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Abstract

Background: Several studies support the use of CT for diagnosing coronal fractures 
of the distal radius but the inter- observer reliability of these observations is less well 
studied. We tested the null hypothesis that radiographs alone and the combination of 
radiographs and two-dimensional computed tomography scans (2DCT) have the same 
inter-observer variation for the diagnosis of coronal articular fracture lines in the distal 
radius.
Methods: Using a web-based survey, 63 surgeons were randomized to evaluate 16 frac-
tures of the distal radius on radiographs alone or radiographs and 2DCT for the presence 
or absence of a coronal fracture line of the lunate facet and, if present, the stability of the 
fracture. The kappa multirater measure was calculated to estimate agreement between 
observers.
Results: The inter-observer variation in diagnosis of a coronal fracture line was fair with 
both radiographs and 2DCT, as was the diagnosis of instability of the volar lunate facet 
fracture when present.
Conclusion Two-dimensional computed tomography does not improve observer agree-
ment on the diagnosis of coronal plane articular fracture lines in the lunate facet of the 
distal radius.
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Introduction

Melone emphasized the importance of a coronal split in the lunate facet of the distal 
radius, suggesting that an unstable volar fragment would require open reduction and 
internal fixation and could not be managed percutaneously.6 Such fractures also involve 
the distal radioulnar joint.1,3 It has been suggested that computed tomography aids 
identification of coronal fracture lines. Rozental and colleagues identified an articular 
fracture involving the distal radioulnar joint (DRUJ) on 13 of 20 CT scans, but only on 
seven of 20 radiographs.4, 9, 10 These data support the use of CT for diagnosing coronal 
fractures of the distal radius, but the inter-observer reliability of these observations has 
not been studied.

A new collaboration motivated to better understand inter-observer variation consists 
of observers that have completed all training and are independently treating patients 
(www.scienceofvariationgroup.nl). This provides an opportunity to further investigate 
inter-observer variability and how to reduce it.

This study tested the null hypothesis that the combination of radiographs and two-
dimensional computed tomography scans (2DCT) has the same inter-observer variation 
as radiographs alone in the diagnosis of coronal articular fracture lines.

Materials and methods

Study design

Independent observers (all orthopedic surgeons) from several countries were invited 
to evaluate 16 distal radius fractures in an online survey. Participants were randomly 
assigned on a 1:1 basis to review either radiographs alone or radiographs and 2DCT to 
identify a coronal fracture of the lunate facet and to determine its stability. The study 
was performed under a protocol approved by the Institutional Research Board at the 
principal investigators hospital.

The Science of Variation group uses internet survey software to facilitate large interna-
tional inter-observer studies. With multiple fully trained surgeons from diverse countries 
and institutions participating in studies, this approach should provide a powerful and 
externally valid forum for studying, understanding, and ultimately reducing inter-
observer variation in aspects of patient care.

Observers

A total of 206 surgeons were invited via e-mail to join the Science of Variation Group. 
Other than an acknowledgement as part of the author collaborative in the paper, no 
incentives were provided. Sixty-three surgeons were interested in participation and 
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logged on to the website. Thirty-three surgeons were randomized to conventional ra-
diographs and 30 to radiographs with additional 2DCT scans using a computer random 
number generator. Group members that agreed to participate were sent the appropri-
ate link after randomization. Three surgeons were excluded because of incomplete 
answers; two in the CT group and one in the radiograph group. Four weekly reminders 
to complete the online survey were e-mailed. This study presents an analysis of the 60 
observers that completed the study; 31 in the radiograph group and 29 in the radio-
graph with 2DCT group.

Fractures

Radiographs and computed tomography scans of distal radius fractures were identified 
from a consecutive list of 355 cases treated by the senior investigator between 2001 
and 2006 at one level-1 trauma center. Inclusion criteria were (1) articular fracture of the 
distal radius fractures with adequate quality radiographs (posteroanterior and lateral 
views with no plaster or other obscuring features) and 2DCT (slice thickness less than 
1 mm); and (2) Age 18 or older. Radiographs and CT scans of 16 articular fractures of 
the distal radius, eight with a coronal articular fracture line in the lunate facet, were 
blinded by an independent research fellow for use in this study. The fractures were all 
C-type fractures classified according to the Comprehensive Classification of Fractures.7 
For each case, videos with 2DCT images along the sagittal and axial axes were created. 
Observers could scroll through the videos or play them automatically. Radiographs and 
2DCT scans were uploaded to the research group’s website (Figure 3.1).

