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Abstract

Background The Schatzker classification system for tibial plateau fractures is one of the most commonly used systems.
However, there has been controversy if a Schatzker III type fracture truly exists by their original definition. We aimed to
correlate the radiographic and CT images of type III fractures, describe the additional propagating fracture patterns and
determine if these fractures do exist by their original description.

Methods This multicenter retrospective cohort observational study included patients with tibial plateau fractures across five
trauma centers over 9 years were identified. All X-rays and CT scans were assessed. Two independent fellowship trained,
Orthopaedic trauma surgeons reviewed all knee X-rays and classified them according to the Schatzker system. The CTs were
subsequently reviewed and the fractures were reclassified based on CT findings.

Results 569 Tibial plateau fractures in 566 patients were analyzed. All X-ray classified Schatzker III fractures were reclas-
sified to a Schatzker II type after review of CT scans by both assessors independently as there were always at least two or
more fracture lines propagating from the depressed fragment to the lateral cortex in all cases. The interobserver variability
as assessed by the kappa correlation coefficient (k) for X-rays and CT-based classifications were k=0.274 and x=0.906,
respectively. The majority of cases had two lateral cortical breaks (83.8%). In addition, the depression occurred mostly in

the anterolateral and posterolateral positions (60.3%) of the lateral tibial plateau.
Conclusion This study did not support the existence of true Schatzker Type III fractures.

Keywords Schatzker III / 3 tibial plateau fracture - Fracture configuration - Interobserver variability - Lateral cortical

break - Pure / lateral depression tibial plateau fracture

Introduction

Tibial plateau fractures comprise of approximately 1-1.2%
of all fractures [1-3] and its incidence is 10.3 per 100,000
people annually [2]. Although there are around 38 clas-
sification systems for tibial plateau fractures described in
literature [4], the 2 most commonly used are the AO/OTA
and Schatzker systems [3, 5] with some authors suggesting
that the Schatzker classification is the most widely adopted
[1,4].

Schatzker first described the six category classification
system for tibial plateau fractures in his original paper pub-
lished in 1974 [6]. Schatzker et al. revisited the classification
system in 1979, based on a series of standard AP and lateral
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X-rays of 94 patients with tibial plateau fractures [7]. In this
original classification system, a type III fracture was defined
as a pure depression of the central articular surface of the
lateral tibial plateau without a lateral wedge and with the
lateral cortex intact.

With the increasing use of CT and MRI scans, it has been
noted that the incidence of type III fractures is much lower
with some authors suggesting that type III fractures may not
exist due to the presence of occult fractures over the lateral
cortex on advanced imaging [8—10]. However, there has not
been any dedicated study to date investigating this claim as
well as to describe the various complex fracture patterns
that may be derived on CT imaging from X-ray identified
type III fractures.

This paper aims to evaluate CT images of Xray-diagnosed
Schatzker III fractures, to see if they truly exist. A secondary
objective is to describe the fracture patterns and how they
contribute to the misclassification of these fractures.
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Fig.1 CT division of lateral plateau into quadrants. A The blue line
dividing the medial and lateral tibial plateaus. The green line (mid
coronal) and orange line (mid sagittal) dividing the lateral tibial pla-

Methods

A multicenter retrospective cohort observational study was
performed. Patients were identified across 5 trauma centers
in the country over a period of 9 years from January 2008 to
February 2017. This research was approved by the national
ethics review board (NHG DSRB Ref: 2016/00741).

Keyword searches were performed on patient data that
was retrieved from each institutions’ digital Pictures Archiv-
ing and Communicating System as well as the online opera-
tive records systems. This method of search ensured that
all patients with tibial plateau fractures who had received
either non-surgical or surgical management, regardless
of initial radiographs or treatment that was performed at
another institution, would be included in the study. A total of
740 patients were identified. All inpatient plain radiographs
and CT scans for these 740 patients were screened by the
first author. Patients with injuries other than tibial plateau
fractures, those with existing hardware or periprosthetic/
peri-implant fractures and those with missing or inadequate
preoperative X-rays or CT imaging were excluded from the
analysis.

