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Objective: To determine the cost effectiveness of a magnetic resonance imaging scan (MRI) within 5 days
of injury compared with the usual management of occult scaphoid fracture.
Methods: All patients with suspected scaphoid fractures in five hospitals were invited to participate in a
randomised controlled trial of usual treatment with or without an MRI scan. Healthcare costs were
compared, and a cost effectiveness analysis of the use of MRI in this scenario was performed.
Results: Twenty eight of the 37 patients identified were randomised: 17 in the control group, 11 in the MRI
group. The groups were similar at baseline and follow up in terms of number of scaphoid fractures, other
injuries, pain, and function. Of the patients without fracture, the MRI group had significantly fewer days
immobilised: a median of 3.0 (interquartile range 3.0–3.0) v 10.0 (7–12) in the control group (p =
0.006). The MRI group used fewer healthcare units (median 3.0, interquartile range 2.0–4.25) than the
control group (5.0, 3.0–6.5) (p = 0.03 for the difference). However, the median cost of health care in the
MRI group ($594.35 AUD, $551.35–667.23) was slightly higher than in the control group ($428.15,
$124.40–702.65) (p = 0.19 for the difference). The mean incremental cost effectiveness ratio derived
from this simulation was that MRI costs $44.37 per day saved from unnecessary immobilisation (95%
confidence interval $4.29 to $101.02). An illustrative willingness to pay was calculated using a
combination of the trials measure of the subjects’ individual productivity losses and the average daily
earnings.
Conclusions: Use of MRI in the management of occult scaphoid fracture reduces the number of days of
unnecessary immobilisation and use of healthcare units. Healthcare costs increased non-significantly in
relation to the use of MRI in this setting. However, when productivity losses are considered, MRI may be
considered cost effective, depending on the individual case.

T
he scaphoid bone is the most commonly fractured carpal
bone, accounting for 51–90% of carpal fractures and
2–7% of all fractures.1 However, scaphoid fractures are

difficult to diagnose accurately because often the initial
radiographs show no sign of fracture.2 A missed scaphoid
fracture is likely to have an adverse outcome because the
scaphoid has a relatively poor blood supply, particularly to
its proximal pole. If untreated, healing may be delayed or
result in non-union, malunion, or avascular necrosis.3

Consequently, patients presenting with a clinically suspected
scaphoid fracture, but negative initial radiographs, are
treated with temporary cast immobilisation until, at about
two weeks, another imaging modality is used in an attempt
to obtain an accurate diagnosis.1

Magnetic resonance imaging (MRI) is at least as accurate
as other modalities for diagnosing scaphoid fractures as it
produces highly detailed images and has the additional
benefit of being able to diagnose fractures earlier after
trauma than other modalities, such as radiographs, skeletal
scintigraphy, and computed tomography scans.4 MRI can be
used to diagnose suspected scaphoid fractures as early as 2.8
days after injury as opposed to about two weeks for other
modalities.5 Consequently, patients who do not have a
fracture (about 50–75% of patients with initially suspected
scaphoid fractures) may avoid significant, unnecessary
immobilisation time with the use of MRI.5 Although the
present cost of MRI is often thought to be too great to
warrant its use in the diagnosis of suspected scaphoid
fractures, it has been suggested that it may be cost effective
if unnecessary plaster cast immobilisation is avoided.6

We performed a study to determine if the addition of early,
limited wrist MRI to the usual management of suspected

occult scaphoid fractures would improve patient manage-
ment, by improving patient outcomes and minimising costs
to the healthcare system and community, in the Australian
healthcare system.

