysed three-dimensional morphology of lateral tibial
plateau split-depression fractures or the incidence of the
posterolateral fragment in this type. Therefore, in this study,
three-dimensional CT images of the patients who suffered
from Schatzker type II fracture were analysed retrospective-
ly to clarify the morphological characteristics of these
fractures.

Patients and methods

The retrospective study was conducted at a level 1 trauma
centre. A total of 151 adult patients of Schatzker type II
fractures between January 2009 and December 2010 were
retrieved from our institution’s trauma database with the
approval of our institution’s Human Subject Review Board.
Fracture types visualised by X-ray were the consensus of
two observers (Q. Z. and Y. Z.) and were verified by senior
surgeons postoperatively. Exclusion criteria were fractures
in medial plateau, inadequate imaging documentation (in-
complete CT images) and previous knee surgery and/or
existing knee deformity. Finally, ten patients having fracture
in medial and one without CT images were identified, and
this left 140 fractures during the study period. Of these
cases, 82 were male and 58 were female, with an average
age of 49 years (range, 21–80 years). The causes of injury
included car accident in 17 cases, electric bicycle traffic
accidents in 83 cases, fall from a height in three cases, and
simple fall injury in 37 cases. Fourteen cases had concom-
itant ipsilateral proximal fibular fractures.

The images were evaluated on clinical Picture Archiving
and Communication System (PACS) workstations by two
orthopaedic trauma surgeons and one radiologist special-
ising in musculoskeletal radiology. All measurements were
reviewed simultaneously by the three observers and agree-
ment was reached by consensus.

Morphological assessment: CT axial images

Reference line

Two projection points in the CT transverse view were
found: Point O is the projection of the midpoint of two tibial
intercondylar eminences and Point A is the projection of the
most anterior point of the tibial tuberosity. We connected

these two points and extended to the posterior edge (Point
B). The segment AB was divided into 100 small segments
of same length and used as a ruler (Fig. 1, bold line).

Discontinuity arc

Beginning at Point A, along the rim of lateral tibial plateau
clockwise, the curve between the start and termination point
of broken cortex was connected, which was defined as the
discontinuity arc (Fig. 1, bold curve). The angle between
line OA and the line that was formed by connecting the first
broken cortex point was measured; so was the termination
point (Fig. 1, white dotted lines). The position of the termi-
nation point was compared with proximal tibia-fibular joint,
anterior or posterior, and was recorded.

Location of articular depression centre

The centre (Point C) of articular depression region, an
irregular closed polygon, was calculated by a computer
program developed by ourselves that was based on calculus,
and its horizontal and vertical ordinates were Cx and Cy.

Cx ¼ 1

6A

XN�1

i¼0

xi þ xi�1ð Þ xiyiþ1 � xiþ1yið Þ

Cy ¼ 1

6A

XN�1

i¼0

yi þ yiþ1ð Þ xiyiþ1 � xiþ1yið Þ

Fig. 1 Radiographic measurements: in computed tomography (CT)
transverse view. Two smaller figures showed the section and fracture.
Point O and Point A: projections of the midpoint of two tibial inter-
condylar eminences and the most anterior point of tibial tuberosity.
Point B: intersection of line AO and posterior edge. Point C: centre of
articular depression region. In this case, the discontinuity arc is from
71° to 147°, the angle of depression centre (ADC) was 84°, the
anterior-posterior position of depression centre (APDC) was 57 %,
and the posterolateral cortex is broken
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A ¼ 1

2

XN�1

i¼0

xiyiþ1 � xiþ1yið Þ

Point C was located automatically by computer, while the
outline of depression region was inputted. The angle of de-
pression centre (ADC) was determined by measuring the angle
between segment OA and OC (Fig. 1, 84°), and the anterior-
posterior position of the depression centre (APDC) was mea-
sured by the calibrations on the ‘ruler’ AB (Fig. 1, 57 %).

Area of articular depression

The area of articular depression region and entire tibial plateau
were measured on the same section on which the fibular head
first appeared. The surface area percentage (SAP) was the
percentage of articular depression region of the entire plateau.

Morphological assessment: CT sagittal and coronal
Images

Sagittal angulation

Using the method proposed by Streubel et al. [12], a line
perpendicular to the tibial axis was drawn, and the lateral

plateau sagittal angulation was the angle between it and a
line parallel to the articular surface (Fig. 2, left).

