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Abstract

Background: Sometimes patients with a scaphoid fracture, especially in an acute phase of injury, can have normal radiographs
and, therefore, initial diagnosis of the scaphoid fracture can be neglected. In this study, we determined the value in applying a
clinical examination and a radiograph in the diagnosis of scaphoid fracture based omthe results of a two-week follow-up magnetic
resonance imaging (MRI).

Objectives: In this study, we determined the value of using both a clinical examination(tenderness of scaphoid tubercle, tenderness
of anatomical snuffbox, and compression test) and radiographic imaging in the diagnosis of scaphoid fractures based on the results
after a two-week follow-up MRI.

Patients and Methods: From December 2012 to February 2013, we enrolled48patients withsuspected scaphoid fractures who had
been referred to the emergency department of Baqgiyatallah hospital, Tehran, lran. Patients with negative results for clinical and
radiographic examinations were excluded from the study. Cast immobilization was done for patients who had at least one positive
finding during a physical examination testand who had normal radiographs.Patients who had a normal physical examination, but
abnormal radiographs were referred to the orthopedic clinic after castior split treatment. These patients also had a follow-up MRI
two weeks after wrist trauma; the MRI was used to determiné the sensitivity,specificity, positive predictive value (PPV), and negative
predictive value (NPV) of the clinical and radiographic examinationsg

Results: Scaphoid tubercle tenderness had a sensitivity 0f95.23% and a specificity of 74.07% in the diagnosis of scaphoid fracture.
This test did not show a statistically difference with MRI results (B=10.05). The results of the tenderness of the anatomical snuff box
(sensitivity = 85.71%, specificity = 29.62%) was statistically different from the MRI results (P = 0.000). The results for the sensitivity
(42.85%) and specificity (29.62%) for a compressionest were not statistically different from the MRI results (P = 0.05). All of the
radiographic tests that we applied in ougproject had100% specificity for the diagnosis of a scaphoid fracture. However, the results
were meaningfully different from theMRI'results. (P=0.000)

Conclusions: A clinical examination combinedwith a plain radiograph should be considered to improve the diagnostic precision
for patients presenting with scaphoid fractures in‘an emergency department. In this way, both overtreatment and undertreatment
of patients can be avoided.

Keywords: Scaphoid Boneg, Fractures, Physical Examination, Magnetic Resonance Imaging, X-ray Film, Diagnosis

1. Background

The scaphoid, along with seven other bones, comprise
the,carpus:, Its name is related to its shape and comes
from the Greek word skaphos, which means boat. It is lo-
cated under a triangular visible area on the surface of the
hand that is called the anatomic snuftbox and is formed
by.tehdons of the extensor pollicis longus (dorsally), and
the abductor pollicis longus and extensor pollicis brevis
(volarly) (1, 2). The trapezium and the capitate from the
carpal bones, as well as the distal part of the radius artic-
ulate with the scaphoid (1). It has also some connections

with the lunate (another carpal bone), and the styloid pro-
cess of the radius and capitate via ligaments (3). Branches
of the radial artery feed the scaphoid, although the proxi-
mal lobe of the scaphoid does not have a direct blood sup-
ply. Therefore, avascular necrosis is a complication that oc-
curs with scaphoid fractures and non-union fractures oc-
cur more often in the proximal lobe (4).