METHODS
We performed a non-blinded, randomised controlled trial of
the effect of the addition of MRI performed early in the
management of suspected (occult) scaphoid fractures.
Subjects were recruited through the emergency departments
of five major city and suburban hospitals using the
emergency department or radiology triage, or electronic log.
All eligible patients presenting to the emergency departments
between 1 January 2000 and 31 December 2002 were
included. The study was approved by the ethics committees
of all participating hospitals. All subjects gave written
informed consent.
Inclusion criteria were: age greater than 18 years,

presentation with a clinical diagnosis of possible occult
scaphoid fracture requiring immobilisation with normal and/
or inconclusive initial wrist radiographs. Subjects were
excluded if they had any contraindications to MRI (pace-
maker, cerebral aneurysm clip, cochlear implant, presence of
metal/shrapnel in strategic locations such as the eye, or
claustrophobia) or were unable to cooperate with study
requirements and provide informed consent. Once consent
was obtained, subjects were randomised using computer
generated random numbers to receive either MRI or no MRI

Abbreviations: IQR, interquartile range; MRI, magnetic resonance
imaging
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in a ratio of 1:1. Block randomisation, based on each hospital
as a unit of randomisation was used.
Patients in the intervention arm had an MRI scan of the

wrist within two to five days of presenting to the emergency
department. The results of the scan were given to the patient,
the doctor managing the patient, or a doctor specified by the
patient. No advice was given to the patient to change their
treatment in any way. Apart from MRI in the intervention
group, no other alterations to the treatment were made and
the treating doctor remained in charge of all management.
Subjects in the control group had ‘‘usual care’’ as determined
by their treating medial practitioners. The treating medical
practitioners determined all further management of the
patient with no involvement of the study team.
Wrist MRI was performed on a 1.5 T whole body magnetic

resonance unit (Signa Horizon HiSpeed GE Medical Systems,
Milwaukee, Wisconsin, USA, or equivalent), with the use of a
commercial extremity coil. Total data acquisition time was
7–10 minutes per subject, with the longest individual
sequence taking five minutes. The following imaging
sequences were used: coronal TIW-SE (spin echo) and
coronal STIR (inversion recovery). To avoid inaccurate results
caused by inexperience, the scans were assessed by a senior
radiologist at each site, with copies sent to a central reading
site, where two readers reviewed the study, reaching a
consensus in cases of discrepancy. Our criteria for fracture
were the presence of any signal abnormality, be it oedema or
a linear one suggesting macrofracture. Subjects in the control
arm did not have their management altered in any way. The
diagnosis was based on the modality or modalities that their
treating doctor used.
All the subjects were contacted by telephone at baseline

and then by telephone or post monthly for three months to
collect information on resource use and recovery of wrist
function and pain using the validated patient rated wrist
evaluation.7 Resource use included the type and number of
units of healthcare used as follows: visits to general

practitioner, emergency department, specialist medical pro-
vider, physiotherapist, or ‘‘other’’ healthcare provider, which
included other specialists such as a naturopath or remedial
massage practitioner. The baseline questionnaire also gath-
ered information on possible covariates (age, sex, occupation,
socioeconomic status, and the type of injury), duration of
time in splint, time off work, time during which unable to
perform daily activities.
Data were collected on self coding forms and entered into a

Microsoft Access database. The basic characteristics and
distribution of prognostic variables were compared between
the two groups. All proportions were analysed using x2

statistics. Owing to the small sample size and non-normality
of the data, variables were reported as the median and
interquartile range (IQR). Variables were analysed using the
Mann-Whitney test for non-parametric data. An exception to
this was the analysis of the patient rated wrist evaluation.
A cost effectiveness analysis, using the method outlined

below, was performed to determine the most appropriate
management regimen for diagnosing suspected scaphoid
fractures. Current practice was compared with current
practice plus wrist MRI. All health system costs that were
expected to vary between the two groups were collected. Total
healthcare use included emergency department visits, general
practitioner consultation, specialist (initial and subsequent
consultations) physiotherapy, and the cost of diagnostic
services (radiographs, skeletal scintigraphy, and MRI). We
did not include the initial emergency department visit and
initial radiograph, as these were performed on all subjects
before randomisation (table 3). The differences in expendi-
ture between the two groups were determined from the costs
of healthcare use. The costs of health services used were
derived from the Medicare Benefits Schedule, 2002.8 All costs
were measured in Australian dollars (AUD).
The effectiveness measure was the number of days subjects

unnecessarily spent in plaster, as this was the most sensitive
measure available. To determine the cost effectiveness of

Table 1 Baseline characteristics of randomised groups

MRI group
(n = 11)

Control group
(n = 17) p Value

Age (years)* 35.0 (27–41) 29.0 (24.75–50) 0.70`
Male sex� 7 (64) 6 (35) 0.11�
Dominant wrist injured� 3 (27) 9 (53) 0.26�
Socioeconomic status* 114.35 (105.3–122.5) 107.3 (103.8–111.1) 0.09`

Patients in the MRI group received a magnetic resonance imaging scan, and those in the control group did not.
*Values are median (interquartile range).
�Values are number (%).
`Mann-Whitney test.
�x2 test.

