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Poor reliability and reproducibility of 3 different radio-
graphical classification systems for distal ulna fractures
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Background and purpose — Classification of fractures 
can be valuable for research purposes but also in clinical 
work. Especially with rare fractures, such as distal ulna frac-
tures, a treatment algorithm based on a classification can be 
helpful. We compared 3 different classification systems of 
distal ulna fractures and investigated their reliability and 
reproducibility.

Patients and methods — patients with 97 fractures of 
the distal ulna, excluding the ulnar styloid, were included. 
All fractures were independently classified by 3 observers 
according to the classification by Biyani, AO/OTA 2007, and 
AO/OTA 2018. The classification process was repeated after 
a minimum of 3 weeks. We used Kappa value analysis to 
determine inter- and intra-rater agreement.

Results — The inter-rater agreement of the AO/OTA 
2007 classification was judged as fair, ĸ 0.40, whereas the 
agreement of AO/OTA 2018 and Biyani was moderate at ĸ 
0.42 and 0.43 respectively. The intra-rater agreement was 
judged as moderate for all classifications.

Interpretation — The differences between the classifica-
tions were small and the overall impression was that neither 
of them was good enough to be of substantial clinical value. 
The Biyani classification, being developed specifically for 
distal ulna fractures, was the easiest and most fitting for the 
fracture patterns seen in our material, but lacking options for 
fractures of the distal diaphysis. Standard radiographs were 
considered insufficient for an accurate classification. A better 
radiographic method combined with a revised classification 
might improve accuracy, reliability, and reproducibility.

Falling on an outstretched arm with an extended wrist is the 
typical trauma causing a distal radius fracture. More rarely 
it also results in a fracture of the distal ulna. The incidence 
of distal ulna fractures, with or without a concomitant radius 
fracture, is 74/100,000 person-years (1). Metaphyseal frac-
tures of the distal ulna can be found in 6–8 % of distal radius 
fractures (2,3). While a lot of research has focused on the treat-
ment of distal radius fractures, there has been much less inter-
est in distal ulna fractures. The recently published Swedish 
national guidelines for treatment of distal radius fractures con-
cluded that there is not enough evidence to make recommen-
dations on treatment of associated distal ulna fractures (4). 
Patients with concomitant distal radius and ulna fractures have 
been found to score a substantially higher DASH (score 20 for 
surgically treated and 25 for non-surgically treated) compared 
with patients with only a distal radius fracture (score 9) (5). In 
a previous study we found that most extra-articular distal ulna 
fractures seem to be best treated without internal fixation (6).

Classification of fractures can be valuable for research pur-
poses, but for a classification to be clinically relevant and 
routinely used it should preferably help to guide the clinician 
in choosing the accurate treatment for a specific fracture. An 
accurate classification should therefore be both reliable and 
reproducible, meaning that different users achieve the same 
result and that the result does not change over time. It should 
also be all-inclusive and not leave any fractures unclassified, 
as this will reduce its possible clinical value. The most well-
known and extensive classification of fractures of the long 
bones was developed by Müller and collaborators in 1990 (7). 
This formed the base for the widely used classification pro-
duced by the Arbeitsgemeinschaft für Osteosynthesefragen 
(AO) Foundation/Orthopaedic Trauma Association (OTA), 
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published as a compendium to the Journal of Orthopaedic 
Trauma (JOT) in 1996 (7). This classification has since then 
been revised and improved, most recently in 2007 and 2018. 
Not many other classification systems have been developed 
specifically for distal ulna fractures, with the exception of the 
classification published by Biyani and colleagues in 1995 (2).

We compared 3 different classification systems of distal ulna 
fractures and investigated their reliability and reproducibility. 

