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Clavicle fractures comprise approximately 3% of all adult fractures and there is evidence that the inci-
dence is increasing. Fractures of the lateral and middle third of the clavicle present distinct challenges in
both surgical fixation techniques and clinical outcome, as such they should be recognised as separate
clinical entities. Despite conflicting evidence, most studies indicate that superior clinical results are
found in patients with united clavicle fractures rather than those that go onto non-union. Furthermore

there is level-1 evidence that operative treatment of clavicle fractures leads to significantly increased
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rates of union. Despite these findings, significant controversy still exists on which patients would benefit
from primary fixation and those who could successfully be managed non-operatively. We present an
evidence-based review of clavicle fracture management including surgical indications, techniques, and
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1. Introduction

The clavicle a double-curved S shaped bone. It is unique as the
only long bone in the human body that lies horizontally. Its primary
function is to act a strut for the scapula to suspend the upper limb
away from the thorax thus allowing the extensive range of move-
ment that the upper limb exhibits. The clavicle is a commonly
fractured bone comprising 2.6—4% of all adult fractures."? Swedish
fracture registry data shows that clavicle fracture incidence has
almost doubled from 35.6 to 59.3 per 100,000 between 2001 and
2012. There is a bimodal distribution of adult clavicle fractures
with increased incidence in males under 30 years of age, usually
due to high energy trauma and a second peak in the elderly pop-
ulation due to osteoporosis which are usually associated with low
energy falls. Young adults tend to fracture the mid-shaft of the
clavicle whereas in the elderly the lateral end of the clavicle is more
commonly involved.

1.1. Classification

Traditionally clavicle fractures have been classified based on the
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anatomical location. Type I fractures occur within the middle third
of the clavicle, whereas type II and type III fractures occur in the
lateral and medial thirds, respectively.* Neer described a sub clas-
sification (modified by Craig) for lateral clavicle fractures based on
displacement of the fracture and the involvement of the cor-
acoclavicular ligaments (Fig. 1). According to the Neer classification
types Il and I are considered stable whereas types Il IV and V are
unstable.

Robinson has proposed a universal classification system'
(Fig. 2), once again the fracture is classified on anatomical loca-
tion with further subtypes based on the fracture fragments and
displacement. Fractures with displacement of less than 100%
comprise subgroup A with those displaced greater than 100% ac-
counting for subgroup B. Medial and lateral fractures are further
subdivided based on intra-articular extension. Middle third frac-
tures are subcategorized by the degree of fracture comminution
and pattern. Simple or wedge-type fracture patterns make up
subgroup 1, whereas comminuted or segmental fracture comprise
subgroup 2. Whilst these classification systems have proven use-
ful, neither classification system provides guidance on which
treatment mode would be most appropriate, or prognostic value for
each unstable subtype.>®

This review will focus on the management of middle and lateral
third clavicle fractures.
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Fig. 1. Schematic diagram of the Neer (modified by Craig) classification of lateral
clavicle fractures.
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2. Lateral clavicle fractures

Approximately 15% of clavicle fractures occur within the lateral
third of the bone.?> Good clinical outcomes have been achieved with
non-operative management of undisplaced fractures whereas dis-
placed fractures are associated with a non-union rates between 18
and 43%.”8 In the largest series of non-operatively managed dis-
placed lateral clavicle fractures 14% of patients required surgery for
non-union or symptomatic mal-union.” No consensus exists on
which fracture and patient groups require surgical fixation. Most
surgeons advocate a patient specific approach considering factors
such as age, activity level, and general health status. The surgical
complications of clavicle surgery fixation must also be considered
which include but are not limited to; infection, vascular injury,
nerve damage, non-union, symptomatic hardware and even death.
The true incidence of complications is unknown, however a recent
sys]tgmatic review suggests the overall complication rate is at least
9%.

