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ABBREVIATIONS
AO: Arbeitsgemeinschaft für Osteosynthesefragen; ASIF: 

Association for the study of Internal Fixation

INTRODUCTION
Considering the severity of any fracture, every fracture 

classification has to provide a basis for decision making of 
treatment and for evaluation of the achieved results. It should be 
reliable and valid. 

Tibial plateau fractures have a great variability and 
complexity. Three systems are commonly used for classification of 
tibial plateau fractures: the classification according AO / ASIF [1], 

the Moore classification [2], and the Schatzker classification [3]. 
There exist only a few studies about the inter- and intraobserver 
reliability of the AO / ASIF and the Schatzker classification [3,4]. 
To our knowledge only two studies inform about the reliabilty of 
the Moore classification [5,6]. 

The interobserver agreement and the intraobserver 
reproducibility of different classification systems are determiend 
for numerous fractures, such as fractures of the proximal femur, 
distal tibia, ankles, calcaneus, or proximal humerus [7-14].

Only fair to poor inter- and intraobserver reliability of the 
Neer and AO / ASIF classification for proximal humerus fractures 
is reported by [14]. Thus, the comparability of different clinical 
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Abstract

The AO / ASIF classification of tibial plateau fractures is based on radiographic 
morphological criteria, the classification according to Moore considers also functional 
criteria. The aim of this study was to compare the interobserver reliability and the 
intraobserver reproducibility of both calssification systems. 

Plain film radiographs and computed tomographs of 25 tibial plateau fractures 
were presented to 16 observers. There were three groups of observers with regard 
to their clinical expertise. Assessments were repeated 3 months later. The inter- and 
intraobserver reliability were evaluated by the kappa coefficients.

The interobserver reliability and the intraobserver reproducibility for both 
classification systems showed only fair to moderate agreement with kappa values 
ranged between 0.17 and 0.46. There were no considerably differences between 
the two classification systems. The experience of the observers did not influence the 
agreement at all. Even special training of the low experienced observers before the 
second assessment could not improve the interobserver agreement. 

Reliability of the AO / ASIF and Moore classifications for tibial plateau fracture is 
challenging. Tibial plateau fractures are difficult to classify. Additional criteria have to 
be developed for reliable and reproducible classification. The results of clinical studies 
about tibial plateau fractures have to be analysed critically.
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studies is called into question especially according to the 
achieved results. 

The aim of this study was to ascertain and compare the inter- 
and intraobserver reliability of the two classifications for tibial 
plateau fractures commonly used in our daily clinical practice: 
the AO / ASIF and the Moore classification. Furthermore, we 
wanted to check if the results were depended on the oberserver´s 
level of professional experience. 

MATERIAL AND METHODS

Classification systems

The AO / ASIF classification of tibial plateau fractures is 
based on radiographic morphological criteria [1]. Type-A-
fractures comprise fractures in the extraarticular segment. 
Type-B-fractures are incomplete articular fractures, whereas 
type-C-fractures are complete articular fractures presenting 
a metaphyseal fracture line as well as an involvement of the 
articular surface. The details of the classification consisting of 
three fracture types and each with three groups are shown in 
Figure 1.

The classification according to Moore considers also clinical 
functional criteria, such as the injury mechanism [2]. “Fracture-
dislocations” are distinguished from “stable” plateau fractures. 
“Fracture-dislocations” are generally unstable fractures and 
associated with a ligamentous injury. Thus, the preoperative 
appraisal of expected ligamentous, neuro-vascular or meniscal 
injuries of the knee joint will be possible. About 10-15% of all 
tibial plateau fractures are “fracture dislocations” and 85-90% 
is classified as stable plateau fractures. The latter fractures 
can present as cleavage fracture, pure depression fracture, 
combination of cleavage fracture and depression, or as bicondylar 
fracture. The bicondylar plateau fracture can be distinguished 
from the Moore fracture of type-5 by the absence of an additional 
eminentia fragment. The five types of “fracture-dislocations” 
according to Moore are summarized in Figure 2.

Data records and observes

Ninety-one patients were treated for a tibial plateau 
fracture over a period of three years. The complete data sets of 
preoperative plain film radiographs and multidirectional, two-
dimensional computed tomographs (CT) were available in 25 
cases. The multidirectional CT-scans included two-dimensional 
axial, coronal, and sagittal views of the complete tibial plateau 
with slice thickness of 2 mm. 