The remaining patients’ plain radiographs were then
reviewed by the first author again, and were classified
according to the Schatzker system. Radiographs showing
Schatzker III and equivocal Schatzker II/III fractures were
compiled, randomized and presented to 2 blinded independ-
ent assessors separately, both of whom were fellowship
trained Orthopaedic trauma consultants with at least 5 years
of experience. The assessors reviewed all X-rays and reclas-
sified the tibial plateau fractures according to the Schatzker
classification. Corresponding CT images were then reviewed
on another date and the fractures were reclassified again by
the assessors.

For fractures where either one or both assessors had
classified as type III on plain X-rays and were identified
as type II after CT review, further analysis was performed.
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teau into four equal quadrants. B This case illustrates an anterior posi-
tion of the depressed segment as it is in the anterior half of the lateral
tibial plateau with equal distribution in the AL and AM quadrants

For these cases, the position of the lateral plateau depres-
sion and the point at which the fracture exited the lateral
cortex was noted. An imaginary line was drawn between the
two tibial spines dividing the tibial plateau into the medial
and lateral plateaus as per Kfuri and Schatzker’s description
[11]. Subsequently, the lateral tibial plateau was divided into
equal quadrants. Any fracture depression which had more
than 50% of its largest cross sectional area in the predomi-
nant quadrant was labelled accordingly: anterolateral (AL),
posterolateral (PL), anteromedial (AM) and posteromedial
(PM) (Fig. 1). If the depression was largely lateral to the
mid-sagittal line and had equal representation on the AL and
PL quadrant, it was labelled as ‘lateral’ and if the depression
was largely medial to the mid-sagittal line and was equally
present on the AM and PM quadrants, it was ‘medial’.
Similarly, if the depression was largely anterior to the mid-
coronal line with equal representation on the AM and AL
quadrants, it was ‘anterior’ and if the depression was largely
posterior to the mid-coronal line with equal representation
in the PM and PL quadrants, it was ‘posterior’. If the area
of depression was equally represented in all four quadrants,
it was ‘central’ (Fig. 2). The lateral tibial plateau was also
divided into 12 equal parts to delineate a clock face and the
position of the fracture exiting through the lateral cortex was
noted accordingly (Fig. 3). The fracture lines in the right leg
would exit from the 6 to 12 o’clock positions (i.e. 6, 7, 8, 9,
10, 11, 12) while that in the left leg would exit from the 12
to 6 o’clock positions (i.e. 12, 1,2, 3,4, 5, 6).

Statistical methods

For continuous variables, the descriptive statistics were pre-
sented in frequencies, minimum, maximum, mean [stand-
ard deviation (SD)] and median [interquartile range (IQR)].
Inter-observer reliability was assessed by the kappa correla-
tion coefficient (k) as proposed by Cohen [12]. Interpretation
of kappa coefficients and levels of agreement between asses-
sors were determined by the levels of clinical agreement for
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diagnosis described by McHugh [13]: (x) 0.0-0.20 (none),
0.21-0.39 (minimal), 0.40-0.59 (weak), 0.60-0.79 (moder-
ate), 0.80-0.90 (strong) and > 0.9 (almost perfect).

Results

Out of the 740 patients who were identified during the study
period, 569 tibial plateau fractures in 566 patients were
finally included in the study as depicted in the patient flow
chat (Fig. 4). There were 390 males (68.5%) and 176 females
(31.5%) with an age range from 15 to 99 with a mean age
of 49 (SD 15.3) and median age of 48 (IQR 22) years. The
mean and median age of males was 45 (SD 13.2) and 44
(IQR 17) years, respectively, while that in females was 56
(SD 16.9) and 60 (IQR 23) years, respectively. 116 tibial
plateau fractures were identified as Schatzker III and equivo-
cal for Schatzker II/III by the first author.

