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We randomly allocated 60 consecutive patients with fractures of the waist of the scaphoid 

to percutaneous fixation with a cannulated Acutrak screw or immobilisation in a cast. The 

range of movement, the grip and pinch strength, the modified Green/O’Brien functional 

score, return to work and sports, and radiological evidence of union were evaluated at each 

follow-up visit. Patients were followed sequentially for one year.

Those undergoing percutaneous screw fixation showed a quicker time to union (9.2 

weeks 

 

vs

 

 13.9 weeks, p < 0.001) than those treated with a cast. There was a trend towards 

a higher rate of nonunion in the non-operative group, although this was not statistically 

significant. Patients treated by operation had a more rapid return of function and to sport 

and full work compared with those managed conservatively. There was a very low 

complication rate.

We recommend that all active patients should be offered percutaneous stabilisation for 

fractures of the waist of the scaphoid.

 

Although one of the smallest bones in the body,
the carpal scaphoid is the subject of hundreds of
publications, dozens of review articles and
several books. More than 80% of carpal frac-
tures involve the scaphoid, with the majority
occurring in young men following simple falls
or sports injuries

 

1

 

. There can be substantial
morbidity, time off work and loss of earnings.
Depending on the location and severity of the
fracture, prolonged immobilisation in a cast
may be required. Despite much attention by the
orthopaedic community, treatment of fractures
of the carpal scaphoid is not without challenge
and there are a number of unanswered ques-
tions.

Many clinical studies have evaluated the
treatment of fractures of the scaphoid.

 

2-7

 

 How-
ever, interpretation of the data can be difficult,
as most studies do not distinguish between non-
displaced fractures and those most likely to
have healing problems. There are fundamental
differences between displaced and undisplaced
fractures with regard to the risks of nonunion,
malunion, and osteonecrosis. Displaced frac-
tures have been associated with rates of non-
union and osteonecrosis in excess of 50%.

 

5,6

 

Most authors recommend operative fixation for
displaced fractures of the proximal pole and for
those where diagnosis and treatment are
delayed.

 

1,5

 

 Long-term follow-up studies have
shown that malunited fractures and especially

nonunions can lead to radiocarpal and midcarpal
arthrosis, as well as carpal malalignment.

 

2,8-12

 

These changes may cause pain, weakness and
stiffness. Cadaver studies have demonstrated
that deformity of the scaphoid leads to loss of
movement, particularly extension.

 

13

 

Nondisplaced fractures of the waist of the
scaphoid treated with cast immobilisation will
usually heal in good alignment.

 

3,7

 

 Although
there has been considerable debate about the
type of cast used, there is little evidence for the
use of long-arm casts and the tradition of
including the thumb has not been shown to be
beneficial.

 

14,15

 

Immobilisation is usually required for 8 to 12
weeks but may be longer in patients with
delayed union. The functional consequences of
this prolonged immobilisation are poorly
reported, but significant joint stiffness and mus-
cle wasting can occur.

 

16,17

 

Open reduction and internal fixation of acute
scaphoid fractures has been reported to give
good results in several nonrandomised, retro-
spective studies.

 

16,18-21

 

 The incidence of compli-
cations after operative treatment of nondisplaced
fractures has decreased with the advent of safer,
more reliable implants and percutaneous tech-
niques. Haddad and Goddard

 

22

 

 reported union
rates approaching 100%, excellent functional
results, rare complications and return to manual
labour within five weeks after percutaneous fix-
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ation and immediate post-operative mobilisation. In a pro-
spective randomised trial of 25 full-time military personnel
with acute nondisplaced fractures of the waist of the
scaphoid, faster radiological union and return to military
duty was reported after percutaneous cannulated screw fixa-
tion compared with cast immobilisation.

 

23

 

 A cost/utility
analysis of open reduction and internal fixation 

 

versus

 

 cast
immobilisation for acute nondisplaced fractures of the mid-
waist of the scaphoid suggested that the former is cost saving
from the social perspective.