Table 2 Comparison between MRI and control group of clinical end points

MRI group
(n = 11)

Control group
(n = 17) p Value*

Number of scaphoid fractures` 3 (27.3) 4 (23.5) 0.82�
Number of other fractures` 4 (36.3) 2 (11.8) 0.12�
Days until diagnosis� 3.0 (3.0–3.0) 10.0 (10.0–12.0) 0.003
Days unnecessarily in plaster� 0.00 (0.0–3.0) 7 (0–12.0) 0.029
Days unnecessarily in plaster (subjects without fracture only)� 3.0 (3.0–3.0) 10.0 (7–12) 0.006
Days off work� 1.0 (0.0–2.0) 1.0 (0.0–4.0) 0.31
Activities unable to perform (1-5 scale)� 2.0 ( 2.0–5.0) 3.5 (2.0–5.0) 0.69
Equivalent percentage� 10–25% (10–25% to .75%) 37–50% (10–25% to .75%) 0.69

Patients in the MRI group received a magnetic resonance imaging scan, and those in the control group did not.
*Mann-Whitney test, unless otherwise noted.
�x2 test.
`Values are number (%).
�Values are median (interquartile range).
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adding MRI and to assess the uncertainty around the cost
effectiveness ratio, the bootstrap method (1000 simulations),
as described by Briggs and Fenn,9 was performed. In contrast
with previous analyses, this considered mean values as recom-
mended by Briggs and Fenn.9 The simulation data were used
to determine a mean incremental cost effectiveness ratio.9

A scatter plot was produced to illustrate the results of the
simulation, and an acceptability curve was produced to show
the probability that MRI is cost effective according to a range
of willingness to pay thresholds.9 To estimate an appropriate
willingness to pay per day saved in plaster, the following
calculation was used:

WP = PL 6DE

where WP = willingness to pay, PL = productivity loss due
to immobilisation (%), and DE = daily earnings.

To illustrate the possible cost effectiveness of adding MRI,
this calculation was combined with the trial results to
produce a range of possible willingness to pay values. An
appropriate range of productivity losses (PL) was determined
from the IQR of the percentage of daily activities that trial
subjects were unable to perform (reported on questionnaire).
A single average daily earning was used in the calculation of
the willingness to pay range. This was obtained from the
average Australian wage (full time adult ordinary time
earnings $868.50/week) obtained from the Australian
Bureau of Statistics (May 2002).
Sample size was estimated on the basis of the estimated

difference in days unnecessarily immobilised, so that, with a
mean number of days unnecessarily in plaster in the MRI
group of 3, and 10 (SD 3) days being the mean in the control
group, with five subjects in each group, the study had a
power of 80% to detect a significant difference, with an a
error of 0.05.

RESULTS
Thirty seven potential subjects from the emergency triage or
electronic log, treated for a suspected scaphoid fracture, were
identified. Twenty eight agreed to participate in the study, six
subjects declined to participate, two subjects could not be
contacted, and one agreed to participate but moved overseas
before any study involvement. Of the participating subjects,
11 were randomised to the ‘‘MRI’’ group, and 17 to the

Table 3 Total healthcare use

Healthcare resources
Cost
(AUD)

MRI group Control group

Units Total cost of service (AUD) Units Total cost of service (AUD)

General services
Emergency department visit 24.45 1 24.45 1 24.45
General practitioner consultation 24.45 8 195.6 24 568.8
Specialist (initial consultation) 119.35 7 835.45 9 1074.15
Specialist (subsequent consultations) 59.75 4 239 16 956
Physiotherapist 40 0 0 8 320
Total general services per person* 2.0 (1.0–3.0) 119.35 (67.24–185.21) 3.0 (2.0–4.5) 228.0 (48.90–63.30)

