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Abstract

Background: Planar bone scintigraphy (PBS) is often advocated for diagnosing occult scaphoid fractures. PBS is a
sensitive diagnostic modality, but lacks specificity, which may result in over-diagnosis.

Purpose: To examine, in a pilot study, the potential additional value of single photon emission computed tomography
(SPECT) combined with low dose computed tomography (CT) for the diagnosis of an occult scaphoid fracture.
Material and Methods: Ten patients that underwent combined PBS and SPECT/CT for a clinically suspected scaphoid
fracture, where radiographs could not detect a fracture, were included in this pilot study. The PBS and SPECT/CT results
were independently and separately evaluated by a nuclear physician for scaphoid fractures and other injuries.
Results: PBS was positive for a scaphoid fracture in four patients and diagnosed three other fractures. SPECT/CT
showed five scaphoid fractures and one other fracture. SPECT/CT — PBS had discrepant results in three patients. In two
patients PBS diagnosed a trapezoid fracture where SPECT/CT showed a scaphoid fracture. The other patient was
diagnosed with a scaphoid fracture on PBS, whereas SPECT/CT showed bone bruise of other carpal bones.
Conclusion: SPECT/CT has the potential to be more accurate than PBS as it uses anatomical information of the CT to
discriminate between the scaphoid, other carpal bones, and bone bruises. Larger studies with an independent reference

standard are needed for confirmation of these preliminary data.
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Introduction

Magnetic resonance imaging (MRI), computed tomog-
raphy (CT), or planar bone scintigraphy (PBS) are per-
formed to detect an occult scaphoid fracture if scaphoid
radiographs show no fracture. The value of these diag-
nostic tools have been widely investigated and still no
consensus exists on the preferred workup of a patient
with a clinically suspected scaphoid fracture and with a
normal conventional radiograph (1). The American
College of Radiology recommends scaphoid radiographs
as the first line of investigation in patients with a sus-
pected scaphoid fracture. If these do not show a fracture,
a second line of investigation such as MRI or CT is
proposed (2). PBS can also be used as second line inves-
tigation; however, it is usually not appropriate.

It is important to diagnose an occult scaphoid frac-
ture early because, if left untreated, it may give rise to

serious complications such as osteonecrosis, non-union,
carpal instability, and functional impairment (3-8).
Among the advanced diagnostic modalities for this spe-
cific patient group, PBS is favored for its high sensitiv-
ity in confirmation of scaphoid fractures. The
disadvantage of PBS, however, is its lower specificity
compared to MRI and CT (9-12).
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PBS uses a radiopharmaceutical, technetium-99 m
hydroxymethylene diphosphonate (**™Tc HDP),
which accumulates on the surface of the by osteoblasts
induced growing hydroxyapatite crystal. After trauma,
osteoblasts at the fracture site are activated and the
HDP will accumulate at the activated osteoblasts. The
PBS will show increased uptake. However, not only
fractures will show increased activity; there will also
be accumulation of the radiopharmaceutical in acti-
vated osteoblasts at the site of osteoarthritis and exten-
sive bone bruise. Also infections or other inflammation
lead to increased activity (13). A concern related to PBS
is the determination of the exact localization of the
fracture. Especially when there is a fracture of one of
the bones articulating with the scaphoid, a false positive
diagnosis of a scaphoid fracture may result (10,14).
Single photon emission computed tomography
(SPECT) can improve the diagnostic performance of
bone functional imaging (15). The hybrid SPECT/CT
systems combine SPECT with CT and have proven to
result in a more accurate localization and characteriza-
tion of other than carpal skeletal lesions (16,17).

The aim of the current pilot study was to investigate
if SPECT/CT is of additional value, in comparison with
PBS, in the diagnostic workup for suspected scaphoid
fractures.

Material and Methods
Patients

The study proposal was approved by the institutional
Ethics Committee and financial and logistic resources
were organized for 10 patients. Between May 2010 and
May 2011, in patients who visited the Emergency
Department (ED) with a clinically suspected scaphoid
fracture and negative scaphoid radiographs, an add-
itional PBS was made. The attending nuclear physician
evaluated the PBS. If there was any activity on the PBS
an additional SPECT/CT was made. Inclusion was
stopped after the first 10 patients had agreed to
participate.

Study protocol

A clinically suspected scaphoid fracture with negative
scaphoid radiographs was defined as pain in the anatomic
snuffbox when applying axial pressure on the first or
second digit (18), after a recent trauma (within 48 h)
and no evidence of a fracture on conventional scaphoid
radiographs (PA, lateral, and 24 specific views). If a
patient was suitable for inclusion, a SPECT/CT was per-
formed after informed consent. Poly-trauma patients,
patients aged less than 18 years, and those with contra-
indications for bone scintigraphy were excluded.

