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Abstract
Background: It is important to diagnose a scaphoid fracture accurately and start the correct 
treatment in the shortest time possible. However, the fracture of bone may not be visible on x-ray. 
In such cases, patients are clinically diagnosed with suspected or occult scaphoid fractures. The aim 
of this study was to define a scoring system based on physical examination to demonstrate the risk 
for bone injury in patients with clinically suspected and occult scaphoid fractures with negative 
radiographs and anatomical snuff box tenderness and to decrease the costs and workforce loss due 
to unnecessary treatment and magnetic resonance imaging (MRI). Materials and Methods: Patients 
were initially evaluated by the attendant orthopedic physician in the emergency service with X-ray 
of the wrist, and ten wrist physical examination techniques were used. The X-rays of patients were 
evaluated by three orthopedic surgeons. Finally sixty patients, who were diagnosed as having no 
fracture by all three orthopedic surgeon, were included in the study. The wrists of these patients 
were evaluated with MRI. Results: There were 46 male  (77%) and 14  female  (23%) patients with 
a mean age of 21.5  years  (range 7–61  years). About 3.3% had triquetrum fracture, 15% had bone 
edema in the scaphoid and radius, 18.3% had distal radius fracture, 31.6% had scaphoid fracture, 
and 31.8% had no bone injury. A  scoring system was also proposed. It can be predicted that in the 
physical examination of the wrist if the total score is higher than 6.5, the probability of fracture is 
2.87  (positive likelihood ratio) fold compared to scores below 6.5. Conclusions: Proposal of this 
new scoring system was thought to be useful for predicting the risk for bone injury in patients with 
clinically suspected scaphoid fractures and making decision regarding therapeutic options.
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Introduction
Scaphoid fracture is more common in 
young and active individuals.1,2 These 
patients have a high demand to return 
to work and sport activities as soon as 
possible. Therefore, it is important to 
diagnose a scaphoid fracture accurately and 
start the correct treatment in the shortest 
time possible. However, the fracture of 
bone may not be visible on X-ray. In such 
cases, patients are clinically diagnosed with 
suspected or occult scaphoid fractures. It is 
generally accepted that delay in diagnosis 
and treatment of scaphoid fractures can lead 
to nonunion or malunion and can eventually 
result in symptomatic osteonecrosis, carpal 
instability, or secondary osteoarthritis.2 For 
these reasons, suspected scaphoid fracture 
patients should be followed up closely 
with scaphoid plaster or splint.2,3 The use 
of magnetic resonance imaging  (MRI) 
for detecting occult scaphoid fracture is 

highly definitive.4,5 On the other hand, the 
use of conventional plaster, splint, and 
close followup methods can cause extra 
treatments, workforce shortage, and high 
costs. Despite advantages of advanced 
imaging techniques, there is still conflict 
about the usage and cost of MRI in the 
early phase of the fracture6,7 as most 
suspected scaphoid fractures are not real 
scaphoid fractures.2

In the differential diagnosis of some patients, 
occult radius fracture, occult carpal bone 
fracture, or bone contusion should be 
considered. To make differentiation among 
these diagnoses, physical examination 
findings can be helpful. We believe that 
in clinically suspected scaphoid fracture 
patients, some physical examination findings 
are very powerful to demonstrate the bone 
injury. The target group of this study was 
patients who had fallen on their wrists, with 
tenderness in the anatomical snuffbox and 
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without a visible fracture in the X-rays. In patients suspected 
of scaphoid fracture clinically but with no fracture line seen 
in the X-rays, we suggest that just like the scaphoid bone, 
the other wrist bones may be injured too.

The aim of this study was to define a new scoring system 
based on physical examination methods to demonstrate the 
risk for bone injury in suspected clinically scaphoid fracture 
patients. For this, ten physical examination methods were 
used in this study. In addition to physical examination, 
the patients’ wrist MRI was taken. In clinically suspected 
scaphoid fracture patients, we suggest that with the use 
of most appropriate physical examination methods to 
demonstrate the wrist injury, the costs and workforce loss 
due to unnecessary treatment and MRI can be decreased.

Materials and Methods
This study target group was chosen from 352  patients, 
who presented at emergency service between 2013 and 
2015 with the history of having fall on the wrist. Patients 
were initially evaluated by the orthopedic resident in the 
emergency service with radiography of the wrist in four 
views  (anteroposterior/lateral/oblique and scaphoid). 
Fracture was detected in the scaphoid or other wrist 
bones in 158  patients and no fracture in the remaining 
194  patients. Of the total, 194  patients without fracture at 
scaphoid or other wrist bones included in the study. A total 
of 10 wrist physical examination techniques (E1–E10) were 
used  [Table  1]. Physical examination tests were performed 
in consecutive order. Pain is evaluated with the maneuvers 
applied to the anatomical snuffbox, scaphoid tubercle, and 
radio-scaphoid region. The results of the examination tests 
were recorded as positive or negative. The results and the 
examination findings of all the 194 patients were recorded.

