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Abstract

Purpose: vascularized fibular grafting has been used
to treat osteonecrosis of  the femoral head in younger
patients. Although the results described in the literatu-
re are promising, the failure rate is still significant,
especially in steroid users. this study was undertaken
to learn more, on a histopathological level, about the
mechanism of  vascularized fibular graft failure.
Methods: fifteen femoral heads removed at conver-
sion to total hip arthroplasty were analyzed. the
case load comprised 10 men and 5 women. they
ranged in age from 28 to 39 years and had a median
age of  35 years. the interval between the vasculari-
zed fibular implant procedure and the conversion to
total hip arthroplasty ranged from 22 months to 30
months; the median interval was 26 months. All the
patients were steroid users. the heads were sectio-
ned and axial and coronal sections were taken and
stained using the WHo method (hematoxylin, phlo-
xine, saffron and Alcian green). A quantitative and
qualitative analysis of  graft-host interaction at the
head (zone 1), neck (zone 2) and epiphysis (zone 3)
was performed. 
Results: all the specimens showed recognizable col-
lapse of  the articular surface over the area of  necrosis.
thirteen femoral heads showed the presence of  an
osteochondral flap attached only at the margins of  the
area of  avascular necrosis, and 10 of  these 13 femoral
heads also showed loss of  the articulating surface with

an ulcer crater corresponding to the exposed area of
avascular necrosis.
Conclusions: vascularized fibular graft failure seems
to be related to a negative effect of  creeping substitu-
tion: the revascularization becomes a negative force as
it supports unbalanced bone resorption, which, as is
well known, is enhanced by corticosteroids.
Clinical relevance: creeping substitution is an under-
mining force in the repair and revascularization of  the
necrotic area in the femoral head.

Keywords: vascularized fibular graft, osteonecrosis,
creeping substitution, corticosteroid, femoral head.

Introduction

osteonecrosis (on) of  the femoral head is a disabling
disease caused by ischemia of  the bone and bone mar-
row of  the femoral head. numerous non-traumatic
conditions are associated with on: alcohol abuse, ste-
roid therapy, autoimmune disease, hyperlipidemia,
pancreatitis, hypercoagulopathies, hemoglobinopa-
thies, Gaucher’s disease and autosomal dominant
inheritance of  the disease, with mapping of  the chro-
mosomal position of  the gene to 12q13 (1-4). 
treatment for on of  the femoral head depends on
the stage of  the disease (5). today, in the mature adult
population, total hip replacement is a popular and suc-
cessful method of  treatment, although it is not advisa-
ble in younger patients (6-9). over the years several
surgical procedures and non-surgical salvage treat-
ments have been developed for this patient group
(10). Restricted weight bearing, core decompression
(11), electrical stimulation (12), transtrochanteric rota-
tion osteotomy (13), and non-vascularized (14) and
vascularized (15) structural grafts have been used and
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have been reported to show encouraging results. A
vascularized graft is believed not only to provide sup-
port for the articular surface but also to introduce
mesenchymal stem cells into the affected area of  the
femoral head (16-18). the failure rate of  vascularized
grafts, as reported in the literature, varies, ranging
from 4 to 30% (19, 20). Most of  these failed grafts
were found in chronic steroid users (21).  
the purpose of  the present study was to outline the
histopathological features of  femoral heads retrieved
at revision surgery after failure of  vascularized fibular
grafts used to treat on of  the femoral head.

Methods

the Laboratory of  Bone & Joint Pathology of  the
Department of  Laboratory Medicine at st. Michael’s
Hospital (toronto, CA) processed 25 femoral heads
removed from 23 patients at conversion of  failed
implantation of  vascularized fibular grafts to total hip
arthroplasty. 
A review of  the clinical files of  the patients included in
the study protocol was carried out to determine the pri-
mary disease process and the treatment that had prece-
ded the on of  the femoral head. the following clinical
information was obtained: patient age, activity level,
general health, comorbidities and use of  corticosteroids.
only specimens retrieved from patients who were chro-
nic corticosteroid users were included in this study.
the pathological assessment was conducted in full
knowledge of  the patients’ clinical and imaging data
and operative findings. the study was carried out on
materials in the files of  the Pathology Division. After
initial selection, 15 out of  25 femoral heads were
included in the study.
the case load comprised 10 men and 5 women. they
ranged in age from 28 to 39 years and had a median age
of  35 years. the interval between the vascularized fibu-
lar implant procedure and the conversion to total hip
arthroplasty ranged from 22 months to 30 months; the
median interval was 26 months. 
the specimens received (in formaldehyde) by the Pa -
thology Laboratory consisted of  the femoral heads, all
with comparable amounts of  the femoral neck. 
Following external gross examination, the heads were
sectioned to produce slabs in different planes: axial,
coronal and sagittal. X-rays of  the slabs were taken to