 

24

 

 Furthermore, when consider-
ing only direct costs, open reduction and internal fixation
was shown to be cost-effective compared with other widely-
accepted interventions.

The purpose of this study was to further investigate the
outcome and functional results of percutaneous screw fixa-
tion compared with cast immobilisation of fractures of the
waist of the scaphoid.

 

Patients and Methods

 

A prospective randomised trial was performed on 60
patients between the ages of 17 and 65 years who presented
to one of two orthopaedic trauma units (Edinburgh, Vienna)
with a Herbert type B1 or B2

 

16

 

 fracture of the scaphoid
(Table I). There were 50 males and 10 females with a mean
age of 29.4 years (17 to 65). The mean age was 27 years (17
to 65) for the men and 40 (21 to 64) for the women. A total
of 25 patients had fractured their dominant side and only
one patient, allocated to the operative group, had a B1 frac-
ture. All but seven fractures were undisplaced.

Patients were excluded if they had a previous ipsilateral
fracture of the scaphoid, additional injuries to the ipsilateral
upper extremity, a pathological condition of  bone, a termi-
nal disease, evidence of substance abuse, polytrauma or were
unwilling or unable to co-operate with follow up.

Patients were randomised into two groups using closed
opaque envelopes. Group 1 underwent percutaneous fixa-
tion of the scaphoid within 14 days of injury using a stan-
dard Acutrak screw (Acumed, Alton, United Kingdom).
Group 2 were treated in a Colles cast with the thumb
free.

 

2,4,13,14

 

 Immobilisation was continued for a minimum of
eight weeks. If clinical or radiological examination suggested
delayed union, a further cast was applied. No patient was
treated in a cast for longer than 12 weeks, irrespective of the
clinical or radiological findings.

The operative technique was the same in both centres.
Under tourniquet and with the patient supine, the upper limb
was positioned on a hand table with the forearm supinated
and the wrist extended over a roll. Reduction of the fracture
was confirmed fluoroscopically. A guide wire was inserted
percutaneously onto the tubercle of the scaphoid and the
correct entry point confirmed radiologically. The guide wire
was introduced into the scaphoid using a power drill, taking
care to place it centrally with its tip at the proximal pole. A
satisfactory position was confirmed using anteroposterior
(AP), lateral, pronated and supinated oblique views of the
wrist. The tip of a second guide wire was placed at the entry
point and the difference in length between the wires was
measured.

 

Table I. 

 

Demographics of the patient population

 

All patients Operative Non-operative

 

Mean age in yrs (range) 29.4  (17 to 65) 28.3  (17 to 55) 30.5  (19 to 65)

Gender
Male 50   26 24
Female 10   4   6

Employment
Sedentary 19 12   7
Light manual 14   8   6
Moderate manual 13   2 11
Heavy manual   9   5   4
Retired/unemployed   5   3   2

Mode of injury
Fall 18   7 11
Fall from height   9   5   4
Direct blow   7   2   5
Sport 18 10   8
Motorcycle driver   6   4   2
Pedestrian   1   1   0
Other   1   1   0

Side of injury
Left 34 14 20
Right 26 16 10
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Approximately 2 mm was subtracted from this value to
obtain the desired screw length. The guide wire was then
advanced into the radius to prevent it backing out with drill
extraction. A 2 mm incision was made where the wire
entered the skin. The scaphoid was drilled to the measured
length under fluoroscopic control using a tapered cannulated
Acutrak drill. A standard-sized Acutrak screw was inserted
and its position confirmed fluoroscopically. One suture was
placed in the wound. The wrist was not immobilised and
patients were encouraged to mobilise within the limits of
comfort. Physiotherapy was prescribed if clinically indicated.
Clinical and radiological review were carried out at 8, 12, 26
and 52 weeks when tenderness at the fracture site and any
complications were recorded. 

Four standard views were taken at each visit (AP,
lateral, 45˚ and 135˚ obliques), as described by Ziter.

