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E lbow fractures constitute 7% of all adult fractures, and 
30% of these fractures are distal humerus fractures.1,2 
Of these, 96% involve disruption of the articular sur-

face.3 Intra-articular distal humerus fracture patterns can be 
difficult to characterize on plain radiographs, and therefore 
computed tomography (CT) is often used. The surgeon’s un-
derstanding of the fracture pattern and the deforming forces 
affects choice of surgical approach. In particular, multiplanar 
fracture patterns, including coronal shear fractures of the capi-
tellum or trochlea, are often difficult to recognize on plain 
radiographs. Identification of a multiplanar fracture pattern 
may require a change in approach or fixation. CT is useful for 
other intra-articular fractures, such as those of the proximal 
humerus,3-6 but involves increased radiation and cost.

We conducted a study to determine the effect of adding CT 
evaluation to plain radiographic evaluation on the classifica-
tion of, and treatment plans for, intra-articular distal humerus 
fractures. We hypothesized that adding CT images to plain 

radiographs would change the classification and treatment of 
these fractures and would improve interobserver agreement 
on classification and treatment.

Materials and Methods
After obtaining University of Southern California Institutional 
Review Board approval, we retrospectively studied 30 consecu-
tive cases of adult intra-articular distal humerus fractures treat-
ed by Dr. Itamura at a level I trauma center between 1995 and 
2008. In each case, the injured elbow was imaged with plain 
radiography and CT. Multiple machines were used for CT, but 
all according to the radiology department’s standard protocol. 
The images were evaluated by 9 independent observers from 
the same institution: 3 orthopedic surgeons (1 fellowship-
trained shoulder/elbow subspecialist, 1 fellowship-trained 
upper extremity subspecialist, 1 fellowship-trained orthope-
dic trauma surgeon), 3 shoulder/elbow fellows, and 3 senior 
residents pursuing upper extremity fellowships on graduation. 
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Computed tomography (CT) is often used to evaluate intra-
articular distal humerus fracture patterns, but it increases 
radiation exposure and cost.

We conducted a study to determine the effect of add-
ing CT evaluation to plain radiographic evaluation on the 
classification of, and treatment plans for, intra-articular 
distal humerus fractures. Nine blinded orthopedic sur-
geons evaluated 30 consecutive fractures for classification 
and surgical approach. Evaluations were performed first 
using plain radiographs and then again using the same 
radiographs plus CT images. Statistical analysis was per-
formed using the κ correlation coefficient and Cramer V 
testing. We hypothesized that adding CT images to plain 
radiographs would change the classification and treat-
ment of these fractures and would improve interobserver 
agreement on classification and treatment.

Intraobserver reliability (Cramer V) was fair (.393) for 

classification and moderate (.426) for treatment. Interob-
server reliability (Cohen κ) did not improve with CT: For 
classification, κ was .21 without CT and .20 with CT; for 
treatment, κ was .28 without CT and .27 with CT. When 
classifying the fractures, attending surgeons chose the 
multiplanar fracture pattern 25.6% of the time without CT, 
and remained consistent at 23.3% with CT. Trainees chose 
this fracture pattern much less often without CT than 
with CT. Use of CT changed the treatment for multiplanar 
fractures (73.7% lateral approach vs 51.9% posterior ap-
proach with olecranon osteotomy).

When added to plain radiographic evaluation, CT 
evaluation changes classification and treatment plans. 
Interobserver reliability did not improve. Less experienced 
surgeons were more likely to identify multiplanar fracture 
patterns with use of CT. We recommend performing CT 
for all intra-articular distal humerus fractures.
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No observer was involved in the care of any of the patients. All 
identifying details were removed from the patient information 
presented to the observers. For each set of images, the observer 
was asked to classify the fractures according to the Mehne and 
Matta classification system,7,8 which is the predominant system 
used at our institution.

Diagrams of this classification system were provided, but 
there was no formal observer training or calibration. Seven 
treatment options were presented: (1) open reduction and in-
ternal fixation (ORIF) using a posterior approach with olecra-
non osteotomy, (2) ORIF using a posterior approach, (3) ORIF 
using a lateral approach, (4) ORIF using a medial approach, 
(5) ORIF using an anterior/anterolateral approach, (6) total 
elbow arthroplasty, and (7) nonoperative management. The 
only clinical data provided were patient age and sex.

Images were evaluated in blinded fashion. Two rounds of 
evaluation were compared. In round 1, plain radiographs were 
evaluated; in round 2, the same radiographs plus correspond-
ing 2-dimensional (2-D) CT images. A minimum of 1 month 
was required between viewing rounds.

Statistical Analysis
Statistical analysis was performed by the Statistical Consulta-
tion and Research Center at our institution. Cohen κ was cal-
culated to estimate the reliability of the fracture classification 
and treatment plan made by different observers on the same 
occasion (interobserver reliability). Cramer V9 was calculated 
to estimate the reliability of the fracture classification and 
treatment plan made by the same observer on separate oc-
casions (intraobserver reliability). It measures the association 
between the 2 ratings as a percentage of their total variation. 
The κ value and Cramer V value were also used to evaluate 
results based on the observers’ training levels. Both κ and 
Cramer V values are interpreted as follows: .00 to .20 indicates 
slight agreement; .21 to .40, fair agreement; .41-.60, moderate 
agreement; .61 to .80, substantial agreement; and ≥.81, almost 
perfect agreement. Zero represents no agreement, and 1.00 
represents perfect agreement.