The data collection of 194  patients was completed, and 
X-rays were evaluated by three orthopedic surgeons with at 
least 10 years clinical experience. They were briefed about 
the patient’s trauma mechanism and physical examination 
results. According to this, the patients that were diagnosed 
as having no fracture by all three orthopedic surgeons 
were included in the study  [Figure  1]. The other patients 

Table 1: The wrist physical examination tests used in the 
study

Examination Number Examination Name
E1 Abduction of the thumb
E2 Radial deviation of the wrist
E3 Axial loading of the thumb
E4 Flexion of the wrist (volar flexion)
E5 Extension of the wrist (dorsal flexion)
E6 Power grip of the hand
E7 Ulnar deviation of the wrist
E8 Pronation of the forearm
E9 Supination of the forearm
E10 Thumb-index finger pinch

were excluded from the study. A  total of sixty patients 
met the above criteria. The wrists of the patients were 
evaluated with MRI using the same machine with 
1.5 T superconductivity  [Figure  2]. These patients were 
46 male  (77%) and 14  female  (23%) with a mean age of 
21.5 years (range 7–61 years).

Statistical analysis

Statistical analyses were performed using NCSS 2007 
program. To evaluate the data besides the descriptive 
statistical methods (mean, standard deviation) “independent 
t-test” to compare the dual groups, “Chi-square test” to 
compare qualitative data and “odds ratio  (OR)” for disease 
risk were used. For the total score, the approximation point 
was designated with receiver operating characteristic (ROC) 
analysis. The results were evaluated as significance 
P < 0.05 and 95% confidential interval.

According to physical examination findings, for the 
E1–E10 points used, univariate analysis was performed and 
OR was calculated. Points able to discriminate normal and 
pathological states and high-risk examination significance 
and the calculated results were emphasized. Then, to 
determine the significance of these points, sensitivity, 
specificity, positive predictive value  (PV), negative PV, 
and maximum likelihood ratios  (LR+) were calculated. 
Significant examination points were also determined here. 
Then, including all of these examination points, multivariate 
analysis was performed and OR was calculated. Ultimately, 
all the OR, adjusted OR and LR  +  values were observed 

Figure 1: Scaphoid view of the wrist in patient with anatomical snuff box 
tenderness
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together, the OR and other risks were observed as 
compatible and in some points higher.

Results
60  clinically suspected scaphoid fracture patients were 
included in this study. On examination of the MRI results, 
3.3% (n=2) had triquetrum fracture, 15% (n=9) had bone 
edema in the scaphoid and radius, 18.3% (n=11) had distal 
radius fracture  31.6% (n=19) had scaphoid fracture  and 
remaining 31.6% (n=19) had no bone injury.

A scoring range between 1 and 10 was formed depending 
on the value of adjusted OR  [Table  2]. In the forced 
pronation of the forearm, the constitution of pain in the 
scaphoid tubercle and radio-scaphoid region has the 
highest PV to detect the scaphoid or other wrist bone 
fractures in suspected occult scaphoid fracture patients. 
This was followed by the pain around the wrist joint with 
thumb–index finger pinch and supination of the forearm. 
The other seven examination methods also had value within 
their scope. Thus, a total score was obtained by grading all 
the examination points according to importance [Table 3].

The mean values of the total score for normal and 
pathological groups were compared. The mean total 
score of the pathological group was found to be 
statistically significantly higher than that of the normal 
group (P = 0.0001).

The purpose of the mean total score is to find the predictor 
point and indicate the start point of the disease. The area 
under ROC trajectory was found. More than 6.5 value at 
total score had the most sensitive, specific value and was 
determined as a predictor point  [Table  4]. According to 

this scoring system, it can be predicted that in the physical 
examination of the wrist if the total score of examination 
tests is higher than 6.5, the probability of fracture is 
2.87-fold compared to scores below 6.5.

