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CASE REPORT

Gustilo-Anderson 3C femoral diaphyseal fracture with bone
loss and ipsilateral Garden 3 neck fracture treated
with intramedullary nailing and bone allograft
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Abstract. Segmental femoral fractures with extensive bone loss represent a rare and complex challenge in
orthopedic trauma. We report a case of a 32-year-old male who sustained an open diaphyseal femoral fracture
(Gustilo-Anderson type III C; AO/OTA 32C3) with concomitant femoral artery injury, a 10 cm segmental
bone defect, and an ipsilateral displaced femoral neck fracture (Garden III; Pauwels III; AO/OTA 31A2).
Initial management consisted of thorough surgical debridement and temporary external fixation to parzial
restore femoral length, combined with vascular repair and thigh fasciotomy performed by the vascular surgery
team. After five weeks of intravenous antibiotic therapy addressing postoperative infection, definitive fixation
was achieved with intramedullary nailing and anti-rotational cannulated screws for the femoral neck. Nine
months post-trauma, a homologous cylindrical bone graft was performed alongside lateral locked plating to
support the segmental defect. At nine years follow-up, radiographs demonstrated hypertrophic callus forma-
tion and complete femoral neck consolidation without evidence of avascular necrosis. The patient exhibited
full, painless hip range of motion with no limb length discrepancy and an excellent functional outcome
(Harris Hip Score: 100). This case highlights the importance of a multidisciplinary approach, precise surgical
timing, and patient compliance in achieving favorable outcomes in complex femoral fractures with bone loss.
(www.actabiomedica.it)
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Introduction

Segmental femoral fractures are usually the result
of high-energy trauma and can be defined as fractures
of the femur with at least two main fracture lines at
different levels, leaving an intact segment of the femur
between them (1). Fractures involving the ipsilateral
femoral neck and femoral shaft represent approxi-
mately 1% to 9% of all femur fractures (2). From an
epidemiologic review of open fractures in adults, the
open femoral shaft constitutes 1.8% of all open frac-
tures (3). Moreover, bone loss can be found in 11.4%

of all open fractures and most of these are Gustilo IIIB
injuries, while a smaller number could be classified as
Gustilo IIIC (4). “Critical size” post-traumatic bone
defects are defined as fracture gaps that do not heal
spontaneously after only surgical stabilization and
require additional surgery (4). Large segmental bone
defects are defined as segmental defects over 6 cm and
can be managed using several methods (5-6). We pre-
sent a case of open femoral diaphyseal fracture with
large bone loss associated with a displaced neck frac-
ture, treated with a single implant associated with bone

allograft.
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Figure 1. Clinical image showing open femoral fracture with femoral artery lesion (A). 10 cm avulsed
femoral bone fragment on the street (B). 3D reconstruction of a total body CT scan showing a com-
plex femoral fracture (C). Axial image of a contrast-enhanced CT scan showing femoral artery lesion
of the left thigh (red arrow) (D).

Case report

A 32-year-old man was involved in a motor ve-
hicle crash and was carried at our Level One Trauma
Centre. The ER staff has subjected the patient to the
diagnostic protocol for major trauma which includes
X-ray and contrast-enhanced total body CT scan. The
imaging exams showed a comminuted open diaphy-
seal femoral fracture, which also was complicated by
the femoral artery lesion (classified Gustilo-Anderson
3C; AO/OTA 32C3). The same fracture was associ-
ated to a 10 cm bone loss (fragment avulsed on the
street) and an ipsilateral displaced femoral neck frac-
ture (classified Garden 3; Pauwels 3; AO/OTA 31A2)
(Figure 1). No lesions were found in any different body
district. In clinical history, the patient reports a pre-
vious proximal fracture of the ipsilateral femur at the

age of 20 years, treated with a plate and screws syn-
thesis, lately removed. The complex diaphyseal femoral
fracture was debrided and stabilized with a Temporary
External Fixator in emergency, partial restoring the
length of the femur (Figure 2). The injured femoral
artery was sutured, and a medial and lateral fasciot-
omy of the thigh was performed by Vascular Surgery
Team (first surgical phase). The patient’s precarious
general condition required a ten-day hospitalization in
Intensive Care, after which he was transferred to the
Orthopedics and Traumatology Unit. Emergency sur-
gery was followed by a 37-day period of intravenous an-
tibiotic therapy. Initially was administered Ampicillin
/Sulbactam 3gr every 8 hours and Gentamicin
240 mg per day, then Piperacillin sodium/Tazobactam
sodium 4.5¢r every 6 hours. Vancomycin 500 mg
every 6 hours and Imipenem Cilastatin 500 mg every
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Figure 2. An antero-posterior (AP) radiographic views showing
a complex femoral fracture stabilized with a temporary external
fixator, partially restoring femoral length.