confirm the correct location of  the implanted fibular
graft, the pattern of  the host bone reaction to the graft,
and the extent of  the changes at the articular surface. 
the heads were sectioned with a circular band saw. 
the axial slabs were harvested across the femoral neck
at the resection margin and at the base of  the femoral
head. this best demonstrated the placement of  the
fibular graft in the femoral neck and lower head. it
also best showed the position and state of  the vascular
pedicle. in all the specimens the slabs showed that the
graft was well placed, just under the area of  on, and
the pedicle was patent.
Coronal slabs of  the entire distal femoral head were
then harvested from the remaining distal portion of
the femoral head, and sagittal slabs of  the remaining
anterior and posterior halves of  the head were taken.
the sections were stained using the WHo method
(hematoxylin, phloxine, saffron and Alcian green)
(22). this complex but routine multicolor staining
system allowed identification of: mucopolysaccharide
in cartilage (Alcian green), the amount of  fibrous tis-
sue (saffron), the presence or loss of  nuclei to identify
viability or necrosis (hematoxylin), and areas of  fibri-
noid or coagulative necrosis (phloxine). selected sec-
tions were embedded in spurr’s medium and submit-
ted undecalcified for sectioning using the Exakt  pre-
cision saw (Exakt technology inc., oklahoma City,
oK, UsA). the resulting 1-2 mm thick slices were
mounted on plastic backing, ground to a thinness of
less than ten microns, and treated by surface etching
with acid and surface staining with toluidine blue
(modification of  the schenk method) (23).
the fine detail radiographs were examined with the
naked eye and with up to 25x magnification. the
histological preparations were examined by transmit-
ted and incident white light and polarized light micro-
scopy. the undecalcified plastic embedded sections
were examined using a combination of  transmitted
and incident light.  
Both the decalcified and undecalcified sections were
carefully examined, not only to determine overall inte-
grity of  the structure but also to identify the interfaces
between the graft, pedicle and host bone in the three
defined zones of  the construct in the head and the neck
(Fig. 1): zone 3, the femoral neck, zone 2, the lower part
or “metaphysis” of  the femoral head, and zone 1, the
apical or “epiphyseal” part of  the femoral head. 
the intention was to examine the graft pedicle to
study the health of  the pedicle tissue and blood ves-
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sels and see what the tissue changes were present in
the three different areas of  the specimen. the selec-
tion of  these three zones allowed us to distinguish the
mainly epiphyseal area (the site of  avascular necrosis,
collapse and remodeling at the apex of  the graft) and
then compare it with changes in the host bone and graft
in the metaphyseal and neck regions. the assessment
was carried out using a semi-quantitative method with
changes scored as mild (occasional presence of  the fea-
tures studied), moderate (presence of  changes in up to
half  the microscopic field but not in all fields), or severe
(changes in all fields) (scoring: mild = one, moderate =
two and severe = three). 
the following histological features were assessed: 
Bone activity in the host bone: osteoblastic and
osteoclastic activity, changes in trabecular size, and the
presence and structure of  woven and lamellar bone.
Bone formation and resorption were used as indica-
tors of  bone activity; they were evaluated in a semi-
quantitative manner; scores had a maximum of  3.
Resorption was defined as the extent of  trabecular
and cortical surface occupied by osteoclasts in
Howship’s lacunae (erosive lacunae devoid of  osteo-
clasts that showed abrupt interruption of  bone lamel-
lae were included in the bone resorption data).
Bone marrow activity in the host bone: hemato-
poiesis versus adipose and fibrous tissue, the presence
of  necrosis, evidence of  inflammation, patency of
blood vessels and recanalization of  occluded vessels
and neovascularization.

State of  vascularization of  the pedicle: viability of
components including blood vessels, fat, and trans-
planted muscle fibers, thrombosis, recanalization of
occluded vessels and neovascularization, and inflam-
mation, focusing particularly on zone 3.
Graft activity: evidence of  increase or loss of  sub-
stance, acellularity, loss of  tissue detail due to tissue
degeneration, inflammation, and integration between
the graft and the femoral bone in which it had been
placed. integration at zones 2 and 3 was calculated in
the cross sections while in zone 1 this was attempted
in the coronal sections of  the head using both histo-
logy and fine detail radiographs. 
Articular cartilage status: only in zone 1 (cellularity,
appearance of  matrix, fraying, erosion, ulceration, col-
lapse of  the joint surface, presence and appearance of
osteoarticular flap). 
Gap: distance from the tip of  graft to the joint surface
(assessment of  resorption, tissue degeneration and/or
necrosis, vascularization, inflammation, fibrosis, sub-
articular cyst formation, reactive cartilage or bone, and
viability of  tissues).
Assessments were inclusive of  external gross exami-
nation, fine detail imaging and histological examina-
tion at the three selected zones. Data for each zone
were gathered and analyzed and the zones were then
compared.