Discussion
In many clinically suspected scaphoid fracture patients, 
radial and carpal bone injuries may also exist. According to 
the previous studies conducted on patients with clinically 
suspected scaphoid fracture, 13.3%–34.1% had real 
scaphoid fracture, 0%–25% had distal radius fracture, 0%–
0.5% had hamate fracture, 0%–10% had capitate fracture, 
0%–2% had triquetrum fracture, 0%–1% had trapezium 
fracture, 0%–1% had trapezoid fracture, 0.5% had 
metacarpal fracture, and 10.3% had bone injury.4,6,8,9 In this 
study, of the sixty clinically suspected scaphoid fracture 
patients, 3.3% had triquetrum fracture, 15% had bone 
edema in the scaphoid and radius, 18.3% had distal radius 
fracture, 31.6% had scaphoid fracture, and 31.6% had no 
bone injury. These results are similar to the results of the 
aforementioned studies. Rates of triquetrum fracture and 
bone injury in the current study were found to be higher 

Table 2: E1-E10 multivariate analysis and odds ratio
Tests Score Adjusted OR 

(95% CI)
OR (95% CI) LR 

positive
E1 1 1.01 (0.18-5.62) 1.47 (0.41-5.30) 1.09
E2 1 1.35 (0.21-8.86) 1.73 (0.34-8.7) 1.07
E3 0.25 0.47 (0.09-2.42) 0.95 (0.31-2.8) 0.97
E4 1 1.02 (0.12-8.60) 1.73 (0.34-8.7) 1.07
E5 0.25 0.57 (0.10-3.30) 2.47 (0.54-11.2) 1.14
E6 0.25 0.36 (0.05-2.78) 0.68 (0.12-3.76) 0.95
E7 0.25 0.61 (0.11-3.25) 1.26 (0.38-4.13) 1.07
E8 3 3.84 (0.53-12.68) 5.14 (1.59-16.67) 2.05
E9 1.5 1.78 (0.29-11.09) 4.26 (1.34-13.6) 1.80
E10 1.5 1.72 (0.36-8.29) 4.37 (1.3-14.7) 1.31
E=Examination test, LR=Likelihood ratio, OR=Odds ratio, 
CI=Confidence interval

Table 3: Scoring range of examination tests depending 
on the value of corrected odds ratio

Examınatıon tests OR score
E1* 1
E2* 1
E3* 0.25
E4* 1
E5* 0.25
E6* 0.25
E7* 0.25
E8* 3
E9* 1.5
E10* 1.5
Total score of E1-E10 10
*Examination test is positive and adds the score of the examination 
test in the total score. OR=Odds ratio, E=Examination tests

Figure 2: Magnetic resonance imaging of patient with clinically suspected 
and occult scaphoid fracture with anatomical snuff box tenderness and 
negative radiographs showing Scaphoid fracture line (white arrow)
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than in the previous studies. However, among the carpal 
bones, apart from the scaphoid only triquetrum fracture was 
detected. The reason for this may be because of differences 
in the patient group in this study as only patients with 
tenderness in the anatomical snuffbox were included in this 
study. Anatomic snuffbox tenderness has been considered 
an indicator of a possible fracture of scaphoid bone for 
many years.10 In one study, examining only the tenderness 
in the anatomical snuffbox resulted in extra treatment in 
85% of the patients with an acute wrist injury.11 Using it 
alone to diagnose, a scaphoid fracture can be problematic 
due to its high sensitivity, and during physical examination, 
there can be tenderness in the anatomical snuffbox together 
with fracture of radial styloid and distal radius, trapezium 
fracture and first and second metacarpal fractures.12

Many authors have defined clinical findings and tests for 
scaphoid fractures.10,13-18 In a study by Waizenegger et  al., 
which tested 12 examination methods in 52  patients with 
clinically suspected scaphoid fracture, it was reported 
that none of the examination methods alone was able to 
distinguish scaphoid fractures.19 In this study, 10 physical 
examination methods were used: abduction of thumb, radial 
deviation of the wrist, thumb axial loading, flexion of the 