The 2 senior assessors then independently analyzed the
plain radiographs of the 116 fractures and classified them
to the Schatzker system. The first assessor identified 47
Schatzker II fractures (40.5%), 66 Schatzker III fractures
(56.9%), 1 Schatzker I fracture (0.862%) and 2 fractures that
were unclassifiable under the Schatzker system (1.72%). The

Fig.2 Examples of the location
of various depressed segments.
A Central, B anterolateral, C
posterior

Fig.3 Clockface description of
fracture lines exiting at the cor-
tex. A The clockface delineating
the pattern of facture lines exit-
ing through the lateral cortex.
Cases illustrating fracture lines,
exiting the 2 and 4 o’clock
positions (B), 10 and 7 o’clock
positions (C), and 2, 4 and 6
o’clock positions (D)

second observer identified 87 Schatzker II (75.0%) and 29
Schatzker III fractures (25.0%) (Table 1). Based on plain
radiograph classification by the 2 assessors, the incidence of
type III fractures in the 569 fractures included in the study
was 11.6% and 5.1% respectively. The Cohen’s kappa (k)
evaluating the inter-observer reliability for X-ray interpreta-
tion suggested minimal agreement (x=0.274).

There were 68 cases that were identified by either one
or both of the assessors to be type III fractures. Of these,
these were 31 males and 37 females with an age range from
20 to 81 with a mean age of 52.4 (SD 15.9) and median age
of 54 (IQR 26) years. Although there were less males than
females, there was no significant difference in the mean and
median age of patients who sustained type III fractures as
compared to the rest of the population.

After review of corresponding CT images of 116 frac-
tures, the assessors independently found the same 10 cases
each, to be equivocal and subsequently reached a consen-
sus for a final classification. Based on CT imaging, the
first assessor identified 110 (94.8%) Schatzker II fractures,
5 Schatzker V fractures (4.31%) and 1 (0.862%) Schatz-
ker I fracture (previously graded as radiographically non-
Schatzker classifiable). The second assessor independently
identified 111 Schatzker II fractures (95.7%) and the same 5
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Fig.4 Patient flow chart

Table1 X-ray and CT
classification Interobserver
difference between assessor 1
and 2
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Patients identified across 5 trauma centers from Jan 2008 to Feb 2017 after keyword search
on digital radiograph viewing platforms and online operative records systems

(N=740)

Patients with knee fractures
identified

(N=725)

Patients with tibial plateau fractures

(N=667)

\4

Patients with tibial plateau fractures
with adequate imaging

(N= 566)

Excluded patients with no fractures identified (N=15)

e No fractures identified on imaging (N=7)
e Severe osteoarthritis of knee (N=6)
e Previous tibial nailing with no fracture (N=1)

e Spontaneous osteonecrosis of knee (N=1)

Excluded patients with injuries other than tibial
plateau fractures (N=58)

e Proximal tibial shaft fractures (N=31)

e |[solated tibial spine fractures (N=11)

e Distal femur fractures (N=8)

e Collateral ligament avulsion fractures (N=2)
e Proximal fibula fractures (N=2)

e Proximal tibio-fibular fractures (N=2)

e Periprosthetic fracture (N=2)

Excluded patients with missing or inadequate imaging
(N=101)

e No pretreatment radiographs (N=59)

e Incomplete pretreatment radiographs (N=9)

e No CT scan and MRI imaging (N=23)

e Only MRl imaging and no CT scan (N=7)

e Incomplete CT scan (N=2)

e CT of inadequate quality for interpretation (N=1)

Patients with bilateral tibial plateau fractures (N=3)

Total number of tibial plateau fractures
identified with adequate imaging

(N=569)

Schatzker type X-ray (N=116) CT (N=116)

