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Midclavicular Fracture:
Not Just a Trivial Injury

Current Treatment Options
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SUMMARY

Background: Conservative treatment was long recom-
mended for midclavicular fractures because of the excel-
lent results that were reported in the 1960’s and 70’s.
Recently, however, the rucksack bandage has received
competition from surgical treatment. The spectrum of
operations ranges from classic plate osteosynthesis to
intramedullary techniques and angle-stable implants.

Methods: We present and evaluate the current treatment
options on the basis of a selective review of the literature.

Results: Recent studies have confirmed some long-held
concepts and refuted others. The risk of non-union after
conservative treatment was previously reported as 1% to
2% but has turned out to be much higher in selected sub-
groups such as in patients with severe displacement, fe-
male patients, and patients of advanced age. Furthermore,
new implants and techniques have made surgery safer
and more likely to result in bony union.

Conclusion: In any case of midclavicular fracture, the type
of fracture should be precisely analyzed and an individual
treatment strategy should be developed in view of the
patient’s particular situation. Current studies show with a
high level of evidence (level 1) that patients with
dislocated fractures benefit from surgery.
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idclavicular fractures heal without the doctor,

with the doctor, and despite the doctor!”
Although this maxim never found its way unto the
scientific literature it held sway for many years, with
the result that very few patients underwent surgery. Par-
ticularly in the past 10 years, however, surgical treat-
ment options have gained increasing importance, with
the result that closer attention is being paid to this
“trivial” injury. This interest has culminated in the pub-
lication of several studies with high levels of evidence.
In this review we set out to examine the old maxim in
light of recent findings. On the basis of a selective
survey of the literature, particular consideration is
accorded to recent studies with high evidence levels.

Epidemiology

Midclavicular fracture is one of the most common
injuries of the skeleton, representing 3% to 5% of all
fractures and 45% of shoulder injuries (1, 2, el). The
annual incidence of midclavicular fracture in Europe is
64 per 100 000 population (el). Breaks of the shaft
form 70% to 80% of all clavicular fractures; lateral
fractures contribute 15% to 30%, and medial fractures,
at 3%, are relatively rare. Open clavicular fracture is an
absolute rarity, found in only 0.1% to 1% of cases. The
rate of midclavicular fractures is more than twice as
high in men as in women. The peak incidence occurs in
the third decade of life. About 10% of patients have sig-
nificant accompanying injuries, most frequently verte-
bral fractures, other shoulder girdle injuries, or broken
ribs (e2).

Mechanism of injury

Most midclavicular fractures in young adults are in-
curred during sports or in vehicle accidents, while falls
are typically responsible in children and older adults.
Recent biomechanical studies have shown that apart
from direct blows to the clavicular shaft, the fractures
are caused more by the impact of blunt trauma on the
acromion, resulting in flexion of the clavicle between
the acromioclavicular and sternoclavicular joints, than
by falls onto the outstretched hand (1, 3, 4, €2).

Diagnosis

Detection of isolated midclavicular fractures generally
poses no problems, because when questioned the
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Figure1:
Technique for X-ray
of the clavicle

a) anteroposterior
projection with
the patient
supine (day of
injury)

b) anteroposterior
projection with
the patient in
sitting position
and the arm
hanging down
(2 days after
injury)

patients report typical symptoms and their complaints can
be readily localized. In slim individuals the malposition
caused by the fracture can often be recognized immedi-
ately. Diagnosis may not be so easy in unconscious or

polytraumatized patients, especially when other
injuries take priority in the initial assessment. Never-
theless, midclavicular fracture is not one of the classic
overlooked fractures, because it is readily diagnosed on
the obligatory chest radiograph in such patients.

Examination of vascular, motor, and sensory func-
tion is followed by diagnostic radiology. Regardless of
whether the fracture was identified on initial pyhysical
examination or discovered incidentally on imaging, the
clavicle should ideally be X-rayed in two projections:
anteroposterior with the arm hanging down, and 45°
craniocaudal. The fracture can then be correctly classi-
fied, the treatment indications determined, and the
patient advised correspondingly. Recent studies clearly
show that viewing midclavicular fracture as a trivial
injury that almost always heals without complications
and requires neither individualized diagnosis and treat-
ment nor close monitoring of the outcome leads to an
increased rate of non-union. An important part is
played by underestimation of the displacement of the
fragments on the anteroposterior radiograph (Figure 1)
(5-11).

Type A (B1)

Type B (B2)

Classification of midclavicular fractures according to the Orthopaedic
Trauma Association (OTA) 1996 (2007). lllustration: Josef Ribbers,
Cologne

Unless there are complex injuries, such as vascular
or neural trauma, a correctly conducted standard X-ray
examination renders further diagnostic imaging—com-
puted tomography, magnetic resonance imaging, or
angiography—unnecessary.