 

25

 

Union was assessed by the two senior authors (MMM,
CG) and considered to have occurred when there was no
tenderness at the fracture site and evidence of trabeculae
crossing it on at least three views. Nonunion was defined
as absence of trabeculae crossing the fracture site with a
persistent fracture gap and tenderness at 16 weeks.

 

26,27

 

Malalignment was defined as the presence of a dorsal
intercalated segment instability deformity.

 

13

 

 Resorption
was defined as an increasing fracture gap.

A research physiotherapist in each centre, blinded to the
treatment method by sticking plaster over the entry posi-
tion, undertook functional testing at 8, 12, 26 and 52
weeks after fracture. This included range of movement
(ROM), grip and pinch strength, time to return to work,
sport and normal activities of daily living (ADL), and a
modified functional  assessment.

 

19

 

 Plasters were removed
for radiological and functional testing and then reapplied.

The ROM was measured using a standard full circle
goniometer. Flexion and extension were measured in trip-
licate and the mean was recorded to minimise intra-
observer bias. Each measurement was expressed as a
percentage of the unaffected side.

The mass grip strength was measured using a JAMAR
hand dynamometer (Therapeutic Equipment Corpora-
tion, Clyton, New Jersey). In accordance with the guide-
lines for its use,

 

28

 

 the second grip handle was used for all
patients. The mean of three successive trials was used for
the injured and uninjured hands and recorded as percent-
ages of the unaffected side, as recommended by the Amer-
ican Society of Hand Therapists.

 

29

 

 Each patient was tested
at similar times of the day to minimise the effect of diurnal
variation. Grip strengths were adjusted by 10% for the
non-dominant hand.

 

30

 

 Pinch strength between the thumb
and index finger was measured similarly using a B&L
Engineering Pinch Gauge (B&L Engineering, Tustin,
California).

Functional assessment was measured using a modified
Green/O’Brien score

 

31

 

 which includes scores for pain, sat-
isfaction, ROM and grip strength. These scores were
added, with 90 to 100 points being excellent, 80 to 89
good, 65 to 79 fair and less than 65 poor.

The time to return to work and sport was recorded in
weeks.

All patients attended at eight weeks. Four failed to attend
at 12 weeks (one group 1, three group 2), three at 26 weeks
(all group 1), and five at one year (two group 1, three
group 2).

The groups were compared by chi-squared or Mann-
Whitney U tests for categorised or quantitative factors
respectively. Multiple ordinal logistic regression was used
to test the effect of study group on time to return to work,
adjusted for previous employment status. Intention-to-treat
analyses were carried out using the ‘last observation carried
forward’ method, in which missing outcomes at later times
are replaced by those from the last time at which a valid
observation was made.

 

Results

 

A total of 30 patients were randomised into each group.
There were no significant differences between the groups in

 

Table II. 

 

The results of functional testing for the two groups at each review

 

Review time (wks) Operative Non-operative p-value

 

*

 

Mean decrease grip strength (%)   8

 

10 

 

(

 

-35 to 72

 

)

 

42 

 

(

 

3 to 89

 

) < 0.001
12

 

  3 

 

(

 

-11 to 27

 

)

 

25 

 

(

 

-1 to 80

 

) < 0.001
26

 

 -1 

 

(

 

-13 to 11

 

)

 

11 

 

(

 

-10 to 96

 

) < 0.001
52

 

 -2 

 

(

 

-12 to 14

 

)

 

  5 

 

(

 

-21 to 81

 

)    0.30

Mean decrease pinch strength (%)   8

 

  9 

 

(

 

-6 to 58

 

)

 

29 

 

(

 

-11 to 81

 

) < 0.001
12

 

  4 

 

(

 

-20 to 39

 

)

 

15 

 

(

 

-31 to 71

 

)    0.012
26

 

  0 

 

(

 

-21 to 40

 

)

 

  3 

 