6 hours were administered for surgical wound infec-
tion with isolated Enterococcus Faecium. After five
weeks, in the absence of fever, negative PCR and nor-
mal white blood cells, the external fixator was removed
and both fractures were fixed through an intramedul-
lary nail (Recon Synthes) and an anti-rotation cannu-
lated screw in the femoral neck (second surgical phase)
(Figure 3). The length of the intramedullary nail was
obtained by the length of the contralateral femur using
a preoperative panoramic X-Ray of the lower limbs.

Figure 3. Antero-posterior (A) and latero-lateral (B and C) ra-
diographic views showing a complex femoral fracture fixed with
an intramedullary nail and an anti-rotation cannulated screw in
the femoral neck.

Staphylococcus Epidermidis and Enterococcus Fae-
cium were isolated from intraoperative samples and
intravenous antibiotic therapy was continued for a
further 23 days with Meropenem 1 gr every 8 hours,
Clindamycin 600 mg per day and Daptomycin 8 mg/Kg
per day, then Cubicin 500 mg per day and Merrem
1 gr every 8 hours, replaced by Tygacil 100 mg per day.
In stable condition, the patient was discharged from
the hospital with the recommendation of not bear-
ing weight on the affected limb. After 9 months, in
the absence of clinical and laboratory signs of infec-
tion, the final surgical procedure was performed us-
ing a 10 cm homologous cylindrical bone graft on the
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Figure 4. Antero-posterior (A) and latero-lateral (B and C)
radiographic views showing a 10 c¢m homologous cylindrical
bone graft surrounding the intramedullary nail, stabilized by a
lateral plate bridging the graft.

intramedullary nail, stabilized by a lateral plate (NCB
Zimmer) bridging the graft (third surgical phase)
(Figure 4). In stable conditions, the patient was dis-
charged from the hospital on the eighth post-operative
day with partial weight bearing on the affected limb.
Periodic clinical and radiographic follow-up was es-
tablished. Five months after the last surgery, the X-ray
image showed a stable implant, consolidation of the
femoral neck and the first signs of diaphyseal callus,
which led to progressive full weight bearing on the

affected limb. Ten months after the last surgery, the
X-ray image showed a good integration of the bone
graft and complete consolidation of the femoral neck
without any signs of head necrosis (Figure 5). After this
clinical radiographic follow up, the patient resumed
his heavy work activities. Nine years after the trauma,
the radiographic examination showed a complete heal-
ing of the femoral bone with a hypertrophic diaphyseal
callus without any pathological sequelae (Figure 6).
The clinical examination revealed a full and painless
range of motion in both the hip and knee joints, with
no limb length discrepancy between the lower limbs
(Harris Hip Score of 100) (Figure 6).

Discussion

Ipsilateral and simultaneous diaphyseal femoral
open fracture with large bone loss and displaced femo-
ral neck fracture in young patients remain among the
rarest and most difficult to treat orthopedic trauma.
In a multicenter and multinational analysis of 74 pa-
tients with ipsilateral femoral neck and diaphyseal
fractures, only 16 patients (21.6%) had an open dia-
physeal fracture (7). A search of PubMed and Google
Scholar reveals several reports that propose different
surgical strategies for femoral bone loss and ipsilateral
femoral neck and shaft fractures. Surgical treatment of
large bone loss in long bones involves different surgi-
cal strategies with specific indications. Treatment with
intramedullary nails for post-traumatic “critical size”
femoral bone defects provides excellent stability and
restoration of length and alignment; proper soft tissue
management and appropriate use of local and systemic
antibiotics remain mandatory (8). The bone transport
procedure for a post-traumatic aseptic or infected bone
defect using the Ilizarov method is a minimally inva-
sive technique that spares soft tissue, promoting bone
lengthening and reconstruction. It is a system that al-
lows compression or distraction (or the combination
of both forces) by moving bone fragments via trans-
osseous wires with external ring fixator adjustments for
bone union (9). Circular frames are now more popular
than monoaxial devices because they provide better
stability. Vascularized fibula autograft is recommended
for patients with large bone defects up to 20 cm,
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Figure 5. Antero-posterior (A) and latero-lateral (B and C) radiographic views
(B and C) showing good integration of the bone graft, complete consolidation of the
femoral neck, and no radiographic signs of femoral head necrosis.

