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Abstract
AIM: To determine the diagnostic accuracy and radiation 
dose of conventional radiography and multidetector 
computed tomography (MDCT) in suspected scaphoid 
fractures.

METHODS: One hundred twenty-four consecutive 
patients were enrolled in our study who had suffered 
from a wrist trauma and showed typical clinical symptoms 
suspicious of an acute scaphoid fracture. All patients had 
initially undergone conventional radiography. Subsequent 
MDCT was performed within 10 d because of persisting 
clinical symptoms. Using the MDCT data as the reference 
standard, a fourfold table was used to classify the test 
results. The effective dose and impaired energy were 
assessed in order to compare the radiation burden of 
the two techniques. The Wilcoxon test was performed to 
compare the two diagnostic modalities.

RESULTS: Conventional radiography showed 34 acute 
fractures of the scaphoid in 124 patients (42.2%). 
Subsequent MDCT revealed a total of 42 scaphoid 
fractures. The sensitivity of conventional radiography 
for scaphoid fracture detection was 42.8% and its 
specificity was 80% resulting in an overall accuracy 
of 59.6%. Conventional radiography was significantly 
inferior to MDCT (P  < 0.01) concerning scaphoid 
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fracture detection. The mean effective dose of MDCT 
was 0.1 mSv compared to 0.002 mSv of conventional 
radiography.

CONCLUSION: Conventional radiography is insufficient 
for accurate scaphoid fracture detection. Regarding the 
almost negligible effective dose, MDCT should serve as 
the first imaging modality in wrist trauma.

Key words: Musculoskeletal imaging; Scaphoid frac
ture; Multidetector computed tomography; Biplane 
radiography; Emergency radiology; Diagnostic accuracy; 
Wrist trauma; Dose calculation
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Core tip: Correct diagnosis of acute wrist trauma with 
suspected scaphoid fractures is a challenging topic 
in every emergency department. Based on our data, 
conventional radiography has to be considered as 
insufficient for accurate scaphoid fracture detection. 
Regarding the high diagnostic accuracy and low 
effective dose of multidetector computed tomography, 
it should be implemented as the imaging modality of 
first choice in suspected fractures of the scaphoid.
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INTRODUCTION
Acute wrist trauma with suspected fracture of  the 
scaphoid is a common presentation in an emergency 
department (ED) around the world. It is considered as 
the most common fracture of  the carpal bones[1-3]. 

Acute scaphoid fractures are widely seen in young, 
active adults[1-5] or sportsmen[6,7] who have experienced a 
fall on the outstretched hand. Usually, clinical examination 
and biplane radiography are the first diagnostic steps[8]. 
Although snuffbox tenderness, limited range of  motion 
and swelling are 3 any evidence of  an acute fracture[5,9,10]. 

Conversely, in a patient with only mild symptoms 
subsequent diagnostic imaging may demonstrate a dislo
cated fracture[11].

In clinical practice, following a negative standard 
radiography patients are initially treated with immobili
zation using a plaster cast and an appointment is scheduled 
7-14 d later including repeated biplane radiography[12,13].

In a recent review study, Brookes-Fazakerley et al[14] 
compared the imaging protocols between 130 institutions 
within the United Kingdom and demonstrated a huge 
inconsistency concerning the imaging practice in suspected 

scaphoid fractures[14]. Thirty-one percent of  the institutions 
tend to perform a repeat radiograph at the first clinic 
review, within two weeks post-injury, although the limited 
value of  this approach has been underlined before[11,15].

In contrast to the international treatment, the German 
society of  trauma (DGU) supports early cross-sectional 
imaging [multidetector computed tomography (MDCT)] 
in their guidelines[8,16,17].

During the last decade, cross-sectional imaging has 
gained in prominence in the detection of  scaphoid 
fractures. In particular, MDCT has achieved acceptance 
due to its high resolution, diagnostic accuracy and com
paratively low cost[18,19]. Further, due to consistent technical 
development the radiation burden of  MDCT can be 
limited to a minimum, enhancing the use of  MDCT in 
trauma imaging even in younger adults. 

