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The femoral head receives the majority of its blood
supply via branches of the medial femoral circumflex
artery, whose course runs across the piriformis fossa
and along the superior aspect of the femoral neck.
Cadaveric studies have demonstrated damage to the
medial femoral circumflex artery in cases where the
piriformis fossa was the entry point for intra-
medullary nailing. Although well recognised in
children, osteonecrosis of the femoral head after
intramedullary nailing has exceptionally been report-
ed in adults. We present a case of osteonecrosis of the
femoral head post-epiphyseal closure following IM
nailing for a femoral fracture in a 22-year-old
Caucasian adult.
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INTRODUCTION

Closed cephalo-medullary nailing is a common
method of treatment in fractures of the femoral
shaft. Osteonecrosis of the femoral head following
intramedullary (IM) nailing of the femur has been
reported in children and adolescents prior to epi-
physeal closure (1, 2, 3, 9, 11, 14). We present what
appears to be the first case report in the English lit-
erature of osteonecrosis of the femoral head post-
epiphyseal closure following IM nailing for a
femoral fracture in an adult.

CASE REPORT

A 22-year-old Caucasian male, who was a
restrained passenger in a road traffic accident, sus-
tained a closed mid-shaft fracture of his left femur.
His only other injury was a closed medial malleolar
fracture in the contralateral ankle. There was no
proximal femoral or acetabular trauma, or any
evidence of hip dislocation or subluxation. At the
time of injury, he was taking no prescribed medica-
tions and had no significant past medical history.

Following assessment and stabilisation, he was
taken to theatre the same day for locked IM nailing
of the femur. Following reaming to 16 mm, a
14 mm AO nail was used (10), with the piriformis
fossa as the proximal entry point. The procedure
was uneventful, and post-operative radiographs
were satisfactory. The ankle fracture was reduced
and fixed at the same sitting.
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Post-operatively, the patient was allowed to
mobilise fully weight-bearing. Serial radiographic
follow-up showed progressive evidence of fracture
healing. The fracture was deemed to have united
clinically and radiologically at three months, and
the patient was discharged from further outpatient
follow-up.

Twelve months post-injury, he re-presented at
clinic complaining of a two month history of
increasing left hip and groin pain. There was no
history suggestive of any repeat trauma. Radio-
graphic appearance was suggestive of osteo-
necrosis of the femoral head (fig 1). Considering
his young age, a decision was taken at this time to
remove the nail in the hope of allowing the
medullary canal to reform, and precipitate some
symptomatic relief. It was felt that this would also
facilitate any future surgery.

Despite extraction of the nail, his symptoms con-
tinued. Further radiographs showed progress of the
osteonecrosis (fig 2). MRI assessment showed
granulation tissue replacing bone marrow in the
upper half of the femoral head and collapse of the
weight-bearing aspect with cystic changes (fig 3).

These changes were consistent with Ficat grade 4
osteonecrosis (5). The patient is currently awaiting
a hip arthroplasty.

DISCUSSION

Since first being advocated by Küntscher in the
1940s, intramedullary nailing has become the treat-
ment of choice for most fractures of the femoral
shaft (8). Cephalo-medullary technique is the most
widely practised, and Harper and Carson propose
the piriformis fossa as the most biomechanically
sound point of entry (7). Retrograde passage of
nails demonstrated the piriformis fossa to be the
natural point of exit. When passed antegrade, this
affords ease of insertion with reference to the sagit-
tal curvature of the femur, and limits the stress riser
on the superior femoral neck. Surgical technique
manuals for most commonly used intramedullary
nails also recommend the piriformis fossa as the
starting point.

The femoral head receives its blood supply from
a combination of epiphyseal and metaphyseal ves-
sels of which there are four ; superior and inferior
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Fig. 1. — Twelve months post-operatively. Changes in femoral
head suggestive of osteonecrosis.

Fig. 2. — Progression of osteonecrosis despite extraction of
the intramedullary nail.
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metaphyseal, and lateral and medial epiphyseal.
Between 50 and 80% of the supply to the head is
from the lateral epiphyseal and both metaphyseal
arteries. All of these are branches of the medial
femoral circumflex artery (MFCA), whose course
runs across the piriformis fossa and along the supe-
rior aspect of the femoral neck. The medial epiphy-
seal artery is a continuation of the acetabular
branch of the obturator artery within the ligamen-
tum teres.

