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After adequate conservative or operative management, union
is achieved for �90% of nondisplaced scaphoid waist frac-
tures,1–3 while prolonged time to union as well as a higher
nonunion rate were demonstrated for displaced scaphoid
fractures.4,5 The serious consequences of nonunion, such as
progressive degenerative changes and carpal collapse, have
resulted in a restrictive treatment regimewith immobilization
of nondisplaced scaphoid waist fractures for 8 to 12 weeks.6,7

There is an ongoing debate on the advantages of screw
fixation versus conservative management of nondisplaced
scaphoid waist fractures. A possible advantage of screw fixation
is a reduced time to union, which could allow earlier mobiliza-
tion and thereby improve functional outcome. However, these
benefits may come with an increased rate of complications due
to the surgical intervention.8 So far, comparative studies on time
to union are mainly based on radiographs and not on computed
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Abstract Background Union of a scaphoid fracture is difficult to assess on a standard series of
radiographs. An unnecessary and prolonged immobilization is inconvenient and may
impair functional outcome. Although operative treatment permits early mobilization,
its influence on time to union is still uncertain.
Purpose To assess union of scaphoid waist fractures based on computed tomography
(CT) scan at 6 weeks, and to compare time to union between conservative treatment
and arthroscopically assisted screw fixation.
Patients and methods CT scan in the longitudinal axis of the scaphoid was used to
provide fracture characteristics, and to assess bone union at 6 weeks in 65 consecutive
patients with scaphoid waist fractures. In a randomized subgroup from this cohort with
nondisplaced fractures, we compared time to union between conservative treatment
(n ¼ 23) and arthroscopically assisted screw fixation (n ¼ 15).
Results Overall, at 6 weeks we found a 90% union rate for non- or minimally displaced
fracture treated conservatively, and 82% for those who underwent surgery. In the
randomized subgroup of nondisplaced fractures, no significant difference in time to
union was demonstrated between those treated conservatively and those who under-
went surgery. The conservatively treated fractures from this subgroup with prolonged
time to union (10 to 14 weeks) were comminuted, demonstrating a radial cortical or
corticospongious fragment.
Conclusion The majority of non- or minimally displaced scaphoid waist fractures are
sufficiently treated with 6 weeks in a cast. Screw fixation does not reduce time to
fracture union compared with conservative treatment.
Level of Evidence level II, Therapeutic study
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tomography (CT) scans. Nevertheless, the latter have proven
more reliable and accurate in the assessment of scaphoid
fracture characteristics and union.9,10 Arthroscopically assisted
screw fixation of scaphoid waist fractures is a well-established
procedure.11,12 It has numerous advantages compared with an
entirely percutaneous technique such as direct visualization of
fracture reposition; aids in optimal guide wire positioning,
checking countersinking of screw threads, and assessment of
fixation stability; and allows evaluation of associated ligament
injuries.

We have previously performed a study on consecutive
scaphoid fractures, using magnetic resonance imaging (MRI)
and CTreconstructions in the coronal and sagittal planes of the
wrist.13 Since then, it has been suggested that many scaphoid
fractures are probably overtreated and could safely be mobi-
lized much earlier than previously recommended.14,15

The aim of this study was to reevaluate the CT scans
obtained at 6 weeks, with reconstruction in the longitudinal
axis of the scaphoid, to assess union of the scaphoid waist
fractures. Furthermore, from a randomized subgroup of the
patients with nondisplaced or minimally displaced scaphoid
waist fracture, we were able to evaluate whether time to
union differs between conservativemanagement in a cast and
arthroscopically assisted screw fixation.

Patients and Methods

During a 4-year period (2004–2008), consecutive patients
presenting at our emergency department with posttraumatic
radial wrist tenderness were asked to participate in a pro-
spective study on diagnosis and treatment of scaphoid frac-
tures. One study arm encompassed patients with scaphoid
waist fracture regardless of the degree of fracture displace-
ment. A subgroup from this prospective cohort with non-
displaced or minimally displaced scaphoid waist fractures
(< 1 mm displacement and/or < 15° volar angulation)16

were randomized, using a blinded envelope system, to cast
immobilization or arthroscopically assisted screw fixation
(►Fig. 1). The Regional Ethics Committee at Lund University
approved the study (LU 459–03), and written informed
consent was obtained from all eligible patients.