The purpose of  the present study was to assess the 
diagnostic accuracy of  standard radiography in patients 
with suspected scaphoid fracture in an intra-individual 
comparison to MDCT. Depending on these results, we 
intended to re-evaluate the diagnostic algorithm applied 
in acute wrist trauma with regard to time to recovery, 
radiation dose and financial cost estimation.

MATERIALS AND METHODS
Patient population
In this retrospective study the data sets of  all patients 
admitted to the ED of  our university medical center 
after acute wrist trauma and suspected scaphoid fracture 
between January 2011 and January 2013 were included. 
The local institutional review board approved this 
study, and informed consent was waived owing to the 
retrospective nature of  the study.

The inclusion criteria were defined as follows: (1) 
Acute wrist trauma with suspected scaphoid fracture; (2) 
Snuffbox tenderness in the clinical examination; and (3) 
Initial biplane projection radiography and a MDCT scan 
of  the wrist within an interval of  less than 10 d. The 
exclusion criteria were set as follows: (1) Prior history 
of  scaphoid fracture; and (2) Follow-up imaging after 
surgical intervention. 

Applying this approach, a total of  124 patients were 
identified who met all inclusion criteria. Their mean age 
was 49 years ± 21 (range 16-91 years) to a high extent 
representing working population. Sixty-six patients were 
male and fifty-eight patients were female. 

Biplane radiography
Within the ED, biplane radiography was performed 
using a commercially available flat detector direct digital 
system (Digital Diagnost; Philips, Best, The Netherlands). 
Anterior-posterior, lateral and oblique projections were 
conducted. The central ray was centered on the proximal 
carpal bones. The imaging parameters were set as follows: 
tube current 1.9 mAs, 115 cm film-focus distance and 
voltage 50 kVp. Imaging was performed with the patient 
seated on a chair, placing his hand on the bucky table in 
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three to four different positions. If  present, casts were 
removed by a trauma surgeon for the imaging procedure. 

MDCT
A 256-slice MDCT (Brilliance iCT; Philips Healthcare, 
Best, the Netherlands) was performed (voltage, 120 kVp; 
eff. current-time product, 70 mAs) on each patient, who 
was placed in the swimmer’s position. Transverse images 
were reconstructed with a 1 mm slice thickness and 
an increment of  0.5 mm, creating an overlap of  50%. 
Further, coronal and sagittal reconstructions were post-
processed with a slice thickness of  2 mm in standard bone 
window settings (Center, 1000 HU; Width, 2500 HU). 

Key findings for scaphoid fractures at biplane radio­
graphy and MDCT: In the anterior-posterior and lateral 
view the three arcs of  Gilula were analyzed searching 
for signs of  carpal instability[20]. The bone pattern, 
discontinuity of  the cortex, avulsion fracture and 
subluxation of  any carpal bone were examined.

The scapholunate joint space was analyzed as well 
as the soft tissues surrounding the scaphoid bone. In an 
acute scaphoid fracture the para scaphoid fat stripe can 
be obliterated and dorsal swelling can be observed[21,22].

Dose calculation
For all MDCT data sets the dose length product (mGy × 
cm) was determined. In biplane radiography we recorded 
the dose field product (dGy × cm2). For comparative 
reasons, as in imaging studies of  the wrist only skin and 
bones contribute to the effective dose, other organs 
can be seen as irrelevant due to their distance from the 
cone-beam. Hence, the effective dose (Sv) of  biplane 
radiography was assessed by calculating the impaired 
energy. 

Image analysis
A maximum of  ten days between the two imaging 
modalities was defined. All conventional radiographs and 
MDCT images were examined during daily practice by 
resident radiologists with two to five years of  experience 

in musculoskeletal radiology. Afterwards, all images were 
reviewed and confirmed by an attending radiologist with 
10 years of  experience in musculoskeletal Radiology. 
Finally, the consensus of  the clinical examination and 
MDCT data was defined as the reference standard and 
the conventional reports were compared to these.

The focus of  this study was to assess the relative 
sensitivities and specificities of  the two modalities in a 
biased population i.e. those who in retrospect had both 
investigations within 10 d of  each other.

