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Is physical examination as effective as magnetic 
resonance imaging in the diagnosis of suspected 
pediatric scaphoid fractures?
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Carpal bone fractures are rarely seen in children, 
but the most common of these are scaphoid frac-

tures [1]. These fractures, which constitute 0.45% of all 
upper extremity fractures and 0.34% of all childhood 
fractures [2], are seen more in children over the age of 
11 years and rarely in those aged <8 years [3–5]. As 
the majority of these fractures are incomplete, and not 
dislocated or accompanied by a bone fragment, they can 

be treated conservatively [4, 6–9]. Early diagnosis and 
correct treatment are extremely important for the pre-
vention of complications.

As the primary mechanism of these fractures is a fall 
on the open hand in pronation, this increases the possi-
bility of fractures seen in children involved in sporting 
activities [1]. Physical examination, X-rays, magnet-
ic resonance imaging (MRI), computed tomography 

ABSTRACT
OBJECTIVE: The aim of this study was to evaluate whether careful physical examination is as effective in diagnosis as mag-
netic resonance imaging (MRI) in pediatric patients with suspected scaphoid fractures and whether radiography is sufficient 
in the follow-up of these patients.

METHODS: This prospective study included patients with tenderness of the anatomic snuffbox on physical examination and 
no fracture on radiography between 2015 and 2019, and the data were evaluated retrospectively. A short-arm thumb spica 
casting was applied for an initial diagnosis of suspected scaphoid fracture. MRI was performed within 1 week after initial trau-
ma. Physical examination and X-rays at 2-week intervals were applied during the follow-up period. The functional outcomes 
were evaluated using the Modified Mayo Wrist score.

RESULTS: A total of 92 patients (28 girls and 64 boys; mean age: 12.32±2.22 years) were diagnosed with suspected 
scaphoid fracture on physical examination and MRI was performed. The MRI confirmed the suspected scaphoid fracture at the 
rate of 77.2% (n=71). The sensitivity obtained for the radiograph was 14.08%, specificity was 100%, positive predictive value 
was 100%, and negative predictive value was 25.61%. The mean Modified Mayo Wrist score was 92.43±2.64 (range, 85–98).

CONCLUSION: Detection of tenderness on the anatomic snuffbox without determination of fracture radiographically should 
be evaluated and treated in favor of a scaphoid fracture. These fractures are mostly treated successfully with conservative 
treatment.

Keywords: Pediatric scaphoid fracture; scaphoid magnetic resonance imaging; wrist examination.
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(CT), and scintigraphy can be used in the diagnosis of 
scaphoid fractures. The physical examination findings 
of most importance in suspected scaphoid fracture are 
sensitivity in the snuffbox, sensitivity over the scaphoid 
tubercle on the volar wrist, pain with radial deviation, 
and pain with active movement of the wrist [4, 8]. While 
adult scaphoid fractures occur more in the waist section, 
pediatric scaphoid fractures are seen more in the distal 
and waist sections [4, 10]. The first imaging method that 
should be requested in patients with suspected fracture 
is anteroposterior, ulnarly deviated oblique, lateral radio-
graphs of the wrist [8, 11, 12].

Radiography is not sufficient in the imaging of non-
ossified elements in immature bone [6]. There is even a 
high possibility of scaphoid fractures being missed on 
plain radiographs in adult patients. As the scaphoid sec-
ondary ossification nucleus starts to be seen at the age 
of 5 years and is completed from the distal pole of the 
scaphoid towards the proximal at 13–18 years old, frac-
tures are often missed in pediatric patients only exam-
ined with X-rays. Therefore, most orthopedists apply 
a thumb spica cast to patients with clinically suspected 
scaphoid fracture but negative findings on radiography, 
and recommend follow-up with physical examination 
and X-rays at 2-week intervals [7, 13]. In children with 
suspected scaphoid fracture, MRI is the imaging method 
with the highest sensitivity and specificity [14–19].

The application of MRI does not expose the child to 
ionizing radiation, and sedation may not always be re-
quired. Although the assessment of MRI protocols was 
outside the scope of this review, one recommended pro-
tocol includes coronal T1 and STIR with diagnostic fea-
tures being a high signal on STIR from bruising/bleed-
ing and a low signal in the fracture line on T1 images [8].

The aim of this study was to evaluate whether careful 
physical examination is as effective in diagnosis as MRI 
in pediatric patients with suspected scaphoid fractures 
and whether radiography is sufficient in the follow-up of 
these patients.