Classification
The OTA (Orthopaedic Trauma Association) classifi-
cation of midclavicular fractures (Figure 2) has been
adopted internationally. It distinguishes:

® (A) Simple injuries with two fragments

® (B) Wedge fractures with a third fragment

® (C) Complex fractures (12, 13).

Treatment

Conservative and various surgical procedures are avail-
able. To advise the patient correctly and determine
which form of treatment is indicated, it is first neces-
sary to explain the individual techniques, complete
with their advantages and disadvantages.

Conservative treatment

If conservative treatment is indicated, administration of
analgesics is accompanied by immobilization of the in-
jured side by means of a rucksack bandage or sling. Re-
duction of the fragments is not indicated, as no bandage
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has the potential to maintain the result of reduction long
term (5, 14, 3).

The success of treatment can be monitored clinically
by following the developments in the pain situation and
in arm mobility. Many patients can raise the arm to a
horizontal position after 3 weeks. Callus formation
becomes radiologically detectable no less than 6 weeks
after injury. By this time the patient should have
regained almost the full range of motion and be practi-
cally free of pain. Sports in which unusual loads are
placed on the shoulder can be resumed after 12 weeks.
Physiotherapy is not obligatory. Manual lymph drain-
age is indicated in the initial phase, and sessions of
assisted (3rd week) and active (6th week) exercise
treatment are indicated in the case of massive swelling
and extreme limitation of motion.

Complications—Different authors have found that
up to 50% of patients treated with a rucksack bandage
can show an increasing degree of displacement (5, e3).
This occurs almost routinely because of the caudal
tension exerted by the weight of the arm on the lateral
fragment, while the medial fragment is held in cranial
position by the sternocleidomastoid muscle.

Excessive tightening of the rucksack bandage often
causes significant complications, ranging from
cutaneous maceration in the axilla (33% in the study by
Jubel et al. in 2005 [5]) through brachial paresthesia
(“pins and needles”) (33%) and massive swelling
(55%) to deep brachial vein thromboses (1, 5). More-
over, the rucksack bandage has practically no effect in
the supine position, because the shoulders inevitably
fall forward. For these reasons the rucksack bandage
should essentially be viewed as a means of reducing
pain; based on current knowledge, routine “retighten-
ing” is not recommended.

Painful instability or persistence of crepitations
beyond 3 to 4 weeks points to defective bony healing.
Failure to detect callus after 12 weeks is a sure sign of
delayed healing, which in our experience culminates in
non-union in over 50% of cases.

Surgical treatment
The following operative procedures are used:

® (lassic compression plate osteosynthesis

® Minimally invasive plate osteosynthesis (MIPO)

with angle-stable implants

® Minimally invasive elastic stable intramedullary

nailing (ESIN)

Classic compression plate osteosynthesis—In the
classic technique a 10- to 14-cm-long incision is made
to provide access to the clavicle. The fragments are
anatomically reduced, and if indicated lag screws are
inserted to hold them in place. A 6- to 10-hole small-
fragment LCDC (limited contact dynamic compres-
sion) plate is then applied (e4, e5). Alternatively a
reconstruction plate may be used (e6). Smaller plates,
such as the one-third tubular plate, have proved too
weak. Postoperatively the shoulder can be mobilized to
the extent permitted by pain; immobilization for 4 to 5
days may be required.
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Figure 3:
Minimally invasive
plate osteosynthesis
a) Before operation
b) After operation

Figure 4:

Elastic stable

intramedullary

nailing

a) Before operation

b) After operation

c) Following
implant removal
8 months later
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conservatively treated fractures (from Brinker [9])

Age (years) | Women Men Women Men
25 19 8 7
35 20 1 8
45 25 14 10
55 28 18 12
65 33 20 18

Probability of non-union of midclavicular fractures 24 weeks after injury in women and men: findings in 868

~N | o o B~ w

Women Men Women Men
33 20 3 <1
35 21 4 <1
37 25 5 1
42 29 6 2
47 33 7 3

Minimally invasive plate osteosynthesis (MIPO)
with angle-stable implants—The MIPO procedure is
distinguished from classic compression plate osteosyn-
thesis by the choice of implants and the technique used.
In contrast to the conventional plate, both the screw
heads and the holes in the plate are threaded. Insertion
of a screw results in an angle-stable connection
between screw and plate, yielding much higher stability
than with a classic plate. Furthermore, the construction
no longer requires maximal friction between implant
and bone. This is advantageous in the presence of poor
bone structure (osteoporosis) and has a less adverse
effect on the periosteal circulation.