Diagnostic imaging services
Radiographs 28.05 3 84.15 14 392.7
Skeletal scintigram 295.1 0 0 4 1180.4
MRI 475 10 4750 4 1900
Total diagnostic services per person� 1.0 (1.0–2.0) 475.00 (475.00–503.05) 1.0 (1.0–2.0) 295.10 (28.05–475.00)
Total units/expenditure per person` 3.0 (2.0–4.25) 594.35 (551.05–667.23) 5.0 (3.0–6.5) 428.15 (124.40–702.65)

Where applicable, values are median (interquartile range). Patients in the MRI group received a magnetic resonance imaging scan, and those in the control group
did not.
*p = 0.040 for difference in rank median general services units, and p = 0.41 for difference in rank median general services cost.
�p = 0.68 for difference in median diagnostic services units, and p = 0.01 for difference in median diagnostic services cost.
`p = 0.03 for difference in total units, and p = 0.187 for the total expenditure.

Figure 1 Scatter plot illustrating the relevance of the position of data
points (A) and incremental cost effectiveness ratio (ICER) scatter plot of
simulation data (B). Of note is the fact that most of the data points are
within quadrant 1, indicating that the use of magnetic resonance
imaging (MRI) costs more but with increased effectiveness as defined by
number of days saved from unnecessary plaster immobilisation.

Figure 2 Acceptability curve illustrating the proportion of simulations
below a range of willingness to pay values. At a cost of $50 per day
saved from unnecessary cast immobilisation, the introduction of
magnetic resonance imaging will be cost effective 70% of the time.
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‘‘control’’ group. One subject from the MRI group was lost to
follow up after moving house and becoming uncontactable.
The groups were similar at baseline (table 1). Although

there were more men, more dominant wrist injuries, and
higher socioeconomic status in subjects in the MRI group,
these differences were not significant (table 1).
The percentages of definite scaphoid and non-scaphoid

fractures diagnosed were similar in the two groups (table 2).
Scaphoid fracture was eliminated or confirmed significantly
more quickly in the MRI group (median 3 days, IQR 3–3)
than in the usual treatment group (median 10 days, IQR 10–
12; p = 0.003) (table 2). The main clinical difference
between the groups was that, when only subjects diagnosed
as having no fracture were included in the analysis, the
median number of days unnecessarily in plaster in the MRI
group was three days, which is significantly less than the
median of 10 days in the control group (p = 0.006) (table 2).
The change in quality of life caused by being in plaster for a

scaphoid fracture was quantified by measuring the days of
work lost and estimated disruption to daily activities. There
was no difference in the number of days of work missed
(table 2). At baseline, the two groups showed similar high
levels of pain and impaired function, as measured by the
patient rated wrist evaluation: in the MRI group the mean
(SD) pain and function scores were 5.9 (0.07) and 7.08 (0.70)
compared with 6.5 (0.56) and 8.03 (0.56) in the control
group. The two groups showed a similar, significant decrease
in both pain and functional rating over the three month
period (p,0.001). There were no significant differences in
pain or function between the MRI and control groups
one month, two months, and three months after injury.
The differences in all costs associated with diagnosis,

treatment, and management of the suspected scaphoid
fracture between the two groups were determined from the
costs of healthcare use (table 3). There was a trend towards a
higher cost for the MRI group than the control group
(median of $594.35 compared with $428.15). However, the
IQRs of the two groups were quite different. The MRI group
had a narrow range of $551.05–667.23 compared with a wide
range for the control group of $124.40–702.65. Healthcare use
was lower in the MRI group, with a median of 3.0 units (IQR
2.0–4.25), compared with the control group, with a median of
5.0 (IQR 3.0–6.5) (p = 0.03 for the difference).