Assessor 1 Assessor 2 Assessor 1 Assessor 2

™) (%) ™) (%) ) (%) (V) (%)
1 1 0.9 0 0 1 0.9 0 0
1I 47 40.5 87 75 110 94.8 111 96.7
1 66 56.9 29 25 0 0 0 0
\% 0 0 0 0 5 4.3 5 4.3
Unclassifiable 2 1.7 0 0 0 0 0 0
Kappa (x) 0.274 0.906
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Fig.5 Illustrative cases. Illustrative cases where Schatzker III tibial plateau fractures were identified on plain X-ray but anterolateral/posterolat-
eral cortical breaks (A) and anterolateral/lateral cortical breaks (B) are seen on CT scans

cases of Schatzker V fractures as the first assessor (Table 1).
All previously X-ray classified Schatzker III fractures were
reclassified on review of CT images to Schatzker II by both
assessors independently. Cohen’s kappa (k) of the CT images
suggested almost perfect agreement (x =0.906). Some illus-
trative cases where a type III fracture identified on X-ray
being reclassified to a type II after CT analysis are shown
in Fig. 5.

68 cases were identified where either one or both asses-
sors had classified the fracture as a type III on X-ray and
were subsequently re-classified as type II after CT analy-
sis. All 68 cases were noted to have at least 2 breaks in the
lateral cortex. There were 22 PL (32.4%), 19 AL (27.9%),
9 lateral (13.2%), 2 anterior (2.94%), 3 posterior (4.41%)
and 13 central (19.1%) depressions noted. There were no
AM, PM or medial depressions noted over the lateral tibial
plateau. There were 57 cases with 2 lateral cortical breaks
(83.8%), 7 cases with 3 breaks (10.3%), 1 case with 4 and 5
breaks respectively (1.47% each) and 2 cases with 6 breaks
(2.94%). The majority of all anterior fracture lines (56 out
of 58 or 96.6%) exited from the 10-11 (right limb) and 1-2
(left limb) o’clock positions over the lateral tibial plateau,
while the majority of posterior fracture lines (80 out of 90
or 88.9%) exited at the 7-8 (right limb) and 4-5 (left limb)
o’clock positions. For those PL fractures with only 2 lateral
cortical breaks, the majority of cases (13 out of 19 or 68.4%)
had both cortical breaks exiting posteriorly whereas this was
not the case for AL fractures where only 2 out of 18 cases
(11.1%) had both cortical breaks exiting anteriorly. The sum-
mary of the above findings is presented in Tables 2 and 3.

87.2% of the lateral cortical breaks occurred in the AL
(1-2 and 10-11 o’clock) and PL (4-5 and 7-8 o’clock) posi-
tions while 60.3% of the depressions also occurred in the
AL and PL quadrants of the lateral tibial plateau. For PL
depressed fractures, 69.4% of all cortical breaks occurred
in the 4-5 and 7-8 o’clock positions. 56.4% of cortical
breaks occurred in the 1-2 and 10-11 o’clock positions
in AL depression fractures. In central depressions, 38.9%
of breaks occurred in the 1-2 and 10-11 o’clock positions
while almost a similar number of breaks (41.7%) occurred
in the 4-5 and 7-8 o’clock positions. All cortical breaks in
lateral depressions were found anterolaterally over the 1-2
and 10-11 o’clock positions and posterolaterally over the
4-5 and 7-8 o’clock positions. The summary of these find-
ings is presented in Table 2.

Discussion

The Schatzker classification system for tibial plateau frac-
tures is widely used by orthopedic surgeons to assess the
initial injury, plan management, and predict prognosis [14].
Although Schatzker et al. [7] commented that the incidence
of type III fractures was 36% and the most common fracture
type in their series, there has been evidence that this is much
lower with incidence of type III fractures reported between
3 and 11% of all tibial plateau fractures making them in
fact, among the least common fracture type [15-19]. In our
paper, the plain radiographic incidence of type III fractures
was also low at 11.6% and 5.1%, respectively, as classified
by the two independent assessors, in keeping with existing

@ Springer
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Table 3 Summary of total

