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Abstract

Avascular necrosis when occurring as osteonecrosis of the femoral head poses a challenge for hip surgeons
due to the risk of collapse of the articular cartilage. The pathological process and its various stages have
been classified using a number of systems to aid with diagnostic decision making and employing a variety
of methods of operative intervention for appropriate indications. When there is such a plethora of manage-
ment options, it highlights that there is no one “excellent” option for management of the condition. Having
undertaken a scoping review, the authors conclude that surgical decision-making, based on the options
available, should be tailored to patient factors (actiology, age, collapse, etc.) and surgical skills set (micro-
vascular surgery, pedicle grafting versus non-vascularised versus synthetic grafting). There are different hip
preservation techniques in the literature with different success rates, however, from the current data avail-
able, it can be observed that vascularised techniques result in a lesser rate of conversion to arthroplasty but
require greater time and technical abilities in microsurgery than non-vascularised techniques.
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INTRODUCTION modalities, with operative management being further

Avascular necrosis (AVN) when occurring as
osteonecrosis of the femoral head (ONFH) poses a
challenge for hip surgeons due to the risk of collapse
of the articular cartilage.

A number of classification systems have been
devised to grade ONFH, related to the degree of
collapse, including Ficat and Arlet,’ Marcus and
Enneking,* Steinberg,* ARCO,* Kerboul® and JIC.

Management options are often based on the grade
of disease and its associated subchondral collapse.

Broadly speaking, management strategies can be
considered in terms of non-operative and operative

subclassified as joint preserving or joint replacing.

Joint preserving treatment options are focused
on a number of different goals, which include pre-
vention of or further progression of subchondral
collapse, structural support and restoration of blood
supply to the femoral head. This article concentrates
on grafting techniques and procedures, which are
intended to achieve such outcomes.

Depending on the nature of the graft used, they
are intended to reinstate a blood supply to the proxi-
mal femur and/or provide structural support. For this
reason, they can be considered in the following way:.
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Whilst hip replacement is associated with
good outcomes in greater than 90% of patients at
10 years,’ it has been shown that revision for any
cause in arthroplasty for AVN is more common than
in osteoarthritis.® Furthermore, for younger patients,
joint preservation may prevent the need for subse-
quent “revision” arthroplasty procedures later in life
by deferring or ameliorating the need for an initial
arthroplasty.

With this in mind, the authors feel it important
to consider the role of such grafting techniques
in the context of whether or not they are associ-
ated with favourable conversion rates to arthro-
plasty and whether such joint preserving grafting
procedures are associated with good function
and patient-reported outcomes. Furthermore, the
authors look to compare and contrast these tech-
niques with respect to these outcomes, to ascertain
whether one technique may be more favourable
than another.

METHODS

A scoping review was conducted looking into
the joint preserving grafting techniques and surgical
strategies utilised. This involved review of manu-
scripts from AMED, BNI, CINAHL, EMBASE,
EMCARE, HMIC, Medline, PsycINFO and
PubMed (via HDAS database), along with Google
Scholar. Additional references were found via cross
referencing.

Search terms included: Hip and Necrosis com-
bined with grafting, “vascularised OR vascularized,”
“non-vascularised OR non-vascularized,” “pedicle,”
“Phemister,” “lightbulb,” “trapdoor,” or “Porous’
and “Rod.”

Only studies including aseptic, predominantly
atraumatic, ONFH were included. Some studies
included overlap with femoral neck fractures; how-
ever, studies focusing solely at femoral neck fracture
were not included. Articles incorporated, included
fundamental science articles, prospective and retro-
spective clinical research. Systematic reviews and
meta-analyses were not included.

Statistical analysis was undertaken on Minitab®.
Chi-squared test was used to analyse categorical
variables.

E

RESULTS

A number of studies were identified using the
above search strategies and have been categorised as
per the groupings described above.

Bone Grafting

Because bone grafting was first described in
1668 by Van Meekeren,’” where a canine skull was
grafted into the defective bone of a human soldier,
the technique of bone grafting has continued to be
used to treat bony defects, or facilitate healing of
bones.