COST ANALYSIS
The mean incremental cost effectiveness ratio derived from
this simulation was $44.37 per day saved from unnecessary
immobilisation by the use of MRI (95% CI $4.29 to $101.02).
The scatter plot of incremental cost effectiveness ratios (fig 1)
illustrates that most simulations are in quadrant 1, indicating
an increased cost for MRI but with increased effectiveness.9

This relates to fewer days unnecessarily spent in plaster for
the subjects who had an MRI scan. In fact, a small percentage
of simulations appear in quadrant 2, which indicates an
increased effectiveness of MRI with a decreased cost—that is,
MRI is both cost saving and more effective than ‘‘usual
care’’.9 An acceptability curve (fig 2) was plotted to illustrate
the proportion of incremental cost effectiveness ratios that

are cost effective over a range of costs that may be considered
acceptable for the benefit of days saved from unnecessary
immobilisation.
An illustrative willingness to pay was calculated from the

trial results using a combination of the trials measure of
the subjects’ individual productivity losses (table 3) and the
average daily earnings of $173.70 based on the Australian
Bureau of Statistics average earnings for 2002 (full time adult
ordinary time earnings: $868.50AUD/week). The IQR of the
percentage of activities that patients were unable to perform
was used to develop the range of possible willingness to pay
values (table 4). This range indicated that, at a 50%
productivity loss, the addition of MRI was a cost effective
addition in most cases (95.3%). At a very minor productivity
loss (10%), the cost effectiveness was greatly reduced so that
MRI was cost effective in only 11.7% of simulations.

DISCUSSION
We have found in an unblinded, randomised controlled trial
of normal adults with suspected scaphoid fractures, that the
addition of an MRI scan within five days of injury to the
usual care reduced the days unnecessarily spent immobilised
in a plaster cast and the use of healthcare services. Despite
the decreased use of services by those who had an MRI scan
in the first few days, the total expenditure in the two groups
was similar. However, a cost effectiveness analysis suggested
that the early addition of MRI may be cost effective if the
high productivity losses associated with unnecessary immo-
bilisation are included.
Our findings of a reduction in the time until diagnosis in

the MRI group are not unexpected. It has been shown that an
MRI scan can clarify the diagnosis in subjects in whom
radiographs are normal, less than 42 hours after injury.10

Despite this, most studies recommend that repeat radio-
graphs be performed two weeks after injury, but even then
the diagnosis of scaphoid fracture may not be confidently
excluded and additional imaging may be required.4 11 12 It has
been suggested that skeletal scintigraphy be performed two
weeks after injury.12 13 However, these management strategies
result in many patients being unnecessarily immobilised for
at least 7–10 days until a diagnosis is made.
We showed that addition of MRI early in the care of

suspected scaphoid fracture reduced use of healthcare units.
This is similar to the results of Raby,10 who found that use of
MRI early in the management of suspected scaphoid fracture
reduced fracture clinic attendance compared with MRI use in
a selected group, with continuing symptoms 10 days to 6
weeks after injury. However, this study did not account for
any other healthcare use, whereas we have included the cost
of these.
Despite the reduction in use of healthcare units seen with

the addition of MRI early in the care of suspected scaphoid
fracture, when this was examined in terms of cost, there was
no significant difference between the two groups. This lack of
difference could be explained by the high cost of MRI ($475
AUD). At present, in the Australian healthcare system, all
MRI services cost the same irrespective of the body part or
time required for the MRI.8 Should this funding change, with
a reduction in cost for limited scans or dedicated extremity
systems, there would be an improvement in the cost
effectiveness of the use of MRI in this setting.14

It has also been suggested that MRI is likely to be more
cost effective when productivity and income loss are
considered.6 The latter study by Dorsay et al used modelling
to compare current ideal recommendations in the manage-
ment of an occult scaphoid fracture with management
incorporating the addition of a screening MRI scan to inves-
tigate the theoretical costs of the various methods of diag-
nosing suspected scaphoid fractures. The results suggested

Table 4 Illustrative range of willingness to pay and
corresponding possible cost effectiveness

Productivity
loss (%)

Willingness to pay
(AUD)

