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ABSTRACT

The aim of this study was to evaluate the number and distribution of fractures around the wrist found on bone scinti-
graphy in patients with a clinically suspected scaphoid fracture and negative initial radiographs. We retrospectively in-
cluded 445 consecutive patients with a suspected scaphoid fracture who underwent routine bone scintigraphy. None of
the radiographs showed evidence of a fracture. We analyzed the type and number of other fractures incidentally found
on bone scintigraphy. On average, bone scintigraphy was done in 4 days (1 - 9). The outcome of bone scintigraphy: 80
(18.0%) a scaphoid fracture, 145 (32.6%) another fracture in the carpal region, 208 (46.7%) normal and the diagnosis of
12 (2.8%) was unclear. In the present study, we demonstrated that in patients with a clinically suspected scaphoid frac-
ture and negative initia radiographs, bone scintigraphy detected in many cases (64.4%) other fractures in the carpal
region. This suggests that radiographs not only miss scaphoid but also many other carpal and distal radius fractures.
Solutions should be found to solve this problem and probably advanced imaging techniques like CT, MRI or bone scin-

tigraphy should be used in the correct clinical scenario.
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1. Introduction

Fractures in and around the wrist are common [1]. The
evaluation of patients with wrist injuries is a diagnostic
challenge. In many cases the clinical examination does
not provide diagnostic certainty and radiographs tra-
ditionally used in the initial investigation might be
negative as some fractures are often occult on X-rays
[2,3]. Injuries of the wrist lead to high morbidity and
disability. Early detection and treatment for example of a
scaphoid fracture is important to prevent long term
complications such as non-union, osteonecrosis, carpal
instability and osteoarthropathy. If afracture is suspected,
there is a need for a fast and reliable diagnostic method.
Bone scintigraphy has been used in diagnosing fractures
at all sites since the 1960s [4].

Patients who visited the Emergency Department with
an acute trauma and a suspected scaphoid fracture after
physical examination but no evidence of a scaphoid
fracture on plain radiographs underwent at our institution
bone scintigraphy [5-11]. We noticed that bone scinti-
graphy detected many other occult carpal and distal ra-
dius fractures in these patients with a suspected scaphoid
fracture. It is therefore interesting to evaluate how often
these other fractures are not caught on conventiona ra
diographs. Consequently the aim of this study was to
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evaluate the number and distribution of fractures around
the wrist found on bone scintigraphy in patients with a
clinically suspected scaphoid fracture and negative initial
radiographs.

2. Patients and M ethods

In this study the prospectively obtained data of 445 pa-
tients with suspected scaphoid fractures between March
2004 and April 2011 were included and analyzed. All the
patients gave the informed consent prior being included
into the study. The study was authorized by the local
ethical committee and was performed in accordance with
the Ethical standards of the 1964 Declaration of Helsinki
as revised in 2000. All data was collected by reviewing
the standardised reports. Patients were eligible if they
consented to participate, had a suspected scaphoid frac-
ture after a recent trauma (within 48 hours) and no evi-
dence of a fracture on plain radiographs. Patients who
had contraindications for bone scintigraphy were ex-
cluded. The SPSS Statistics software (Version 17.0) was
used for al statistical calculations.

3. Results
Between March 2004 and April 2011, 445 consecutive
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patients attended the emergency department with a his-
tory and signs consistent with a fractured scaphoid. There
were 207 mae and 238 female patients, the age range
was 10 - 88 years (mean 39 years). All patients received
conventional radiography at presentation in the Emer-
gency Department which showed no fracture. Radiogra-
phy was not repeated. Patients with suspected occult
scaphoid fracture received bone scintigraphy on average
4 days (1 - 9) after the trauma. A scaphoid fracture was
suspected when the clinical presentation was the follow-
ing:

1) An observable swelling of the anatomical snuffbox.

2) Pain when applying pressure on the anatomic
snuffbox or the scaphoid tubercle, or when applying axial
pressure to the thumb or index fingers.

The results of bone scintigraphy of these patients are
shown in Table 1. Outcome of bone scintigraphy: 80
(18.0%) a scaphoid fracture, 145 (32.6%) another frac-
ture in the carpal region, 208 (46.7%) norma and the
diagnosis of 12 (2.7%) was unclear. Figures 1 to 3 are
images of three random selected patients. The diagnosis
on bone scintigraphy was in some cases unclear, because
clinical nuclear physicians described only deviation and
didn’t make statements about the diagnosis. In two cases
they were not certain about the diagnosis.