Results

the patients included in this study (n=15) were all on
steroid therapy when the on was diagnosed. the free
vascularized fibular graft had been implanted by the
same orthopedic and plastic surgery team in all of
them, and they were all in stage two of  the disease
(Ficat-Arlet scale).
the availability of  clinical and fine-detail slab X-rays
of  the specimens allowed us to combine the informa-
tion of  two imaging modalities in order to better deli-
neate the necrotic zone. All the specimens showed
recognizable collapse of  the articular surface over the
area of  necrosis, 13 femoral heads showed the presen-
ce of  an osteochondral flap attached only at the mar-
gins of  the area of  avascular necrosis, and 10 of  these
13 femoral heads also showed loss of  the articulating
surface with an ulcer crater corresponding to the
exposed area of  avascular necrosis (Figs. 2-4). 

Fig. 1. Diagrammatic view of  the anatomical features of the implanted
graft and its relationship with the host. The length of the graft was
divided into three zones: zone 3, the femoral neck; zone 2, the lower
femoral head or “metaphysis”; zone 1, the more apical or epiphyseal
component of the femoral head. The intention was to track the vascu-
larization of the pedicle and the changes in the three different areas
of the specimen.



27Joints 2016;4(1):24-30

JointsFailure of vascularized fibular graft in hip ON

the coronal slab X-rays showed that the necrotic area
averaged 2.78±0.21 cm2. in all the specimens the fibu-
lar implant was centered in the weight-bearing area. 

Bone activity in the host bone
Zone 2 showed the highest osteoclastic and osteobla-
stic activity, followed by zone 3; the lowest scores
were recorded in zone 1. Reactive host bone density
was highest in zone 3 where actual bone shell was
found to have formed to encase the pedicle and
graft. the most striking osteoformative reaction to
the graft was in the neck: this was the healthiest, best
vascularized region of  the femoral head where the
graft was best incorporated by the femur; this is the
most stable point furthest from the necrosis and
degenerative state at the tip of  the graft in the sub-
articular zone of  the femoral head. in zone 2 the
host bone incorporated the graft in a well-organized
manner; in this zone there was maturation to lamellar
bone. the total amount of  bone formed varied bet-
ween the three zones. the average amount of  viable
bone expressed as a percentage of  total bone present
was highest in zone 3 (neck), lower in zone 2 and
lowest in zone 1. the vessels in the Haversian canals
of  the host cortical bone were patent in all speci-
mens (Fig. 5).

Bone marrow activity in host bone
Healthy fatty tissue was better preserved in the neck,
than in zone 2 or zone 1. Fibrovascular tissue and
fibrosis were most prominent in zone 1 (at the tip of

Fig. 2. Low energy slab imaging showing the gap at the implant tip. 

Fig. 3. Low energy slab imaging showing a flap and cysts at the
implant tip.

Fig. 4. Low energy slab imaging showing sclerotic bone on growth on
the implant. 

Fig. 5. Pattern of recanalization of an artery in the pedicle.
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the graft) (Fig. 6). Hematopoietic activity gradually
decreased from the neck to the epiphysis. necrosis of
the bone marrow was greatest in zone 2; resorption
and remodeling had removed much of  the graft bone
and bone marrow in zone 1 and replaced it with reac-
tive granulation tissue, degenerative cyst formation
and detritus from collapse of  the articular surface.

Graft activity
in zone 1, lysis of  the tip was present in almost all
the specimens (Fig. 7). integration of  the graft was
found to be well developed in zones 2 and 3. Lysis
along the periosteal surface of  the implant was grea-
ter in zone 2 than in zone 3. the proportion of  stai-
nable nuclei, indicating a viable graft, was highest in
zone 3 (Fig. 8). Cortical cellularity was best preser-
ved in zone 2. the bone marrow content of  the
graft showed differences between zones 2 and 3. We

found more hematopoietic activity and incorporated
bone dust in zone 3, and more fibrovascular tissue in
zone 2. Haversian canals in zones 2 and 3 had patent
blood vessels without evidence of  thrombosis or
occlusion. our study showed that there was active
resorption and formation of  bone in zones 2 and 3.
this paralleled the accompanying pedicle and the
preservation of  vascularization. these results indi-
cate a positive progression of  tissue changes as indi-
cated by the degree of  incorporation and the preser-
vation of  the viability of  the graft. this contrasted
with the destructive changes at the tip of  the graft in
zone 1.

