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Objectives: Some have suggested that MRI might be the best reference standard for a
true fracture among patients with suspected scaphoid fractures. The primary aim of this
study was to determine the rate of false-positive diagnosis of an acute scaphoid
fracture in a cohort of healthy volunteers.
Methods: In a prospective study, 33 healthy volunteers were recruited and both wrists
of each were scanned, except for 2 volunteers for whom only one wrist was scanned. To
simulate the usual clinical context the 64 scans of healthy volunteers were mixed with
60 MRI scans of clinically suspected scaphoid fractures but normal scaphoid
radiographs. These 124 MRI scans were blinded and randomly ordered. Five
radiologists evaluated the MRI scans independently for the presence or absence of a
scaphoid fracture and other injuries according to a standard protocol.
Results: To answer the primary question, only the diagnoses from the 64 scans of healthy
volunteers were used. The radiologists diagnosed a total of 13 scaphoid fractures;
therefore, specificity for diagnosis of scaphoid fracture was 96% (95% confidence interval:
range 94–98%). The 5 observers had a moderate interobserver agreement regarding
diagnosis of scaphoid fracture in healthy volunteers (multirater k50.44; p,0.001).
Conclusions: The specificity of MRI for scaphoid fractures is high (96%), but false-
positives do occur. Radiologists have only moderate agreement when interpreting MRI
scans from healthy volunteers. MRI is not an adequate reference standard for true
fractures among patients with suspected scaphoid fractures.
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The American College of Radiologists recommends
MRI for diagnosis of true fractures among suspected
scaphoid fractures [1]. A number of published studies
cite sensitivities and specificities approaching 99% [2–9],
but other studies have reported a lower sensitivity
(80%) and substantial interobserver variation (k50.67)
for diagnosis of a scaphoid fracture [2, 8]. It has been
difficult to agree upon a reliable reference standard for
true fractures among suspected scaphoid fractures, and
these studies often use only repeated radiographs 6
weeks after trauma as reference standard. However, it is
also known that not all occult scaphoid fractures become
apparent on repeated radiographs.

It is not clear how to distinguish true fracture from other
changes in bone signal that are detected with MRI. We
propose that MRI of the wrists of healthy volunteers with no
history of wrist or hand injury represents a reliable reference
standard for the absence of an acute fracture of the scaphoid
waist. By evaluating MRI scans of healthy volunteers, we
may learn more about the diagnostic performance char-
acteristics of MRI for suspected scaphoid fracture. A set of
MRI scans with a reliable reference standard would also
provide useful information about the reproducibility of the
interpretation of MRI for suspected scaphoid fracture.

The primary study question was to investigate the
occurrence of false-positive diagnosis of an acute scap-
hoid fracture on MRI using a reliable reference standard
(healthy volunteers). Secondarily we also investigated
the interobserver variation of diagnosis of scaphoid frac-
ture on MRI in healthy volunteers.

Methods and materials

This is a prospective cohort study approved by our
institutional review board.

Healthy volunteers

Healthy volunteers were recruited from acquaintances
of the main study investigators. Before inclusion one of
the investigators assessed an interview concerning
whether there was:

(1) any history of wrist or hand injury
(2) any history of wrist pain or arthritis
(3) any contraindication for an MRI scan.

If any of these questions were positive the volunteer
was excluded. All healthy volunteers were aware of the
primary aim of the study and gave oral informed
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consent. They volunteered and there was no form of
compensation.

62 MRI scans were made of both wrists of 31 healthy
volunteers. Two healthy volunteers had an MRI scan of one
wrist because they had a history of wrist trauma on one
side. There were 44 MRI scans of males and 20 MRI scans
of females, with a mean age of 28 years (range 19–53 years).