Tabel 1. Outcome of bone scintigraphy in 445 patients with
a suspected occult scaphoid fracture.

Diagnosis Number Percent (%)

Scaphoid fracture 80 18.0
Lunate fracture 2 0.45
Triquetral fracture 19 4.3
Pisiform fracture 2 0.45
Trapezium fracture 18 4.0
Trapezoid fracture 7 16
Capitate fracture 10 22
Hamata fracture 5 11
Diastal radius fracture 52 11.7
Distal ulnafracture 3 0.7

Distal radius fracture and fracture of
acarpal bone 10 22
Distal ulnaand distal radius fracture 1 0.2
Fracture of more carpal bones 8 18
Other (M aacé’:\(rjﬁﬁj ;rg\r(]:;cure and wrist 37 83
Normal 179 40.2
Unclear 12 2.65
Total 445 100
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Figure 1. An example of a 19 years old man with suspected
scaphoid fracture on the right side. (a) Wrist X-rays show-
ing no fracture. (b) Bone scintigraphy showing hamata
fracture.

3.1. Imaging

3.1.1. Wrist Radiographs

All radiographs were obtained by using a digital tech-
nique. Initia radiographs were taken in following 3
planes: 1) a posteroanterior view with the hand in a neu-
tral position, 2) an oblique view with the wrist in 10 de-
grees of supination and maximal ulnar deviation, and 3) a
true lateral view with the wrist resting in the ulnar posi-
tion on the X-ray plate.

3.1.2. Bone Scintigraphy

Bone scintigraphy was performed by using a standard
protocol of images of the early static phase, on a SKY -
Light gamma camera (Philips, Eindhoven, The Nether-
lands). Pamar and dorsal images of both wrists were
performed between 2 and a half and 4 hours after the
intravenous injection of 500 MBqg of Tc-99m-HDP
(Tc-99m hydroxymethylene diphosphonate) visualizing
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Figure 2. An example of a 20 years old woman with sus-
pected scaphoid fracture on the left side. (a) Wrist X-rays
showing no fracture. (b) Bone scintigraphy showing tri-
quetral fracture.

the osteoblastic activity with a planar collimator. Each
image took 10 minutes. A consultant clinical nuclear
physician evaluated all bone scans. The reports of bone
scans of the clinical nuclear physician are evaluated in
this study.

4. Discussion

To this date, the main focus of occult fractures around
the wrist was the scaphoid. However, analysis of this
study showed that we should broaden our view. Our rou-
tine protocol of bone scintigraphy suspected scaphoid
fracture revealed that over 60% fracture around the car-
pal region was identified, although only a scaphoid frac-
ture was clinically suspected. It is generally accepted that
advanced imaging modalities are needed in case of sus-
pected scaphoid fractures and negative radiographs in
order to rule out a scaphoid fracture. It is known that
missed diagnosis and inadequate treatment of this frac-
ture leads to nonunion and may cause pain and serious
disability [7,10-14]. However, little is known on the
clinical consequence of missing those other fractures
which are detected in this study.

Those other fractures in the carpal region were not
dislocated, so they would be treated conservatively. It is
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Figure 3. An example of a 19 years old woman with sus-
pected scaphoid fracture on theright side. (a) Wrist X-rays
showing no fracture. (b) Bone scintigraphy showing capi-
tatefracture.

not quite clear what the consequence is for these patients
with inadequate treatment, but it is likely that they will
bring disability and that they will have socio-economic
consequences. If the fracture had been detected by those
patients, they would probably have had plaster for four to
six weeks. In our society most people with plaster take
rest and insurance pays when they are physically not able
to work. Therefore we can assume that those patients
with inadequate treatment could also not work for four to
six weeks or even longer because of what could classify
as adisability, pain and slowly recovery. But in this case
the insurance is not paying because the fracture is not
confirmed medically.

The study of Welling concluded that radiography
failed to detect 30% of wrist fractures identified on CT,
which suggests the importance of further advanced or
cross-sectional imaging for fracture detection in the cor-
rect clinical scenario. In the proximal carpa row, lunate
and triquetral fractures were often radiographically oc-
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cult (0% and 20%, respectively, detected at radiography);
whereas in the distal carpal row, trapezoid, capitate, and
hamate fractures were often occult (0%, 0%, and 40%
detected at radiography, respectively) [15]. The study of
Pierre-Jerome identified with MR examination a high
prevalence of multiple occult bone injuries in patients
with clinically suspected scaphoid fractures but negative
radiographs and persistent wrist pain [16]. Moreover,
repeated radiographs do not lead to improvement of the
diagnostic management, since the added sensitivity of
repeated radiographs is low [5,6,17]. This aso implies
that repeated radiographs are not cost effective compared
to other diagnostic modalities [18]. That is why we
should focus on advanced or cross-sectional imaging to
solve this problem.