The means in which bone graft can be used to
manage these pathologies are related to three specific
physiological functions,'” namely, osteoinduction,
osteoconduction and osteogenesis. Of these three
mechanisms, the one that is of particular relevance
in ONFH is osteoconduction, whereby the bone
graft acts as a structural scaffold. Given that
the subchondral bone, within the femoral head,
may undergo increasing levels of collapse with
worsening stages of the pathology, this structural
support may be important when considering hip
joint preservation.

The use of bone graft as a treatment for ONFH
can be subclassified based on the vascularity of the
graft and the type of bone used or based on the tech-
nique used for insertion. At the broadest level, this
bone graft can be considered either vascularised or
non-vascularised.

Vascularised bone grafts

Vascularised grafts utilise an alternative source,
to the normal anatomical vascular supply (Figure 1),
to perfuse the femoral head in ONFH. This can

Graft/Support Type Subtypes
Vascularised o Pedicle grafting

e Free grafting
Non-vascularised ¢ Autologous

e Allogenic
Synthetic grafting/ e Calcium-based com-
structural support posite
techniques e Porous rod

Figure 1. Subtypes of Graft
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Figure 2. Vascular anatomy of the proximal femur. Image adapted from https://commons.wikimedia.org/
wikiFile:Thigh_arteries_schema.svg#filelinks under creative commons license.

either be through the use of an alternative vascular
pedicle being utilised locally, or through the use of a
free vascular graft.

Pedicle-based grafts

Due to the problems posed by hip diseases and
having seen such surgery utilised in canines, in the
1950s, Dr. Joe B. Davis published a work on the use
of muscle pedicle bone graft.!" At this time, it was
used for achieving arthrodesis of the hip joint!!"!3
and involved using vascularised iliac graft. Davis
subsequently went on to report that muscle pedicle
graft was an effective treatment for achieving hip
joint arthrodesis, however, its indications spanned
beyond this and was used for the treatment of
AVN.™

Since the inception of pedicle-based grafting
techniques to manage disorders around the hip,
there have been multiple reports of the use of local
vascularised grafts in ONFH, utilising either local
vascular pedicle bone flaps or vascular muscle pedi-
cle bone grafting techniques.'>3

Whilst there are a number of differences between
described techniques, the primary aim of all of these
procedures is to take a well-vascularised area of
bone and/or muscle with its blood supply and incor-
porate it into the diseased proximal femur. In doing
so, the healthy tissue promotes neovascularisation
and allows reperfusion of the diseased femoral
head. For this reason, it is generally believed that

there should be no evidence of collapse for pedicle-
based grafts to be indicated.’” Furthermore, given
the success of total hip arthroplasty (THA),® it is
generally accepted that hip preservation procedures
in ONFH are most appropriate for younger patients,
with 50 years often referred to as an approximate,
yet somewhat arbitrary age cut-off.’” Ultimately, this
represents the age where the lifespan of an implant
may conceivably exceed the remaining lifespan of
the individual.

The variations in the literature correspond to the
differing vascular pedicles or vascular muscle pedi-
cles used for grafting. The commonly used pedicles
for bone flaps are summarised in Table 1, which
include those arising from the deep circumflex
iliac artery,'821:23252730 gyperficial circumflex iliac
artery'”?** and the ascending branch of the lateral
femoral circumflex artery.?*** When muscle pedicle
grafting is used, the uses of Tensor fascia lata,?>!
Sartorius,*** Quadratus femoris®* and Gluteus
Medius* have been described.

Considering the outcomes of pedicle flap-based
studies, there was an overall conversion to arthro-
plasty calculated at a rate of 10.4%, after analysing
the studies that reported the conversion rates (80 out
of 772 cases). The percentage of conversion rates
ranged from 0-75.8%.

Where mean follow-up was stated in a way
that could be analysed, the calculated mean was
62.24 months.
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Among all studies, 82.4% of the patients achieved
a good or excellent outcome (760 out of 922 cases)
with a range of 56.5-91.7%. The mean Harris Hip
score (HHS) was calculated at 88 and 85.8 by two
studies, and another study reported the JOA score
as 82.64.

Free vascular grafts

The first reports of a free vascularised bone graft
were from McCullough in the early 1970s,* where a
rib was used for reconstruction of a bony mandibu-
lar defect. This was closely followed by the use of
a free vascularised fibular graft (FVFG) by Taylor
et al.,* with Brunelli also describing the use of the
FVFG at a similar point in time.>® Urbaniak et al.
published a long-term follow-up series of ONFH
treated with FVFG.>!

