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From 1995 to 2003, 39 semi-professional athletes
(34 men and 5 women) aged 17-34 years (mountain
bike racers, soccer players, swimmers and cyclists)
with a displaced fracture of the middle-third of the
clavicle were treated operatively using rigid plate
fixation within one week after the initial trauma. In
90% of the athletes, radiographic union was
achieved after 12 weeks. At 6 weeks post-operatively
the mean Constant score was 88 points, the mean
visual analogue pain score was 3 out of 10 and the
average time for return to sports was 45 days.
Seventy-five percent of the patients were very satis-
fied with the end-result and 95% would chose to have
the same operation again. In 5% of the cases the end-
result was unsatisfactory. The most frequent postop-
erative complication was wound infection (18% of
the cases). Nevertheless, this did not affect the out-
come. Other postoperative complications in our
athletic population included refracture (5%), tran-
sient neurological complications (7%) and non-union
(5%), which were equally low in the literature. These
data suggest that rigid plate fixation of middle-third
clavicle fractures gives good results in the semi-
professional athlete and may result in early return to
sports activity, at the expense of a significant risk for
complications, which would not be considered accept-
able in patients with lower functional demands.

INTRODUCTION

Middle–third clavicle fractures are commonly
encountered in the athletic population. Unless a
neurovascular compromise or significant displace-

ment exists, the acute treatment is conservative (2,

3, 26, 27, 30, 36). Although non-union is uncommon
and is reported in only 4% of these fractures (9, 13,

18, 25), a pseudarthrosis of the clavicle as well as its
operative treatment can be very invalidating.
Intractable pain, neurological complications and
loss of shoulder function have been reported (7, 9,

13, 18, 33, 35). Especially sportsmen and women with
a high activity level will not accept prolonged
recovery and impaired shoulder function and there-
fore may require a more aggressive acute treatment
of a middle-third clavicle fracture. In this study, we
report the surgical outcome after open reduction
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and plate fixation of middle-third fractures of the
clavicle in 39 semi-professional athletes.

PATIENTS AND METHODS

Thirty-nine athletes (involved in soccer, motorcross,
mountainbike, swimming and cycling) with a displaced
middle-third fracture of the clavicle were treated opera-
tively between 1995 and 2003. Thirty four athletes were
men and 5 were women. Mean age was 28 years (range :
17 to 43) and in 16 patients the dominant side was
involved.

Preoperatively all athletes had a 15° cephalad tilt AP
radiograph to confirm the diagnosis of a displaced mid-
dle-third clavicle fracture. All patients were treated
within one week after the initial trauma with rigid plate
fixation, using either an AO reconstruction plate or a

3.5 mm low-contact dynamic compression (LCDC)
plate that was modelled and fitted to the anterior surface
of the clavicle. Postoperatively, all patients were immo-
bilised in a sling but immediate passive and active
mobilisation was started as tolerated. Clinical and radi-
ographic follow-up was done postoperatively at 1 week,
6 weeks and 12 weeks. The average length of follow-up
was 64 months (range : 12 to 99).

At clinical review the functional outcome was
assessed by the Constant Murley score, a visual ana-
logue pain score (0 = no pain, 10 = severe pain) (31, 32),
return to sports status and by the patient’s subjective 
satisfaction rating.

RESULTS

At 6 weeks postoperatively the average post-
operative Constant score was 88 (range : 50 to 98).
The mean pain score on visual analogue scale was
3 out of 10. Patient satisfaction scores were 75%
very satisfied, 20% satisfied and 5% unsatisfied.
Ninety-five percent of the patients would have the
same operation again. All patients returned to their
original sports activity level. The average time to
regain full sports activity was 45 days (range : 2 to
210) (table I). 

Ninety percent of the athletes showed union of
the fracture on radiographs at 12 weeks. Five per-
cent of the patients sustained a refracture after a
new trauma with the hardware in place (all were
patients treated with 3.5 mm LCDC plate) and
were successfully revised by open reduction and

Table I. — Surgical outcome of middle-third clavicle
fractures after open reduction and plate fixation

Surgical outcome
(n = 39)

Constant score (max. 100 points, mean) 88
Pain (0 = no pain, 10 = severe pain) 3
(mean)

Return to sports (mean) 45 days
Satisfaction rate 92%
Union rate (at 18 weeks) 90%
Complications

Wound Infection 18%
Refracture 5%
Nonunion 5%
Neurologic symptoms 7%

Fig. 1. — a) Pre-operative radiograph of a middle-third clavi-
cle fracture in a 21-year-old mountain bike racer ; b) Post-
operative radiograph 6 weeks after open reduction and internal
fixation with an anterior-inferior reconstruction plate. This
patient returned to mountain bike racing 10 days after surgery.

a

b
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internal fixation with bone grafts. Seven patients
(18% of the cases) developed a wound infection, 4
of these were treated with antibiotics and 3 were
deep infections that required surgical debridement
and IV antibiotics. Two patients developed a non-
union (1 patient treated with a 3.5 mm LCDC plate,
1 with a reconstruction plate) ; both healed
uneventfully after revision surgery. Three patients
showed transient, mild neurological symptoms
which resolved spontaneously after 6 weeks.