Patients and methods

Data from all patients in Östergötland county, with a popu-
lation of approximately 465,000 inhabitants, treated for a 
fracture of the distal ulna, isolated or in combination with a 
fracture of the distal radius, 2010–2014, was collected. All 
patients who had visited 1 of the 3 orthopedic departments in 
the area (Linköping University Hospital, Vrinnevi Hospital of 
Norrköping, and the Hospital of Motala) received an ICD-10 
diagnostic code in the digital journal system. In 2015 we 
searched the central database for all codes of a distal forearm 
fracture (S52.50, S52.51, S52.60, S52.61, S52.20, S52.21, 
S52.80, S52.81) during 2010–2012 and in 2019 we extended 
the search to also include fractures sustained during 2013 and 
2014. The radiographs of all patients who had received one 
of these codes were screened by one of the authors (MM), 
who was not going to be an observer, in the digital radiology 
system PACS/IDS7 to identify all who had suffered a fracture 
of the distal third of the ulna during the defined time period. 
Patients under the age of 18 and those who had sustained a 
fracture of the ulnar styloid tip only (with or without a con-
comitant distal radius fracture) were excluded from the study, 
as well as patients who were deceased or had emigrated from 
Sweden. Of 191 possible distal ulna fractures, 96 patients with 
97 fractures were included.

All fractures were diagnosed by initial plain radiographs 
taken with an anteroposterior (AP) and a lateral projection. 
These images were used for classification by 3 observers with 
experience of examining wrist radiographs: 2 senior specialists 
in radiology (JK and TP) and 1 senior orthopedic surgeon (LA). 
Observer 1 had been a specialist in radiology for 36 years, but 

for the last 5 years had been partly retired from clinical work. 
Observer 2 had been a specialist in radiology for 25 years and 
with a special interest in skeleton radiology. Observer 3, the 
orthopedic surgeon, was specialized in upper extremity sur-
gery and had been a specialist for 30 years. Classification was 
performed according to the 2018 AO/OTA classification (8), 
the 2007 AO/OTA classification (7), and the classification by 
Biyani et al. (2). Classification was performed independently 
by the 3 observers, and all 97 fractures were classified accord-
ing to the 3 different classification systems. The observers had 
never used these classifications on a regular basis. They were 
all provided with the same text and pictures describing the dif-
ferent classification systems and for the 2018 AO/OTA classi-
fication they could also use the AO/OTA classification applica-
tion for smartphones (9). The classification was repeated after 
a minimum of 3 weeks by all 3 observers.

Classifications
The Biyani classification was developed in 1995 for fractures 
of the distal ulna associated with distal radius fractures, with 
or without associated fractures of the ulnar styloid. This was 
based on a radiographic review of 19 fractures of the distal 
radius and ulna. It divides the distal ulna fractures into 4 dif-
ferent fracture patterns, named types 1–4 (2) (Figure 1).

In the original AO classification, distal ulna fractures associ-
ated with distal radius fractures were classified with a Q modi-
fier. There were 6 different Q classes, of which Q1 referred to 
styloid fractures (7). The AO and OTA classification commit-
tee revised the classification in 2007 and also in 2018. In the 
latest review it had become evident that it was more accurate 
to separately code radius and ulna fractures (8). The distal seg-
ment of the ulna was now classified as 2U3 followed by A 
for extra-articular, B for partial articular, and C for complete 
articular fractures. 2U3A was further subdivided into 1 for sty-
loid process (subdivided into (1) tip and (2) base), 2 for simple 
(subdivided into (1) spiral, (2) oblique, and (3) transverse) and 
3 for multifragmentary. This means that there are 8 possible 
fracture classes of distal ulna fractures. There are also univer-
sal modifiers that can be added to the end of the fracture code, 
for example impaction or dislocation (8). The AO/OTA clas-
sifications can be seen in Figures 2 and 3. 

	 1	 2	 3	 4

Figure 1. Classification by Biyani et al. 1995 (2).
	 Q1	 Q2	 Q3	 Q4	 Q5	 Q6

Figure 2. AO/OTA classification 2007 (7).
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Both the Biyani classification and AO/OTA 2007 were 
constructed for concomitant distal radius and ulna fractures. 
Despite this fact we chose to include isolated distal ulna frac-
tures because the AO/OTA 2018 includes all distal ulna frac-
tures, stating that it is more accurate to classify ulnar fractures 
separately. The Biyani classification was based on metaphy-
seal fractures of the distal ulna. Since we found that distal 
diaphyseal fractures occasionally also engage the metaphysis 
and that these fractures are included in the other systems we 
chose to include the Biyani classification because the investi-
gation comprised fractures of the distal third of ulna.

