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Abstract Background. The sca-
phoid is the commonest fractured
carpal bone, but excluding a sca-
phoid fracture with plain radio-
graphs is difficult. Other imaging
modalities are being increasingly
evaluated in the management of
scaphoid injuries. MRI has been
shown to be of considerable value in
the adult population but there have
been limited studies of its use in
children.

Purpose. To evaluate the role of
MRI in the acute management of
suspected scaphoid injuries in chil-
dren.

Methods and materials. Fifty-six
children (57 injuries) who had a sus-
pected scaphoid injury underwent
MRI within 10 days of their initial

Introduction

trauma. The results of MRI were
used to dictate management of the
injury.

Results. In 33 (58 %) of the 57 inju-
ries, MRI was normal and the pa-
tient was discharged from care. In 16
cases (28 %), a fractured scaphoid
was diagnosed and appropriate
treatment started early. Additional-
ly, other fractures around the wrist
joint and ganglion cysts were dem-
onstrated on MRI.

Conclusions. MRI of acute scaphoid
injuries in children significantly al-
ters management. Those children
with normal scans are discharged
earlier. Scaphoid fractures are con-
firmed earlier and other pathologi-
cal conditions are also detected.

Because of this uncertainty in the diagnosis of sca-

The scaphoid is the most commonly fractured carpal
bonein children [1,2]. Asin the adult population, exclud-
ing a fracture with conventional radiographs can be diffi-
cult [3, 4]. The detection of scaphoid fractures can be
improved by multiple views, including projections with
ulnar deviation and with tube angulation. Traditionally,
regardless of the radiographic findings, all patients who
have a clinically suspected scaphoid fracture are immobi-
lised for at least 2 weeks and then followed up with a se-
ries of clinical and radiological examinations. This
continues until a fracture has been excluded or adequate-
ly treated. This conservative approach to scaphoid inju-
ries is to avoid the complications of an undiagnosed and
untreated fracture, namely non-union, avascular necro-
sis and development of osteoarthritis [5, 6].

phoid fractures, many patients are treated as for a frac-
ture despite the fact that they have no significant bony
injury. A large proportion of children presenting with a
history of trauma and tenderness in the anatomical
snuffbox are unnecessarily immobilised for 2—-6 weeks.
In children, this has a considerable impact on family
and school life, as well as the resource implications for
the hospital with unnecessary radiographs and clinic ap-
pointments.

Other imaging modalities have been used to improve
the detection of scaphoid fractures; in particular, there
has been considerable experience of bone scintigraphy
and MRI, both of which have been shown to be superior
to plain radiographs [7-9]. Bone scintigraphy entails ra-
diation dose to the patient and is less sensitive than
MRI [10]. The majority of MRI studies have concentrat-
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Fig.1 Sagittal STIR MRI
shows a cortical break and
bone-marrow oedema in the
scaphoid. There is some oede-
ma in the distal radius

Fig.2 Coronal T1-W MRI
shows cortical disruption and
bone marrow oedema in the
scaphoid

ed on an adult population rather than children, though
work has shown that MRI is as sensitive in children as
in adults [11]. This is the first study to evaluate MRI in
the management of suspected scaphoid fractures in chil-
dren.

Materials and methods

Fifty-seven MRI examinations were performed on 56 patients (one
boy had repeat MRI of the same wrist 6 months following a normal
examination after sustaining a similar type of injury). Children
were aged between 6years 6 months and 15 years 10 months
(mean 12 years 5 months, median 11 years 7 months). There were
32 boys and 24 girls. These children had presented to a major
open-access paediatric emergency unit. Initially all patients had a
‘routine scaphoid series’ of plain radiographs. This series consists
of four views: lateral, dorsipalmar (DP) with ulnar deviation, DP
oblique and DP oblique with 35° angulation towards the elbow. Pa-
tients in whom a clinical diagnosis of scaphoid fracture was sus-
pected were treated by wrist immobilisation, even if the
radiographic findings were normal. They were reviewed clinically
by senior Accident and Emergency staff at 48-72 h. If they still
had clinical signs and symptoms, a traditional scaphoid plaster
was applied and the patient was then referred for MRI.

