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ABSTRACT. The aim of this study was to evaluate prospectively the observer variation in
the detection of pathology on MRI for suspected acute scaphoid fracture. 79
consecutive MR scans were included to calculate the inter-observer variation. All
patients were suspected of having a scaphoid fracture but had no fracture on
radiographs. 38 randomly chosen MR scans were used to calculate the intra-observer
variation. Four observers, with varying levels of expertise, blinded scored three items: (i)
scaphoid fracture, (ii) localization of a scaphoid fracture, and (iii) another fracture. The
observer variation was analysed using the kappa statistic. The inter-observer variation
for a scaphoid fracture showed substantial agreement. For the localization of a
scaphoid fracture and another fracture, there was a moderate and substantial
agreement, respectively. The intra-observer variation for a scaphoid fracture had an
almost perfect agreement. For the localization of a scaphoid fracture and another
fracture, there was an almost perfect and substantial agreement, respectively. In
conclusion, the observer variation in MRI of suspected scaphoid fractures was low. The
influence of expertise with MRI in daily practice should be taken into consideration.
Observers with little experience of MRI will identify all scaphoid fractures but are likely
to over-diagnose injuries. Based on these results, it is recommended that all scans are
reviewed by an experienced radiologist.

Received 17 June 2007
Revised 3 November 2007
Accepted 9 December 2007

DOI: 10.1259/bjr/72567977

’ 2008 The British Institute of

Radiology

The scaphoid bone plays a pivotal role in the function
of the wrist. Lesions of this bone can therefore lead to
major functional impairment. In addition, the scaphoid
bone is the most frequently fractured carpal bone,
accounting for approximately 70% of all carpal fractures
[1–3].

Delayed treatment of a scaphoid fracture increases the
risk of non-union [2–6]. A fast and accurate imaging
method can therefore enhance treatment outcome.
Conventional imaging methods are not sufficient, as
initial radiographs detect only 79% of all scaphoid
fractures [7]. Repeated radiographs do not lead to an
improvement in diagnostic accuracy, as the added
sensitivity is low [8–11]. Because of its high sensitivity
(95%), the use of bone scintigraphy is often recom-
mended in the case of a suspected scaphoid fracture that
is not detected on initial radiographs. However, the
outcome of bone scintigraphy has to be interpreted with
care because the specificity is between 60% and 95% [1,
8, 10, 12–14]. Moreover, nuclear imaging requires
intravenous radioactive isotopes and, in general, a delay
of 72 h after injury. Data regarding CT are limited and
suggest that CT is not an appropriate diagnostic tool [15,
16].

Recently, MRI has gained widespread interest for the
assessment of suspected scaphoid fractures. In a well-
controlled study environment, the results of MRI look

particularly promising. [13, 16–20]. To determine the role
of MRI in daily practice, however, the observer variation
and the influence of expertise have to be evaluated.

Methods and materials

Patients

This prospective study was conducted in accordance
with the standards of the regional ethical committee.
Between April 2004 and November 2005, 79 consecutive
patients (43 men, 36 women; age range, 18–84 years;
mean age, 41 years) were enrolled. Both oral and written
informed consent was obtained. Patients older than
18 years with a tender anatomical snuffbox, pain on
application of axial pressure and a recent history of acute
trauma but no radiological evidence of a scaphoid
fracture were eligible for inclusion. Patients who refused
or had a contraindication for MRI and polytrauma
patients were excluded.

Study protocol

Patients with a suspected scaphoid fracture but no
radiological evidence of a scaphoid fracture underwent
MRI of the wrist, without a plaster and within 24 h. At
two different points in time, 10 months apart, four
observers filled in a standardized scoring sheet for 38
randomly chosen patients from the group of 79 patients.
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Scaphoid radiographs

Initial scaphoid radiographs were carried out in three
planes: (i) a posteroanterior view with the hand in the
neutral position; (ii) an oblique view with the hand at 10˚
supination and maximal ulnar deviation; and (iii) a
lateral view with the wrist resting in the ulnar position.
Initially, all radiographs were judged by the attending
resident surgeon in the Emergency Department and a
resident radiologist. Subsequently, the consultant sur-
geon and consultant radiologist judged the radiographs.

MRI

A 1.5 Tesla MR scanner (Siemens, Erlangen, Germany)
was used. The patient lay down in a supine position on
the scanner couch — head first with the arm containing
the suspected scaphoid fracture stretched forward. A
flexible surface coil was wrapped around the wrist. The
MRI protocol included coronal T1 weighted turbo spin-
echo images with a repetition time (TR) of 450 ms, an
echo time (TE) of 13 ms, a field view of 180 mm, a matrix
of 210 6 512, two averages, a slice thickness of 3 mm
with a distance factor of 10%, and a scan time of
2.17 min. The parameters for the coronal fat-suppressed
T2 weighted fast spin-echo images were 5220/73 ms
(TR/TE), a field of view of 220 mm, a matrix of 216 6
448, three averages, a slice thickness of 3 mm with a
distance factor of 10%, and a scan time of 4.33 min.