The logical development of this tissue-sparing tech-
nique is minimally invasive application (15). The plate
is inserted through a small incision and positioned per-
cutaneously. The individual screws can than be inserted
via accessory incisions that can be created as required.
Exact anatomic reconstruction of the individual frag-
ments is often impossible—but also unnecessary, pro-
vided the length, axis, and rotation of the clavicle are
restored correctly (Figure 3).

Complications of plate osteosynthesis—Apart
from incorrect choice of implant and inadequate reduc-
tion and screw anchoring, the essential complications
of plate osteosynthesis are implant failure (loosening,
breakage) and refracture after implant removal, which
altogether occur in around 10% of cases (16, 17). These
problems are more frequent in classic plate osteosyn-
thesis, which tends to compromise the supply of blood
to the bone because of the extensive bony exposure and
the compression of plate to bone. If technical and bio-
logical problems coexist, then a greatly increased risk
of non-union must be assumed. If revision becomes
necessary, resection of the pseudarthrosis and cancel-
lous bone grafting may have to be followed by insertion
of a stronger plate in a different position.

Minimally invasive elastic stable intramedullary
nailing (ESIN)—The ESIN method traces its roots
back to the early work of Lambotte in 1907 (cited in
[e7]). In 1998, with reference to publications by Prévot,

Jubel and Rehm suggested the use of an elastic titanium
nail (18, 19). From the biomechanical point of view
intramedullary application is ideal, because the central
position of the intramedullary nail avoids the problem
of the ever-changing tension side.

The patient is positioned flat on the X-ray table;
intraoperative imaging in two projections must be pos-
sible. The ventral cortex is opened via a small incision
lateral to the sternoclavicular joint and the titanium nail
is inserted. The nail is advanced to the fracture site and
then, following (closed or open) reduction, driven into
the lateral fragment. After sufficient engagement of the
lateral fragment, the nail can be shortened so that its
end lies under the skin (19, 20) (Figure 4).

Postoperatively the patient may move the arm
actively to the extent permitted by pain, but not going
above horizontal. Depending on fracture type, the
patient regains a complete range of motion after 3 to 6
weeks. The nail can be removed after 6 to 12 months.

Complications—While plate osteosynthesis can, in
principal, be used in all types of midclavicular frac-
tures, ESIN is restricted to fractures of types A and B.
The reason is that the nail does not possess length
stability in all circumstances: In type C fractures, where
by definition there is no cortical support, “telescoping”
of the fracture may occur over a period of time. This
results in secondary shortening and thus to failure of
the technique (21).

Fresh type A fractures (less than 10 days old) can fre-
quently be reduced in closed technique and elegantly
treated by ESIN. Older and type B fractures require
open reduction in about 50% of cases. Additional frag-
ments can be reduced with the help of strong suture ma-
terial. Type B fractures without a sufficiently extensive
area of contact between the principal fragments are
unsuitable for ESIN and must be treated with plate
osteosynthesis.

In addition to inaccurate determination of the indi-
cations, problems may be caused by imprecise choice
of entry site; selection of the wrong (too thin) implant
(rule of thumb: diameter 2.5 mm for women, 3 mm for
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men), resulting in secondary displacement; and insuffi-
cient shortening of the sternal end of the nail, leading to
skin irritation. Lateral nail perforation may also occur if
the surgeon drives the nail in too forcefully or fails to
consult the image intensifier properly.

Recommendations
Surgical treatment is indisputably indicated in the
following situations (e8, €9):

® Damage to vessels and/or nerves (1% to 2%)

® Open fractures or imminent perforation of the

skin (1% to 2%)

® Painful non-union (3% to 5%)

Further undisputed (albeit rare) indications are (€8, €9):

® “Floating shoulder,” i.e., simultaneous injury of

clavicle and scapula

® Clavicular fracture in polytraumatized patients

who also have injuries of the lower limbs (in order
to permit mobilization)

® Bilateral clavicular fracture

® Clavicular fracture with ipsilateral fracture of

multiple ribs

® Multiple fractures of the upper extremity.

Equally, there is consensus that minimally displaced
midclavicular fractures should be treated conser-
vatively. Traditionally, conservative therapy was also
the treatment of choice for fractures with a greater
degree of displacement. This approach was based
essentially on statistics from the 1960's showing a low
rate of non-union (<1%), a higher proportion of mal-
unions after conventional plate osteosynthesis (Rowe et
al.: 0.8% vs. 3.7%; Neer et al.: 0.1% vs. 4.6%), and
high patient satisfaction (2, 22). It should be borne in
mind, however, that these studies included children and
adolescents.

