Using a reconstruction locking
compression plate as external
fixator in infected open clavicle
fracture
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Abstract

Open clavicle fracture is an uncommon
injury mostly caused by severe direct trauma. It
is often associated with multiple organ
injuries. Generally, surgical intervention with
debridement and fracture repair is always indi-
cated in order to prevent infection, non-union,
and malalignment. In situations of bony expo-
sure and significant contamination concomi-
tant with severe soft tissue damage, the exter-
nal fixation is the treatment of choice because
of the possibility it offers of providing stable
fixation with minimal local tissue damage
resulting in excellent union rates and better
soft tissue outcome. Nevertheless, traditional
external fixation encountered some potential
problems as its bulkiness and sharp edges
caused discomfort to the patient. In this study,
we present an interesting case of a polytrau-
matized patient with a gunshot injury with
complex open clavicle fracture that was suc-
cessfully treated with external fixation using
reconstruction with a locking compression
plate as definitive treatment.

Case Report

A 20-year old male involved in a penetrat-
ing ballistic trauma from close-range shotgun
wounds was examined for multiple organ
injuries. He had initially been sent to a near-
by hospital for emergency treatment. The pri-
mary survey revealed severe respiratory dis-
tress and shock with multiple contaminated
gunshot wounds on his upper back and right
upper chest. Massive pneumothorax had been
diagnosed and had been immediately treated
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with endotracheal intubation, bilateral inter-
costal drainage (ICD) insertion, and rapid
resuscitation with fluid and blood transfu-
sions. Unfortunately, because of severe
injuries and massive blood loss, he had had
five episodes of cardiac arrest and required
multiple cardiopulmonary resuscitations and
emergency right thoracotomy with partial
lobectomy of the right lung. After his vital
signs had been stabilized, a secondary exam-
ination revealed that he had open right clavi-
cle fracture (Gustilo and Anderson grade III),
open right 2" rib fracture, T2 vertebral frac-
ture with complete spinal cord injury, and
suspected tracheal rupture. Due to the
patient’s in extremis status, all open wounds
were treated with bedside irrigation and
removal of all visible pellets, daily dressing
and intravenous antibiotics. He was referred
to our hospital on Day 6 after injury for defin-
itive management.

On admission to our hospital, the patient
was in a stable condition and the ICD drainage
was inactive. However, he was in a condition of
respiratory distress requiring a mechanical
ventilator for respiratory support and had com-
plete spinal cord injury below T2 level. Our
examination revealed low-grade fever and pos-
itive sign of infection of his gunshot wounds
with turbid serosanguinous discharge, espe-
cially the right clavicle wound. X-rays showed
multiple metallic fragments in the right clavic-
ular area with comminuted clavicle fracture,
and multiple pellets on coracoid, right upper
lung, and upper thoracic spine (Figure 1). The
tracheal rupture was not found by fiber optic
bronchoscope; however, tracheostomy was per-
formed due to expectation of a prolonged intu-
bation period. The neurosurgeon consultant
decided to treat the spinal cord injury non-
operatively because of non-reconstructible
spinal cord damage and because there was no
further need for pellets to be removed.

Pre-operative planning for open clavicle
fracture was discussed. The initial plan was
serial debridement with delayed open reduc-
tion and internal fixation (ORIF) with plate
after the wound had improved and once there
was no sign of infection. On the first debride-
ment, the wound was explored and showed
severe soft tissue damage and significant
contamination from multiple fragments of
small metallic material with comminuted
midshaft clavicle fracture. The tissue culture
was sent for biopsy after complete debride-
ment and an arm sling was used to immobi-
lize the clavicle fracture. Unfortunately, the
wound still had persistent turbid serosan-
guinous drainage with no improvement in the
severe soft tissue inflammation, and the cul-
ture was positive for multidrug resistant
(MDR) Acinetobacter baumannii. Moreover,
the patient was also unable to tolerate rolling
into a right semi-decubitus position as per
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precautionary protocol against bedsores
because of severe pain at the right clavicle.
Therefore, during a second surgical interven-
tion, surgical planning was debridement and
external fixation with a reconstruction lock-
ing compression plate (LCP) in order to fix
the unstable fracture, allow the patient ambu-
lation with less pain, and provide better
wound care (Figure 2). In this case, we decid-
ed to use reconstruction LCP as external fixa-
tor instead of using a conventional external
fixation system or conventional LCP plate for
two reasons. First, the LCP external fixation
was a low-profile construct without sharp
edges compared to a conventional external
fixator; therefore, an LCP external fixator
would cause less problems of skin irritation,
such as wound abrasion, and it made the
patient more comfortable while performing
daily activities or the rehabilitation program.
Second, when compared with conventional
LCP, reconstruction LCP can bend and con-
tour along the clavicular surface in order to
adjust the direction of the locking screw to
obtain an appropriate bone purchase and cre-
ate good fracture stability after fixation.
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Surgical technique for external
fixation of clavicle with
reconstruction locking compression
plate