DISCUSSION

This study shows excellent results of operative
treatment of middle-third clavicle fractures in
semi-professional athletes. Patients treated with
early, rigid fixation of their clavicle fractures
showed a high postoperative Constant score, early
pain resolution, early return to sports activity and
high patient satisfaction rating.

Middle-third clavicle fractures are considered 
as benign injuries with a satisfactory outcome if
treated conservatively (26, 34, 36). However, several
reports challenge this view (1, 10, 15, 19, 28, 29), and
there has been a resurgence of interest in operative
treatment for fractures of the clavicle that display
significant shortening, which may result in shoul-
der pain and weakness (7, 8, 10, 17, 24). Possible
complications resulting from conservatively treat-
ed clavicle fractures are cosmetically displeasing
end-results, delayed union, persisting non-union,
chronic shoulder pain and impaired shoulder func-
tion (7, 10, 20). This may lead to low patient satis-
faction rates and late return to sports activities (10,

35). The advantage of internal fixation of clavicle
fractures, which includes early pain resolution,
early return of shoulder function and potentially
early return to sports, make it an appealing option
for the treatment of displaced fractures in active
individuals. Especially semi-professional athletes
will not accept even mild loss of shoulder function,
will desire early return to sports activities and are
often interested in this treatment option.

Many different methods of operative fixation of
midshaft clavicle fractures have been described :
intramedullary pinning (Steinmann pins, Knowles
pins or elastic nails, Kirschner wires) and the use of

screws and different plates (6, 11, 12, 21, 22, 28, 29, 35).
Intramedullary pinning techniques have been asso-
ciated with a high number of complications, such
as pin migration and rotational instability (1, 4, 5, 16)

and fixation with interfragmentary screws or wire
sutures show insufficient immobilisation (5, 13). As
a result, many authors prefer rigid fixation with a
plate (1, 4, 13, 15, 19, 28, 29, 35). Both AO reconstruc-
tion plates and 3.5 mm limited contact dynamic
compression plates (LCDC) have been shown to
provide superior fracture stability and excellent
clinical results in the treatment of acute fractures
and non-unions (7, 11, 19, 35). We prefer to use an
anterior position of the plate in order to decrease
the risk of screw pull-out, and to reduce the risk of
postoperative wound complications by avoiding
subcutaneous bulky hardware. Such a plate posi-
tion also allows for a better and easier contouring
of the clavicle (15). Further research is needed to
investigate whether a low profile, precontoured,
antero-posterior clavicular plate may be easier to
implant and also may provide a more rigid fixation.

In our study, the majority of the complications
were postoperative wound disorders (18% of the
cases). Ten percent were deep infections which
needed operative debridement and IV antibiotics.
Böstman et al (4) reported previously an infection
rate of only 7.8% in their series of operatively treat-
ed clavicle fractures. The rather high rate of wound
infections in our series can be explained by the
quick pain relief afforded by the rigid fixation and
almost immediate return to sports activity for some
athletes, even before complete wound healing
occurred. Other postoperative complications in our
athletic population included refracture (5%) ; tran-
sient neurological complications (7%) and non-
union (5%), which were equally frequent in the lit-
erature (1, 4, 14, 15, 28, 29, 36). Taking these percent-
ages into account, we believe that operative treat-
ment of acute middle-third clavicle fractures
should be reserved to the semi-professional athlete
who whishes to return early to his sports activity
and who is therefore accepting to take the risk for
potential complications. Especially wound disor-
ders and infection may lead to disasters and the
patient should be duly informed before deciding to
have the operation.
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The acute treatment of middle-third clavicle
fractures remains a subject of controversy. These
data demonstrate early pain relief in combination
with good shoulder function after acute operative
treatment resulting in quick return to sports activi-
ties and a high patient satisfaction rate in the semi-
professional athlete. Therefore, we believe that
open reduction and rigid internal fixation can be a
valuable option in the acute treatment of middle-
third clavicle fractures in the semi-professional 
athlete, despite a significant risk for complications
which is typically well accepted by those patients
with high functional demands, but would not be
considered acceptable in a general population with
lesser functional demands.
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