Since then, the FVFG has continued to be a pop-
ular treatment for ONFH and has been described in
a number of studies (Table 2).36-527!

Urbaniak et al. described the use of a bone graft
of harvested autologous fibula and its associated
vascular supply, which is anastomosed to the recipi-
ent vessels, the lateral femoral circumflex vessels.>!
It is used in conjunction with core decompression
and removal of necrotic bone, in order to provide
structural support to the subchondral bone as well
as provide a vascular supply. For this reason, it is
used in instances where the patients are young and
active, where a THA is not an ideal solution.” In
Urbaniak’s original study, 11% of the patients
required conversion within the first 5 years and 30%
required conversion to THR in the total follow-up
period of 12.2 years.”' As microvascular techniques
have improved, recent studies have reported more
favourable outcomes with conversion rates ranging
from 0_37%.36,52—60,63,64,73

For management of ONFH, the only other
described free vascular graft in the literature is the
use of a vascularised free “iliac bone flap,”*” how-
ever, this was a small sample of 19 patients, where
one converted to THR in the mean follow-up period
of 23 months (range 18-33).

For patients who had FVFG, the overall conver-
sion rate to arthroplasty was 10.45%, considering
the studies that reported the conversion rates (244

out of 2335 cases). Where mean follow-up was
stated in a way that could be analysed, this was at
a mean of 60.8 months. The this was at a mean of
54.99 months.

A good or excellent patient-reported outcome
was achieved by 69.72% of the patients, where data
were available for calculation. The mean HHS was
calculated at 83.66, which corresponded to a “good”
reported outcome.

Non-vascularised bone grafts

Non-vascularised grafts can theoretically be
taken from anywhere, however, like vascularised
grafts they are commonly taken from the fibula®>¢!¢2
or ilium.

Vascularised bone grafts have, however, been
associated with better outcomes. When consider-
ing radiographic parameters, the use of vascularised
versus non-vascularised bone grafts has shown to
have significantly more favourable outcomes, par-
ticularly when considering collapse and depression
of the articular surface.®” Furthermore, these favour-
able findings also extend to patient-reported out-
come measures.®” However, non-vascularised grafts
have a big advantage over the vascularised grafts, in
that, they do not require the same level of microvas-
cular surgical skills as a free vascularised graft and
hence offers a technique that is more accessible and
can be more widely used. Additionally, in appropri-
ately selected patients, the use of non-vascularised
grafts is often considered in the context of the tech-
nique used for graft insertion.

Phemister technique

In 1949, Phemister published a manuscript on
the use of a non-vascularised graft for femoral head,
for the treatment of AVN.” This involved a process
which utilised reamers to remove cylindrical areas
of bone from the head and neck. These were then
replaced with cylindrical “bone plugs” to act as a
graft. The drilling technique is not too dissimilar to
core decompression.

Since then, a number of studies have described
the use of the so called “Phemister technique”’>%
(Table 3).

A number of surgeons have adopted the tech-
nique and have made their own modifications*7>8!-82
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Osteonecrosis of the femoral head

Table 3. Non-vascularised Techniques

Technique
Conversion
Procedure Author Year | Cases | Classification | Mean FU to THA

Phemister | Reamers to Bonfiglioand | 1958 55 NS 3 years NS
remove cylindri- | Bardenstein” 11 months
calareas of bone | wyng and 1976 | 11 | NS Minimum | 27.27%
from the head Thompson’® 2 years (3/11)
and neck. These - "
are then replaced Smith et al. 1980 56 NS 9 years NS
with cylindrical | Nelson and 1993 52 | Marcus and Minimum 7.69%
“bone plugs” to Clark” Enerking 2 years (4/52)
act as a graft. IT-[17]

I - [11]
IV - [22]
V-1[2]

Keizer et al.” 2006 80 Ficat and Arlet 7 years 32.5%
0- [6] (26/80)
I-[3]
ITA - [31]
IIB - [16]
III - [13]
IV - [9]

Wu et al.”® 2019 29 ARCO 14 years 34.48%
TIA - [9] (10/29)
IIB - [13]
IIC - [4]
ITIA - [3]