Most carpal bone fractures occur in the scaphoid. This
type of fracture is frequently seen in men, and it is rare in
children and the elderly (5). The most frequent reason for a
scaphoid fracture is a fall on an outstretched hand, which
leads to hyper dorsiflexion of the wrist (3). The most com-
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mon classification systems for scaphoid fractures are the
Herbert classification, Prosser classification, Russe classi-
fication, and Mayo classification. Russe and Mayo classifi-
cations have an anatomical basis, but the Prosser system
relates to the explanation of stable and unstable fractures
and can, therefore, be used for selecting a treatment op-
tion. Scaphoid fractures can be also categorized accord-
ing to the displacement, location, and chronicity of frac-
ture (3, 6). Sometimes patients with a scaphoid fracture,
especially if they are in an acute phase of injury, can have
normal radiographs; in these cases, the initial diagnosis
of scaphoid fracture can be overlooked (5, 7). These pa-
tients can develop complications such as non-union, avas-
cular necrosis, and osteoarthritis. An exact diagnosis based
on the history, physical examination, and radiographic
imaging should be done for these patients (8). In other
words, taking a good history of the patient, doing an exact
clinical examination, and having appropriate radiographs
can help diagnose scaphoid fractures. Taking a good his-
tory includes any previous history of wrist or scaphoid
injuries and understanding the mechanisms that lead to
fractures, such as falling or compression, which leads to ex-
treme dorsiflexion. Tenderness of the scaphoid tubercle,
and swelling and tenderness of the anatomical snuffbex
should be taken into account during the physical exami-
nation. Obtaining radiographs with different views (pos-
teroanterior, lateral, and oblique) can also be very/elpful

(2).

It is better to consider the imjury to be a true fracture
in patients who have a suggestive clinical examination for
fracture (suspected fracture of the scaphoid) with a nor-
mal radiograph. In these cases, immobilization with a cast
must be done and then patients must be followed up af-
ter two weeks of injury both clinically and radiographi-
cally. This method can protect patients from further com-
plications, although sometimes it can result in overtreat-
ment (1).Otherstudiesreported that other imaging modal-
itiesfcan beyapplied for diagnosis of suspected scaphoid
fracture including: magnetic resonance imaging (MRI)(9),
compact tomography (CT) (9), and bone scintigraphy (10).
Among these modalities, MRI is considered to be the most
accurate method for diagnosis of scaphoid fracture (9) and
some studies suggested that it should be used as the first
choice to diagnose cases of suspected scaphoid fracture
(8). However, MRI is associated with some false positive re-
sults and, rarely, false negative results (6). In addition, MRI
involves more time and cost than other methods such as a
plain radiograph, and it is not always available.

2. Objectives

In this study, we determined the value of using both
a clinical examination (tenderness of scaphoid tubercle,
tenderness of anatomical snuffbox, and compression test)
and radiographic imaging in the diagnosis of scapheid
fractures based on the results after a two-week follow-up
MRI.

3. Patients and Methods

3.1. Patients

From December 2012 to February 2013, we enrolled 48
suspected scaphoid fracture/patients who had been re-
ferred to the emergency,department of Baqgiyatallah Hos-
pital, Tehran, Iran.

3.2. Study Design

The patients were first assessed with three clinical ex-
amination tests including the tenderness of the scaphoid
tubercle in the'wolar surface of the hand, the tender-
ness of the@anatomical snuff box, and a compression test.
The physical examination was done by a well-experienced
emergeéncy medicine specialist. Radiographs were then
taken in the following views of the wrist: posteroanterior,
lateral, ulnar oblique, and radial oblique. All radiographic
examinations were done and interpreted by two expert ra-
diologists. Based on the clinical examination and the ra-
diographic findings, the patients were categorized in three
groups (Figure 1). The first group was patients with nega-
tive results for clinical and radiographic examination; this
group was excluded from the study. The second group
was patients with at least one positive finding during the
physical examination tests and normal radiographs. For
these patients, the fracture was immobilized with a cast
and then a follow-up MRI was done after two weeks. Ac-
cording to the result of the MR], if the fracture was con-
firmed, the patients were referred to the orthopedic clinic
of our hospital for continuing treatment. The third group
of this study was patients who had a normal physical ex-
amination, but had abnormal radiographic results. These
patients were referred to the orthopedic clinic after a cast
or split treatment. These patients also had a follow-up MRI
two weeks after wrist trauma.