wrist, extension of the wrist, power grip of the hand, ulnar 
deviation of the wrist, pronation of the forearm, supination 
of the forearm, and thumb–index finger pinch. According to 
the results, in suspected occult scaphoid fracture patients, 
pain around the wrist during the pronation of forearm has 
the highest PV to determine scaphoid or other wrist bone 
fractures, followed by pain thumb–index finger pinch and 
pain around the wrist with forced supination of the forearm. 
As in the aforementioned studies, we too believe that none 
of the examination methods alone is diagnostic. Therefore, 
10 examination methods were used together to conduct the 
study. However, these examinations were not performed by 
the same orthopedic surgeon on all patients. The patients 
were first evaluated by the attendant orthopedic surgeon 
in the emergency clinic. The initial examination by 
different clinicians may be a limitation of the current study. 
However, to the best of our knowledge, there are no reports 
in the literature on limitations related to examinations 
performed by different clinicians. Nevertheless, as the signs 
were based on the patient’s subjective interpretation of 
pain, it can be presumed that the difference between the 
evaluators is minimal.18 Multi-dimensional treatment should 
be considered for the patient group clinically suspected of 
scaphoid fracture with no fracture line evident on X-rays. 
As previously mentioned, an alternative to the conventional 
treatment approach is the use of advanced imaging 
methods. Many methods can be used secondarily, one of 
which is MRI.8,20 After clinical examination, the patients 
in this study were evaluated by MRI which is a method 
that has proved to be beneficial and has very high accuracy 
in the diagnosis of scaphoid fractures, avascular necrosis, 
ligament injury, and carpal instability.4,5,8,21 Early MRI can 
prevent productivity loss in patients who are unnecessarily 
immobilized in a splint.22,23 The perfect consensus has been 
observed even among the variable reviewers of MRI.24 
Examination of an experienced hand surgeon has been 
reported to be highly valuable in diagnosis of scaphoid 
fracture.25 However, it may be more difficult to find an 
experienced hand surgeon in every hospital than to find 
an MRI machine. Bone scintigraphy,19,26,27 high-resolution 
sonography,20,28 and multidetector computed tomography29 
are other imaging methods used to determine scaphoid 
fractures in literature.

One of the questions that our study tries to answer is that of 
for which patient group is advanced imaging required. The 
second question is, which examination methods demonstrate the 
bone injury risk in patients with a wrist injury and tenderness 
in the anatomic snuffbox? As previously mentioned, many 
examination methods have been described.30 Each of the ten 
examination methods used in this study is known to have its 
value. According to the results of examination methods used 
in this study, pain development during forced pronation of the 
forearm has the highest Predictive Value (PV) when compared 
with the other nine examination methods. This was followed by 
pain arising around the wrist joint with thumb–index finger pinch 

Table 4: Receiver operating characteristic trajectory
Total score Sensitivity Specificity LR positive
≥1.5 100.0 0.0 1.00
>1.5 100.0 5.3 1.06
>2.25 100.0 10.5 1.12
>2.5 100.0 15.8 1.19
>2.75 97.6 21.1 1.24
>3 97.6 26.3 1.32
>3.5 95.1 26.3 1.29
>3.75 92.7 36.8 1.47
>4.25 87.8 36.8 1.39
>4.5 87.8 47.4 1.67
>5 82.9 47.4 1.58
>5.25 80.5 57.9 1.91
>5.5 80.5 63.2 2.18
>5.75 75.6 68.4 2.39
>6.5 75.6 73.7 2.87
>7 70.7 73.7 2.69
>7.25 68.3 73.7 2.60
>7.5 65.9 73.7 2.50
>7.75 65.9 78.9 3.13
>8 63.4 78.9 3.01
>8.25 61.0 78.9 2.90
>8.5 51.2 78.9 2.40
>8.75 51.2 84.2 3.24
>9.25 48.8 84.2 3.09
>9.5 41.5 84.2 2.63
>9.75 34.1 84.2 2.16
>10 0.0 100.0 0
More than 6.5 value at total score is predictor point of the scoring 
system. LR=Likelihood ratio, PV=Predictive value
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and supination of the forearm. Ten wrist physical examination 
methods used in this study were statistically analyzed. A scoring 
range of 1 to 10 was established depending on the statistical 
results. The mean values of the total score for normal and 
pathological groups were compared and a score was performed 
by grading all the examination points according to importance. 
To find the predictor point and indicate the start point of the 
disease was important to create a mean total score for a useful 
formula to demonstrate the risk for bone injury in patients with 
clinically suspected and occult scaphoid fracture. More than 6.5 
value at total score (the area under ROC trajectory) had the most 
sensitive, specific value and was determined as a predictor point. 
This indicates that if the sum of the scores shown in Table 3 for 
each examination method used in this study is more than 6.5, 
there will be a risk of bone injury. According to this, in patients 
with tenderness in the anatomic snuffbox, instead of deciding 
the bone injury by one or two examination methods, it would 
seem to be more accurate to decide by ten examination methods. 
From the total score obtained here  (>6.5), it can be predicted 
whether or not the patient needs an advanced imaging method. 
If a hospital has no advanced imaging methods available, bone 
injury risk can be evaluated according to this score. Accordingly, 
a plaster or splint will be applied to the patient and called 
for follow-up appointments. This will avoid unnecessarily 
immobilization of the wrist and loss of work force.

Conclusion
It may not be correct to evaluate a patient with wrist 
trauma with only one examination method. Tenderness in 
the anatomic snuffbox does not always predict scaphoid 
fracture. With the use of a scoring system, fracture risk can 
be predicted beforehand if the total score is  >6.5. In this 
way, the loss of workforce and costs of extra treatments 
and imaging methods can be prevented.
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