The PBS was made 3-5 days after injury. A three-
phase bone scintigraphy was performed immediately
after intravenous injection of 550 MBq **™Tc-HDP.
Dynamic images were acquired during 2min on a
single or two-headed gamma camera (Symbia T6,
Siemens, Erlangen, Germany or Toshiba GCA-
7200 pi/7200di/7100ui, Toshiba, Tokyo, Japan), dis-
played on a 128 x 128 matrix, zoom factor 1.0, with
the hands on the camera head in palmar projection.
Five hours after tracer injection planar images of the
hands were made for osteoblast activity analysis. The
same study protocol and position as the dynamic
images were applied, but now displayed on a
256 x 256 matrix, zoom factor 1.5.

The SPECT/CT was performed on the two-headed
gamma camera (Symbia T6, Siemens, Erlangen,
Germany, with 6-slice CT), using a low-energy high-reso-
Iution collimator. Images were acquired for 15s in each
camera position. A total of 64 views were taken to cover
360°. The energy window was set to 140 keV with a 20%
window. The images were acquired in a 128 x 128 matrix
with a zoom factor of 1.23. Reconstruction was per-
formed using iterative reconstruction OSEM (ordered
subset expectation maximization). We used a low dose
CT, step and shoot protocol (25mA, 130kV, FOV
300 mm) with 2.0 mm slice thickness. Images were recon-
structed in the axial, coronal and sagittal planes. SPECT
and low dose CT were fused on a dedicated nuclear medi-
cine workstation using the MedView (MedImage Inc.,
Ann Arbor, MI, USA) software package.

Image analysis

The images were analyzed by one nuclear physician
with 4 years of experience as a specialist. The PBS
results and additional SPECT/CT images were evalu-
ated independently and separately. Clinical information
and data were anonymized. The age of the patient was
not blinded as the information is needed to evaluate a
PBS for osteoarthritic changes. The images were eval-
uvated in random order by a nuclear physician for
scaphoid fractures, other fractures, bone bruise, and
other diagnoses. The PBS and SPECT/CT images
were evaluated separately but because of the small
number of scans the observer could recognize a PBS
and SPECT/CT of the same patient.

Results

Ten patients were included (5 men, 5 women; mean age,
40.4 years; age range, 19-72 years). Table 1 summarizes
the results for the PBS and SPECT/CT.

In seven patients PBS and SPECT/CT had corres-
ponding outcomes: In three patients the images showed
a scaphoid fracture, in one patient a distal radius
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Table I. Final diagnosis of PBS and SPECT/CT — in the last column the congruence or incongruence between PBS and SPECT/CT are

indicated.

Patient Diagnosis on PBS Diagnosis on SPECT/CT Congruent +/Incongruent ()
| Distal radius fracture Distal radius fracture +
2 Scaphoid fracture Scaphoid fracture +
3 Trapezium fracture Scaphoid fracture -
4 Scaphoid fracture Scaphoid fracture +
5 Scaphoid fracture Bone bruise carpus* -
6 Trapezoid fracture Scaphoid fracture -
7 No fracture No fracture +
8 Scaphoid fracture Scaphoid fracture +
9 No fracture No fracture +

10 Bone bruise scaphoid Bone bruise trapezium +

*In this patient MCP-1, CMC-I, scaphoid, trapezium, triquetrum, and hamatum showed increased activity.

(@)

Fig. I. Patient 3 in Table |. PBS (a) revealed increase bone activity in a radial carpal bone, probably trapezium. The fusion image of the
SPECT/CT (b) shows the more circumscript area of the tracer uptake to be centred slightly more proximal, very suspect for (distal)

scaphoid fracture.

fracture and in one patient a bone bruise. Two patients
had some atypical activity on PBS with however a final
diagnosis of “no fracture nor bone bruise”” on PBS and
SPECT/CT.

The three discrepant SPECT/CT — PBS results con-
cerned two patients that were diagnosed with a trapez-
oid fracture with PBS and a scaphoid fracture with

SPECT/CT. The third patient was diagnosed with a
scaphoid fracture on PBS, whereas SPECT/CT
showed bone bruises of other carpal bones.

Figs. 1 and 2 illustrate the discrepancies between
PBS and SPECT/CT. Fig. 3 clearly demonstrates the
increased exactness of SPECT/CT for anatomical local-
ization, as compared with PBS.
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(@)

(b)

Fig. 2. Patient 5 in Table |. PBS (a) was suspect for a scaphoid fracture. SPECT/CT (b) axial and coronal view of the same patient
showed no activity around the scaphoid but in the intercarpal region. This scan was evaluated as bone bruise of other carpal bones.