After general anesthesia, the patient was
placed in a supine position with bolster support
under the right scapula on the radiolucent table
in order to extend the shoulder and help fracture
reduction. Debridement was carefully performed
to prevent further soft tissue injury. The fracture
was then reduced by shoulder extension and
direct manipulation. In this case, because of
unacceptable alignment, 2.0 mm Kirschner
wires were inserted into both medial and lateral
clavicle fragments and used as joysticks for
reduction and maintaining the alignment while
LCP external fixation was applied. The decision
as to screw position, screw direction, and plate
length was determined before screw insertion.
Generally, reconstruction LCP can be contoured
and placed in various positions such as superior,
anterior, antero-inferior plane, because of its low
profile design and angular stability, but careful
attention is needed while drilling and inserting
the screw to avoid major neurovascular injury
under the clavicle. In this patient, we used a 9-
hole 3.5 mm stainless steel LCP reconstruction
plate (Synthes GmbH, Oberdorf, Switzerland)
placed antero-superiorly for patient comfort. The
plate was contoured along the surface of clavicle
in order to purchase all of the locking screws into
the position with the greatest pullout strength
(maximal clavicle width) in any direction. It was
stabilized using only 4 locking screws (2 on
medial and 2 on lateral fragments). The screw
was placed in a near-near far-far position accord-
ing to the external fixation principle. After
drilling and measuring the bone depth, an appro-
priate screw length was calculated by adding 2-
2.5 cm, which was the approximate distance
between the plate and skin, to the aforemen-
tioned measured depth. Screws were inserted
through the locking hole into the pre-drill hole
until it engaged the far cortex. The plate was
then lifted up and secured in an appropriate
position before continuing to drive the screw
heads into the locking holes in order to avoid the
excessive penetration of the far cortex and pre-
vent damage to the neurovascular bundle. Once
all the screws had been inserted, a stability test
was performed by moving the shoulder in all
directions under direct inspection and fluo-
roscopy. Tissue samples were then taken for bac-
terial culture and the wound was closed.

Post-operative care

In this case, no additional debridement was
needed because the condition of the wound
had gradually improved: exudate discharge
had decreased and the soft tissue inflamma-
tion resolved. Culture from the second opera-
tion showed no bacterial growth. Routine LCP
external fixator care was carried out with topi-
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cal Betadine ointment and daily wound dress-
ing. The wound healed within two weeks after
the operation. The shoulder was immobilized
in an arm sling and the patient was allowed to
perform shoulder passive and active-assisted
range of motion (ROM) for two weeks, fol-
lowed by active ROM. Follow-up clinical exam-
ination and X-rays of the clavicle were per-
formed periodically. The fracture showed
uneventful clinical and radiographic union by
eight weeks post surgery; therefore, the LCP
was removed under local anesthesia at the
bedside. The patient was admitted to our hos-
pital for four months in order to follow inten-
sive rehabilitation and ambulation training.
Before discharge, he was able to sit upright
independently and bear weight on his right
arm with full shoulder range-of-motion. The
patient could stand with Hip-Knee-Ankle-Foot
orthosis and he was able to walk with a walker
and an assistant. No infection or other compli-
cation was observed during one year post sur-
gery. Soft tissue profile and follow-up radi-
ographs are shown in Figure 3.

Figure 1. Pre-operative X-ray on Day 6
after shotgun injury showing right open
comminuted clavicle fracture (white
arrow) and non-displaced right second rib
fracture (star) with contamination from
multiple metallic fragments, hemopneu-
mothorax treated with bilateral ICD and
tracheostomy, and multiple pellets on
upper thoracic spine, right upper lung
and right coracoid.

Figure 2. Post-operative X-rays of both clavicles after LCP external fixation revealed sta-
ble fixation and nearly anatomical reduction of right clavicle fracture.

.,

Figure 3. Post-operative X-rays at (A) eight weeks and (B) one year showing the union of
fracture without sign of chronic infection. The photographs of (C) right clavicular area
and (D) both clavicles revealed good soft tissue healing and nearly symmetrical clavicle

appearance.

[Orthopedic Reviews 2013; 5:el11]

[page 53]



Case Report

~="

Table 1. Comparison of previous studies using locking compression plate as external fixator in orthopedic surgery.