For the purpose of this study, only patients who, in
addition to the initial CT scan, had a CT scan done at 6 weeks
of follow-up were included. We excluded patients with a
fracture of the distal or proximal third of the scaphoid,
associated perilunate injuries, age below 16 or above
65 years, or a delay from injury to treatment of more
than 14 days. However, we allowed inclusion of patients
with concomitant nondisplaced distal radius or carpal
fracture that would not require an immobilization period
longer than the one necessary for treatment of the scaphoid
fracture. The randomized subgroup of patients with non- or
minimally displaced scaphoid waist fracture was followed
with CT scans at 10 and 14 weeks and 6 and 12 months.

Imaging Protocol
Conventional radiographs (AXIOM Aristos FX; Siemens AG,
Forchheim, Germany) of the wrist, posteroanterior (PA) and

lateral projections, were obtained together with four views of
the scaphoid (PA with ulnar deviation, with the central beam
angled 10° cranially, 10° caudally, 20° ulnarly. and 20° radially).
CT (SomatomSensation 16; SiemensAG, Forchheim, Germany)
was performed with the patient positioned prone on the CT
table with the arm above the head, the forearm in pronation,
and the wrist in neutral flexion and neutral radial-ulnar
deviation. Scout images were taken to ensure correct scanning
plane. Axial sections of 0.6-mm thick slices were obtained,
allowing 1- or 2-mm thick reconstructions in the coronal and
sagittal planes defined by the long axis of the scaphoid.

One senior musculoskeletal radiologist (JB), together with
one of the senior authors (NT), evaluated all of the radiographic
examinations. Fracture gap and translation (step-off) were
measured on the coronal and sagittal images of the initial CT
scan (►Fig. 2). The maximum value measured was used to
categorize the fracture as: minimally displaced (� 0.5 mm),
moderate (1 mm), or severely displaced (� 1.5.mm).5 The
percentage of bone contact over the fracture cross section at
follow-upwasgraded as 0 to 24%, 25 to 49%, 50 to 74%, 75 to 99%,
or 100%.17Thegradingwas estimatedbyusingaveragemeasure-
ments from four sagittal and coronal cuts. Ultimately, it was
assessed whether the fracture had united, defined as not just
bone contact but as a continuous trabecular pattern over more
than 50% of the cross section of the fracture.5,14 Our reference
standard to confirm fracture union was based on an additional
CT scan obtained at least 6 months after treatment.18

Treatment Regime
Conservative treatment consisted of immobilization in a
standard below-elbow plaster cast incorporating the thumb
up to the interphalangeal joint.

Fig. 1 Flowchart of the study.
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Using a 2.7-mm arthroscope, standard radiocarpal and
midcarpal arthroscopy was performed with the hand in a
vertical traction tower. We applied 3 to 5 kg of traction. As
needed, blood, debris, and synovitis were removed with a
shaver. To allow placement of a guide wire in the central axis
of the scaphoid, the wrist was flexed and kept in slight ulnar
deviation. Fracture reduction was obtained with a small
periosteal elevator inserted through the radial midcarpal
portal or by using Kirschner wires (K-wires) as joysticks to
manipulate the proximal and distal fragments. For this pur-
pose an additional scaphotrapeziotrapezoid portal was cre-
ated if required. After fracture reduction a central guide wire
was inserted in an antegrade fashion from the proximal to the
distal pole. Osteosyntesis was performed with a headless
compression screw (HBS 3.0 mm, KLS Martin Group, Mühl-
heim, Germany, or TwinFix 3.2 mm, Stryker, Kalamazoo, MI,
USA). Fracture reduction and position of the compression
screw, were confirmed by midcarpal arthroscopy and fluo-
roscopy at multiple angles. Fracture stability was assessed
during arthroscopy by deviating the wrist in ulnar and radial
direction, and by manipulating with a probe at the fracture
site. When the fracture fixation was considered stable, the
wrists of the patients in the randomized group were immo-
bilized in a cast for 2 weeks, followed by wrist mobilization.
Those who did belong to the randomized subgroup were
immobilized until the treating surgeon considered the frac-
ture to be united. If fracture reduction or stability could not be
achieved by the arthroscopic technique, we immediately
converted to a standard, open volar approach followed by
screw fixation, which was inserted in a retrograde fashion.

