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Abstract

As the surgical treatment of clavicular fractures is increasingly utilized in orthopedics, the number of
related complications rises as well. We present a case of segmental bone loss of the clavicle due to
fracture-related infection. Treatment was based on a multidisciplinary team approach, which was

important for a successful outcome.
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Introduction

Fracture-related infection (FRI) is a severe
complication that can occur after operative treatment
of fractures of the clavicle. As the surgical treatment of
clavicular fractures is increasingly utilized in ortho-
pedics today, the number of complications occurring
after fracture fixation will rise as well [1]. In rare cases,
FRI in this region can lead to severe osteocutaneous
defects, which require reconstruction in order to
achieve good anatomic, cosmetic and functional
restoration of the shoulder girdle.

We present a multidisciplinary team (MDT)
approach for the planning and reconstruction of
segmental bone loss of the clavicle due to FRL
Definitive surgical treatment consisted of an
osteocutaneous free fibula transfer.

Planning and surgical technique

A 17-year-old female patient sustained a fracture
of the left clavicle after a fall (Figure 1A). The initial

treatment, performed at an outlying hospital, was
screw osteosynthesis. This treatment failed after 6
days (Figure 1B), and a revision plate osteosynthesis
was then performed (Figure 1C). The spontaneous
seropurulent discharge 4 days postoperative was
initially treated conservatively with antibiotics. After
2 weeks of continuous drainage, operative debride-
ment, irrigation and implant retention was the
treatment of choice.

After another 2 weeks of recuperation, and more
than a month of antibiotic therapy, the patient
presented to our emergency department (tertiary
referral center) with a wound fistula (a confirmatory
criterion for FRI [2]) and intermittent shoulder pain
during mobilization. Inflammatory markers fell
within the range of normal values. C-reactive protein
(CRP) level was 1.5 mg/L (range of normal values: <5
mg/ L), with a white blood cell (WBC) count of 9.98 x
10°/L (range of normal values: 4 - 10 x 109).
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An MDT meeting, consisting of trauma
surgeons, microbiologists, pharmacists, radiologists,
plastic and reconstructive surgeons, was convened.
Thereafter the treatment plan, which will be described
below, was discussed with patient and family. The
first stage of treatment consisted of debridement and
irrigation, combined with hardware removal. The
latter was necessary due to implant loosening.
Samples of soft tissue and bone were sent for bacterial
analysis. The resulting cultures were positive for
Pseudomonas spp. susceptible to ceftazidime, which
was administered intravenously for three weeks (3 x 2
grams/day). Meaning a total duration of two weeks
after the bone resection. As all dead and infected bone
tissue was removed, the MDT decided that it was
sufficient to give two weeks of antimicrobial therapy
to eradicate the residual contamination in the soft
tissue.

As during surgery it became clear that the
amount of periosteal stripping and bony involvement
was extensive, it was decided to plan further imaging
to allow a better visualization of the extent of the
infection after implant removal (i.e. 3-stage approach).
An extensive bone resection could namely have the
result that future plate fixation would no longer be
possible, especially on the lateral aspect of the
clavicle. Postoperative evaluation with computed
tomography (CT) indeed helped determine the extent
of bony resection that would treat the infection and
still allow reconstruction (Figure 2).

When the culture results were available, after
approximately one week, 8 cm of infected necrotic
bone was resected (second stage). Considering the
susceptibility pattern of the Pseudomonas spp. a
PMMA (polymethyl methacrylate) cement spacer
containing gentamicin was implanted for local drug
delivery (Figure 3). Histopathology confirmed the
diagnosis of infection and described an acute purulent
component with the presence of a high number of
polymorphonuclear cells (PMNs). Furthermore, bone
necrosis (i.e. sequestration) in combination with the
presence of osteomyelitis (chronic component) could
be visualized.

Considering a number of factors, including the
previous long and complex infectious process, the
extent of bone loss, the soft tissue status and the
patient’s age, the MDT decided to reconstruct the
bone defect using an osteocutaneous free fibula flap.
The vascularized flap was not only used to bridge the
defect created by removal of the affected clavicle, but
also to improve the soft tissue status (i.e. skin closure).

Although plain radiography gave an impression
of length and axis, for the exact anatomical
reconstruction of the clavicle, three-dimensional (3D)
planning using CT proved to be considerably more
precise [3]. Therefore, in this case we used 3D
planning as a tool to measure the necessary length
and axis correction, which led to a detailed descript-
tion of the requirements for the osteocutaneous free
fibula flap.