The data sets were admitted to 16 observers. There were 
three groups of observers with different professional experience. 
The observers of group I (n = 6) were senior consultants with a 
professional expertise in orthopaedic and trauma surgery of more 
than 15 years. We selected intentionally senior consultants from 
surrounding hospitals. All of them were heads of the department 
of traumatology and orthopaedic surgery. The observers of group 
II (n = 5) were senior registrars with a professional expertise of 
6 to 10 years, whereas the observers of group III (n = 5) were 
fellows of the training program in trauma and orthopaedic 
surgery with a one to five year experience. 

The data sets were admitted again to the observers after three 

Figure 1 AO / ASIF classification of tibial plateau fractures.

Figure 2 Moore classification of fracture-dislocations of the tibial 
plateau; Type I: coronal split fracture of the medial tibial plateau; Type 
II: entire condyle; Type III: rim avulsion; Type IV: rim compression; 
Type V: four-part fracture.

months. To eleminate the factor of recognition, the sequence of 
the data sets was modified. The observers should evaluate the 
tibial plateau fractures and classify accroding to the AO / ASIF 
criteria. There were nine options of classification concerning 
the categorization in one of the fracture type (A-C) and one of 
the groups (1-3). Additional classification according to Moore 
(type 1-5) should be performed, when a “fracture-dislocation” 
was assumed. The fellows of group III received a special training 
with instructions about the two classification systems for tibial 
plateau fractures after threen months immediately before the 
second evaluation.
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Statistical analysis

Statistical analysis of the data obtained was performed using 
the software 2004 SAS 9.1.3 (SAS Institute Inc. Carry, NC, USA). For 
inter- and intraobserver reliabilities, the kappa statistic function 
were used measuring kappa values to describe the agreement 
between observers while correcting for the proportion that may 
have occurred by chance alone. A kappa value of 0 represented 
agreement by chance alone while kappa value of 1 implied 
a perfect agreement. Kappa values were interpreted using 
guidelines proposed by [15]. Values > 0.8 indicated excellent, 
0.61 – 0.8 good, 0.41 – 0.6 moderate, 0.21 – 0.4 fair, and ≤ 0.2 poor 
reliability. The mean kappa values of every possible matched 
pair between and within the individual observer groups were 
obtained according to the method described by [16].

All of the 25 patients where the complete data sets of the plain 
films and CT-scans could be obtained, were informed, that their 
data would be submitted for publication, and gave their consent. 

The study design was presented at the Institutional Ethical 
Board and the approval was given.

RESULTS AND DISCUSSION

Results

Interobserver reliability: The interobserver reliability of all 
observers revealed a kappa value of 0.29 and 0.34, respectively, 
at the two dates of data collection for the AO / ASIF classification. 
The kappa value was 0.23 and 0.31, respectively, for the Moore 
classification. In both classification systems, on average two 
fractures (8%) could not be classified by at least one of the 
observers. The interoberserver kappa values within the different 
observer groups at the two assessment dates are shown in 
Table 1. We found only fair results. The values improved at the 
second assessment after three months, but the difference were 
not significant. The values were similar for both classification 
systems. It was noticeable, that the low experienced group 

(group III) presented worse results for the Moore classification, 
but the difference was also not significant. The fact of a special 
training grogram for the fellows of group III immediately before 
the second assessment date provided only insignificantly better 
results for the AO / ASIF as well as for the Moore classification. 
Evaluation of the interobserver kappa values by comparing pairs 
of the observer groups at the two assessment dates showed that 
the highest agreement was between group I and group III (0.41)  
for the AO / ASIF classification. Altogether, the results have to be 
rated as fair to moderate presenting kappa values of 0.2 to 0.41 
(Table 2).

Intraobserver reliability: The highest intraobserver kappa 
values were seen in group II (senior registrars) for the Moore 
classification. The lowest kappa value has to be observed in 
group III (fellows) for the AO / ASIF classification (Table 3).

Discussion

The aim of every fracture classification is to offer helpful 
guidelines to the clinician. The communication about the 
fracture`s severity, the prognostic value and the comparability of 
the achieved results should be provided. The two classification 
systems for tibial plateau fractures evaluated in the presented 
study were chosen because they are the ones that are mostly 
used in our clinical practice. By review of the literature there exist 
only two studies about the reliability of the Moore classification 
with different findings [5,6]. The kappa values for interobserver 
reliability range from 0.14 to 0.64 [5,6]. 

In our series, the kappa values of the inter- and intraobserver 
reliabilities showed only fair agreements for the AO / ASIF - as 
well as the Moore classification. Superiority of any of these two 
classification systems cloud not be seen. 