Percentage of cost effective
ICERs

10 17.37 11.7
50 86.85 95.3
75 130.28 98.7

ICER, Incremental cost effectiveness ratio.
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that the impact on earnings would further add to the cost
effectiveness of MRI in that study, but did not actually
include earning losses or other associated costs of the
scaphoid injury, such as associated healthcare use.6 Our
study provides evidence to support these findings. The costs
in the two groups were very similar. However, the MRI group
also benefited from a mean of seven days less in plaster.
Thus, addition of some value to the improved functioning
over that time needs to be considered. The optimum way to
do this is not clear. However, it should be considered when a
decision is made about adding MRI to the management of an
individual patient.
Our cost effectiveness simulation indicates that MRI costs

$44.37 (95% CI $4.29 to $101.02) per day saved of
unnecessary immobilisation. Whether this is acceptable or
not depends on what society considers an appropriate
amount to pay for the possibility of days saved from plaster.
Our data suggest that, at the median productivity loss (50%),
the addition of MRI would be cost effective 95.3% of the time.
However, this example only used one measure of earnings,
the average Australian wage, to calculate the willingness to
pay value. Individual patients will be affected to varying
degrees by the unnecessary immobilisation and similarly they
will have a range of earnings. Using our results, a patient can
use this acceptability curve combined with the willingness to
pay equation to determine whether MRI is a cost effective
option in their case. For example, a self employed manual
labourer, earning $350 AUD per day, dependent on being
physically unimpaired, would have a higher willingness to
pay—for example, impaired 10%, willingness to pay $35 AUD
per day—than a worker on the average Australian wage.
Using the accessibility curve, in this situation, MRI is likely to
be cost effective in about 40% of cases.
The main limitation of our study is the small number of

subjects. Although scaphoid fractures are considered rela-
tively common, the number of eligible subjects was lower
than expected. This has been the experience of other
investigators also.1 In addition, a large number of subjects
identified were younger patients (12–18 years), who were
excluded from the study to avoid confounding related to the
difference in healing of fractures in fully grown and
developing bones. Although some may have been fully
grown, subjects in this age group are likely to be dependents,
and not yet in the workforce. Excluding them allowed
continuity when the economic evaluation was performed.
Despite this, we were able to detect a large difference
between the two groups, such as days in plaster. As we used
all the consecutive eligible subjects at five different city and
suburban hospitals, both private and public, our results can
be generalised to healthy adults with an occult scaphoid
fracture. A strength of our study is that we used a very
rigorous definition of occult scaphoid fracture. The clinical
suspicion had to be strong enough that immobilisation was
used in the absence of an abnormal radiograph. Although our
study was not blinded, outcome measures were assessed

objectively using a validated instrument and standard
questions by trained observers to minimise bias. Although
the study was performed in Australia, we have reported our
findings in healthcare units. This enables interpretation of
our study findings in other settings.
In summary, our study suggests that the addition of wrist

MRI to the management of occult scaphoid fracture reduces
the number of days the patient is immobilised in a plaster
cast and the use of healthcare units. However, on the basis of
current funding for MRI in Australia, there was a non-
significant increase in the healthcare costs incurred. Our data
suggest a mean incremental cost effectiveness ratio of $44.37
(95% CI $4.29 to $101.02), being an estimate of how much
extra MRI costs for the days it saves from unnecessary plaster
cast immobilisation. Studies such as this provide data from
which decisions can be made about whether to use MRI in
the management of occult scaphoid fracture.
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What is already known on this topic

MRI is useful in the management of occult scaphoid fracture.
It can be used to diagnose a fracture or other injury or
exclude the presence of a fracture earlier than other imaging
modalities. Models of MRI use in this situation have suggested
that it may be cost effective, but this has not been fully
examined.

What this study adds

This study confirms the usefulness of MRI in the management
of occult scaphoid fracture, as it reduces the time spent
unnecessarily immobilised by patients without fractures. It
also shows that the addition of MRI reduces healthcare use
and is cost effective at modest levels of individual willingness
to pay to avoid unnecessary immobilisation.

Management of suspected scaphoid fractures 79

www.bjsportmed.com

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsm
.2003.007435 on 21 January 2005. D

ow
nloaded from

 

http://bjsm.bmj.com/