Following the introduction of new techniques
(ESIN, plate fixation), the past 10 years have seen a
number of studies whose results have revived the
debate whether midclavicular fractures should be
treated by conservative or surgical means.

The study published by Robinson et al. was based on
prospective observation of 868 consecutive patients
with conservative treatment of a midclavicular fracture.
Clinical and radiological follow-up examinations were
conducted 6, 12, and 24 weeks after injury. The cumu-
lative risk of non-union after 24 weeks was 4.5% (10).
Brinker et al. used these data to calculate the likelihood
of non-union in various subpopulations and found very
high rates for displaced and/or multifragmentary frac-
tures (Table 1) (9).

In a meta-analysis published in 2005, Zlowodzi et al.
determined a 5.9% rate of non-union in 1145 conser-
vatively treated fractures. A subanalysis revealed a rate
of 15.1% for displaced fractures. Significantly better
results were achieved in such cases by plate osteosyn-
thesis (2.2%) and ESIN (2%). One limitation reported
by the authors of this meta-analysis was the excessively
low EBM (evidence-based medicine) level: of the 22
studies evaluated, only five yielded level-1 or -2 evi-
dence (8).
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Advantages and disadvantages of conservative and surgical treatment of
midclavicular fractures

Conservative - No operation

- No stay in hospital

— Stable only when fracture
has healed

- Healing in malposition

— Longer persistence of
pain

— Longer period of inability
to work

- Longer abstinence from
sports

- Rucksack bandage

— Higher rate of non-union

- Insufflation anesthesia
during operation

— General and specific
risks of surgery

— Stay in hospital

— Metal needs to be
removed

— Scarring

Surgical — Rapid pain reduction

— Better mobility in early
phase

— Stable enough for
loading immediately after
operation

- Restoration of shoulder
girdle symmetry

- Low rate of non-union

— No malposition

We carried out a prospective, comparative, non-
randomized study in which it was shown that patients
treated by ESIN had significantly better objective and
subjective results than a comparable, conservatively
treated group over a period of 12 months (5).

With regard to evidence-based recommendations,
two prospective randomized studies with level-1
evidence have been published to date.

A Canadian multicenter study (2007) compared con-
servative treatment with conventional plate osteosyn-
thesis in 132 patients with displaced fractures. The sur-
gical option proved advantageous in terms of functional
outcome, rate of malunion, and healing time (7).

In 2008, Smekal et al. published the results of a ran-
domized controlled clinical study comparing ESIN and
conservative treatment in 60 patients (30 in each group)
with displaced midclavicular fractures. Displacement
was defined as the absence of cortical contact between
the principal fragments.

After 24 weeks, bony consolidation had not been
attained in 30% of the conservatively treated and in
3.3% of the surgically treated patients. After 32 weeks,
all surgically managed clavicles had healed, while three
conservatively treated patients (10%) displayed symp-
tomatic non-union. The functional outcome after 6
months and 2 years was significantly better in the surgi-
cally treated patients than in those who were managed
conservatively (21).

Besides the problem of non-union, attention also
needs to be paid to healing of the clavicle in the wrong
position. We investigated the influence of shortening on
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the functional outcome, regardless of the method of
treatment (23). In line with Smekal’s results, we found
that the functional outcome depended on the extent of
shortening. Patients with malposition resulting in short-
ening of more than 1.75 cm had scores similar to those
of patients with painful non-union.

Two reviews were recently added to the Cochrane
Library database, one comparing the operative methods
for treatment of fracture or non-union, the other
comparing different forms of conservative management
(24, 25). Both of these reviews determined a very low
level of evidence, because of the poor quality of the
studies they embraced. The studies cited above were
not included in these reviews because they compared
surgical and conservative treatment.

Conclusion

The debate on treatment options for midclavicular frac-
tures is currently centered on the question of whether
displaced fractures should primarily be managed surgi-
cally, and if so which implant should be selected. The
results of the studies published to date do not yield a
conclusive answer to this question. Moreover, it
remains to be precisely analyzed which patients benefit
from operative treatment. However, the literature find-
ings already clearly show that treatment should be
tailored to the situation of each individual patient. The
patient should be informed in detail of the options
available and the potential benefits and risks of each
approach (Table 2). Both conservative and surgical
treatment require painstaking diagnostic investigation,
analysis of indications, treatment and aftercare in order
to achieve the best possible results. In the light of cur-
rent knowledge, midclavicular fracture can no longer
be considered a trivial injury.
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