Study Population
We identified 103 consecutive patients with 104 scaphoid
waist fractures (►Fig. 1). Thirteen patients were excluded
because of inadequate CT scan follow-up, 19 due to age
criterion, two because of a delay in treatment of more than
14 days, and five who had K-wire fixation due to a complete

(i.e., Geissler grade IV) scapholunate ligament disruption,
found in association with the scaphoid fracture. This left 65
scaphoid fractures in 64 patients who were included in the
study. Thirty-nine fractures (34 males and 5 females, median
age of 28, range 17 to 62 years)were treated conservatively in
a plaster cast. Twenty-six fractures were treated operatively
(22 males and 4 females, median age of 31, range 16 to 63
years). Out of the 65 fractures, 38 non- or minimally dis-
placed scaphoid waist fracture (< 1 mm displacement and/
or < 15° volar angulation) had been randomized to cast
immobilization or arthroscopically assisted screw fixation.

Twenty-seven nondisplaced as well as displaced fractures,
not being part of a randomized protocol, were treated accord-
ing to the clinical judgment of the surgeon, of which three
cases with severe fracture displacement were converted from
arthroscopic technique to open volar approach. The depart-
ment protocol recommended operative treatment when
fracture displacement was > 1 mm.

Statistics
The presence of a linear trend between degree of fracture
dislocation and fracture union at 6weekswas tested using the
linear-by-linear association test. We evaluated differences in
union of randomized non- or minimally displaced scaphoid
waist fracture with Fisher’s exact test. Statistical analysis was
performed using SPSS 20.0 for Windows (SPSS Inc., Chicago,
IL, USA). p < 0.05 was considered statistically significant.

Results

Fracture characteristic are specified in ►Tables 1 and 2.
Fracture comminution, represented by a separate cortical
or corticospongious fragment on the radial side of the scaph-
oid was not uncommon (34%), even for the non- or minimally
displaced scaphoid fractures (►Fig. 3). Two cases of concomi-
tant nondisplaced distal radius fracture were found in both
treatment groups. In addition, the conservatively treated

Fig. 3 CT scan of a nondisplaced scaphoid waist fracture with a
comminuted radial fragment.Fig. 2 Sagittal CT scan of a displaced scaphoid waist fracture

demonstrating fracture gap and translation (step-off).

Journal of Wrist Surgery Vol. 4 No. 1/2015

Union of Scaphoid Waist Fractures Assessed by CT Scan Clementson et al. 51

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



group included one wrist with concomitant capitate fracture
and one with a combined capitate and triquetrum fracture.
The operated group included one wrist with a concomitant
capitate fracture. With the exception of three, the associated
fractures were visible only on MRI.

In the conservatively treated group (►Table 1), 24 frac-
tures were immobilized in a cast for 5 to 8 weeks, eleven for
10 to 12 weeks, and four from 13 to 16 weeks. The 6-week CT
scan demonstrated that 27/30 or 90% of the non- orminimally
displaced fractures had united (►Fig. 4). The number of
patients with moderate or severe fracture displacement
was too small to provide valid frequencies on fracture union.
Therefore, a linear association between fracture displacement
and fracture union could not be demonstrated (p ¼ 0.47). Of
the five fractures with uncertain union at 6 weeks, four were
classified as healed after 10 weeks, and one after 14 weeks.

In the operatively treated group (►Table 2), 17 fractures
were immobilized in plaster for 2weeks, two for 3 to 4weeks,
five for 6weeks, and two for 10weeks. In this group the union
rate at 6weeks for non- orminimally displaced fractureswere
82%, and dropping to 40% for the severely displaced fractures.
However, the numbers in the moderate and severe displace-
ment groupswere too small tomake conclusionswith regards
to any association between fracture displacement and frac-
ture union (p ¼ 0.06). At 6 weeks, of the eight fractures with
uncertain union, four were classified as united at 10 weeks,
one at 6 months, two at 12 months, and one had developed
into a nonunion. All fractures with prolonged time to union
(> 14 weeks) were primarily classified as severely displaced.