(

 

-30 to 85

 

)    0.78
52

 

 -5 

 

(

 

-27 to 17

 

)

 

  1 

 

(

 

-27 to 82

 

)    0.49

Mean decrease range of movement (%)   8

 

11 

 

(

 

-6 to 64

 

)

 

52 

 

(

 

12 to 79

 

) < 0.001
12

 

  6 

 

(

 

-7 to 30

 

)

 

32 

 

(

 

0 to 88

 

) < 0.001
26

 

  3 

 

(

 

-14 to 22

 

)

 

11 

 

(

 

-3 to 73

 

)    0.018
52

 

  2 

 

(

 

-14 to 25

 

)

 

  6 

 

(

 

-4 to 49

 

)    0.31

* Mann-Whitney U test
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any of the baseline characteristics (Table I) although the
imbalance in employment status was appreciable.

 

Functional outcome. 

 

Although the patients in the operative
group regained their grip and pinch strength as well as the
ROM more quickly in the earlier stages of review, there was
no significant difference between the groups at final follow-
up (Table II). Patients in the operative group consistently
scored better on the modified Green/O’Brien score until one
year (Table III).

As Table IV shows, patients in the operative group had a
quicker return to sport (mean 6.4 weeks (2 to 20)) and full
employment (mean 3.8 weeks (0 to 12)) compared with
those treated non-operatively (mean 15.5 weeks (6 to 26)
and 11.4 weeks (0 to 36) respectively) but showed no differ-
ences in other functional tasks. The data in relation to return
to work may be skewed as a result of the uneven distribution
between the groups in physical demands of employment but
the advantage to the operative group still remained signifi-
cant (multiple ordinal logistic regression, p < 0.001) after
adjusting for this.

 

Complications. 

 

In the operetive group, there were two cases
with peri-operative problems, both caused by breakage of
the cannulated screwdriver. One patient had symptoms

from a screw protruding into the scaphotrapezial joint and
was awaiting admission for its removal at final review.
There were no infections and no cases of avascular necrosis
(AVN). In the non-operative group two patients had radio-
logical evidence of AVN. One had persistent pain at 52
weeks consistent with complex regional pain syndrome
type 1. Three patients had malunion of the fracture with
residual dorsal intercalated segment instability deformity
and one had symptomatic radioscaphoid osteoarthritis at
final review.

 

Radiological outcome. 

 

Table V compares the radiological
outcomes in the two groups. Of the outcomes shown, only
resorption at eight weeks (chi-squared test, p = 0.02) and
time to union (Mann-Whitney U test, p < 0.001) showed a
significant difference between the groups. Although more
patients in the operative group achieved union this was not
quite significant (chi-squared test, p = 0.15).

 

Discussion

 

We have shown that percutaneous screw fixation has some
advantages over cast immobilisation for the treatment of
Herbert type B1 and B2 fractures of the waist of the
scaphoid. There was a trend towards fewer nonunions in
the patients treated with fixation but this did not reach sta-
tistical significance. The patients who were treated surgi-
cally returned to work a mean of seven weeks earlier and to
sport nine weeks sooner than those treated non-operatively.
They also  had a more rapid return to function when mea-
sured objectively and using the Green/O’Brien score, which
includes patient-rated outcome measures. Complication
rates were low in both groups.

There have been four previous randomised controlled
trials comparing internal fixation of fractures of the scaphoid

Table III. Mean (range) Green/O’Brien scores31 and percentage
good and excellent results

Review time (wks) Operative Non-operative p-value*

  8  79 (35 to 100) 39 (5 to 70) < 0.001
Good/excellent (%)   52   0 < 0.001

12  88 (50 to 100) 56 (15 to 100) < 0.001
Good/excellent (%)   68 15 < 0.001

26   92 (70 to 100) 78 (5 to 100)    0.006
Good/excellent (%)   81 56    0.055

52   94 (80 to 100) 81 (10 to 100)    0.32
Good/excellent (%) 100 88    0.025

* Mann-Whitney U test

Table IV. Mean (range) times taken to return to normal activities of
daily living (ADL). One patient in each group did not return to sports at
one year, the patient in the cast group had not returned to work either