Depression depth

Using the coronal CT reformation, the depression depth was
obtained by measuring the distance from the normal articu-
lar surface to the most depressed articular surface (Fig. 2).

Statistical methods

All statistical analyses were performed using SPSS 17.0
software (SPSS Inc., Chicago, IL, USA). The descriptive
statistics and scatter plots were employed for morphological
data, and the parameters between the two groups were
compared using the two independent sample t test. Fisher’s
exact test was used to compare the ratio of concomitant
fibular fracture. Differences were considered significant if
the P value was less than 0.05.

Results

The mean ADC, APDC, SAP, sagittal angulation and
depression depth are shown in Table 1. According to
the position of the discontinuity arc’s terminal point, the
140 cases of lateral tibial plateau split-depression frac-
tures in criteria were classified into two broad catego-
ries: (1) 69 cases were completely anterior to the tibio-
fibular joint, meaning an intact posterolateral cortex
(Fig. 3); (2) 71 cases were partially or completely
posterior to the tibio-fibular joint, implying a broken
posterolateral wall (Fig. 4).

Of the 69 cases with an intact posterolateral wall, the
mean ADC was 72.13±9.81°, APDC was 43.25±6.27 %,
SAP was 22.16±5.83 %, sagittal angulation was 6.59±
1.56° and depression depth was 10.80±3.16 mm. One
case in these 69 had a concomitant proximal fibular
fracture.

Of the 71 cases with a broken posterolateral wall, the
average ADC, APDC, SAP, sagittal angulation and depres-
sion depth was 92.45±17.67°, 61.84±12.44 %, 22.63±
7.85 %, 9.00±2.68° and 10.78±2.05 mm, respectively.

Fig. 2 Radiographic measurements: in computed tomography (CT)
sagittal and coronal view. In this case, the sagittal angulation was 11°,
the depression depth was 10 mm

Table 1 The results of radiographic measurements

Posterolateral wall n ADC APDC SAP Sagittal angulation Depression depth Fibular fracture

Intact 69 72.13±9.81 43.25±6.27 22.16±5.83 6.59±1.56 10.80±3.16 1

Broken 71 92.45±17.67 61.84±12.44 22.63±7.85 9.00±2.68 10.78±2.05 13

Total 140 83.25±17.75 53.34±13.69 22.40±6.91 7.89±2.17 11.33±2.28 14

ADC angle of depression centre; APDC anterior-posterior position of depression centre; SAP surface area percentage
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Thirteen cases of the 71 had concomitant proximal fibular
fracture. Further analysis of this group, 24 cases demonstrat-
ed merely a fracture line on the posterolateral wall; the other

47 cases had one or more posterolateral fragment(s). Fifteen
cases had a posterolateral fragment, as well as the articular
depression centered in the posterolateral region (Fig. 5).

Fig. 3 X ray and three
dimensional computed
tomography (CT) view of one
case in intact posterolateral
group. The split fracture and
articular depression are in the
anterolateral region and indicate
a traditional approach

Fig. 4 X ray and three
dimensional computed
tomography (CT) view of one
case in broken posterolateral
cortex group. The centre of
articular depression is in the
posterolateral region and a
displaced posterolateral
fragment can be seen (white
arrow), which is difficult to
reduce and fix by a traditional
anterolateral approach
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Between the groups of intact and broken posterolateral
wall, the rate of concomitant proximal fibular fracture and
the parameters of ADC, APDC and sagittal angulation had a
significant difference; however, the SAP and depression
depth showed no significant difference (Table 2).

Discussion

Schatzker classification is one of the widest accepted clas-
sifications of tibial plateau fracture, and its type II has two
basic manifestations in lateral tibial plateau: split fracture
and articular depression. Because of the anatomical charac-
teristics of the lateral plateau, convex to the femur and a
substantial proportion of cancellous bone, there is usually
more than one fracture fragment [13]. Therefore, it is diffi-
cult to analyse the direction of fracture line using the meth-
ods of previous authors for the medial counterpart [14–16].
In this study, we focused on the osseous rim of the lateral
plateau and applied the concept of a discontinuity arc to
describe the split fracture. This method made sense, because

it indicated the fracture in the lateral plateau wall and
corresponded to the concept of buttress fixation popular
in clinical practice. Unlike the split fracture, the morpholog-
ical characteristics of articular depression are relatively easy
to analyse: the location, area and depth of it can be suffi-
ciently described by ADC, APDC, SAP and depression
depth in this study.