Evaluation

Observers logged in independently on the website. Upon login to the website, they 
were asked the number of distal radius fractures treated per year. Subsequently, observ-
ers were asked for (1) the presence of an intra-articular fracture line in the coronal plane 
and (2) if present, is this fracture unstable?

Observers were blinded to clinical information. Observers had the option to comment 
on each case and all questions had to be completed in order to continue with the next 
case. The observers completed the study at their own time and pace.

Statistical analysis

The multirater kappa measure (κ) was used to estimate agreement among surgeons 
with respect to (1) presence of a fracture in the coronal plane and (2) the stability of 
this fracture. It is a commonly used statistic to describe chance-corrected agreement 
in a variety of intra-observer and inter- observer studies.2,5,8 Agreement among observ-
ers was calculated with use of the multirater kappa measure described by Siegel and 
Castellan.11 Kappa values were interpreted using the guidelines proposed by Landis 
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and Koch5: values of 0.01–0.20 indicate slight agreement; 0.21–0.40, fair agreement; 
0.41–0.60, moderate agreement; 0.61–0.80, substantial agreement; and more than 0.81, 
almost perfect agreement. Zero indicates no agreement beyond that expected due to 
chance alone, −1.00 means total disagreement, and +1.00 represents perfect agree-
ment.5,8 The agreement based on radiographs (κR) was compared to the agreement 
based on radiographs with 2DCT (κCT) using Z tests, which assume that the two samples 
are independent. Since the samples compared in this study were not independent (the 
same set of patients were rated by the radiographs and radiographs with 2DCT group), 
this method produced conservative estimates of the p values. The study had 80 % power 
to detect a difference in kappa scores of 0.1 between results based on radiographs vs. 
radiographs with 2DCT.

Figure 3.1. Example of radiograph with CT-scan uploaded to the research group’s website. These radio-
graphs and CT scan were evaluated as a coronal fracture being present by all raters, but only 29 of 31 raters, 
only using radiographs, evaluated a coronal fracture being present



Chapter 3

48

Results

Surgeons

Thirty-five (58 %) observers practiced in USA, 12 (20 %) in Continental Europe, three (5 
%) in Canada, three (5 %) in Australia, two (3 %) in Asia, and five (8 %) in Latin America. 
Nineteen (32 %) observers had been in independent practice for fewer than 5 years, 12 

Table 3.1. Observer demographics

Radiographs (N=31) Radiographs + 2DCT 
(N = 29)

Total (N=60)

N % N % N %

Gender Male 29 94 26 90 55 92

Female 2 6 3 10 5 8

Practice

Asia 1 3 1 3 2 4

Australia 2 6 1 3 3 5

Canada 0 0 3 10 3 5

Europe 4 13 8 28 12 20

UK 0 0 0 0 0 0

USA 22 71 13 45 35 58

Other 2 6 3 10 5 8

Years in practice

0-5 7 23 12 41 19 32

6-10 9 29 3 10 12 20

11-20 13 42 8 28 21 35

21-30 2 6 6 21 8 13

Supervise

Yes 29 94 26 90 55 92

No 2 6 3 10 5 8

Fractures per year

0-5 3 10 0 0 3 5

6-10 2 6 1 3 3 5

11-20 2 6 6 21 8 13

>20 24 78 22 76 46 77

Specialization

General orthopedics 0 0 1 3 1 2

Orthopedic traumatology 11 35 11 38 22 37

Shoulder and elbow 7 23 3 10 10 17

Hand and wrist 10 32 12 41 22 37

Others 3 10 2 7 5 8
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(20 %) for 5–10 years, 21 (35 %) for 11–20 years, and eight (13 %) for more than 21 years. 
Fifty-five (92 %) observers super vised surgical trainees in the operating room. Most ob-
servers (77 %) treated more than 20 distal radius fractures per year. One (2 %) observer 
was a general orthopedic surgeon, 22 (37 %) were orthopedic trauma surgeons, 10 (17 
%) were shoulder and elbow surgeons, 22 (37 %) were hand and wrist surgeons, and five 
(8 %) were other surgeons (Table 3.1).

Inter-observer reliability

Presence of a fracture in the coronal plane
In the X-ray group, a total of 364 coronal fractures were found, while 372 coronal frac-
tures of the distal radius were found in the CT-group. The inter-observer variation for the 
presence of an articular fracture of the lunate facet in the coronal plane was fair both 
with use of radiographs alone and with use of radiographs and 2DCT (κR 0.29, SE 0.05 
and κCT 0.24, SE 0.07; p 0.55).