Figure 1. Plain anteroposterior radiograph of the left clavicle (A) showing the
fracture that the patient sustained after a fall, (B) the failed primary (screw)
osteosynthesis, and (C) the revision plate osteosynthesis that was performed
after the initially failed osteosynthesis.

Figure 2. (A and B) Axial computed tomography (CT) scan images of the left clavicle showing the extent of the osteomyelitis after removing the plate and screw

osteosynthesis.
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Figure 3. Plain anteroposterior radiograph of the left clavicle. After resection
of the necrotic bone, a PMMA (polymethyl methacrylate) cement spacer was
placed and fixated intramedullary with a titanium elastic nail (TEN).

£&D

Figure 4. (A) Image showing the osteocutaneous free fibula flap. (B) Image
showing the microvascular anastomosis of the fibular vascular peroneal artery
on the thoracoacromial artery branch. (C) Image showing the skin island that
provided for a vascularised skin cover over the revascularized fibula, which
allowed for efficient monitoring of the fibula flap after microvascular
anastomosis. (D) Image showing the skin island over the fibula flap that healed
well, supplying soft well vascularized elastic skin cover over the restored
clavicle.

Figure 5. (A) Plain anteroposterior radiograph of the left clavicle. (B)
Computed tomography (CT) scan images of the left clavicle. The images
illustrate the neo-clavicle after the reconstruction of the bone defect, using an
osteocutaneous free fibula flap and a superior anterior clavicle plate
osteosynthesis. There is complete bony consolidation at the interface between
the clavicular ends and the fibula flap both medially and laterally.

Three months after the last debridement and
after an antibiotic-free interval of 6 weeks, definitive
reconstruction of the clavicle was performed (third
stage). In this rare case, the MDT decided to have a
long antibiotic-free (holiday) interval of 6 weeks to
allow planning, improve soft tissue status and of
course ensure that there was no recurrence of
infection.

In a final stage, the PMMA cement spacer was
removed and cultures were taken. Thereafter, the
osteocutaneous free fibula flap was harvested from
the ipsilateral leg. To secure skin perfusion we
included one osteocutaneous perforator running in
the lateral septum in the distal third of the lower
extremity [4]. The flap (Figure 4A) was positioned in a
'tight-fit' fashion between both clavicular ends and
fixed by a commercial plate osteosynthesis (LCP
Superior Anterior Clavicle Plate, DepuySynthes).
End-to-end anastomosis of the fibular vascular
peroneal artery and one concomitant vein was
performed on a thoracoacromial artery branch and
the cephalic vein, respectively (Figure 4B). The skin
island provided a soft vascularized skin cover over
the revascularized fibula and allowed for efficient
monitoring of the fibula after microvascular
anastomosis (Figure 4C).

The postoperative course was uneventful, and
the patient was discharged 2 weeks after surgery.
Definitive culture results didn't show growth of
Pseudomonas spp. The affected shoulder was
immobilized for 2 weeks postoperatively with a
shoulder abduction brace, which was followed by a
restriction of shoulder abduction over 90 degrees for 4
weeks. After that, the patient was allowed gradual
return to full range of motion. The skin island over the
fibula flap healed well, supplying a vascularized skin
cover over the restored clavicle (Figure 4D).

Plain radiographs (Figure 5A) and a CT-scan
(Figure 5B), obtained 18 months postoperatively,
confirmed complete bony consolidation at the
interface between the clavicular ends and the fibula
flap. A 3D evaluation showed restoration of the
anatomy of the shoulder girdle (Figures 6 and 7).
Figure 8 depicts the function 2 years after surgery.
Clinically, there was no shoulder pain or limited
movement and the patient reported a full return to
activities.

Discussion

Operative treatment of clavicular fractures
lowers non-union and mal-union rates and improves
functional outcome and pain scores [5]. As the
number of such surgical interventions consequently
rises, the number of postoperative infectious
complications will rise as well [1]. Surgeons should be
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aware that FRI, especially in combination with
segmental bone loss, can become a significant clinical
problem. These complex revision cases demand
individualized patient care and an MDT approach to
improve outcome. This report describes such an
approach for the planning and treatment of a complex
revision case. Long-term outcome was described in
detail, as this has been lacking in previous
publications [6].