3.3. Exclusion Criteria

Patients who showed evidence of other fractures in
radiographic examination with or without a scaphoid
fracture, or who showed a scaphoid fracture with a dis-
placement of more than 1 mm, and had capitolunate and
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scapholunate angles that were more than 30° and 60°, re- both the physical and radiographic examination were ex-

spectively, as well as patients who had negative results for ~ cluded from our study.
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This study was approved by the ethics committee of
Baqgiyatallah University of Medical Sciences. Written in-
formed consent was obtained from all participants accord-
ing to the principles of the declaration of Helsinki (11).

3.4. Variables

The age, gender, previous history of fracture in the
wrist or in the scaphoid bone, chronic disease (diabetes
mellitus, hypertension, coronary artery disease, sclero-
derma, and gout), and chronic use of any medications
were considered and recorded for all of the patients in this
study.

3.5. Statistical Analysis

Ultimately, data analysis was done by SPSS, statistical
software package version 16.0. To describe quantitative
and qualitative variables, we used frequency (percentage)
and mean = standard deviation (SD), respectively. Test of
association and difference was done using the Pearson cor-
relation, chi-square test,and independent t-tests. AP value
less than 0.05 was considered to have statistical signifi-
cance. To determine the sensitivity, specificity, PPV,and NPV
of the clinical and radiographic examinations, a two-week
follow-up MRI result was used for standard diagnostic réf-
erence.

4. Results

The mean ages of the patients, were 36.64.415.78 years;
46.6% of the patients were male and 35.4% were female. A
previous history of wrist and scaphoid fractures were seen
in16.7% and 10.4% of all patients, respectively. There was a
history of chronic disease and chronic use of medications
in20.8% and 22.9% of all participants, respectively. Age (P=
0.197), gender (P = 0.119), previous history of wrist fracture
(P=0.696) or scaphoid fracture (P = 0.369), chronic use of
medications (P=0:411),and:elironic disease (P=0.244) had
no statistical impact onithe scaphoid fractures studied.

Of the 48'patients/included in our study, based on the
results of'a two-weekfollow-up MRI, 21 patients (43.8%) had
ascaphoid fracture, while 27 patients (56.2%) did not have
a scaphoid fracture. Falling in 54.2% of patients was the
most common cause of a scaphoid fracture, followed by ac-
cident (16.7%), violence (12.5%), and other reasons (16.7%).

Table 1 shows the specificity, sensitivity, PPV, and NPV,
as well as the number of positive and negative patients
based on the diagnostic methods used in this study (ten-
derness of scaphoid tubercle, anatomical snuff box ten-
derness, compression test, posteroanterior X ray, lateral
X ray, ulnar oblique X ray and radial oblique X ray). The

last column of Table 1 shows the statistical difference be-
tween these diagnostic tests and the two-week follow-up
MRI. Among these diagnostic methods, the difference be-
tween the MRI results and the scaphoid tubercle tender,
ness (P=0.05)and the compression test (P=0.05) were not
statistically meaningful.