2.1. Fixation techniques

Once a decision to operate has been made the surgeon is pre-
sented with choice of techniques that can be utilised. These have
traditionally included intramedullary devices, hook plates, K-wires,
locked anatomical contoured plates fixation, coracoclavicular (CC)
stabilisation using a suspensory device or screw, or a combination
of the above. Hook plate or anatomical plate fixation requires only a
superior approach to the clavicle; many surgeons may therefore
find this preferable to CC stabilisation, which also requires exposure
of the coracoid.

A systematic review of several techniques used in 425 fractures
showed similar non-union rates between methods (1.6%) but un-
acceptably high complication rates were noted in those treated
with a hook plate (40.7%) or tension band wire (20.0%) (Table 1)."!
Good clinical results have been reported with CC screw fixation but
as with K-wires and hook plates a second operation to remove the
metalwork is mandated.'”

2.2. Coracoclavicular stabilization

Recent strategies have focussed on the use of a low profile
locking plate and CC stabilization using a suspensory device such as
a Tightrope®. These have been shown to have good results and do
not mandate a second operation for implant removal.'>

The position of the primary fracture lines and the integrity of the
CC ligaments can guide the surgeon to choose appropriate fixation

techniques for individual fracture patterns.

If the fracture is medial to the coracoid it is unlikely that the CC
ligaments are involved and the operative mode of fixation can be a
plate alone, used in the same mode as when fixing a middle third
clavicle fracture (Fig. 3a). If the primary fracture line is within the
width of the coracoid base it is likely that the coracoclavicular
ligaments are compromised, the mode of fixation should consist of
a suspensory device, which can be augmented with a plate if the
superior cortex is found to be comminuted or without enough bone
to provide sufficient resistance to a suspensory device (Fig. 3b). This
can either be predicted pre-operatively from the radiographs or an
assessment made intra-operatively. If the fracture is lateral to the
coracoid base and displaced it is likely that the CC ligaments are
involved. Suspensory fixation will be required but it is likely that
the addition of a plate will add little or nothing to the stability of the
fixation as the purchase of screws in the far lateral end of the
clavicle is likely to be minimal and risks acromioclavicular joint
penetration with the screws. Therefore, the mode of fixation can be
a suspensory device only (Fig. 3c). This potentially allows for a
shorter operation through a smaller incision and theoretically, a
reduced need for implant removal. A suspensory device can also be
implanted arthroscopically, which has a proven track record in the
literature.'*

A recent prospective study by Beirere showed that surgery in
patients with Neer IIb fractures using a low profile contoured plate
without suspensory fixation had significantly lower Taft scores
(indicating acromioclavicular joint instability) than other fracture
patterns where the cc ligaments were intact. This supports the use
of coracoclavicular fixation in this group of patients."”

3. Middle third fractures

Historically the majority of middle third clavicle fractures were
managed non-operatively, largely due to two large case series in the
1960 by Neer and Rowe which demonstrated non-union rates of
less than 1%.*7 This figure has been heavily criticised as it contains
data from paediatric patients in whom non-union is extremely rare.
Subsequent studies have failed to reproduce such low non-union
rate and suggest the true non-union rate is 7—15%.°"'® Simply
achieving union of the clavicle does not guarantee a good clinical
outcome as displaced fractures inevitably heal with some degree of
malunion due to either angulation or shortening or a combination
thereof."”

The clinical significance of clavicle shortening has received
particular attention because of the biomechanical principle that the
moment arm of the shoulder girdle muscles will be altered,
potentially leading to increased fatigability and impaired shoulder
function. However the evidence for this has been conflicting.
Multiple retrospective reviews of non-operatively managed mid-
shaft fractures showed that initial shortening of >2 cm was asso-
ciated with a poor clinical outcome.'>?° This was further evidenced
by a clinical and CT study showing that greater than 1.5 cm of final
shortening was associated with weaker muscle strength and poorer
shoulder scores than the uninjured arm.”! However a more recent
systematic review with has concluded that shortening alone is not
an evidence-based indication to operate for the goal of functional
improvement.”” It should be noted that in this study a pooled
analysis of data could not be performed due to wide heterogeneity
of the data between studies.