Apivatthakakul and 1 Tibia Open fracture I1Ib 4.5 mm B-LCP Def. 10 mo. 0 0
Sananpanich (2007)? with bone defect
Kloen (2009)® 1 Clavicle Infected non-union 3.5 mm C-LCP Tem. 4 mo. 0 0
3 Tibia 45mm C-LCP  Tem. (2), Def. (1) (2-6 mo.)
Woon et al. (2010)1 1 Tibia Compartment syndrome 4.5 mm PT-LCP Def. 8.5 mo. 0 1
1 Open fracture I1Ib 4.5 mm C-LCP Def. (7-10 mo.)
Tulner et al. (2012)' 7 Distal tibia Infected posttraumatic LCP metaphyseal Def. (4), 17.5 wk 0 0
problem plate Tem. (3) (6-60 wk)

“Number of cases in that specific condition. ‘Range of time. B-LCP, broad LCP; C-LCP, conventional LCP; PT-LCP, proximal tibia LCP; Def, using LCP as definitive fixation; Tem, using LCP as temporary fixation; mo,

month; wk, week.

Discussion

Open clavicle fractures are rare injuries and
are mostly caused by severe direct penetrating
or blunt trauma.! Therefore, it is often found to
be associated with significant multiple
injuries, such as head, thoracic, great vessel,
and ipsilateral upper extremity injury.>* Only a
few case reports have been previously pub-
lished in the literature and, to our knowledge,
no treatment recommendation or fixation
devices have been established for the treat-
ment of this complex injury.

Generally, management of the severe
injured patient with open clavicle fracture is
based on the patient’s overall condition, degree
of wound contamination, and severity of frac-
ture and soft tissue injury. In cases of stable
hemodynamic status, surgical intervention
with debridement and fracture repair are
always indicated to prevent infection or non-
union. Although ORIF with internal fixation
device, such as plate or intramedullary nail, in
clavicle fracture has demonstrated promising
high union rates,! this option is not generally
recommended in severe open clavicle injury,
especially in cases with significant wound con-
tamination or infection, poor soft tissue condi-
tion, and delayed surgical treatment due to risk
for further soft tissue damage or skin necrosis.
Therefore, external fixation is the most recom-
mended device because it can be used either
as temporary fixation in damage control sur-
gery or definitive fixation in order to stabilize
the fracture with minimal soft tissue stripping
and enable surgeons to perform multiple
debridement for treating infection.’ Results
from previous studies showed that external
fixation could be used as definitive fixation for
open fracture or infected non-union of the
clavicle and also resulted in excellent union
rate without long-term hardware complica-
tions.>” Moreover, the external fixation allows
the surgeon to use additional methods such as
a suction irrigation system to treat open
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infected non-union of the clavicle without risk
of infection from an internal fixation device.”

Traditionally, external fixator for the clavicle
was adapted from a small external fixator sys-
tem and used 2 or 3 small diameter (3-4 mm)
Schanz pins in each medial and lateral frag-
ment to create sufficient stability for fracture
fixation. However, this traditional system
causes discomfort to the patient on its applica-
tion because of its bulkiness and the sharp
edges of the device, resulting in limited neck
motion or an abrasive wound while performing
daily activities or sleeping; it can also injure
the patient’s carer.?

Recently, there has been emerging evidence
to show that LCP can be applied as an external
fixator in subcutaneous bone, such as tibia
and clavicle, with a satisfactory outcome.®!!
(Details of these studies on indications,
implants used and results are summarized in
Table 1.) This is because LCP has the same
angle-stable properties as an external fixator.
External application of LCP has many advan-
tages, such as angular stability from locking
head mechanism, reduced irritation by a low
profile construct compared with a traditional
external fixator, and the possibility of contour-
ing the plate along an anatomical area close to
the skin. Previous studies demonstrated that
LCP external fixation can be used instead of an
external fixator in many severe tibia fracture
conditions, such as associated compartment
syndrome, chronic osteomyelitis and open
fracture with large bone defect.'? For clavicle
fracture, there has only been one previous
study demonstrating the use of a 3.5-mm con-
ventional LCP as a temporary external fixator
in open infected non-union clavicular fracture
with a successful outcome. However, the
authors also noted the disadvantage of using a
conventional LCP plate as it is difficult to
manipulate or adjust the fixation due to the
notable stiffness of the plate. In this present
study, we decided to use a 3.5 mm LCP recon-
struction plate because it is easier to contour
the plate over the clavicle to adjust the direc-
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tion of the screws (Figure 2). In case of a larg-
er sized clavicle bone, we believe that a 4.5 mm
reconstruction LCP can be used with this tech-
nique. Our concern regarding this reconstruc-
tion LCP external fixation technique was about
it being strong enough to provide long-term
stability and withstand external load on the
clavicle.

Conclusions

Reconstruction LCP external fixation is
strong enough and can be used as a definitive
treatment for open clavicle fracture especially
in infected open fracture with concomitant
severe soft tissue damage. We believe that this
is a useful method that can replace traditional
external fixator of the clavicle. However, the
pre-operative planning and surgical technique,
such as plate length, the number of locking
screws, screw positioning, and locking tech-
nique, should aim to create stable fixation and
avoid excessive penetration.
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