5. Discussion

Although MRl is the first choice for evaluating the pres-
ence of a scaphoid fracture, there are benefits to both early
and delayed MRI in the management of secaphoidfracture
(12, 13). However, MRI requires more time and cost com-
pared with other diagnostic modalities; MRI can also pro-
duce false positivé results and false negative results (6,
8). This study highlighted the role for clinical examina-
tion and plain radiographs,in the diagnosis of scaphoid
fractures, especially in the“setting of an emergency de-
partment in.which an exact diagnosis is needed quickly.
We also determined how much we can trust these diag-
nostic tools. One advantage of our study is that we com-
parediour diagnostic tests with MRI results. Based on our
resultsgamong the clinical tests, which included tender-
ness‘of scaphoid tubercle, anatomical snuff box tender-
nesspandcompression test, scaphoid tubercle tenderness
was the most sensitive and specific clinical test in the di-
agnosis of scaphoid fractures. The results of this test were
not statistically different from the MRI results. However,
the results of the tenderness of the anatomical snuff box
was meaningfully different from the MRIresults. In a study
where 246 suspected scaphoid fracture patients were eval-
uated and the results were compared with a follow-up X
ray, a sensitivity rate of 90% and a specificity rate of 40%
was shown for tenderness of anatomical snuff box. For this
study, for the scaphoid tubercle tenderness, a sensitivity of
87% and a specificity of 57% was reported (14). Other stud-
ies have shown that the tenderness of the scaphoid tuber-
cle alone can be seen in the trapezium and styloid process
of the radius (2). The results from the compression test in
our study were not statistically different from the MRI re-
sults. Esberger’s study clinically evaluated 99 patients who
were suspected of having a scaphoid fracture. This study
showed that the compression testhad a sensitivity of 70.5%,
a specificity of 21.8%, and a predictive value of 41.9%; thus,
the study reported this test to be an unreliable test for the
diagnosis of a scaphoid fracture. It should be considered
that the results of the compression test were compared
with radiographic and bone scan tests (15). All of radio-
graphic tests that we applied in our study had 100% speci-
ficity for the diagnosis of scaphoid fractures, although the
results were meaningfully different from the MRI results.
Posteroanterior X ray and ulnar oblique X ray were the

Trauma Mon. In Press(In Press):e23345.
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Table 1. Comparison of Clinical and Radiographic Diagnostic Tests With MRI

Diagnostic Test Positive Patients ~ Negative Patients  Sensitivity,%  Specificity%  PPV,%  NPV,% Statistical Difference (P
Value)
Scaphoid tubercle 27 21 95.23 74.07 74.07 95.23 0.05
tenderness
Anatomical snuff box 37 1 85.71 29.62 48.64 72.72 0.000
tenderness
Compression test 28 20 42.85 29.62 3214 40 0.05
Posteroanterior X ray 10 38 47.61 100 100 71.05 0.000
Lateral X ray 8 40 38.09 100 100 67.5 0.000
Ulnar oblique X ray 10 38 45.45 100 100 68.42 0.000
Radial oblique X ray 8 40 38.09 100 100 67.5 0.000

Abbreviations: NPV, Negative predictive value; PPV, positive predictive value.

most sensitive radiograph tests in our study. However Low
et al. revealed in their study that follow-up radiographs
in patients with a suspected scaphoid fracture and nor-
mal initial radiographs, had poor sensitivity and poor neg-
ative predictive value; they concluded that follow-up radio-
graphs were not a valid diagnostic test (16). Some studies
state that using early MRI can lead to reducing the time of
castimmobilization in patients with abnormal clinical ex-
amination and normal plain radiographs (17). Other stud-
ies reported that follow-up radiographs were still used by
94% of clinicians (18).

5.1. Limitation

To determine an exact sensitivity and specificity value
for each test, the selection of appropriaté patients was yery
necessary in our study. We had exact exclusion criteriathat
was discussed in the method partof this study. This criteria
led to a reduced sample size because we could not enroll
each patient suspected of having a seaphoid fracture. This
low sample size was a limitation in'this study.

5.2. Conclusion

In an emergency department when the diagnosis of
scaphoid fracture is,in doubt, a clinical examination com-
bined with a plain radiograph should be considered to im-
prove‘diagnostic precision. In this way, the department
canavoid overtreatment of the patient, which can include
needless immobilization, and undertreatment of the pa-
tient, which can lead to complications such as non-union.
However, recent studies suggested using MRI to diagnose
scaphoid fracture (12,17,19). Future studies that use a larger
sample size are needed to determine the value of clini-
cal examination and plain radiographs in the diagnosis of
scaphoid fracture. Furthermore, these studies must use
MRI for the diagnostic reference method. Review articles

Trauma Mon. In Press(In Press):e23345.

through meta-analysis can be‘used for standardizing the
method of diagnosing and managing suspected cases of
scaphoid fractufe:
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