In the randomized subgroup of patients (►Table 3) with
non- or minimally displaced scaphoidwaist fracture, 23 were
treated with cast immobilization, and 15 underwent arthro-
scopically assisted screw fixation. Eleven of the conservative-
ly treated fractures were immobilized in a cast for 6 to
8weeks, nine for 10 to 12weeks, and three for 13 to 16weeks.
Based on the reevaluation of the CT scans, we found that 83%
of these fractures had united at 6 weeks, 96% after 10 weeks,
and 100% at 14weeks. All four fractures that united later than
6 weeks were comminuted. In the operated group, 11 were
immobilized in a cast for 2 weeks, three for 6 weeks, and one
for 10 weeks. The CT scan demonstrated that 80% had united
at 6 weeks, increasing to 94% after 10 weeks. One fracture did
not unite until 1 year after surgery. We were not able to
demonstrate any significant difference in union rate between
the two treatment groups at any measure point (p ¼ 1.00).

Discussion

In this study, we focus on how a detailed radiographic
assessment of fracture union, using CT scan in the longitudi-
nal axis of the scaphoid, could help shortening the period of

Table 1 CT investigation on 39 conservatively treated scaphoid waist fractures

Non- or minimal displacement
(N ¼ 30)

Moderate displacement
(N ¼ 6)

Severe displacement
(N ¼ 3)

Fracture characteristics

Transverse 23 5 1

Oblique 7 1 2

Comminuted 11 4 3

Bone contact (6 wks)

100% 18 3 0

75–99% 11 2 2

50–74% 0 0 0

25–49% 1 1 0

0–24% 0 0 1

Overall assessment of fracture union (6 wk)

Union 27 5 2

Uncertain union 3 1 1

Fig. 4 CT scan of a non-displaced scaphoid waist fracture (a), which at
6 weeks had united throughout the cross section of the fracture (b).
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cast immobilization. Furthermore, we had the possibility to
compare time to union between screw fixation and cast
immobilization of non- or minimally displaced scaphoid
waist fractures. We found that 90% of non- or minimally
displaced scaphoid waist fractures were sufficiently treated
with 6 weeks of immobilization in a cast. In a randomized
subgroup of the nondisplaced scaphoid fractures, we were
not able to demonstrate any difference in time to union
between those who were treated conservatively in a cast
and those who underwent screw fixation. Finally, we ob-
served that the presence of fracture comminution might be
associated with prolonged time to fracture union.

Generally, a scaphoid waist fracture with a displacement
> 1 mm has been considered unstable and therefore a candi-
date for screw fixation.16 We found that fractures with a
displacement < 1.5 mm healed uneventfully, within 6 to 10
weeks of conservative treatment.. In a recent study, scaphoid
fractures with dorsal or volar gapping of � 2 mm all united
after conservative treatment, and�40% of thosewith � 3 mm
of gapping united. The authors advocated � 3 mm of gapping
as an indication for screw fixation.15 The apparent differences
in recommendation for treatment based on fracture displace-

ment may illustrate that CT scans cannot be relied on to
determine whether a displaced or nondisplaced fracture is
actually unstable.19 Further knowledge on the association
between radiologic fracture displacement, biomechanical in-
stability, and development of nonunion is needed.

A large number of non- or minimally displaced fractures
demonstrated comminution in terms of a radial-sided corti-
cal or corticospongious fragment. Previously, a strong corre-
lation was demonstrated between scaphoid fracture
comminution and arthroscopically verified fracture instabil-
ity.20 While this association seems comprehensible for dis-
placed scaphoid fractures, the importance for nondisplaced
fractures is undetermined. Even though instability has been
demonstrated by arthroscopy of radiographical nondisplaced
fractures, our results suggest that the clinical importance is
relatively minor, though a somewhat longer time to union
could be expected (10 weeks). A larger-scale study is needed
to determine the influence of fracture comminution on
healing of non or minimally displaced scaphoid waist
fractures.