Statistics
Kappa value analysis was used to determine inter- and intra-
rater agreement: 0 (less agreement than is expected by chance 
alone) to 1 (perfect agreement) (10). To interpret the ĸ values 
we used the criteria of Landis and Koch: ≤ 0.2, slight agree-
ment; 0.21–0.40, fair agreement; 0.41–0.60, moderate agree-
ment; 0.61–0.80, substantial agreement; and ≥ 0.81, almost 
perfect agreement (11). Intra-rater agreement was calculated 
for each observer. From these ĸ values a mean was calculated 
for each classification system. Statistical analysis was per-
formed using IBM SPSS Statistics 27 (IBM Corp, Armonk, 
NY, USA).

Ethics, funding, and potential conflicts of interest
The study protocol was reviewed and approved by the Regional 
Ethical Review Board (Dnr 2014/200-31) and informed con-

	2U3A1.1 	 2U3A1.2	 2U3A2.1	 2U3A2.2	 2U3A2.3	 2U3A3	 2U3B	 2U3C

Figure 3. AO/OTA classification 2018 (8).

Figure 4. Example of distal ulna fracture 
difficult to classify.

Table 1. Inter-rater agreement of AO/OTA 2007

AO/OTA 2007	 Observers	 Kappa	 Agreement

First examination	 1 vs. 2	 0.55	 Moderate
	 1 vs. 3	 0.32	 Fair
	 2 vs. 3	 0.39	 Fair
	 Mean	 0.42	 Moderate
Second examination	 1 vs. 2	 0.43	 Moderate
	 1 vs. 3	 0.26	 Fair
	 2 vs. 3	 0.45	 Moderate
	 Mean	 0.38	 Fair
Total	 Mean	 0.40	 Fair

Table 2. Inter-rater agreement of AO/OTA 2018

AO/OTA 2018	 Observers	 Kappa	 Agreement

First examination	 1 vs. 2	 0.54	 Moderate
	 1 vs. 3	 0.36	 Fair
	 2 vs. 3	 0.35	 Fair
	 Mean	 0.42	 Moderate
Second examination	 1 vs. 2	 0.46	 Moderate
	 1 vs. 3	 0.44	 Moderate
	 2 vs. 3	 0.40	 Fair
	 Mean	 0.43	 Moderate
Total 	 Mean	 0.42	 Moderate

sent from all patients participating in this study was obtained. 
The authors received no financial support, and declare no con-
flicts of interest.

Results

The mean age at the time of injury was 63 years (SD 15) and 
79 patients out of 96 were women. 1 patient had bilateral 
distal ulna fractures, and both fractures were included in the 
study. The total mean ĸ value of the AO/OTA 2007 classifica-
tion was fair, ĸ 0.40, whereas the agreement of AO/OTA 2018 
and Biyani was moderate at ĸ 0.42 and 0.43 respectively. The 
intra-rater agreement was moderate for all classifications. The 
intra-rater agreement was fair for observer 1, moderate for 
observer 2, and substantial for observer 3 (Tables 1–4).

One type of fracture was considered impossible to fit into 
either classification system. This was a fracture of a 1.5 cm long 
fragment of the ulnar border including the styloid (Figure 4).

In the AO/OTA 2007 classification a quite common dis-
agreement between the observers was between Q2 and Q6, 
where no clear anatomical landmark can separate the 2 classes. 
In the Biyani classification the observers noted that a problem 
was that there was no option for a fracture extending into the 
distal diaphysis. The combination of a subcapitular fracture 
of the ulna in combination with a fracture of the ulnar sty-
loid was common. This combination could be found in Biyani 
but not in the 2 AO classifications. In the AO/OTA 2018 the 
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class 2U3A2.1, spiral fractures, and isolated partial articular 
fracture, 2U3B, were particularly difficult to identify with the 
radiographs to hand.

Discussion

To our knowledge there have been no previous investigations 
of reliability and reproducibility of different classifications of 
distal ulna fractures. When assessing the reliability and repro-
ducibility of the AO/OTA 2018 classification compared with 
the previous AO/OTA 2007 and Neers classification for proxi-
mal humeral fractures a substantial mean inter- and intra-rater 
agreement was seen for the AO/OTA 2018 system. The inter-
rater agreement was substantially higher for the AO/OTA 
2018 compared with the AO/OTA 2007 classification (12).