The study of Querellou highlights the advantage of
bone scintigraphy, which alows the detection of most
occult carpal fractures and reduces the risks of complica-
tions such as pseudoarthritis [19]. Beeres suggests that
bone scintigraphy is required when scaphoid X-rays do
not confirm a suspected scaphoid fracture, even in the
presence of other fractures in the carpal region [20]. The
study of Akdemir concluded that bone scintigraphy is a
reliable method to confirm or exclude the presence of a
suspected scaphoid fracture and also useful to detect
clinically unsuspected fractures of distal radius and other
carpal bones[21].

We acknowledge that it is not the most wise decision
to use nuclear imaging in the initial investigation of pa
tients with wrist injury, because it is invasive, carries a
varying specificity, it is time-consuming, costly and not
routinely available. Additionally, further advanced or
cross-sectional imaging (MRI and CT) are aso time-
consuming, not routinely available, costly and they have
been shown false negatives. Computed Tomography (CT)
and bone scintigraphy have also another weakness, it
have aradiation burden [22].

Bone scintigraphy has a sensitivity of up to 100% and
a specificity of approximately 85% [7,20,23-26]. In addi-
tion, according to severa reviews, a negative bone scan
virtually excludes a scaphoid fracture. However, although
sensitive, bone scan is not specific for a scaphoid fracture
and may be positive due to other injuries, It may result in
unnecessary immobilization due to fals positive results.
Bone scintigraphy and CT are inferior to MRI for the
detection of bone bruises and ligamentous injuries. Most
occult fractures represent damage to the trabecular bone.
The merit of MRI over bone scintigraphy is its high
specificity in showing these lesions [16]. CT has a sensi-
tivity of 64% and specificity of 99% [23]. MRI has a
sensitivity of 80% and specificity of 100% [24,26]. The
weakness of CT and MRI is that they may show fals
negatives results and so mis a fracture [27]. However
these three modalities miss far fewer fractures than con-
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ventional radiography.

The low prevalence of true fractures amongst sus-
pected scaphoid fractures magnifies the shortcomings of
the diagnostic tests used to triage suspected scaphoid
fractures. Therefore, clinical predictions rules are being
investigated to yield a subset of patients who are more
likely to have a fracture than others who laced the criteria
An initial study [28] regarding scaphoid fractures has
been performed on this issue. However, we should
broaden our view and see if we can make a clinical pre-
diction rule for the hand and wrist.

There were several advantages to this study. The
number of examined human subjects was high, all bone
scans were evaluated by clinical nuclear physician and
we made clear statements about the diagnosis on bone
scintigraphies. Observer variation for bone scintigraphy
could be suggested as a weakness, but a previous study at
our institution showed that the observer variation is very
small [29].

There are a'so some weaknesses as the study popula-
tion had been derived from previous studies on scaphoid
fractures. In addition, it cannot be verified how experi-
enced the emergency room physicians were who evalu-
ated the patients. However physical examination findings
are not specific and may be seen in patients without any
fractures or with fractures of the radial styloid, trapezium,
carpal bones and metacarpal bones. It would have been
interesting to evaluate the follow-up of these patients;
however, this would be beyond the scope of this article.
A bone scan with ainterval of 4 days after injury will be
“hot” due to avariety of reasons other than fracture—this
includes inter-carpal ligament sprains and tears (inflame-
mation) after injury.

In the present study, we demonstrated that in patients
with aclinically suspected scaphoid fracture and negative
initial radiographs, bone scintigraphy detected in many
cases (64.4%) other fractures in the carpal region. This
suggests that radiographs not only miss scaphoid fracture
but also many other carpal and distal radius fractures.
Solutions should be found to solve this problem and
probably advanced imaging techniques like MRI, bone
scintigraphy or CT should be used in the correct clinical
scenario while keeping the financial impact in mind.

5. Take Home M essages

o Radiographs miss not only scaphoid fractures but also
many other carpal and distal radius fractures.

e |f you suspect an occult scaphoid fracture, you may
find with a advanced imaging technique a fracture of
aanother bonein the carpal region.

e An advanced imaging technique like CT, MRI or
bone scintigraphy is required for the clarification of
the diagnosis and adequate treatment when there is a
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clinical suspicion of an occult fracture in the carpal
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