A classification of  the detected scaphoid fractures was 
not part of  this investigation and therefore not analyzed.

Statistical analysis
A fourfold table was used to appraise the test results. The 
statistical analysis included sensitivity, specificity, positive 
and negative predictive value and the Wilcoxon test.

The authors confirm that the statistical analysis has 
been carried out with the help of  a biomedical statistician 
prior to the initiation of  the study as well as after image 
readout and final manuscript preparation.

RESULTS
Biplane radiography vs MDCT in patients who were 
analyzed in both modalities within 10 d because of  a 
suspected scaphoid fracture:

Reading the conventional radiographs, 34 acute 
fractures of  the scaphoid were diagnosed in 124 patients 
(42.2%, Figure 1). Sixteen fractures were classified as 
false positive in adjacent MDCT. A total of  42 scaphoid 
fractures were diagnosed in subsequent MDCT. The 
sensitivity of  conventional radiography for scaphoid 
fracture detection was therefore 42.8% (18/42) with 
a specificity of  80.5% (66/82). Hence, the positive 
predictive value was 52.9% (18/34) whereas the negative 
predictive value was 73.3% (66/90), resulting in an overall 
accuracy of  59.6%.

In this intra-individual comparison, the statistical 
analysis revealed a distinct inferiority of  scaphoid fracture 
detection by biplane radiography compared to the 
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Figure 1  Non-dislocated fissural fracture of the scaphoid that had not been detected by initial conventional radiography (A and B). Cross-sectional 
multidetector computed tomography clearly depicted the oblique fissural fracture line in the middle third of the scaphoid with coronal (C) and sagittal (D) reformation 
on the same day.
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fracture detection of  only 42.8%. The positive predictive 
value was as low as 52.9%. Moreover, in 24 patients 
conventional radiography suggested no fracture although 
subsequent MDCT could clearly demonstrate a fracture 
line (Figure 3). Therefore, it can be assumed that early 
diagnosis and treatment planning cannot be assured if  
diagnosis relies on biplane radiography only. 

This is in concordance with recent reports supporting 
MDCT as a diagnostic modality of  high diagnostic 
accuracy in scaphoid fracture detection[23-26] whereas in 
these reports radiography also was of  limited value[23,25,27]. 
Stevenson et al[24] showed that using initial MDCT an 
occult scaphoid fracture can be ruled out with the patient 
returning to regular activity immediately. Acute scaphoid 
fractures are typically seen in young adults who fall on 
the outstretched hand[7,25]. Patients who suffer from an 
acute scaphoid fracture are almost always part of  the 
working population[25,28]. Therefore an early identification 
of  the injury can help to enable a fast return to work and 
therefore reduce the injury related socioeconomic impact. 

The rate of  late complications such as osteonecrosis, 
pseudarthrosis or chronic pain can be decreased. For 
example, the blood supply to the scaphoid is predominantly 
provided by dorsal branches of  the radial artery which 
enter at the waist of  the scaphoid[29]. Therefore, dislocated 
and proximal pole fractures in particular need surgical 
treatment within a narrow time frame in order to prevent 
osteonecrosis. In concordance with other investigators, 
we therefore underline the shortcomings of  relying 
on radiography exclusively[23] and postulate the broad 
application of  MDCT in the acute trauma setting of  the 
wrist. The gains of  a rapidly initialized therapy prevail 
over the possibility of  any missed fracture and possible 
consequences. Based on the German medical fee schedule, 
comparing the costs of  the diagnostic modalities, MDCT 
is about six times more expensive than conventional 
radiography (110.75 € vs 17.48 €). Concerning the adverse 
impact of  severe complications and a delayed healing 
process on medical care expenses and socioeconomic 
ramifications, these costs can be considered as irrelevant. 

There are many factors contributing to the poor 
results of  conventional radiography: First of  all, the 

reference standard of  MDCT (P < 0.01).

Secondary findings
Apart from 42 scaphoid fractures, MDCT revealed 
66 further fractures in other locations in our patient 
population. MDCT depicted three fractures of  the lunate, 
11 fractures of  the triquetrum, six of  the trapezoid, three 
fractures of  the capitate, three of  the hamate, seven 
fractures of  the metacarpals, 27 fractures of  the distal 
radius and six fractures of  the distal ulna.