MATERIALS AND METHODS

Approval for the study was granted by the Marmara 
University Faculty of Medicine Clinical Research Ethics 
Committee (protocol number: 09.2019.545, dated: 
14.06.2019). All study procedures were applied in com-
pliance with the principles of the Declaration of Helsinki. 
The study was planned prospectively and the data were 

collected retrospectively. The study was included pe-
diatric patients (range; 6–16 years) who applied to the 
emergency department due to wrist trauma, had pain in 
the anatomic snuffbox, sensitivity over the scaphoid tu-
bercle on the volar wrist, pain with radial deviation, and 
pain with active wrist movement. Patients who had older 
than 16 years old, had an open fracture, a displaced frac-
ture on the radiograph, had any accompanying fracture, 
and did not follow the treatment recommendations were 
excluded from the study.

With the suspicion of scaphoid fracture, anteropos-
terior, ulnarly deviated oblique, and lateral radiographs 
of the wrist were taken. Patients who could not be de-
termined with fracture on radiographs but had positive 
physical examination findings were applied with a thumb 
spica cast support for an initial diagnosis of scaphoid 
fracture. The number of patients with actual scaphoid 
fracture was determined from examination of wrist MRI 
taken within 1 week of the trauma (Fig. 1). All the wrist 
radiographs and MR images were evaluated by the same 
musculoskeletal radiologist.

Highlight key points

•	 Tenderness in snuffbox, tenderness over scaphoid pain with 
tubercle, radial deviation in the volar wrist, and pain with ac-
tive movement of the wrist are the most important findings 
in scaphoid fractures.

•	 Careful physical examination was found to be as effective as 
MRI in the diagnosis of suspected pediatric scaphoid fractures.

•	 Suspected pediatric scaphoid fractures are much more com-
mon than expected (%77.2).

Figure 1. A 14-year-old male patient was admitted to the 
emergency department after falling on his right wrist. (A) 
AP X-ray in the ulnar deviation at the time of admission. (B, 
C) Wrist MRI taken on day 6, fracture line in the scaphoid 
distal in coronal and sagittal section.
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After 2 weeks of splinting, the treatment was termi-
nated for patients not determined with a fracture on MRI 
and no pain complaints. For patients with no fracture but 
with continuing pain, the splint was applied for a further 
week with the aim of rest. Patients determined with a 
fracture were called for follow-up examinations at 2-week 
intervals and the treatment was completed in 5–8 weeks. 
Fracture union was decided on the basis of no sensitivity 
on physical examination of the scaphoid, and thus, the 
treatment was completed. Approximately 4 weeks after the 
completion of the treatment, the wrist functions of the pa-
tients were evaluated using Mayo Modified Wrist scoring.

Statistical Methods
Data obtained in the study were analyzed statistically 
using NCSS 2007 software (Number Cruncher Statis-
tical System, Kaysville, Utah, USA). Descriptive statis-
tical methods were used in the evaluation of the data 
and results were stated as mean±standard deviation 
values, median, minimum, maximum, number, and per-
centage. Conformity of quantitative data to normal dis-
tribution was assessed with the Shapiro–Wilk test and 
graphic examinations. The Student’s t-test was used to 
compare the Modified Mayo Wrist scores with normal 
distribution according to MR results. The McNemar 
test and diagnostic screening tests (specificity, sensitiv-
ity, etc.) were used to compare MR results and control 
radiography results. P<0.05 was accepted as statisti-
cally significant.

RESULTS

The study was conducted between November 01, 2015, 
and January 01, 2019, in the Orthopaedics and Trau-
matology Clinics of two Istanbul hospitals: Istanbul 
Sultanbeyli State Hospital and Marmara University 
Pendik Training and Research Hospital A total of 92 
cases were included, comprising 30.4% (n=28) girls 
and 69.6% (n=64) boys, with a mean age of 12.32±2.22 
years (range, 6–16 years) (Table 1). The mechanism 
of trauma was determined to be related to ball sports 
(football, basketball, and volleyball) in 52% (n=48), 
falling off a bicycle in 19% (n=17), falling while run-
ning in 10% (n=9), slipping and falling on ice in 8% 
(n=7), and other trauma in 11% (n=11). The mean 
Mayo Modified wrist score was 92.43±2.64 (range, 
85–98). Scaphoid fracture was not observed on the 
first radiograph of any patient.