Mean time to return 
to ADL (wks) Operative Non-operative p-value*

Full sports 6.4 (2 to 20) 15.5 (6 to 26) < 0.001
Full employment 3.8 (0 to 12) 11.4 (0 to 36) < 0.001
Dressing 0.6 (0 to 2)   1.0 (0 to 11)    0.72
Washing 0.6 (0 to 2)   1.0 (0 t˙o 11)    0.72
Shopping 1.6 (0 to 10)   2.8 (0 to 13)    0.34
Housework 1.6 (0 to 10)   2.7 (0 to 10)    0.14

* Mann-Whitney U test

Table V. Radiological outcome for the two groups at each review
period

Operative Non-operative p-value

Displacement

Initial 5 2 NS*

8 wks 0 3 NS
12 wks 0 3 NS
26 wks 0 3 NS
52 wks 0 3 NS

Resorption

Initial 0 0 NS
8 wks 0 8 0.02†

12 wks 0 7 NS
26 wks 0 1 NS
52 wks 0 0 NS

Non/delayed union 1 4 NS

Mean time to union (wks) 9.2 (8 to 18) 13.9 (8 to 36) < 
0.001‡

* NS, not significant
† chi-squared test
‡ Mann-Whitney U test
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with cast immobilisation, two using percutaneous methods
and two using open fixation.

 

23,32-34

 

 All showed more rapid
return of function in terms of movement and grip strength in
the operative group (Table VI), which is confirmed in our
study. Two studies showed a significantly faster return to
work in the surgical group,

 

23,34

 

 similar to ours.
There seems to be an emerging message that early fixation

of fractures of the scaphoid results in earlier union and  a
reduced rate of nonunion. In our study, early percutaneous
fixation accelerated union by almost five weeks compared
with cast management, despite the fact that the mean time to
union might have been expected to be prolonged in the sur-
gical group which contained more displaced fractures. This
finding could be criticised because of the absence of blinding
in the assessment of union. However, blinding is not possible
in such a study because of the presence of the screw but this
is mitigated by stringent criteria for the definition of union.
The determination of time to union is limited by the fre-
quency of follow-up and acquisition of radiographs. Ideally,
these would have been taken weekly. However, because of
practical limitations at each institute, it was decided that they
would be taken only at designated follow-up visits.

Two other studies reported improvements in union. Dias
et al

 

32

 

 found a significantly greater number of nonunions in
their cast group while Bond et al

 

23

 

 noted accelerated union
similar to ours in their operative group. The former study
recruited the largest numbers of patients and used CT to
diagnose nonunion. 

Our use of the Green/O’Brien score consistently found
better results in operatively-treated patients until after the
six-month review. The only other study using a validated
outcome score also found increased patient satisfaction but
only at an early stage.

 

32

In terms of cost effectiveness, Davis et al24 argue compel-
lingly for the surgical treatment of nondisplaced fractures of
the waist of the scaphoid. Their surgical model was open
reduction and internal fixation. Presumably the cost of oper-
ative fixation would be even less in a percutaneous model,
assuming less time is spent in the operating room and with a
lower rate of complications.

Despite its limitations, our study confirms earlier time to
union and quicker return to work and sport with percutane-
ous screw fixation of nondisplaced fractures of the waist of
the scaphoid. We recommend that all active patients with a

fracture of the waist of the scaphoid should be offered percu-
taneous internal fixation.

We would like to acknowledge the Scottish Orthopaedic Research Trust into
Trauma (SORTIT) for their assistance in performing this study. We would also
like to thank Dr R. Elton for his assistance with the statistical analysis.

No benefits in any form have been received or will be received from a com-
mercial party related directly or indirectly to the subject of this article.
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