3.1. Multicentre RCT
In an effort to provide definitive answers on the optimum

management for displaced mid-shaft clavicle fractures several
prospective randomised controlled trials have been carried out
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Fig. 2. Universal classification system of clavicle fractures (Robinson et al.").
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Table 1
Common complications of lateral clavicle fixation.".

Fixation method

Common complications

Hook Plate
K-Wire plus TBW
CC Screw

Impingement in motion Plate Migration Acromion osteolysis
Infection Loss of reduction
Screw back out

Fracture medial to coracoid

RED DOT

Plate fixation only

Fig. 3. Combination of fixation methods for lateral clavicle fractures depending on the location of the fracture in relation to the coracoid.

comparing primary operative with non-operative treatment.
Interestingly the three largest studies have produced similar results
but the authors have drawn differing conclusions.'”?>?4 All three
studies defined displaced fractures as having no cortical contact
between the main fragments and operative management consisted
an anatomically contoured plate and screw fixation.

The COTS study enrolled 132 patients and reported better
significantly outcomes in the operative group (higher Constant
scores and lower Disability of the Arm, Shoulder & Hand (DASH)
scores) at all time points between 6 and 52 weeks. They also re-
ported significantly higher rates of non-union and symptomatic
malunion non-operative group. Patients were also more likely to be
satisfied with the appearance of the shoulder in the operative
group with only 3/62 patients unhappy at the appearance of the
scar versus 10/49 in the non-operative group dissatisfied with a
“droopy shoulder”. The overall conclusion of the study was to
advocate primary plate fixation for displaced midshaft fractures in
active adults.>*

Robinson et al. postulated that the superior results shown in the
COTS trial might have been due to a small number of patients in the
non-operative group who had poor outcomes due to non-union."”
They carried out a prospective study similar in design to the COTS
trial, which again demonstrated higher rates of symptomatic non-
union in the non-operative group (17% Vs. 1% p=0.007). The
number needed to treat (NNT) was 6.2 to prevent one case of non-
union. All of the non-union patients who elected to undergo sub-
sequent surgery (n = 13) went on to achieve union. Non-operative

treatment and smoking were the only two independent variables
associated with non-union. Functional outcomes were better in the
operative group at all time points with the exception of the Con-
stant score at six weeks and six months and the DASH score at six
months. When the non-union patients were excluded there were
no significant differences at any time point in the Constant or DASH
between groups. The development of non-union was the only
factor that was independently associated with poorer functional
outcome. The complication rate in the operative group (including
removal of hardware) was 19% (16/86). There was no evidence of
earlier return to work and sporting activity in the operative group.
The study concluded that there is insufficient evidence to support
the routine operative treatment for displaced clavicle fractures and
that future work is needed to allow identification of the subgroup
that would benefit.

‘The Clavicle Trial’ which reported in 2017, once again demon-
strated improved early functional scores in patients undergoing
primary operative fixation (six weeks and three months) but at
nine months there were no significant differences between
groups.”> Similar non-union rates to previous trials were found. The
authors concluded that the results of a united clavicle fracture is
good, regardless of treatment modality and that surgery should be
offered to patients with displaced mid-shaft clavicle fractures.?>

Homogeneity in both trial methods and data has led to the
publication of a meta-analysis, the pooled results of which can be
useful when counselling patients of their treatment options
(Table 2).>° This study also reported that the patients with a non-
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Table 2
Pooled results for plate fixation versus non-operative treatment.””