None of the classifications for distal ulna fractures showed 
an impressive result of inter- or intra-rater agreement. The 
differences between the 3 systems were small and the overall 
impression was that none of them was good enough to be of 
substantial clinical value. Both the Biyani and the 2007 AO/
OTA classifications are constructed for distal ulna fractures 
associated with distal radius fractures. Despite this we chose 
to include isolated ulna fractures in our material since these 
are not separated in the 2018 AO classification and the other 
two systems have no classification for isolated fractures. The 
AO/OTA 2007 and the AO/OTA 2018 were developed to 
have the same structure for all the long bones of the body, 
and they do not consider how the ulna is commonly frac-
tured. This might be the reason why there was no optimal 
option for several fractures found in our material, such as for 
example fractures of the metaphysis combined with styloid 
fractures. The Biyani classification on the other hand was 
developed by examining the fracture patterns of the ulna in 
a number of distal forearm fractures. This system, however, 
was based on only a small number of fractures and all classes 
are very distal, in the epi-/metaphysis. With the Biyani clas-
sification the main problem is that fractures involving the 
distal diaphysis are lacking, perhaps because they are not as 
common in conjunction with distal radius fractures. The AO/

OTA 2018 classification is extensive and complex compared 
with the other 2 classifications. This makes it difficult to use, 
since implementation takes time to learn. It also includes 
universal modifiers, such as for example impaction or dislo-
cation. This makes the different options for classes extensive 
and harder to handle. For this reason we chose not to include 
the modifiers in this comparison. The importance of classify-
ing the ulna fracture as located in the metaphysis or diaphy-
sis is not specified in either of the classifications and is up to 
the examiner. We chose to use the classifications slightly out-
side their original intention. AO/OTA 2007 was not designed 
for isolated distal ulna fractures and the Biyani classification 
not for fractures of the distal diaphysis. The reason we chose 
to adapt these classification systems to our material was that 
the AO/OTA 2018 is the newest of the classification systems 
and covers both these aspects and that our material is a large 
cohort of fractures representative of distal ulna fractures as 
a whole (6). This decision could, however, have an impact 
on the result where fractures did not fit into the specified 
classes. We consider this to be valuable information as we 
believe a classification of a rare fracture, such as distal ulna 
fracture, should comprise all the commonly existing fracture 
patterns. 

The intra-rater agreement showed considerable differences 
between the observers. We chose observers who had worked 
for a long time in their respective field because we believed 
that classification might be a difficult process and requires that 
the observers have a great deal of experience in examining 
radiographs. The orthopedic surgeon’s (observer 3) overall 
classification showed a substantial reproducibility. This might 
be due to his special interest in fractures of the upper limb 
but also to him being more used to using different classifica-
tion systems for other orthopedic injuries and being used to 
the AO/OTA system. The radiologists had a moderate and fair 
intra-rater agreement respectively. The radiologist who was 
more specialized in skeleton radiology (observer 2) had the 
better result, possibly because of examining more radiographs 
of the wrist in his day-to-day work. None of the observers 

Table 4. Intra-rater agreement of the classification systems

	 Observers	 Kappa	 Agreement

AO/OTA 2007	 1	 0.28	 Fair
	 2	 0.65	 Substantial
	 3	 0.65	 Substantial
	 Mean	 0.53	 Moderate
AO/OTA 2018	 1	 0.38	 Fair
	 2	 0.52	 Moderate
	 3	 0.66	 Substantial
	 Mean	 0.52	 Moderate
Biyani	 1	 0.42	 Moderate
	 2	 0.64	 Substantial
	 3	 0.68	 Substantial
	 Mean	 0.58	 Moderate