X ¢ Number of lateral ~ Cases (N) Breaks over anterolateral Breaks over Breaks over posterolat-
Co.rtlc.al breaks and location of cortical breaks cortex (N) equator (V) eral cortex (N)
exit lines on lateral cortex
Position (0’clock)
12 1lorl 100r2 9or3 8or4 7or5 6
2 57 (83.8%) 1 18 24 3 46 18
3 7 (10.3%) - 4 4 2 5 3
4 1(1.47%) - 1 1 - 1 -
5 1 (1.47%) - 1 - 1 1
6 2 (2.94%) 1 1 2 2 2 2 2
Sub total (N) 2 25 31 8 55 25 10
Total (N) 68 156

literature. Some authors have also commented that pure
depressed lateral tibial plateau fractures may not actually
exist [8-10].

In an MRI analysis of 103 tibial plateau fractures, Gard-
ner et al. [9] found that there was no true Schatzker III frac-
ture in their series. The authors noted that there was often a
fracture line that occurred posteriorly in the sagittal plane of
the MRI scans of previously X-ray classified Schatzker III
type fractures. In a series of 45 tibial plateau fractures where
plain radiographs, 2D and 3D CT images were compared,
Doornberg et al. [8] commented that 3 out of the 6 asses-
sors did not classify any depressed articular fractures of the
lateral plateau as Schatzker type III as they always found
that the lateral cortex was never intact. These fractures had
been classified as type II instead. In a CT analysis of 514
tibial plateau fractures, Hua et al. [20] commented that the
first 200 cases yielded no type III fractures. The authors
commented that only after more data collection and a deeper
understanding of the CT images, did they note that type III
fractures exist but only account for a very small proportion
(4 of 514, 0.78%). In their paper, the authors did not elabo-
rate on the additional data that were collected and how the
CT scans were analyzed for them to derive the incidence of
type III fractures as 0.78% of their series. Our paper is the
first study in literature dedicated to exclusively and methodi-
cally investigate the true occurrence of type III fractures.

In our study of 569 tibial plateau fractures, we found no
fractures with a pure depression of the lateral tibial plateau.
In the CT analysis of all the fractures determined as Schatz-
ker III type on plain radiographs, there was always a fracture
line propagating from the depressed fragment that extended
to the lateral cortex. Albeit this fracture extension not being
clearly seen in 10 cases, with careful review by the assessors,
these fracture lines were more accurately detected on the CT
axial cuts. Tibial plateau fractures occurred most commonly
over the AL and PL quadrants (60.3%) followed by central
depressions (19.1%). PL depressed fractures had majority
(69.4%) of the cortical breaks occurring at the PL position
(4-5 and 7-8 o’clock) while AL depressed fracture had most

(56.4%) of that occurring at the AL position (1-2 and 10-11
o’clock). The occurrence of AL and PL positions of cortical
breaks were almost similar in centrally depressed fractures.
We hypothesize that it is because the majority of fracture
lines occur in planes diagonal to the pure coronal or sagittal
planes, that they are not apparent on plain radiographs and
are best appreciated only on CT axial cuts. This is in con-
tradistinction to the MRI findings in Gardner et al.’s study
which were described in the sagittal plane [9].

Some authors subclassify type III fractures into those
with a lateral tibial plateau depression (type IIIA) and those
with a central depression (type I1IB) [14, 21]. The AO/
OTA classification has also subdivided depressed lateral
tibial plateau fractures (41B2.1) as having qualifications of
being either AL, PL or central based on the quadrants stipu-
lated by Kfuri et al. [11, 22]. In our series, we did not find
any depression that was in the AM, PM or medial zones as
defined in our paper suggesting that true centrally depressed
fractures as stated by AO/OTA and other authors may not
exist.