Observers

Observer 1 was a consultant radiologist with specific
skeletal MR scanning expertise. Observer 2 was an
experienced emergency consultant radiologist with no
specific experience of skeletal MR scanning. Observers 3
and 4 were residents with 5 years and 3 years of
experience, respectively, and a completed MR scanning
training period.

Measurements

All MR scans were blind coded, i.e. without any
patient-identifying factors. The four observers scored all
79 MR scans using a soft-copy reading on a Leonardo
workstation (Siemens, Erlangen, Germany). They filled
out a standard scoring sheet blind to each other and
blind to any other data (i.e. scaphoid radiographs, other

diagnostic modalities, clinical outcome, etc). For every
MR scan, each observer scored the following three items:

1. Scaphoid fracture (yes/no).
2. Localization of a scaphoid fracture (proximal third/

middle third/distal third).
3. Another fracture (other carpal, metacarpal or ulnar

fracture/distal radius fracture/bone bruise of the
scaphoid/bone bruise of another carpal bone/bone
bruise of the distal radius/no traumatic injury).

10 months apart, 38 scans randomly chosen from the
group of 79 patients were evaluated by all four
observers. The same blinded and standardized scoring
sheet was used.

Statistical analysis

Both the inter- and intra-observer variation was
calculated for the four observers. For a scaphoid fracture,
the simple kappa (k) coefficient was calculated because
the data were nominal (scaphoid fracture — yes or no).
For the localization of a scaphoid fracture or another
fracture, the weighted k coefficient was calculated
because the data were ordinal.

The inter-observer variation was calculated for the 79
scans. For the inter-observer variations, an overall k
statistic, along with the pairwise k statistics, is provided
[21]. As overall weighted k, an intraclass correlation
coefficient was calculated [22]. For the intra-observer
variation, the randomly chosen 38 scans were used.

The k statistic is a chance corrected measure of
agreement for data. The k value has a range from +1
(for perfect agreement) to –1 (which corresponds to
absolute disagreement). A value of 0 indicates no more
agreement than expected by change alone. Interpretation
of the k value was based on Landis and Koch [23]
guidelines which suggest that values between 0 and 0.2
represent slight agreement, 0.21 and 0.40 fair agreement,
0.41 and 0.60 moderate agreement, and 0.61 and 0.80
substantial agreement. A value above 0.80 is considered
an almost perfect agreement.

Results

An overview of the injuries scored (in 79 scans) by the
four observers is shown in Table 1. An example of an MR
scan of a patient with an occult scaphoid fracture is

Table 1. Overview of the injuries scored in the 79 MR scans

Observer 1 Observer 2 Observer 3 Observer 4

Scaphoid fracture 8 14 15 11
Other carpal fracture 15 7 11 9
Distal radius fracture 10 12 11 11
Bone bruise scaphoid 1 4 1 4
Bone bruise other carpal bone 8 6 11 12
Bone bruise distal radius 1 6 0 0
No injury 36 30 30 32
Total 79 79 79 79

MRI for suspected scaphoid fractures: observer variation
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shown in Figure 1. Figure 2 shows a number of MR
images with discrepancies between the observers.

1. Inter-observer variation

The inter-observer variation was calculated for four
observers for 79 scans.

A scaphoid fracture
There was substantial agreement as shown in Table 2.

The pairwise and overall k statistic was 0.67 (95%
confidence interval of 0.44–0.90).

The localization of a scaphoid fracture
There was moderate agreement as shown in Table 3.

The pairwise and overall k statistic was 0.57 (95%
confidence interval of 0.47–0.68).

Another fracture
There was substantial agreement. The paiwise and

overall k statistic was 0.61 (95% confidence interval of
0.51–0.71).

2. Intra-observer variation

The intra-observer variation was calculated for 38
patients.

A scaphoid fracture
There was almost perfect agreement with a median

pairwise k of 0.96 (minimum 0.69, maximum 1.0) as
shown in Table 4.

The localization of a scaphoid fracture
There was almost perfect agreement with a median

pairwise k of 0.90 (minimum 0.60, maximum 0.97) as
shown in Table 5.

Another fracture
There was substantial agreement with a median

pairwise k of 0.76 (minimum 0.53, maximum 0.79).

Figure 1. All four observers identified an occult scaphoid
fracture and all observers localized it to the scaphoid waist
on the MRI scan.