Plate fixation

Non-Operative

Non-union 1.9%
Operation for Non-union 1.3%
Overall Secondary operations 17.6%
Constant score 1 year™* 89.4
DASH score 1 year™* 4.5

16.5% RR(CI)0.14 (0.06—0.32)*

10.9% RR(CI)0.13 (0.05—-0.31)*

16.6% RR(CI)1.01(0.64—1.59)*

82.5 Mean Difference (CI) 4.39(0.70—7.87)

3.2 Mean Difference (CI) —5.07 (—10.08 to —0.06)*

*P < 0.05, **Includes patients with non-union.

union who were yet to receive surgery had a lower functional score
than the patients who had achieved union: mean Constant scores
were 86.2 (SD=11.7) and 96.3 (SD=6.7) (p=0.01), and mean
DASH scores were 14.7 (SD = 14.6) and 3.3 (SD=6.1) (p = 0.005),
respectively.

It is clear from the published evidence that good clinical out-
comes can be achieved with both operative and non-operative
treatment. We advocate a patient centred approach i.e. a patient
should be provided with sufficient information in order to make an
informed decision specific to their needs. We therefore counsel
patient that the choice is theirs to make but the relevant infor-
mation is that the fracture is more likely to heal with surgery and
the early outcome may be better but this effect diminishes within a
year. The ‘price tag’ of surgery is the risk of complications, which
may include the need for another operation to remove the plate or
rare but more serious complications including deep infection and
permanent nerve damage.

3.2. Non-union

If non-operative treatment is chosen and the fracture fails to
heal then surgery is an option, which usually leads to good clinical
outcomes and functional scores similar to primary fixation.>> 2’
These figures should be interpreted with caution as they are
based on small retrospective series.

Given that united fractures tend to do well it would be appealing
to identify a way of identifying those patients who may go on to
non-union. Unfortunately no reliable system exists. A systematic
review by Jorgensen showed that the usual suspects of smoking,
age, displacement and comminution could be associated with non-
union?® (Table 3). Although it should be noted that for each po-
tential predictor of non-union at least one study did not find any
association — including smoking. A study examining non-union
following plate fixation showed that smoking was the only iden-
tifiable risk factor to increase failure rates. We advocate counseling
patients with respect to this and where necessary facilitating
referral to smoking cessation services.>?

3.3. Cost effectiveness
The cost effectiveness of clavicle fixation is a controversial topic

largely because the long term duration of benefit related to ORIF vs.
non-operative treatment is unknown. Several authors have

Table 3
Risk factors for non-union.?%.

Factors shown to be a risk (odds ratios) Factors NOT shown to be a risk

Smoking (3.76) Fracture shortening
Complete Displacement (1.17) Vertical fragment
Comminution (2.32) Angulation
Increased Age (1.01) Translation

Female (1.43) Associated injuries
Mechanism of injury

Occupation

attempted to analyze the cost effectiveness in terms of quality of
life adjusted years (QALYs) gained. Pearson et al. suggest a base-
case cost per QALY gained for ORIF was USD 65,000, which is
below the widely accepted USD 50,000/QALY cost effectiveness
threshold. This study suggests that the benefits of surgery would
need to persist for 9.3 years or more to reach the cost effectiveness
threshold.>® Whilst the majority of cost effectiveness studies have
focused on the costs to the healthcare provider, Althausen et al.
have attempted the associated costs to the patients. They found
that operative patients missed fewer days from work (8.4 Vs. 35.2)
and less loss of income (USD 321.69 Vs. USD 10,506.25).3! This
should be considered in the decision making process when man-
aging these patients and may be of particular relevance to self-
employed or manual workers.

4. Conclusions

Distal and mid-shaft clavicle fractures should be considered
separate clinical entities. Surgical fixation or conservative treat-
ment is a viable for most displaced fractures and patients should be
given adequate information to make a decision, which is right for
them. The Mechanism of injury, vertical fragment and shortening
may not be an independent factor - but is likely to co-exist with
displacement and degree of comminution and therefore might
reasonably be included in the decision making process. It is also
reasonable to surmise that younger, active patients or manual
workers with displaced fractures may benefit from early surgery.

Overall advocate a patient specific approach to treating these
injuries based on fracture pattern, co-morbidity and patient ex-
pectations. Smoking is an independent risk factor for non-union in
both operative and non-operative treatments and patients should
be informed of this in order to improve their final clinical outcome.
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