In the developing femur, the presence of an
intact epiphyseal growth plate acts as a barrier
keeping the epiphyseal and metaphyseal circula-
tions apart (15). At this time, damage to the MFCA
results in osteonecrosis of the femoral head (1, 2, 9)

at a relatively high incidence of 3 to 4% (14) as the
anastomotic supply is not developed. Once the
growth plate begins to break down, anastomoses
are able to form and provide compensatory
supply (16). In the adult, there are abundant anasto-
moses between the epiphyseal and metaphyseal
circulation in the region of the femoral head and
the likelihood of osteonecrosis is substantially
lower (17).

Cadaveric studies by Dora et al demonstrated
damage to the medial femoral circumflex artery in

all cases where the piriformis fossa was the entry
point for IM nailing (fig 4). In the majority of
cases, this injury was sufficient  to completely
interrupt the distal blood supply via this artery (4).
Sevitt and Thompson suggested that the anasto-
motic blood supply to the femoral head cannot
compensate for a complete disruption of the end-
branches of the MFCA (13). If this is the case, then
osteonecrosis following femoral nailing in adults
should occur in a similar incidence as reported in
children.

Tucker demonstrated contribution to the femoral
head supply from nutrient arteries. These enter the
mid-shaft of the femur and run upwards in the
medullary canal to anastomose with the epiphyseal
and metaphyseal vessels in the head (17). This was
however refuted by Trueta from his cadaveric stud-
ies (15, 16). It is hence difficult to quantify the exact
contribution to femoral head blood supply from the
medullary vasculature. If the blood supply from the
MFCA is completely disrupted, then these contri-
butions from the medullary circulation to the vas-
cularity of the femoral head would assume greater
significance.

Grundnes and Reikeras demonstrated damage to
the medullary and cortical blood supply in rat
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Fig. 4. — Axial view of a prosected adult male proximal
femur. Red arrow shows the ramus profundus of the MFCA
lying within the piriformis fossa. Green arrow highlights the
trochanteric tip ; a possible safe entry point.

Fig. 3. — MRI showing collapse of the left femoral head, and
cystic change consistent with grade 4 osteonecrosis. Note also
granulation tissue filling the tract of the nail following extrac-
tion.
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femora if intramedullary reaming is sufficient to
damage the endosteal cortex. This reduction in total
blood flow was reported to be as much as fifty
percent (6). If there is a significant contribution to
the femoral head supply from the medulla, then it
follows that this will be damaged to a variable
extent by reaming during insertion of the nail. It is
also possible that the medullary blood supply may
be interrupted by the fracture itself.

Although not a common cause, traumatic poste-
rior subluxation of the hip has also been shown to
lead to osteonecrosis of the femoral head (12). It is
postulated that the intracapsular haematoma which
develops compromises the vascular supply to the
femoral head via a direct tamponade effect. Whilst
this injury is well recognized in victims of road
traffic accidents, our patient showed no clinical or
radiological evidence of such an injury. It is there-
fore highly unlikely that this was involved in the
aetiology in this case.

We suggest that the likely chain of events in the
case presented was that the MFCA was damaged
during insertion of the nail via the piriformis fossa,
and the medullary supply was compromised during
reaming. The remaining anastomotic supply to the
femoral head was probably insufficient, and there-
fore osteonecrosis subsequently developed.
Removal of the nail did not halt the progression of
osteonecrosis, as the contents of the medullary
canal was found to be replaced with granulation tis-
sue and did not appear to re-vascularise.

In the light of this report and the existing evi-
dence, we feel certain considerations should be
observed in cephalo-medullary femoral nailing in
adults. Though the piriformis fossa is the easiest
and biomechanically soundest point of entry (7), its
use correlates with the highest incidence of injury
to the MFCA. Entry via the trochanteric tip lessens
this risk (4), and therefore may represent a safer
entry point for cephalomedullary nails. Excessive
reaming of the medullary canal is also to be avoid-
ed, as this may compromise the blood supply to the
femoral head via this channel (6, 17). When
consenting patients for this procedure, they should
be warned of the potential risk, though small, of
osteonecrosis of the femoral head. In turn, in
patients complaining of hip and groin pain post-

nailing, osteonecrosis should be sought and
excluded as a cause.
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