(a) (b)

(c) (d)

Figure 2. (a) T1 and (b) T2 weighted
images from a patient for whom
there were discrepancies between
the observers regarding the pre-
sence of a capitate fracture. (c) T1

and (d) T2 weighted images from a
patient for whom there were dis-
crepancies between the observers
for a scaphoid fracture.
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Discussion

This study shows that the inter-observer variation in
MRI shows (i) substantial agreement for a scaphoid
fracture (average k, 0.67), (ii) moderate agreement for the
localization of a scaphoid fracture (average k, 0.57), and (iii)
substantial agreement for another fracture (average k, 0.61).

For the intra-observer variation in MRI, we found (i)
almost perfect agreement for a scaphoid fracture
(median k, 0.90), (ii) almost perfect agreement for the
localization of a scaphoid fracture (median k, 0.85), and
(iii) substantial agreement for another fracture (median
k, 0.71).

To our knowledge, there are no other reports evaluat-
ing the observer variation in MRI of (occult) scaphoid
fractures in daily practice. There is an obvious need for a
fast and reliable diagnostic procedure in cases of a
suspected scaphoid fracture. It is important to diagnose
and treat every patient with a scaphoid fracture because
even occult fractures can lead to impairment. Moreover,
differentiation between a scaphoid fracture, a bone
bruise and another fracture has clinical implications.
MRI has been proposed as the modality of choice for

detecting suspected scaphoid fractures [13, 16–20].
However, the observer variation in daily practice should
be assessed in order to define the place of MRI in the
management of these fractures. This is important
because MR scans of suspected scaphoid fractures are
often (initially) evaluated by the attending radiologist,
who often has no specific MR expertise.

One could consider Observer 1, being the consultant
with the most experience of MRI, as the gold standard.
Even though this was not the aim of this study, it
appeared that the other, less experienced observers were
over-diagnosing scaphoid fractures, with approximately
one-third of their diagnoses being false-positive. It is
important not to miss fractures and, therefore, over-
diagnosing scaphoid fractures is preferred to under-
diagnosing them. A characteristic of the k statistic is that
its value depends upon the number of categories in the
outcome scale. In general, the results regarding a
scaphoid fracture (yes/no) are likely to be higher than
the other evaluations (localization of a scaphoid fracture
and another fracture), as these other evaluations have
more possible answers. This could explain the lower
weighted k values.

Table 2. Cross-tabulation showing the inter-observer variation (k coefficient) for 79 MR scans relating to a scaphoid fracture
(95% confidence intervals in parentheses)

Observer 1 2 3 4

1 X 0.69 (0.46–0.92) 0.55 (0.30–0.80) 0.70 (0.46–0.95)
2 X 0.70 (0.50–0.91) 0.76 (0.57–0.96)
3 X 0.63 (0.40–0.86)
4 X

Table 3. Cross-tabulation showing the inter-observer variation (k coefficient) for 79 MR scans relating to the localization of a
scaphoid fracture (95% confidence intervals in parentheses)

Observer 1 2 3 4

1 X 0.58 (0.33–0.84) 0.46 (0.23–0.69) 0.54 (0.27–0.81)
2 X 0.60 (0.40–0.81) 0.68 (0.46–0.91)
3 X 0.56 (0.33–0.78)
4 X

Table 4. Results at the first and second evaluation, and the intra-observer variation (k coefficient) for a scaphoid fracture (38
patients) (95% confidence intervals in parentheses)

Observer 1 Observer 2 Observer 3 Observer 4

Evaluation 1 2 1 2 1 2 1 2
Scaphoid fracture 4 4 10 6 6 7 7 7
No scaphoid fracture 34 34 28 32 32 31 31 31
Simple k 1.00 (1.00– 1.00) 0.69 (0.41–0.96) 0.91 (0.73–1.00) 1.00 (1.00–1.00)

Table 5. Results at the first and second evaluation, and the intra-observer variation (k coefficient) for the localization of a
scaphoid fracture (38 patients) (95% confidence intervals in parentheses)

Observer 1 Observer 2 Observer 3 Observer 4

Evaluation 1 2 1 2 1 2 1 2
Proximal third 0 0 1 1 0 0 0 1
Middle third 4 3 3 2 2 1 3 2
Distal third 0 1 6 3 4 6 4 4
Weighted k 0.93 (0.83–1.00) 0.60 (0.30–0.90) 0.87 (0.67–1.00) 0.97 (0.90–1.00)
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In order to assess a fast protocol that could be easily
implemented in daily practice, no sagittal plane was
used. Abnormal signal intensity could result from a
partial volume artefact, which might cause false-positive
findings. A cyst or bone bruise could have been
interpreted as a fracture, as shown in Figure 2.

In conclusion, the observer variation in MRI of
suspected scaphoid fractures was low. The influence of
expertise with MRI in daily practice should be taken into
consideration. Observers with little experience of MRI
will identify all scaphoid fractures but are likely to over-
diagnose injuries. Based on these results, it is recom-
mended that all scans are reviewed by an experienced
radiologist.
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