Distal radius type 1 epiphysiolysis was determined 
concomitant to scaphoid fracture in 10 patients, and cap-
itatum and hamatum fracture in one patient. In seven pa-
tients with positive findings on physical examination but 
no scaphoid fracture on MRI, isolated distal radius epi-
physiolysis was determined in one patient, trapezium and 
trapezoideum fractures in one patient, isolated capitatum 
fracture in one patient, and ganglion cysts in three patients. 
Pediatric scaphoid fracture was determined on MRI in 71 
(77.2%) cases and was not determined in 21 (22.8%) cases. 
The MRI results confirmed the suspected scaphoid frac-

Age (years)	
	 Median	 13
	 Mean±SD	 12.32±2.22
Gender (%)	
	 Female	 30.4
	 Male	 69.6
Fracture side (%)	
	 Right	 47.8
	 Left	 52.2
Mayo Modified Wrist score	
	 Median	 92
	 Mean±SD	 92.43±2.64
First X-ray result (%)	
	 Negative	  100)
Magnetic resonance imaging result (%)	
	 Negative	 22.8
	 Positive	 77.2
Time to taking magnetic resonance imaging (days)	
	 Median	 4
	 Mean±SD	 4.14±1.31
Localization (n=71) (%)	
	 Distal	  70.4
	 Shaft 	 29.6
Follow-up X-ray result (%)	
	 Negative	  85.9
	 Positive	 14.1
Time to taking follow-up X-ray (days)	
	 Median	 15
	 Mean±SD	 15.26±1.84
Treatment duration (days)	
	 Median	 36
	 Mean±SD	 32.49±10.10

SD: Standard deviation

Table 1.	 Distribution of descriptive characteristics
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tures at the rate of 77.2%. The MRI was applied at mean 
4.14±1.31 days (range, 1–7 days). When the fracture lo-
calization was examined in patients with fracture deter-
mined on MRI, distal localization was seen in 50 (70.4%) 
cases, the waist section in 21 (29.6%), and proximal pole 
fracture was not determined in any patient (Table 1).

The radiograph was applied in the 2nd week following 
the initial trauma, the scaphoid fracture was determined 
in 10 (14%) patients, and no fracture was determined in 
61 (86%) patients. Radiography was not applied during 
the follow-up of patients with fractures not detected on 
MRI, and those patients were evaluated with physical 
examination only. The follow-up radiographs were taken 
at mean 15.26±1.84 days (range, 11–19 days). The du-
ration of treatment of patients with scaphoid fracture 
determined on MRI was mean 37.46 days (range, 32–
53 days) (Table 1).

Seventy-one patients were defined as positive on MRI, 
61 were as negative on the follow-up radiographs, and 
10 were positive findings. A statistically significant dif-
ference was determined between the MR results and the 
control radiograph results (p=0.001 and p<0.01). The 
MR results were taken as the gold standard, and the sen-
sitivity obtained for the control radiograph was 14.08%, 
specificity was 100%, positive predictive value was 100%, 
and negative predictive value was 25.61% (Table 2).

The wrist functions of the patients were evaluated 
using the Modified Mayo Wrist score, which was deter-
mined as mean 92.43±2.64 (range, 85–98).

DISCUSSION

As pediatric scaphoid fractures contain more cartilage 
structures, they are rarely seen fractures [7, 20]. The 
majority of these fractures are non-displaced and in-

complete, making them difficult to diagnose on plain 
radiography [7, 8]. In a study by Wilson et al. [12], the 
epidemiology of pediatric scaphoid fractures, the mech-
anism of injury, and optimal treatment were shown not 
to have been fully clarified. The mechanism of trauma 
in the majority of cases is a fall on the extended hand in 
hyperextension and pronation [8].

Several studies have reported that the suspicion of 
scaphoid fracture is strengthened by the presence of 
sensitivity in the snuffbox, sensitivity over the scaphoid 
in the volar, sensitivity with radial deviation, and pain 
with active wrist movement, in the physical examina-
tion following wrist trauma [21]. Studies recommend 
that in pediatric patients with clinically suspected 
scaphoid fracture, treatment with plaster casting should 
be applied for 2 weeks until stabilized and fracture is 
discounted or continued until treatment is completed 
[21]. In the current study, all the patients had sensitiv-
ity in the snuffbox, sensitivity over the scaphoid in the 
volar, sensitivity with radial deviation, and pain with 
active wrist movement and all of these patients were in-
cluded for the radiological tests necessary for the initial 
diagnosis of scaphoid fracture.

As the majority of scaphoid fractures are non-dis-
placed and seen in the distal third, they can be treated 
with immobilization and are fractures where non-union 
is rarely seen [1, 4, 5, 8, 10–12, 18, 22, 23]. The previous 
studies have reported that 59%–87% of the fractures are 
seen in the distal third and 12%–36% in the waist region 
[4, 7, 8, 24]. From a scan of the English literature, only 
six reports could be found of pediatric scaphoid proximal 
pole fracture, and in half of these, avascular necrosis was 
observed [7, 25, 26]. In the current study, the fractures 
were in the distal third in 50 (70.4%) cases, and in the 
waist region in 21 (29.6%), and no fracture in the proxi-
mal pole was determined in any patient.