Instability of the coronal plane fracture
In the X-ray group, 228 of the 364 coronal fractures were found unstable. In the CT group, 
232 of the 372 coronal fractures of the distal radius were found unstable. Inter-observer 
agreement on instability of the coronal split fracture was fair for both radiographs and 
radiographs with 2DCT (κR 0.29, SE 0.02, and κCT 0.32, SE 0.02,p 0.28).

Observer demographics

With respect to the presence of a coronal fracture line in the lunate facet, the only sig-
nificant finding with respect to observer demographics was that shoulder and elbow 
specialists had better agreement with 2DCT than radiographs (Table 3.2). With respect 
of instability of the lunate facet fracture, the only significant findings were that hand 
and wrist surgeons had a significant greater agreement than other specialists, and ex-
perienced surgeons had greater agreement than less experienced surgeons (Table 3.3).

Table 3.2. Fracture line in the coronal plate: differences in inter-observer variability

Specialty Radiographs 2-Dimensional CT P value

N Categorial k SE N Categorial k SE

Orthopedic Traumatology 11 Fair 0.36 0.07 11 Slight 0.15 0.10 0.12

Shoulder and elbow 7 Slight 0.15 0.13 3 Substantial 0.67 0.22 0.04*

Hand 10 Fair 0.32 0.11 12 Slight 0.20 0.13 0.52

Other 3 Fair 0.38 0.16 2 Poor 0.19 0.42 0.21

N = Number of Observers, SE = standard error
*P<0.05 (significant)
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Discussion

Inter-observer agreement regarding the diagnosis of a coronal articular fracture of the 
lunate facet of the distal radius and instability of that fracture when present are both fair. 
Additional 2DCT did not improve agreement over radiographs alone on average. These 
findings were quite consistent across training, experience, and region. The only posi-
tive findings were that observers that treat more than 10 distal radius fractures a year 
and specialized hand and wrist surgeons seem more consistent in defining a fracture as 
unstable, but diagnosis of stability was a secondary study question and the significant 
findings must be interpreted in the context of multiple testing.

We are not aware of any prior studies of the reliability of diagnosing coronal plane 
fractures of the lunate facet, but three prior studies address diagnosis of articular 
fracture lines with CT compared to radiographs. In one study of suspected distal radius 
fractures, CT scans demonstrated a fracture in 22 patients, only 19 of which were visible 
on radiographs (16 intra-articular).4 In another study of 18 intra-articular distal radius 
fractures, CT scans demonstrated seven fractures involving the DRUJ, five involving the 
radial styloid that were not seen on radiographs.9 The third study identified an articular 
fracture involving the DRUJ on 13 of 20 CT scans, but only seven of 20 radiographs.10 
None of these studies had a reference standard for true fracture such as intraoperative 
visualization of the articular surface.

This study should be interpreted in light of its potential shortcomings: (1) We did 
not provide coronal plane images; (2) the observers may have interpreted the ques-
tion differently when faced with a multifragmented fracture, with some only applying 
that diagnosis to a single coronal split fracture; (3) the observers were not provided any 
clinical data (e.g., age, sex, mechanism); (4) the quality of the radiographs was limited 
to what had been obtained at the time of injury, which reflects usual practice, but not 
what might be achieved with specific protocols; (5) there was a spectrum bias by select-
ing cases to represent the known variety of injuries, with the result that less common 
complex fractures were over represented compared to the more common minimally or 

Table 3.3. Fracture instability: differences in inter-observer variability

Fractures per 
year

N Categorial K1 SE1 N Categorial K2 SE2 P-value

10 or less vs 11 or more 5 Slight 0.16 0.06 26 Fair 0.31 0.02 0.01

10 or less vs 20 or more 5 Slight 0.16 0.06 24 Fair 0.32 0.02 0.01

Specialty

Trauma vs. Hand 11 Fair 0.25 0.03 10 Fair 0.36 0.04 0.04

Hand vs. non Hand 10 Fair 0.36 0.04 21 Fair 0.27 0.02 004

N=Number of observers, SE = standard error
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slightly displaced fractures; (6) we asked numerous secondary study questions, all of 
which should be regarded as hypothesis generating and not as robust as the primary 
study question; (7) we don’t know how carefully each observer studied the radiographs 
and scans; and (8) having only 16 patients may limit the external validity of the findings. 
However, according to statisticians, the power of a reliability study is determined by the 
total number of observations, which given the number of observers in this study was 
quite high.

This study does not support the use of CT scans for the diagnosis of coronal articular 
fracture lines in the lunate facet of the distal radius, at least in terms of reliability. This 
study did not evaluate the diagnostic performance characteristics of CT or radiographs 
for coronal plane fractures. We believe that future studies should attempt to clarify the 
definition of these fracture lines and further address the role of experience and training 
in observer variation.
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