(a)

(b)

Fig. 3. Patient 4 in Table |. PBS (a) was positive for scaphoid fracture. SPECT/CT (b) illustrates that the exact localization of the
fracture concerns the proximal pole of the scaphoid and that it concerns a small fracture fragment. You can clearly see that the arm is

in plaster.

Discussion

This pilot study investigated the potential additional
value of SPECT/CT in the diagnostic workup for sus-
pected scaphoid fractures as compared with PBS.
Within the limitations of a small pilot study we
found that SPECT/CT seems to adequately localize

fractures in the carpus and therefore may be more spe-
cific and even more sensitive than PBS in diagnosing
scaphoid fractures, according to anatomical location;
the SPECT/CT clearly showed two scaphoid fractures
in patients for which the PBS was negative regarding
scaphoid fractures. The more exact anatomical infor-
mation helps to discriminate between scaphoid fracture
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and fractures of other carpal bones. It also serves to
specifically depict the fracture site in the scaphoid bone
and whether it is localized proximally or distally in the
scaphoid bone. This specification has distinct treatment
consequences and is thus a clinically relevant addition
in the diagnostic process (19). Moreover, a fracture line
visible on CT can distinguish a bone bruise from a
fracture.

The definite diagnosis of a scaphoid fracture is still
being recognized as a challenge. There is no consensus
about the best diagnostic strategy for a patient with a
clinically suspected scaphoid fracture with a negative
scaphoid specific radiograph (1,20,21). CT, MRI, and
PBS all have been widely investigated for their diagnos-
tic performance. A recent meta-analysis of Yin et al.
(22) favors MRI, because follow-up radiographs and
CT are less sensitive, and PBS is less specific.

The American College of Radiology (ACR) recom-
mends performing MRI in case of a suspected scaphoid
fracture with a negative scaphoid radiograph.
However, cast immobilization with repeated radio-
graphs after 2 weeks and CT are also appropriate.
The ACR does not specifically recommend PBS but
states that PBS may be useful when combined with
SPECT/CT (2).

With MRI as upcoming diagnostic modality PBS is
being used less for diagnosing scaphoid fractures.
However PBS is still the most sensitive modality
(9,22). Moreover, by combining it with SPECT/CT it
may be as specific as MRI. A disadvantage of SPECT/
CT is the higher radiation exposure compared with
MRI and CT (SPECT/CT 4 mSv, CT 0.03 mSv, MRI
no radiation exposure, background radiation 2.5 mSv a
year) (10,23).

To our knowledge two similar studies recently inves-
tigated the clinical value of SPECT/CT in the diagnosis
of radiological occult scaphoid fractures. Alainmat
et al. illustrated that SPECT/CT showed bone disrup-
tions as well as carpal-associated lesions and differen-
tiated chronic arthritis or ligament lesions in five
patients (24). Querellou et al. evaluated 57 patients
with a clinically suspected scaphoid fracture and a
negative conventional radiograph, using SPECT/CT
and MRI (17). They concluded that SPECT/CT is
more sensitive for a fracture in the carpal area, as it
detected 10 more carpal fractures than MRIL
However, in this study relatively high numbers of
bone bruises were diagnosed on MRI. Moreover the
discriminative value of the MRI for fractures and
bone bruises remains topic of debate. Also the clinical
implications of a bone bruise remains disputed (25,26).

Studies on different anatomical areas underline the
additional value of SPECT and the potential benefits of
combined SPECT/CT in orthopedics and trauma
(16,27-30). The major advantage of SPECT/CT is the

combination of the high sensitivity of SPECT with the
specificity of CT. This may result in a higher diagnostic
accuracy.

This increased diagnostic accuracy will be of major
benefit, especially for a small and complex anatomic
area as the carpal region including the scaphoid bone.

As in many pilot studies, this study presents itself
with the inherent limitations of a small pilot study.
No statistical significance could be tested. In addition,
the lack of a generally accepted reference standard to
compare SPECT/CT to, presented a challenge to this
study. However, this problem is inherent to the fact
that there are no alternative diagnostics that are more
reliable by means of both high sensitivity and specificity
for occults scaphoid fractures.

Another limitation is that we only made a SPECT/
CT of patients with activity on PBS. However as both
diagnostic modalities use the same substrate, i.e. the
uptake of **™Tc HDP, we believe that if PBS showed
no activity, SPECT/CT also would not.

In conclusion, SPECT/CT facilitates the detection of
occult fractures and presents additional information
about the injury site and localization of the fracture.
SPECT/CT could potentially serve as a future reference
standard for studies concerning the scaphoid fracture,
but additional research with an independent reference
standard is needed to confirm these preliminary
suggestions.
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