It is widely accepted that “acute” scaphoid fractures 
in children show good prognosis after conservative 
treatment [7, 14, 22]. The duration of immobilization 
with plaster casting varies from 4 to 12 weeks, depend-
ing on the localization of the fracture [4, 7, 8, 22, 23]. 
D’Arienzo [7] reported good functional results in all of 
a series of 39 children treated conservatively for frac-
ture healing. Huckstadt et al. [27] treated 17 children 
aged <18 years conservatively and reported full frac-
ture healing with delayed union in only one patient. 
In the current study, all 71 patients diagnosed with 
scaphoid fracture were treated conservatively, and full 

Follow-up		  Magnetic resonance		  p 
radiograph result		  imaging result

		  Negative	 Positive	 Total

Negative	 22.8	 66.3	 82 (89.1)	 0.001*
Positive	 0	 10.9	 10 (10.9)
Total	  22.8	 77.2	 92 (100)

McNemar test; *: P<0.01

Table 2.	Compatibility between the magnetic resonance 
imaging results and the follow-up radiograph results
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bone union was seen in all cases. Excellent results were 
obtained with a mean Modified Mayo Wrist score of 
92.11±2.69. This was attributed to all the fractures be-
ing non-displaced and incomplete, in the waist section 
and distal pole, and that a correct diagnosis was made 
and appropriate treatment was applied.

As these fractures are not common, there is contro-
versy about the optimal treatment. Some publications 
have recommended the surgery in fractures with >1 mm 
displacement and 10˚ angulation [28]. Gholson et al. 
[29] reported that chronic non-union could develop in a 
third of pediatric patients with displaced scaphoid frac-
ture and recommended surgical reduction and internal 
fixation in the primary treatment. The most important 
point that the recommendation for surgery was based on 
was for children to have an earlier return to school and 
sporting activities. In the current study, as all the frac-
tures were non-displaced and there was no angulation in 
the scaphoid, surgery was not planned for any patient. 
All the school-age children in the current study returned 
to school on the day after the treatment, so there was no 
academic loss.

Most authors recommend imaging methods such as 
MRI, CT, USG, and bone scintigraphy in addition to X-
rays [11, 12, 22, 30]. MRI, which has been used recently 
for definitive diagnosis in patients with scaphoid fracture 
instead of plain radiographs, has been reported to have 
negative predictive value of 100% [27]. In the same study, 
Huckstadt et al. [27] applied a splint with thumb sup-
port to pediatric patients with suspected scaphoid frac-
ture without applying MRI. With follow-up radiographs 
then taken at 2-week intervals, it was reported that frac-
ture could be seen on plain radiographs taken at mean 5 
weeks after the trauma.

While no scaphoid fracture was determined in 82 
(89.1%) of the current study patients on the follow-up 
radiographs taken at mean 15.26±1.84 days, the frac-
ture was determined in 10 (10.9%) cases. No statisti-
cally significant agreement was determined between the 
MRI and follow-up radiograph results and the differ-
ence was statistically significant (p=0.001 and p<0.01). 
According to these results, the sensitivity of the follow-
up radiographs was determined as 14.08%, specificity 
as 100%, positive predictive value 100%, and negative 
predictive value 25.61%. It was concluded that taking 
follow-up radiographs in the 2nd week were not very re-
liable for the confirmation of diagnosis in patients with 
suspected fractures.

Although complications are rarely seen in pediatric 
scaphoid fractures, the most common complications are 
pseudarthrosis, non-union, and avascular necrosis. Non-
union and avascular necrosis are occasionally seen in 
proximal pole fractures [1, 8]. The main reason that non-
union is seen is delayed diagnosis or a missed fracture 
[27]. Therefore, in the determination of these fractures, 
the most important point is that physical examination 
and imaging must be applied carefully. In the current 
study, no complications were seen in any of the patients 
that were treated. The most important reason for this 
was considered to be that only non-displaced, incom-
plete fractures were included.

There were some limitations to this study, primar-
ily the low number of patients. Moreover, although a 
2-week follow-up radiograph was taken of patients di-
agnosed with fracture on MRI taken in the 1st week to 
check the evidence of the fracture line and whether or 
not displacement had developed, further radiographs 
were not taken until the treatment was completed. The 
splint was removed, as it was thought that the fracture 
would not have displaced after that time.

Conclusion
As scaphoid fractures can even be missed in adults, there 
is a more substantial possibility that they will be over-
looked in children where the cartilage has not completely 
ossified. With a carefully applied physical examination of 
the wrist following a fall onto the hand in children, more 
scaphoid fractures than predicted will be determined in 
patients with suspected scaphoid fracture but for whom 
no pathology is seen on plain radiographs. In children 
suspected of having this type of wrist fracture, it must 
be kept in mind that there could be a scaphoid fracture, 
and the appropriate treatment should be applied. If all 
patients initially suspected of having a scaphoid fracture 
on their first physical examination underwent MRI, this 
would increase the cost of health care unnecessarily.
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