Fig. 6. Fibrous tissue (top) and fibrovascular tissue (bottom) in the
pedicle space.

Fig. 7. Lysis of the tip of the graft in zone 1.

Fig. 8. Presence of nuclei, indicating graft viability.
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Discussion

Published studies detailing the histological features of
autogenous free vascularized fibular grafts in femoral
head on are limited.
Carter et al. (24) analyzed 13 retrieved femoral heads,
which were divided into six transaxial segments (from
the base to the articular surface). their patients were
similar to our group of  patients in median age and
range of  the interval between fibular grafting and con-
version to tHA. Consistent with the present study,
they found osteosclerotic bone encasing the graft.
Unlike our findings, the cortices of  all their grafts
were reported to be totally necrotic with complete
absence of  revascularization, and of  remodeling by
osteoclastic resorption. the percentage of  circumfe-
rential incorporation of  the graft was the same as in
our study (Carter et al. reported 54% osteo-incorpora-
tion in their zone “A” to zone “C” corresponding to
our zone 3 in which it was 55%). 
According to González Della Valle et al. (25), who stu-
died six retrieved femoral heads at an average of  16
months after the same grafting procedure, 50% of
their grafts were not viable and none of  the retrieved
heads showed a patent anastomosis. Differently from
the results of  our study, these Authors stated that their
six osteonecrotic femoral heads failed as a result of
incorrect placement of  the graft, which did not provi-
de mechanical support for the subchondral plate. 
our observations were based on a larger number of
patients (15) than were included in the studies of
Carter et al. (24) and González Della Valle et al. (25).
González Della Valle et al. (25) and Beris et al. (26)
believed that precise placement of  the bone graft sup-
porting the subchondral plate is the most important
factor; our results indicate that remodeling and remo-
val of  dead tissue in zone 1 also removes graft substan-
ce and therefore support for the articular cartilage.
the first phase after grafting is osteolysis of  the cor-
tical bone; this occurs within a period of  several weeks
and, in this interval of  time, makes the graft weaker
and reduces the support for the articular surface.
the integration of  a vascularized cortical bone graft
through ingrowth of  capillaries, perivascular tissue
and osteoprogenitor cells from the recipient bed into
the graft is known as osteoconduction, and is followed
by bone induction tissue forming osteogenic elements.

these processes of  new tissue invading along chan-
nels made by invasive blood vessels in the transplanted
bone constitute a phenomenon known as creeping
substitution. the creeping substitution of  cortical
bone progresses transversally and parallel to the long
axes of  the graft segment. this might explain the bet-
ter integration of  the graft in zone 1 and 2 rather than
in zone 3 found in our study. 
steroids enhance adipogenesis and inhibit osteogene-
sis and angiogenesis by marrow stem cells. 
several hypotheses regarding the cause of  on in
patients using corticosteroids in general are based on
the notion of  small vessel occlusion secondary to a
rise in intraosseous pressure from excessive marrow
fat accumulation or a shift in the differentiation of
marrow stem cells into adipocytes, leading to a reduc-
tion in the pool of  stem cells available for osteoblast
production, in turn resulting in insufficient repair and
remodeling. the mechanism of  failure of  the vascula-
rized graft in steroid users might be identical to the
mechanism of  primary on (27-29).
in conclusion, from the present morphological study
it can only be concluded that vascularized fibular
grafts provide support for the joint surface in the pre-
sence of  avascular necrosis of  the femoral head. the
graft shows incorporation with the host bone. in the
pedicle there is preservation of  vascular patency and
tissue viability. this indicates that the concept of  a
graft maintaining joint support is valid. However, the
restoration and/or maintenance of  vascularization in
zone 1 supports the reparative resorptive activity of
“creeping substitution”, and this phenomenon, failing
to adequately counterbalance the osteoformative com-
ponents, eventually undermines the joint surface. the
healing process fails: the revascularization becomes a
negative force as it supports unbalanced bone resorp-
tion, which, as is well known, is enhanced by cortico-
steroids.
these findings suggest that the probability of  success
would be increased by careful selection of  patients who
do not have any evidence of  collapse in the avascular
necrotic zone. Unfortunately this may not be easy to
establish in the pre-operative clinical investigations of
these patients. At this time, one can only speculate that
the recent introduction of  non-resorbable materials in
place of  tissue grafts can be expected to avoid the nega-
tive effect of  creeping substitution as an undermining
force in the repair and revascularization of  the necrotic
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area of  the head. Additional osteoinductive materials
and methods could be added to non-resorbable
implants (e.g. tantalum) to enhance and extend support
for the articular surface (30). this should gain valuable
time for patients who are too young for total hip repla-
cement arthroplasty and in whom vascularized fibular
grafting may not be advisable. 
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