It is well accepted that CT scan are better than plain film 
radiographs for analysing and classifying tibial plateau fractures 
[6,17]. It could demonstrated by [6] that three-dimensional CT 
scans in comparison with two-dimensional CT scans did not 

Group Classification

AO / ASIF Moore

T1 T2 T1 T2

I 0.31 0.40 0.17 0.35

II 0.23 0.19 0.27 0.26

III 0.30 0.36 0.19 0.25

Table 1: Interobserver kappa values within the different observer groups at the two assessment dates.

Abbreviations: I: consultants; II: senior registrars; III: fellows; AO: Arbeitsgemeinschaft für Osteosynthesefragen; ASIF: Association for the study of 
Internal Fixation; T1: first assessment; T2: second assessment after 3 months

Pairs / group Classification

AO / ASIF Moore

T1 T2 T1 T2

I versus II 0.29 0.33 0.27 0.33

I versus III 0.33 0.41 0.20 0.31

II versus III 0.26 0.30 0.25 0.31

Table 2: Analysis of the interobserver kappa values for pairs at the two assessment dates.

Abbreviations: I: consultants; II: senior registrars; III: fellows; AO: Arbeitsgemeinschaft für Osteosynthesefragen; ASIF: Association for the study of 
Internal Fixation; T1: first assessment; T2: second assessment after 3 months
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significantly improve the inter- and intraobserver reliability 
for characterization of tibial plateau fractures. Therefore, we 
chose for our study a complete set of two-dimensional CT scans 
including coronal, axial, and sagittal views. We did not put any 
time limit for appraisal of the complete data sets.

To ensure the external validity of the study and generalizability 
of the results we selected intentionally consultants from other 
hospitals representing one group of the observers. 

There exist different statements in the literature about 
the impact of the professional expertise level on the inter- and 
intraobserver reliability for fracture classification. The significant 
impact of professional expertise on the intraobserver agreement 
is proved for certain fractures, such as distal radial fractures 
in childhood or proximal humeral fractures [12,13,18]. But 
the most studies state no significant impact of the professional 
experience on the inter- and intraobserver reliability, especially 
for classification of tibial plateau fractures [3,4,6,14,17,19,20]. 
This is in agreement with the findings in our study. Even special 
classification training of the low experienced observers before 
the second assessment could not significantly improve the 
intraobserver reliability. Further studies are intended to analyse 
if such an additional training of the experienced observers could 
maybe improve their intraobserver reliability.

The AO / ASIF – as well as the Moore classification for tibial 
plateau fractures showed only fair results for the inter- and 
intraobserver reliability. Is is reasonable to believe that the 
reliability of any fracture classification will improve in the clinical 
setting, where any information about the patient and the injury 
mechanism are available. This may be the reason for the minimal, 
but not significantly worse results for the Moore classification, 
which is based substantially on the injury mechanism. 

Recent classification systems for tibial plateau fracture could 
not improve the reliability [4,21]. The classifications systems 
described by [4] and by [21] based on a three columns theory 
were not able to fulfil the expectations concerning good reliability 
values. 

Reliability of classification of tibial plateau fractures is 
very dfficult to achieve. Classification systems have to be as 
simple as possible to obtain a high interobserver reliability and 
intraobserver reproducibility [19,20]. But it seems to be obvious, 
that the complexity of tibial plateau fractures does not allow a 
simple categorization. 

This has to be taken into consideration when analysing the 
results of clinical studies about tibial plateau fractures. The 

Observer group Classification

AO / ASIF Moore

all 0.40 0.42

I 0.38 0.33

II 0.37 0.46

III 0.20 0.29

Table 3: Intraobserver kappa values between the two assessment dates.

Abbreviations: I: consultants; II: senior registrars; III: fellows; AO: 
Arbeitsgemeinschaft für Osteosynthesefragen; ASIF: Association for the 
study of Internal Fixation

comparability of clinical studies about tibial plateau fractures has 
to be questioned. 

It is suggested, that new classification systems should 
combine the morphologic criteria of the AO-classification (i.e. 
extra-, partial intra- and completely intraarticular) with the 
clinically based criteria of the Moore-classification. The choice 
of the applied fixation method should also follow from the 
classification of tibial plateau fractures. For example, it seems 
to crucial in cases of intraarticular bicondylar fractures, if there 
is an additional central  eminentia fragment, or the existence of 
a typical dorso-medial fragment, which requires an additional 
dorso-medial buttress plate. Thus, additional criteria have to be 
developed for reliable and reproducible classification of tibial 
plateau fractures. 
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