Suspected scaphoid fractures

To simulate the clinical context, we mixed the MRI scans
of the healthy volunteers with MRI scans from a cohort of
patients with a suspected scaphoid fracture from a database
of a previous study [2]. All patients with a suspected
scaphoid fracture had a recent trauma, a tender anatomical
snuffbox and pain when applying axial pressure on the
thumb or index finger. Of the group of 60 scans of patients
with suspected scaphoid fractures, there were 32 males and
28 females with a mean age of 38 years (range 16–70 years).
According to the reference standard used in this study, 15
patients were diagnosed with a scaphoid fracture, 20 with
other fractures, 2 with contusions of os triquetrum, 3 with
contusion of os scaphoid and 20 without any injury [2]. This
study was performed in the same clinic with an identical
MRI protocol to our current study, but with the participa-
tion of different radiologists.

In total there were 124 MRI scans, of which 64 were from
healthy volunteers and 60 from the used cohort study.

Evaluation

All MRI scans were stripped of patient identifiers, and
presented in random order to five radiologists that
specialise in musculoskeletal radiology. Five radiologists
participated in the study. Radiologist 1 was a resident
in the USA with two years of experience. Radiologists 2
and 3 were fellows in skeletal radiology in the USA.
Radiologists 4 and 5 were established radiologists in the
Netherlands with 14 years and 18 years of experience,
respectively.

The radiologists were aware that the MRI scans were
obtained from both healthy volunteers and patients with
suspected scaphoid fracture; however, they were not
aware about the size of each group. Each radiologist
independently rated each MRI scan using a standardised
scoring sheet containing the following four items:

(1) scaphoid fracture (yes/no)
(2) other fracture (yes/no; if yes, metacarpal, other

carpal or distal radius fracture)
(3) other lesions
(4) no injury (yes/no).

There were no specific criteria for diagnosis of a
fracture determined by the investigators before the start
of the study.

MRI protocol

A 1.5 T MRI scanner (SymphonyTM; Siemens,
Erlangen, Germany) was used. The patient lies prone

on the scanner table with the hand extended forward, palm
down, over the patient’s head. 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 of view of 1806115.2 mm (64%), a base resolution of
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 a TR of 5220 ms, a TE of 73 ms, a field of view
of 2206141.46 mm (64.3%), a base resolution of 448, 3
averages, a slice thickness of 3 mm with a distance factor of
10%, and a scan time of 4.33 min. Both wrists of the healthy
volunteers were scanned.

Statistical methods

For data analysis we excluded 60 scans of the
suspected scaphoid fractures as this was not the main
goal of this study.

Statistics are based on the 64 scans of the healthy
volunteers. As one of the radiologists did not rate one of
the healthy scans, the data set contained 319 diagnoses/
ratings (64 healthy scans rated by 4 radiologists and 63
scans rated by 1 radiologist).

Among the healthy volunteers, we calculated the
specificity (the proportion of healthy volunteers correctly
diagnosed as having no scaphoid fracture) based on a
binomial-based robust estimator (method of Clopper and
Pearson). To get a robust estimate of specificity with 95%
confidence interval, we used repeated-measures terms in
the logistic regression model using generalised linear
models. Here we accounted for multiple wrists from the
same patient as a repeated measure, and different MRI
scans read by the same radiologist as another repeated-
measures parameter [10].

In addition, we calculated the interobserver agree-
ment. A multirater macro was used to determine
interobserver agreement while accounting for five inde-
pendent observers. Left and right wrists were evaluated
separately and then pooled together. To account for
multiple raters and wrists from the same patient, the
independent working correlation structure worked best,
and model fit was better treating both healthy volunteer
and radiologist as subject effects, as opposed to either
one alone [11].

Results

Healthy volunteers

Among the 319 rated MRI scans in healthy volunteers,
247 were diagnosed with no injury, 13 with scaphoid
fracture, 23 with other fracture and 36 as a ‘‘bone bruise’’
(Figure 1). Of the 36 bone bruises, 10 involved the
scaphoid and 26 involved other bones (carpus, metacar-
pus or distal radius).

4 out of 5 radiologists diagnosed a total of 13 scaphoid
fractures (Table 1). On average the 5 radiologists diag-
nosed 2.6 (range 0–5) scaphoid fractures.

The 13 scaphoid fractures were diagnosed in 6 scans.
For three scans the diagnosis was supported by only one
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radiologist; two scans were supported by three radiolo-
gists; and one scan was supported by four radiologists.