In 27 patients a total of  33 additional fractures apart 
from a scaphoid fracture were diagnosed. Three fractures 
of  the lunate, two fractures of  the triquetrum, four 
fractures of  the trapezoid, three fractures of  the capitate, 
three of  the hamate, two fractures of  the metacarpals, 
12 fractures of  the distal radius and four fractures of  the 
distal ulna were accompanied by a scaphoid fracture.

Biplane radiography depicted 41 of  these 66 fractures. 
Twenty-five fractures were misdiagnosed as false negatives, 
including two lunate, seven triquetrum, four trapezoid, 
two capitate, three hamate (Figure 2), two metacarpal, 
four radius and one ulnar fracture. Twenty fractures were 
treated conservatively with a plaster cast and ambulatory 
treatment. One capitate, two hamate and two metacarpal 
fractures underwent subsequent surgery at the trauma 
department of  our university medical center.

Estimation of radiation doses from radiography and 
MDCT
The mean effective dose at MDCT was 0.1 mSv. Conven
tional radiography included only 0.2% of  the impaired 
energy compared to MDCT. Therefore, the effective dose 
of  radiography was determined to be distinctly lower at 
0.002 mSv. 

DISCUSSION
The results of  this study underline the limited diagnostic 
value of  conventional radiography in acute scaphoid 
fractures. Investigating 124 subjects who underwent 
conventional radiography and MDCT within 10 d we 
determined a sensitivity of  radiography for scaphoid 
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Figure 2  Diagonal fracture line of the scaphoid detected by conventional radiography (A and B) and subsequently confirmed by multidetector computed 
tomography (C and D) for preoperative planning.

A B C D

Behzadi C et al . Diagnostic imaging in scaphoid fractures



geometric structure of  the scaphoid is complex and 
fractures are difficult to assess[27,30]. Low inter-observer 
agreement[7,31] is a known problem and even experienced 
radiologists may overlook scaphoid fractures[30]. 

Taking the radiation burden into account, we investi
gated the impaired energy and effective dose values of  
radiography and MDCT in the diagnostic workup of  the 
wrist. Indeed, the impaired energy of  MDCT exceeded 
conventional radiography by far. Nevertheless, the effective 
dose of  MDCT was calculated to be approximately 0.1 
mSv. Compared to the yearly natural background radiation 
of  approximately 2 mSv in Germany, the radiation dose 
of  an MDCT of  the wrist can be considered negligible 
as evaluated in a recent report[32]. In addition to that, 
the common issue of  radiation exposure from MDCT 
has been countered by the implementation of  iterative 
reconstruction techniques which allow for a significant 
dose reduction of  up to 75% without loss of  anatomical 
information[6,7,33].

We have not included magnetic resonance imaging[11,15] 
or bone scintigraphy[8,16,17] into our study design. Both 
modalities represent complementary imaging approaches 
which can be used to assess mid-hand fractures with a 
sensitivity comparable to MDCT[11,15-17], but their avai
lability within the emergency room setup is clearly 
limited. Therefore, the approach of  image acquisition at 
256 slice MDCT resembles the optimum most practical 
setting that can routinely be applied in daily trauma care.

Certain limitations of  the presented study have to be 
addressed. First, the selection bias based on the exclusive 
investigation of  patients with aggravated symptoms 
who underwent initial conventional radiography prior to 
MDCT has to be considered. Second, the retrospective 
study design has to be considered as a further limitation. 
Hence, a prospective evaluation of  MDCT may be 
required to prospectively underline the presented findings 
of  our study.

In conclusion, the results of  the presented study 
underline the exceeding value of  256 slice MDCT in the 
diagnostic workup of  acute wrist trauma in suspected 
scaphoid fractures. If  trauma and clinical presentation 
are suggestive of  any fracture, conventional radiography 

should be ignored and replaced by MDCT as the diagnostic 
imaging approach of  first choice and any hesitation due 
to elevated costs or radiation dose should no longer be 
sustained. 
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