especially unicortical or joint-adjacent bone defects,
soft tissue defects, and for those patients who can tol-
erate microsurgery. However, it is necessary to stabilize
the fractured bone segments with an external fixator
bridged on the vascularized fibular autograft to pre-
vent the risk of fracture (10). The Masquelet tech-
nique is an innovative two-stage therapeutic approach
for bone reconstruction in which the placement of a
spacer in the bone defect induces a neo-formation of a
tissue called “induced membrane” (11). The first stage
includes debridement of bone and soft tissue, insertion

of a polymethylmethacrylate cement spacer, skeletal
stabilization and soft tissue reconstruction as appro-
priate. The second stage includes removal of the ce-
ment spacer, preservation of the membrane, repeated
debridement of the bone edge, insertion of autologous
bone graft and closure of the membrane containing
the graft without tension. Final synthesis with an ex-
ternal fixator, plate, or intramedullary nail is required.
Surgical treatment of ipsilateral femoral neck fractures
and shaft fractures is highly debated, regarding synthe-
sis with a single or double implant. Single fixation is a
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Figure 6. Clinical examination (A) and antero-posterior ra-
diographic view (B), showing complete healing of the femoral
bone with a hypertrophic diaphyseal callus and no limb length
discrepancy between the lower limbs

reconstruction nail to fix both the femoral neck and
shaft fracture simultaneously. Double fixation using
two devices, i.e. the femoral shaft fracture is fixed with
retrograde or anterograde intramedullary nail or plate,
and the femoral neck fracture is fixed with cancellous
screws or dynamic/sliding hip screws (2). Whatever
the surgical strategy, anatomical fixation of the femoral
neck is of paramount importance, followed by restora-
tion of the length, alignment and rotation of the femo-
ral shaft (12). In the current literature, there is a lack
of surgical strategies in the simultaneous presence of
both orthopaedic types of traumas. In this case report,
the Algorithm for management of bone loss described
by Keating et al. (4) was followed: femoral defects up
to 15 cm may heal spontaneously after intramedullary
nailing, and patients with bone loss up to this magni-
tude can be observed up to 20 weeks before further in-
tervention is indicated. According to this algorithm, a

locked intramedullary nail is the best choice of fixation
for most of these types of fractures. The first surgical
phase, performed as an emergency with a temporary
external fixator, was aimed at restoring the length of
the femur and facilitating repair of the femoral artery
by the Vascular Surgery Team. Once the acute infec-
tious condition was resolved, the aim of the second
surgical phase of synthesis with intramedullary nail-
ing and anti-rotational cephalic screw was to reduce
the femoral neck fracture, to obtain a stable synthesis
of both fractures and to re-establish the correct length
and rotation of the femur. Upon consolidation of the
femoral neck, the third surgical phase (homologous cy-
lindrical bone grafting around the nail to fill the 10 cm
bone gap and bridge plate between the two fracture
stumps) had the objective of obtaining a stable implant
to facilitate rapid and progressive weight bearing. This
surgical strategy was possible thanks to strong collabo-
ration with the Infectious Disease Specialist who set
up a long and targeted antibiotic therapy.

Conclusion

This case report is extremely interesting given
the rarity of these complex injuries and the absence
of consolidated treatment strategies in literature for
ipsilateral diaphyseal femoral open fracture with large
bone loss and displaced femoral neck fracture. The sur-
gical strategy used in this case through intramedullary
nail and bone allograft was certainly risky and highly
questionable, but it was successful. This positive out-
come was possible thanks to correct surgical timing,
a strong and fruitful collaboration among orthopaedic
surgeon, vascular surgeon, infectious disease specialist
and the patient compliance to a long treatment course.
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