Results
Overall intraobserver reliability for classification was fair (.393). 
It was moderate for the treatment plan (.426) between view-
ing rounds. Residents had the highest Cramer V value at .60 
(moderate) for classification reliability, and attending surgeons 
had the highest value at .52 (moderate) for treatment plan. All  

3 groups (residents, fellows, attending surgeons) showed mod-
erate intraobserver agreement for treatment plan (Table 1).

Interobserver reliability did not improve with the addition 
of CT in round 2. Reliability was fair at both viewing rounds 
for classification and for treatment. For classification, the over-
all κ value was .21 for the first round and .20 for the second 
round. For treatment plan, the overall κ value was .28 for the 
first round and .27 for the second round. Attending surgeons 
decreased in agreement with regard to treatment plan with the 
addition of CT (.46, moderate, to .32, fair). Fellows had only 
slight agreement for both rounds with regard to classification 
as well as treatment (Table 2).

ORIF using a posterior approach with an olecranon oste-
otomy was the most common choice of treatment method 
overall at both time points (58.1% and 63.7%) and was still the 
most common choice when each group of observers (residents, 
fellows, faculty) was considered separately (Figure 1).

When classifying the fractures, attending surgeons chose 
the multiplanar fracture pattern 25.6% of the time when view-
ing radiographs only, and remained consistent in choosing this 
pattern 23.3% of the time when CT was added to radiographs. 
Fellows and residents chose this fracture pattern much less 
often (8.9% and 7.8%, respectively) when viewing radiographs 
only. Both fellows and residents increased their choice of the 
multiplanar fracture pattern by 10% (18.9% for fellows, 17.8% 
for residents) when CT was added (Figure 2).

Overall, the recognition of a multiplanar fracture pattern 
increased when CT was added. On 30 occasions, an answer 

Table 1. Intraobserver Agreement

Raters Cramer V

All
   Classification
   Treatment

.393 (fair)

.426 (moderate)

Attendings
   Classification
   Treatment 

.455 (moderate)

.520 (moderate)

Fellows
   Classification
   Treatment

.304 (fair)

.502 (moderate)

Residents
   Classification
   Treatment

.600 (moderate)

.401 (fair)

Table 2. Interobserver Agreement (Cohen κ)

Viewinga

Overall Attendings Fellows Residents

Classification Treatment Classification Treatment Classification Treatment Classification Treatment

1 .21 (fair) .28 (fair) .29 (fair) .46 (moderate) .10 (poor) .08 (poor) .22 (fair) .25 (fair)

2 .20 (poor) .27 (fair) .21 (fair) .32 (fair) .05 (poor) .15 (poor) .32 (fair) .38 (fair)

a1, plain radiographs only; 2, plain radiographs plus computed tomography.
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was changed from another classification pattern to the mul-
tiplanar pattern when CT was added. Only 6 times did an 
observer change a multiplanar pattern selection at round 1 to 
another choice at round 2.

Adding CT in round 2 changed the treatment plan for mul-
tiplanar fractures. At round 1, 73.7% chose ORIF using a lat-
eral approach for treatment of the multiplanar fracture versus 
10.5% who chose ORIF using a posterior approach with an 
olecranon osteotomy. The choice of the posterior approach 
with olecranon osteotomy increased to 51.9% at round 2, using 
the technique we have previously described.5,10

Overall intraobserver reliability for classification was fair 
(.393). It was moderate for the treatment plan (.426) between 
viewing rounds. Residents had the highest Cramer V value at 
.60 (moderate) for classification reliability, and faculty had the 
highest value at .52 (moderate) for treatment plan. All 3 groups 

(residents, fellows, attending surgeons) showed moderate in-
traobserver agreement for treatment plan (Table 1).

Interobserver reliability did not improve with the addition 
of CT in round 2. Reliability for classification was fair for round 
1 and slight for round 2. Reliability was fair at both viewing 
rounds for treatment. For classification, the overall κ value 
was .21 for round 1 and .20 for round 2. For treatment plan, 
the overall κ value was .28 for round 1 and .27 for round 2. 
Attending surgeons decreased in agreement with regard to 
treatment plan with the addition of CT (.46, moderate, to .32, 
fair). Fellows had only slight agreement for both rounds with 
regard to classification as well as treatment (Table 2).

Discussion
In this study, CT changed both classification and treatment 
when added to plain radiographs. Interestingly, interobserver 
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Figure 1. Classification and treatment choice by level of training. A through G are the classification and treatment options chosen based 
on the handout that was given to evaluators. Abbreviations: T1, time 1 (first viewing); T2, time 2 (second viewing).