All MRI examinations were performed at 1.5 T (Siemens Sym-
phony, Siemens, Erlangen, Germany) within 10 days following the
initial injury (mean 7 days, no sedation). The patient was imaged
in the prone position with the arm extended (‘superman’ position)
and the wrist was immobilised in a ‘comfort bag’. T1-weighted
(T1-W) coronal (TR/TE 500/20, 3-mm-thick slices, matrix
192 x 256, field of view [FOV] 100 x 100 mm, acquisition time
3 min 15 s), T2-weighted (T2-W) fast spin-echo fat-saturated coro-
nal (TR/TE 3,500/72, flip angle 180°, 3-mm thick slices, matrix
256 x 256, FOV 100 x 100 mm, acquisition time 4 min 17 s) and
sagittal short tau inversion recovery (STIR) (TR/TE 5,100/30, flip
angle 180°, 3-mm-thick slices, matrix 189 x256, FOV
100 x 100 mm, acquisition time 4 min 40 s) images were obtained.

In all the MRI examinations the integrity of the scaphoid and
the other carpal bones along with any associated ligamentous or

soft tissue injuries was reported. A fracture was diagnosed if there
was a cortical fracture line, cortical disruption and oedema, bone
marrow abnormality over a diffuse area of a single carpus (Figs. 1,
2) or a combination of these signs [11-13]. All plain radiographs
and MRI images were reported by consultant paediatric radiolo-
gists (K.J.J., S.F.H.).

If the MRI was abnormal, the patients were reviewed clinically
within 2 weeks and were managed appropriately. If the MR was
normal, the patients were reviewed clinically at the earliest oppor-
tunity and discharged from care. There was no further imaging fol-
lowing a normal MRI examination. Follow-up of children with a
normal examination was from 5 months to 10 months.

The MRI examinations were generally well tolerated by the
children and there were no failed examinations. There were some
sequences that were sub-optimal due to movement artefact, but
overall it was possible to obtain a definitive examination in all
cases.

Results

The initial plain radiographs performed when the child
presented to the Emergency Department demonstrated
3 definite fractures, 10 possible fractures (i.e. the re-
ports were equivocal) and 44 negative examinations.
MRI demonstrated 16 scaphoid fractures (28 %), 3
capitate fractures, 2 radial fractures (1 occurred concur-
rently with a scaphoid fracture), 1 ulnar fracture, which
also occurred with a scaphoid fracture, and a bruised
pisiform. There were two ganglion cysts, but it was not
possible to determine if these cysts were incidental find-
ings or post-traumatic in nature. Of the scaphoid frac-
tures, six were distal pole, four were through the waist,
three were lower pole and three were transverse
through the length of the scaphoid. Thirty-three MRI
examinations were classified as normal and these pa-
tients were mobilised as soon as possible after the MRI
examination. The results of the MRI studies and plain
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Table 1 A comparison of the plain radiographic and MRI findings
MRI findings

X-ray findings

[\e]
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Normal

Scaphoid fracture

Scaphoid fracture & other injury
Carpal Injury

No fracture 44

Normal
Scaphoid fracture
Carpal/Radial injury

Equivocal 10

Scaphoid fracture seen 3 Scaphoid Fracture

film findings are summarised in Table 1. Patient man-
agement was directed by the result of the MRI examina-
tion, with it being regarded as the definitive
examination. The time from MRI to follow-up clinical
consultation varied from the same day to 7 days.

Of the ten plain radiographs that had an equivocal
report, MRI was positive in four cases and negative in
six. The positive examinations included one of the capi-
tate fractures and a distal radial fracture that were both
discernible on the initial plain radiographs but had
been missed at the time of reporting.

Those children who were discharged with a normal
MRI have been followed up for 5-10 months. None
have represented with symptoms of a carpal injury; all
have resumed normal daily activities.

Discussion

MRI can now be regarded as the gold standard for the
imaging of scaphoid fractures [10]. The use of MRI al-
lows a definitive diagnosis to be made at a much earlier
stage compared to the plain radiographs, and there are
no ionising radiation implications as with bone scintig-
raphy and CT [12]. MRI is able to demonstrate marrow
changes and cortical disruption and can clearly delin-
eate fracture lines, particularly as the imaging is per-
formed in more than one plane. A proportion of our
positive scans demonstrated that the fracture extended
in an oblique/spiral plane through the scaphoid bone,
confirming the difficulty in recognising the fracture on
plain radiographs (Fig.3). MRI also makes it possible
to detect undisplaced compression fractures [13]. Previ-
ous reports have shown that MRI has a 100 % negative
predictive value for scaphoid fractures, so that patients
with a normal scan can be confidently treated as having
no bony injury [10, 12].