Though having its limitations, the popularity of the use
of the Schatzker system is attributed by its familiarity and
ease of use [1, 3]. A major limitation of the Schatzker clas-
sification is that it only addresses fracture lines in the sagit-
tal plane [1]. CT has become the standard for pre-operative
evaluation of tibial plateau fractures due to the need for
accurate assessment of fracture displacement and depression
which otherwise could frequently be misrepresented on plain
radiographs [14]. The addition of 2D and 3D CT reconstruc-
tions have helped further improve inter-observer reliability
of the Schatzker system, with kappa coefficients of up to
0.75 and 0.85 respectively [1, 3]. Literature also suggests
that the Schatzker fracture classification, treatment plans and
surgical approaches were changed with the addition of CT
as compared to plain radiographs [8, 23, 24]. Our data are
in keeping with existing evidence [4] that the interobserver
reliability increases significantly when using CTs (xk=0.906)
as compared to only using X-rays (k=0.274).
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The Schatzker classification was originally described
based on plain radiographs. The increasing use of CT scans
with three-dimensional reconstruction to classify fracture
patterns introduces additional information into a system
which was not developed for such [4]. Thus it is important
to consider this when attempting to classify a tibial plateau
fracture using the Schatzker system on a CT scan. This cri-
tique applies to our paper as well. However according to
Schatzker’s original definition of a type III fracture which
is that of a pure depression of the lateral tibial plateau with
the lateral cortex intact, the use of CT imaging has proven
that this type of fracture may not exist. Luo et al. [25],
Chang et al. [26] and Krause et al. [27], more recently, have
introduced their own CT classification systems which allow
assessment of fractures in the axial plane which was previ-
ously not possible using plain radiographs. Acknowledging
the drawbacks of plain X-rays and the original Schatzker
classification system, Kfuri and Schatzker [11] revisited this
and using additional information from CT scans, extended
the original Schatzker system to add the third dimension
to appreciate the architecture of the fracture and its spatial
topography. However, the authors continue to mention that
the extended system allows for pure depressed fractures to
be identified by its precise location and if the rim is intact,
presuming that such fractures exist.

Most authors recommend that in pure joint depressed
fractures, the intact rim does not allow direct exposure
and visualizing of the depressed fragments. Reduction is,
therefore, achieved indirectly via instruments introduced
to elevate the depressed segment through the creation of a
metaphyseal window, and a buttress plate is often not neces-
sary as the intact rim buttresses against further displacement
[11, 28]. Our series shows that there is a lateral cortical
break in all type III fractures and theoretically, this window
can be used to access the main depressed fragment. How-
ever, we note that the majority of the breaks (57.7%) were
in the posterolateral cortex where many surgeons would
not choose to create their metaphyseal window due to the
access difficulties arising from the fibula. Many of the lateral
cortical breaks we noted on CT scans were also small and
undisplaced which may not change the approach of fixation.
Although our paper provides new information on Schatzker
III fractures, further research is required to conclude if sur-
gical strategies may change based on this new information.

Our large series is the first study to investigate the true
occurrence of type III tibial plateau fractures. Scans were
independently assessed by two experienced surgeons and
a high degree of concordance was achieved. A drawback
of this paper was that although the two assessors were
independent for most part of the assessment, the equivocal
nature of some CT scans required them to reach a consen-
sus for a final accurate classification. Although this could
have been overcome by higher quality CT and finer cuts, we

@ Springer

were constrained by the retrospective nature of the study.
Additionally, further research based on the complex fracture
patterns brought to light from the results of this study, may
need to be conducted to derive if this new information would
clinically change surgical approach and management of type
III fractures.

This study has shown that there is always a lateral corti-
cal break seen on CT scans in all X-ray classified Schatzker
III type fractures thus converting them by definition, to a
Schatzker II type fracture. We found no true Schatzker III
type fracture, suggesting that such fractures may not exist.
The majority of our depressed fractures were located over
the AL and PL quadrant of the lateral plateau and the cor-
responding lateral cortical breaks noted were over the AL
and PL positions respectively. Despite this new CT informa-
tion distinguishing type III to II fractures, further research is
required to conclude if surgical strategies may change based
on this new information.
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