In these six scans ten bone bruises of the scaphoid
were diagnosed by radiologists who did not diagnose a
fracture. Three scaphoids were diagnosed by all five
radiologists as either fractured or bruised (Table 2).

Based on these data, the specificity of MRI was
estimated as 95.9% (95% confidence interval: range 93.8–
98.1%).

The multirater kappa value was 0.47 for all the right
wrists and 0.359 for all the left wrists. The kappa value
based on presence or absence of scaphoid fracture of the
5 observers was 0.44 (p,0.001), which is considered
moderate interobserver agreement [10].

Discussion

MRI cannot be used as the reference standard for true
fractures among suspected scaphoid fractures because,
even in healthy volunteers with no history of wrist trau-
ma, there are signal changes that radiologists sometimes
interpret as a fracture or a bone bruise (Figure 2). The

use of a reliable reference standard for no fracture
(healthy volunteers) allows us to estimate the specificity
of MRI for scaphoid fracture as approximately 96%,
which is good, but not perfect. Given that the prevalence
of true fractures among suspected scaphoid fractures is
low, even small imperfections in diagnostic tests are
magnified [8].

False-positive diagnosis in our cohort may be due to:
(1) scoring a bone bruise as a fracture (some authors do
this, while others require an interruption of the cortex
or a clear fracture line); (2) the use of an abbreviated
scanning protocol with only coronal plane images; and
(3) training and experience (our impression is that
radiologists with greater specialisation in musculoskele-
tal MRI have fewer false-positives). With respect to the
influence of the MRI scanning protocol, a limited and fast
(,7 min) protocol was used in order to evaluate a
protocol that is easily implemented in a busy daily clinic
(this protocol is routinely used in our clinic). Additional
views or additional sequences might influence the
diagnostic performance. Partial volume artefact within
the limited scanning protocol could have contributed to
false-positive findings.

Additional research is needed to determine optimal
diagnostic criteria for a scaphoid fracture on MRI and
what defines an adequate MRI scan for diagnosis of
scaphoid fracture.

Given that our most sophisticated imaging techniques
are imperfect, it must be accepted that there is no
reference standard for true fracture of the scaphoid
among patients with a suspected fracture. It is con-
ceivable that certainty regarding the diagnosis of
scaphoid fracture may be elusive. It may be more
appropriate to treat patients and perform research based
on the probability of a fracture. Latent class analysis—an
alternative statistical method for calculating diagnostic
performance statistics in the absence of a consensus
reference standard—may be more appropriate in this
context [12].

Figure 1. All diagnoses of the 64 healthy volunteers scored
by 5 radiologists (n5319).

Table 1. Agreement between 5 radiologists in the presence or absence of a scaphoid fracture in 64 MRI scans of healthy
volunteers

Radiologist Scaphoid fracture (n) No scaphoid fracture (n) Specificity (95% confidence interval)

1 3 61 95% (87–99%)
2 1 63 98% (91–100%)
3 0 63 100% (94–100%)
4 5 59 92% (84–98%)
5 4 60 94% (91–100%)
Total 13 306 96% (93–98%)

Table 2. MRI findings in 6 healthy volunteers, in whom 1 or more radiologists diagnosed scaphoid fracture (13/319 scans),
scaphoid bone bruise (n510) or no abnormality (n57)

Volunteer Radiologist 1 Radiologist 2 Radiologist 3 Radiologist 4 Radiologist 5

1 No abnormality No abnormality No abnormality Fracture Bone bruise
2 No abnormality No abnormality No abnormality Fracture No abnormality
3 Fracture Fracture Bone bruise Fracture Fracture
4 Fracture Bone bruise Bone bruise Fracture Fracture
5 Fracture Bone bruise Bone bruise Fracture Fracture
6 Bone bruise Bone bruise Bone bruise Bone bruise Fracture
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Figure 2. Four radiologists scored
this MRI scan of a healthy volunteer
as a scaphoid fracture. (a) T1

sequence; (b) T2 sequence.
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