In randomized trials on treatment of non- or minimally
displaced scaphoid fractures, time to union varied

Table 2 CT investigation on 26 operatively treated scaphoid waist fractures

Non- or minimal displacement
(N ¼ 11)

Moderate displacement
(N ¼ 5)

Severe displacement
(N ¼ 10)

Fracture characteristics

Transverse 10 3 6

Oblique 1 2 4

Comminuted 3 5 9

Bone contact (6 wk)

100% 10 2 1

75–99% 1 3 5

50–74% 0 0 1

25–49% 0 0 0

0–24% 0 0 3

Overall assessment of fracture union (6 wk)

Union 9 5 4

Uncertain union 2 0 6

Table 3 CT investigation of union on a randomized subgroup of non- or minimally displaced scaphoid waist fractures

6 wks 10 wks 14 wks 6 months 12 months

Cast immobilization (N ¼ 23)

Union 19 22 23 23 23

Uncertain union 4 1 0 0 0

Internal fixation (N ¼ 15)

Union 12 14 14 14 15

Uncertain union 3 1 1 1 0
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considerably. Fractures treated with screw fixation were
reported to unite more rapidly, with a mean value of 6 and
9 weeks, compared with those who were treated conserva-
tively, from 10 to 14 weeks.1,3,7 However, these results are
based on evaluation of radiographs, which have been proven
less accurate than CT scans for assessment of scaphoid
fracture union.9,10 First, the general definition of union is
debatable. Second, it is difficult to obtain good-quality radio-
graphs in the same plane as the fracture line. Finally, various
patterns of partial union obscure interpretation.17,18 Even
when using CTscans, interpretation of fracture union can be a
challenge. In nondisplaced fractures, bone contact over the
fracture site will be substantial, which does not necessarily
mean that there is trabecular bridging. Also, if anatomic
reduction and good compression are achieved after screw
fixation, the fracture will look united straightaway.

The period of immobilization is not comparable between
our patient groups. During the treatment period, this dis-
crepancy displays the traditional cautiousness of the treating
surgeon to avoid nonunion and its complications. In the
current study, it reflects that results from the detailed CT
evaluation were not available at the time of treatment.
Nevertheless, our results suggest that the majority of non-
or minimally displaced scaphoid waist fractures, unite after
six weeks of conservative treatment in a cast. Furthermore,
two weeks of immobilization seems sufficient after stable
screw fixation. A general recommendation on conservative
management versus operative treatment requires data on
long-term functional and radiologic outcome.

A strategy of aggressive conservative management of non-
orminimally displaced scaphoidwaist fractures recommends
operative treatment if CT scan at 6 weeks demonstrates
uncertain union.8We found that fractures that had not united
at 6 weeks eventually united within 14 weeks of cast immo-
bilization. The aggressive management strategy could there-
fore lead to unnecessary surgical intervention. For those with
uncertain union we advocate postponing a decision to oper-
ate until after a CT scan at 14 weeks. We acknowledge that a
repeated CT scanwill result in an increased radiation load for
the patient. However, as long as it is done with the injured
wrist kept above the head, the effective radiation dose is as
low as 0.03mSv, which is equivalent to one week of back-
ground radiation.21

Our study encompasses a consecutive series of patients
with scaphoid waist fracture. However, there are several
limitations. One weakness is the small sample size, which
hampers our ability to compare time to union between
fractures with different categories of displacement. Our ref-
erence standard for union is incomplete, as seven of the
patients did not attend a 6- or 12-month CT scan. In our
region (the southern part of Sweden) treatment of scaphoid
nonunion is centralized at our department, so patients with
prolonged symptoms, or who later on develop a nonunion,
aremost likely to be referred back to us. Either way, we looked
through the regional radiology database and did not find any
sign of nonunion among those who later on, for some reason,
had had a radiographic examination of the hand in question.
We did not test the interobserver reproducibility of the

diagnosis of fracture union on the CT scans. Instead, resem-
bling clinical practice, we did a consensus reading by the
radiologist and one of the surgeons as described previously.
However, it is reassuring that a substantial agreement has
been demonstrated amongmultiple observerswho evaluated
scaphoid union on CT scans.22

With these limitations in mind, the clinical implication of
our results is that we now treat non- or minimally displaced
scaphoid waist fractures with 6 weeks of immobilization in a
cast. In cases of uncertain union, a decision to recommend
surgical intervention awaits a repeated CT scan at 14 weeks.
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