For most of Schatzker type II fractures, the anterior or
anterolateral approach is standard and efficient. This study
also proved that about half (69/140) of the lateral split-
depression fractures are totally in the anterolateral region,
unlikely be affected by the fibular head (Fig. 3). However,
when the fracture line extends to the posterior aspect of
proximal tibiofibular joint in some cases, the visualisation
of the fracture may be obstructed by the fibular head.
Several previous studies have already discovered this kind
of fracture and labelled the low-energy posterolateral
fracture of the tibial plateau as an uncommon injury [8,
10, 17, 18]. Yet, there was no analysis of precise incidence
or the fracture morphological characteristics. In this study,
we found that among the 140 cases in criteria, 47 cases

Fig. 5 The scatterplots of
articular depression centre. A:
140 cases. B: 69 cases of intact
posterolateral wall. C: 71 cases
of broken posterolateral cortex.
D:47 cases have posterolateral
fragment, and 15 centres in the
posterolateral region

Table 2 Comparison of the results between two groups

Posterolateral wall n ADC APDC SAP Sagittal angulation Depression depth Fibular fracture

Intact 69

P < 0.0001 < 0.0001 0.6888 < 0.0001 0.9645 0.0011

Broken 71

ADC angle of depression centre; APDC anterior-posterior position of depression centre; SAP surface area percentage
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(33.6 %) had a posterolateral fragment, and 15 cases (10.7 %)
had both posterolateral fragment and posterolateral-
centered articular depression (Figs. 4, 5). Apart from
the surgical vision, a recent biomechanical test has
shown that the posterior buttress plate is more stable
than the lateral type in fixation of a posterolateral shear-
ing fragment [20]. Therefore, the preoperation plan for
these fifteen cases may be different from the usual lateral
split-depression fractures, lateral or prone position, and
surgical instruments for fenestration or fibular head
osteotomy might be considered [11, 19, 21, 22].

According to the integrity of posterolateral wall, the cases
were divided into intact and broken group in this study.
Between the two groups, the area and depth of articular
depression, which related to the trauma energy [1, 3], are
not significantly different. Meanwhile, the location of artic-
ular depression, the rate of concomitant fibular fracture and
sagittal angulation between the two groups are significantly
different. It was pointed out by Tanifuji et al. that the centre
of femoral condyle moves backwards when the knee is in
flexion [23]. We suspected that the location of articular
depression and occurrence of a posterolateral fragment
would be closely related to the angle of knee flexion and
the knee joint movement trend at the moment of injury.
Although this can be confirmed by collecting trauma histo-
ry, it requires further biomechanical experiments for
validation.

CT scanning is recommended to assess morphological
characteristics for tibial plateau fractures, especially for
comminuted cases [24]. Previous studies have compared
the reliability and reproducibility of different classifications
under CT scanning and X-ray, and demonstrated the advan-
tages of CT scanning [24, 25]. In this study, ten cases that
were classified as Schatzker type II fractures by X-ray have
revealed a fracture line in medial plateau under CT scanning
and verified in operation, so these fractures should be clas-
sified into Schatzker type V. Sufficient attention should be
given to these ten excluded cases with a fracture pattern that
was not appreciated on plain films (Fig. 6). Even though
correctly classified into the same type, 15 lateral split-
depression fractures with both posterolateral fragment and
posterolateral-centered articular depression showed some
morphological differences from ordinary type II fractures.
Although agreement on fracture classification is important,
we maintain that an appropriate treatment plan based on a
thorough understanding of the fracture morphology with the
use of three-dimensional CT images is more important.

Our study has two potential limitations. First, the research
institution is the leading trauma centre in southern China for
high-severity fractures; therefore, the proportion of severe and
difficult-to-treat patients may be higher than it should be, and
the ratio of the posterolateral fractures probably did not rep-
resent the true ratio in the general population. Second, we only
focused on the bone structure and neglected the soft tissue

Fig. 6 One case was classified
as Schatzker type II fracture by
X ray examination, but a
fracture line in medial plateau
(white arrow) was found under
computed tomography (CT)
scanning, and verified at
operation
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injury, which also plays an important role in the posterolateral
aspect of the tibial plateau. In addition, because haematoma
may lead to a high false positive rate of MRI, in almost every
hospital, CT scan can be taken at any time, but there is usually
a long waiting time for MRI.
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