MRI has the advantage that it can detect associated
soft-tissue changes around the wrist joint and carpal
joint effusions between the carpal bones. In our series,
we detected other carpal injuries that would account
for some of the children’s symptoms and may affect
management.

Fig.3 Sagittal STIR MRI shows a fracture of the scaphoid with
bone-marrow oedema. The fracture line passes obliquely through
the scaphoid

The MRI sequences chosen in our study have been
used in other studies [11-13]. They allow the scaphoid
to be imaged in two orthogonal planes and allow ana-
tomical evaluation of all the carpal bones. They are a
sensitive indicator of marrow oedema. Only three se-
quences were used routinely, as this reduces scan time
enables the younger children to tolerate the examina-
tion better. Shorter scan times also allow the whole ex-
amination to be completed within 20 min and be easily
accommodated within a busy MRI list. Movement arte-
fact was minimised by the fact that the children were
all in immobilisation casts, and a comfort evacuated
beanbag was used to further immobilise the wrist. All
the examinations were of satisfactory quality, and none
was regarded as uninterpretable. A few problems were
encountered with movement artefact in younger chil-
dren, but with reassurance all examinations were com-
pleted. No child needed sedation.

In those children who had a normal MRI, clinical re-
view was organised as soon as possible so that the re-
sults could be discussed with the patient and parent
and discharge arranged. Repeat radiographs were not
required in any patient with a negative MRI. Overall,
33 of the 57 examinations were negative on MRI.
Thus 58 % of the study population avoided having re-
peat films and unnecessary immobilisation. Of those
patients discharged, none has represented after
5-10 months’ follow-up.
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Reviewing the plain radiographs of the 33 patients
with negative MRI showed that 6 (18 % ) had an equivo-
cal X-ray report in which a scaphoid fracture could not
be excluded. Conversely, in those patients with positive
MRI, 75% of the original X-ray reports indicated that
a fracture was not seen. Our study confirms that plain
radiographs are a poor discriminator of scaphoid inju-
ries. In 24 cases (42 %), an abnormal finding was dem-
onstrated on MRI, and the patient then had the
appropriate management instigated.

In our study, three patients who had a scaphoid frac-
ture diagnosed on the initial plain radiographs had this
confirmed on MRI. The features on MRI did not alter
patient management, and our current policy is that if a
fracture is radiologically certain, there is no need to per-
form MRI.

We recommend that the diagnostic work-up of sca-
phoid injuries becomes a simple two-stage procedure.
When the history and examination suggest a scaphoid
injury, the patient should have plain radiographs with
four views of the scaphoid (in ulnar deviation). If no
fracture is observed and the clinical suspicion of a frac-
ture persists, the patient should be referred for MRI at
the earliest available opportunity. If MRI is not readily
available, clinical review at 2 weeks and possible repeat
radiographs are performed as is currently widely prac-
tised. If these repeat radiographs are still normal and
clinical suspicion persists, then MRI is advocated.

The use of bone scintigraphy or CT scanning could
possibly replace MRI as the next investigation. In some
institutions these modalities are more readily available.
They both involve ionising radiation in the growing
child, which is considerable with bone scintigraphy. Ad-
ditionally, CT can show fractures [14], but it has not
been evaluated in the acute situation and its negative
predictive value is not known [7]. We would therefore
recommend that MR imaging become the definitive in-
vestigation in the acute situation. At clinical follow-up,
the diagnosis of a scaphoid injury will have been con-
firmed or refuted by MRI. Appropriate therapy can
thus be initiated with confidence. In particular, those pa-
tients with negative MRI can be confidently mobilised
early. We believe that, if available, this technique will
significantly alter patient management in over 50 % of
cases. The use of MRI will reduce the number of unnec-
essary radiographs taken and avoid the patient being
unnecessarily immobilised by a cast. Early immobilisa-
tion in children allows resumption of normal activities
such as playing, schoolwork and sports. There is also
less demand on the time and help of the parents and ca-
rers. MRI is more costly than plain radiographs and
slightly more time consuming, but if the examination is
performed promptly, then the number of patients that
need to be reviewed and followed up in busy ortho-
paedic clinics and radiology departments will be signifi-
cantly reduced. Overall patient care will be improved.
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