Table 3. Inter-rater agreement of Biyani 

Biyani	 Observers	 Kappa	 Agreement

First examination	 1 vs. 2	 0.51	 Moderate
	 1 vs. 3	 0.43	 Moderate
	 2 vs. 3	 0.51	 Moderate
	 Mean	 0.49	 Moderate
Second examination	 1 vs. 2	 0.30	 Fair
	 1 vs. 3	 0.25	 Fair
	 2 vs. 3	 0.53	 Moderate
	 Mean	 0.36	 Fair
Total	 Mean	 0.43	 Moderate
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had used these classifications before this study. It could be 
considered a weakness of this study that the intra-rater agree-
ment varied for the 3 observers, although for a classification to 
be of value it should have high reproducibility for all observ-
ers intended to use it, for example radiologists and orthopedic 
surgeons. Considering this, maybe more observers should be 
used in future studies and observers of different experience 
within these specialties. We could not see that there was any 
improvement in the inter-rater agreement between the first 
and the second examination but results might improve with 
training. However, if a classification were to be used in their 
daily work by radiologists examining unselected radiographs 
referred from the ER, they could not be expected to have spe-
cial training in a certain fracture classification.

The radiographs used for the classifications were performed 
with the aim of finding fractures after trauma to the wrist. 
Only in a very small number of cases was there a suspicion 
of a more proximal injury, thus pictures of the whole forearm 
were few. The standard examination of the wrist includes an 
anteroposterior and a lateral projection where the radius should 
constitute the dorsal contour. In the 2018 AO/OTA classifica-
tion oblique radiographs are also recommended, but this was 
not routinely done in the radiology departments involved in 
this study. When examining the original radiologists’ reports, 
associated radius fractures almost always dominate the text, 
and the ulna fractures are only sparsely described. The ulna 
is in most cases projected behind the radius in the lateral pro-
jection and because it is common with more or less dorsal 
angulation of the fractures the verdict on whether or not the 
distal ulna fracture is intra- or extra-articular was difficult 
for the observers. Even though the classifications are made 
for plain radiographs, this is perhaps not sufficient for distal 
ulna fractures, or the AP and lateral views should be comple-
mented with oblique views. Alternatively, computed tomogra-
phy (CT), or cone beam CT (CBCT) if available, would show 
more details of the fracture’s exact location and extensions. 
This would possibly make the classification more accurate. 
CBCT, originally used in orthodontics, has a higher spatial 
resolution than conventional CT and utilizes a lower radia-
tion dose, comparable to that of 2–3 plain radiographs (13). 
Better imaging, as through a CT, could possibly improve the 
inter- and intra-rater agreement and, even more importantly, 
might improve accuracy of the classification. An additional 
CT has been shown by some authors to increase the intra-rater 
agreement (but not the inter-rater agreement) of several clas-
sification systems for distal radius fractures (14), while others 
have not found any improvements in reliability or reproduc-
ibility of the same classification systems (15). These studies, 
however, included only cases where CT was performed for 
planning of the treatment or in cases of a questionable indica-
tion for surgery. This results in a selection bias where more 
complicated fractures are included, in which the classification 
might be more difficult than in simpler fractures. Kleinlugten-
belt et al. also used only 2D-CT images whereas Harness et al. 

showed that 3D-CT increased both reliability and reproduc-
ibility of radiographic characterization of intra-articular distal 
radius fractures compared with 2D-CT images (14,16). A CT 
of the ulna could more accurately identify whether the frac-
tures are intra- or extra-articular, an important aspect of all 
of the investigated classification systems. Whether an oblique 
projection should be added or CT recommended remains to be 
further investigated. 

More detailed imaging could also aid in improving a classifi-
cation system. In order to make a classification more clinically 
relevant it would be a starting point to define where the distal 
ulna starts, and also to consider the surrounding stabilizing soft 
tissues that can affect the outcome of the fracture treatment and 
rehabilitation. When considering this, the Biyani classification 
seems to be the most suitable of the 3 we examined. It would, 
however, be of interest to include distal diaphyseal fractures, 
as they are not uncommon in conjunction with distal radius 
fractures as a result of the same trauma. The Biyani classifica-
tion was considered by our 3 observers the easiest to use and 
the most fitting for distal ulna fractures. A modification of the 
Biyani classification to include fractures of both the metaphy-
sis and the distal diaphysis seems like an alternative for a more 
reliable description of distal ulna fractures.

Our conclusion is that a better radiographical method and an 
improved classification is likely to result in higher accuracy, 
reliability, and reproducibility. A better classification with 
high accuracy, inter- and intra-rater agreement could help in 
evaluations of treatment algorithms and methods of internal 
fixation.
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