Figure 2. Classification by level of experience. A through G are the classification and treatment options chosen based on the handout 
that was given to evaluators. Abbreviations: T1, time 1 (first viewing); T2, time 2 (second viewing).
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reliability did not improve for classification or treatment with 
the addition of CT. This finding suggests substantial disagree-
ment among qualified observers that is not resolved with more 
sophisticated imaging. We propose this disagreement is caused 
by differences in training and experience with specific fracture 
patterns and surgical approaches.

Our fair to moderate interobserver reliability using radio-
graphs only is consistent with a study by Wainwright and 
colleagues,11 who demonstrated fair to moderate interobserver 
reliability with radiographs only using 3 different classifica-
tion systems. CT did not improve interobserver reliability in 
the present study.

To our knowledge, the effect of adding CT to plain radio-
graphs on classification and treatment plan has not been evalu-
ated. Doornberg and colleagues2 evaluated the effect of adding 
3-dimensional (3-D) CT to a combination of radiographs and 
2-D CT. Using the AO (Arbeitsgemeinschaft für Osteosynthe-
sefragen) classification12 and the classification system of Mehne 
and Matta, they found that 3-D CT improved intraobserver and 
interobserver reliability for classification but improved only in-
traobserver agreement for treatment. Interobserver agreement 
for treatment plan remained fair. In parallel with their study, 
fracture classification in our study was more often changed 
with CT than the treatment plan was. Training level appeared 
not to affect this finding. We found fair interobserver agree-
ment for treatment choice as well, which was not improved 
by adding CT. Doornberg and colleagues2 concluded that the 
“relatively small added expense of three-dimensional com-
puted tomography scans seems worthwhile.”

When evaluating specific fracture patterns in the Mehne 
and Matta classification system, we observed that less expe-
rienced surgeons (residents, fellows) were much more likely 
to identify multiplanar fracture patterns with the aid of CT. 
Use of CT did not change attending surgeons’ recognition of 
these multiplanar fractures, suggesting that the faculty were 
more capable of appreciating these fracture patterns with 
radiographs only (Figure 3). We also observed that adding 
CT changed the predominant treatment plan for multiplanar 
fractures from a lateral approach to a posterior approach with 

an olecranon osteotomy. Failure to appreciate this compo-
nent of the fracture before surgery could lead to an increased 
intraoperative difficulty level. Failure to appreciate it during 
surgery could lead to unexpected postoperative displacement 
and ultimately poorer outcome.

There are limitations to our study. There is no gold standard 
for assessing the accuracy of classification decisions. Intra-
operative classification could have served as a gold standard, 
but the fractures were not routinely assigned a classification 
during surgery. Brouwer and colleagues13 evaluated the diag-
nostic accuracy of CT (including 3-D CT) with intraoperative 
AO classification as a reference point and found improvement 
in intraobserver agreement but not interobserver agreement 
when describing fracture characteristics—and no significant 
effect on classification.

We used a single classification system, the one primarily 
used at our institution and by Dr. Itamura. There are many 
systems,7,12,14 all with their strengths and weaknesses, and no 
one system is used universally. Adding a system would have 
allowed us to compare results of more than one system. Our 
aim, however, was to keep our form simple for the sake of par-
ticipation and completion of the viewings by each volunteer.

Only 2-D CT was used for this study, as 3-D images were 
not available for all patients. Although this is a potential weak-
ness, it appears that, based on the study by Doornberg and 
colleagues,2 adding 3-D imaging resulted in only modest im-
provement in the reliability of classification and no significant 
improvement in agreement on treatment recommendation.

In addition, our results were likely biased by the fact that  
8 of the 9 evaluators were trained by Dr. Itamura, who very of-
ten uses a posterior approach with an olecranon osteotomy for 
internal fixation of distal humerus intra-articular fractures, as 
previously described.8,10 Therefore, selection of this treatment 
option may have been overestimated in this study. Neverthe-
less, after reviewing the literature, Ljungquist and colleagues15 
wrote, “There do not seem to be superior functional results as-
sociated with any one surgical approach to the distal humerus.”

We did not give the evaluators an indication of patients’ 
activity demands (only age and sex), which may have been 
relevant when considering total elbow arthroplasty.

Last, performing another round of evaluations with only 
plain radiographs, before introducing CT, would have provided 
intraobserver reliability results on plain radiograph evaluation, 
which could have been compared with intraobserver reliabil-
ity when CT was added. Again, this was excluded to encour-
age participation and create the least cumbersome evaluation 
experience possible, which was thought appropriate, as this 
information is already in the literature.

Conclusion
Adding CT changed classifications and treatment plans. Rat-
ers were more likely to change their classifications than their 
treatment plans. The addition of CT did not increase agree-
ment between observers. Despite the added radiation and cost, 
we recommend performing CT for all intra-articular distal 
humerus fractures because it improves understanding of the 

Figure 3. (A, B) Plain radiographs show multiplane fracture.
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fracture pattern and affects treatment planning, especially for 
fractures with a coronal shear component, which is often not 
appreciated on plain radiographs.
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