Depending on the extent of bone loss, the soft
tissue status, and institutional preferences, several
surgical and non-surgical management options may
be considered for reconstruction when the infection is
under control. For small bone defects, treatment using
autologous bone grafts or bone substitutes has shown
good results. However, for larger bone defects, more
invasive treatment methods are often required [7].
Although osteocutaneous free fibula transfer was
preferred in our case, previous studies also reported a
good outcome with distraction osteogenesis at the
level of the clavicle [8]. Furthermore, recent studies
showed acceptable results in case of smaller defects -
up to 4 cm - using the induced membrane (Masquelet)
technique [9]. In this case, with a defect size of 8 cm,
both techniques would not be able to create enough
construct stability. For this reason, it was also decided
to keep the structural integrity of the fibula without
performing osteotomies to recreate the curvature of
the clavicle. With help of preoperative 3D planning a
tight press-fit of the fibula between both clavicular
ends could be accomplished, in combination with the
restoration of the correct sternoacromial distance (i.e.
length), accepting some loss of the anatomic curvature
(Figure 8). Stability is of paramount importance not
only to achieve bone union, but also for prevention
and treatment of infection. In the early phases of onset
of FRI, for example, consolidation can be achieved
despite the presence of an infection, as long as the
construct (i.e. fracture - implant) remains stable. If
stability is not granted, like in the case presented here,
hardware removal (or exchange) should be performed
[1]. The experimental studies by Rittmann and Perren,
showed the positive influence of stability on infection
in fracture care [10]. They stated that the advantage of
the stabilizing effect of implants outweighs the
disadvantage of a foreign body effect.

Except stability and restoring the clavicular
anatomy, another reason to choose for an
osteocutaneous free fibula transfer in this anatomic
region is the complex blood supply [11]. Havet et al.
reported that the main blood supply to the middle
third of the clavicle is periosteal. If this periosteal
blood supply cannot be preserved during surgical
treatment in this region, vascularized bone grafting is
indicated [12].
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Figure 6. (A) Anteroposterior view of 3-dimensional reconstructed CT images
of the clavicles. (B) Superior view of 3-dimensional reconstructed CT images of
the clavicles. The 3-dimensional images illustrate the clavicle that was
operatively treated with an osteocutaneous free fibula flap (green) as well as the
mirrored contralateral clavicle (red). The images were segmented and aligned in
Mimics innovation suite 20.0 (Materialise, Leuven, Belgium). The plate position
is added for demonstrational purposes.

Figure 7. Thoracic inlet view of 3-dimensional reconstructed CT images of the
chest wall, scapulae and clavicles. The 3-dimensional images illustrate the
clavicle that was operatively treated with an osteocutaneous free fibula flap
(green) as well as the contralateral clavicle (red). The scapulae have the same
coloration as the adjacent clavicles. The images were segmented and aligned in
Mimics innovation suite 20.0 (Materialise, Leuven, Belgium). The plate position
is added for demonstrational purposes.

C

Figure 8. Shoulder function: (A) neutral position, (B) scapular abduction, (C)
anteflexion and (D) internal rotation.
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Free fibula transfer has become a frequently used
technique for the reconstruction of long bone defects,
especially at the level of the upper extremity [7].
Because of its abundant vascularity, the osteocutan-
eous free fibula flap stimulates osteogenesis with new
healthy and vascularized tissue in an atrophic or
septic environment [6], making it an interesting
treatment strategy in cases of FRI. In case of the
clavicle, the thoracoacromial trunk artery and vein as
well as the descending genicular vessels are
constantly present and are therefore available for
reliable microsurgical anastomoses [11].

In conclusion, the importance of a multidiscipli-
nary approach for prevention and treatment of
patients with FRI has recently gained attention [2, 11,
12]. This report confirms that especially planning and
treatment of complex revision cases requires
dedication from an MDT. Therefore, it should be
strongly considered to treat these patients in centers
with the availability of multiple medical specialties
(e.g. trauma surgeons, infectious disease specialists,
radiologists, plastic and reconstructive surgeons)
experienced in the treatment of these cases.

Conclusion

FRI is one of the most challenging complications
in orthopedic trauma surgery and may be exception-
ally difficult to treat. It can lead to extensive bone loss
and permanent disability. Our report confirms that at
the level of the clavicle this sometimes necessitates
complex procedures to restore anatomy and function.
In these challenging revision cases an MDT approach
is highly recommended to achieve a successful
outcome.
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