Lightbulb | Creation of a Rosenwasser 1994 13 Ficat and Arlet 12 years 15.4%
cortical window et al.¥ I-[1] (2/13)
in the femoral II - [9]
neck, debride- III - [5]
ment of necrotic | \jon et o] % 2003 21 | Ficatand Arlet | 48 months 14.3%
bone and pack- 11 Or II- [21] (3/21)
ing of the void Chene® )
left by this with eng 2009 11 ARCO 61 months 27.27%
corticocancellous IIC - [5] (3/11)
graft, ITIA - [6]

Wang et al.* 2010 138 ARCO 25.37 18.84%
ITA - [4] months (26/138)
IIB - [30]
IIC - [33]
IIIA - [71]

Zhang'® 2016 85 ARCO 2.3 years 7.06%
IC - [5] (6/85)
TIA - [19]
IIB - [25]
IIC - [22]
IIIA - [9]
IIIB - [3]
1IC - [2]
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Table 3. (Continued)

Technique
Conversion
Procedure Author Year | Cases | Classification | Mean FU to THA
Yildiz et al.”? 2018 28 Steinberg 5 years 14.29%
I-[4] 4/28
I - [12]
III - [10]
IV - [2]
Cheng et al.” 2020 67 ARCO 91.2 13.43%
II - [45] months 9/67
III - [22] (matched
compari-
son group)
Brojeni etal.” | 2020 58 | Ficatand Arlet | 60 months 1.72%
IIB - [30] (1/58)
IIT - [28] (second-
III - [5] ary trauma
following
fall)
Trapdoor | Creationofa Ko et al® 1995 10 4.5 years 0
trapdoor within | Noneral” | 1998 | 30 4.8 years 4/30
the articular car- 1 T - 4 AL n S
tilage to remove Seyler et al. 2008 39 Ficat and Arlet | 36 months 33.33%
necrotic bone I - [22] (13/39)
and graft with 11 - [17]
non-vascularised | Cheng et al.”® 2020 67 ARCO 91.2 4.48%
bone. II - [45] months 3/67
111 - [22]
NS: not significant; THA: total hip arthroplasty
or use a similar technique of non-vascularised graft-  Lightbulb technique

ing through core decompression tunnels. 508283

The use of this form of drilling and non-vascu-
larised grafting technique has been associated with
survivorship rates (when considering conversion to
THR), within study follow-up periods ranging from
7 months to 12.9 years, of around 60-95%.275-7981-86
Despite such preservation rates, when authors have
considered “satisfactory” clinical outcomes, which
are often poorly defined in the earlier literature,
results have been less encouraging.®® However, more
recent studies have shown significant improvements
in patient-reported outcome measures.’”**

It is evident, however, that the more progressive
the disease and greater the collapse, prior to treat-
ment, the poorer the outcomes.”88082-85

The lightbulb technique is the name attrib-
uted to the procedure performed at the Columbia-
Presbyterian Medical Centre in the late 70s to the
ecarly 80s. It was proposed by Rosenwasser et al.’
as a means of managing ONFH. The procedure
involved the creation of a cortical window in the
femoral neck, debridement of the necrotic bone and
packing of the void with corticocancellous graft in a
series of 13 patients. Out of this small series, only two
converted to THR (13%), and as a cohort, there were
improvements seen in the HHS. Despite this tech-
nique having been popularised in this manuscript,
Ganz and Biichler had also provided a description
of the use of a femoral neck cortical window to deal
with the necrotic bone within a femoral head with
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ONFH;? however, this was an arteriovenous vascu-
larised procedure, similar to that described by Hori
for management of AVN of the scaphoid.* Mont
described the use of a cortical window, in addition
to the use of a trapdoor, and found similar THA con-
version rates for both Lightbulb and Trapdoor at 13.3
and 14.3%, respectively.” Less favourable results
were seen in the studies by Cheng et al.? and Wang
etal.,’ at 27.27 and 18.84%, respectively. However,
in the last decade, studies with medium- and long-
term data have showed more promising outcomes,
when considering the need for arthroplasty, with
Zhang, Yildiz et al.”> and Cheng et al.”® showing
conversion rates of 7.06, 14.29 and 13.43%, respec-
tively. Cheng had a follow-up period of just over
7-and-a-half years, and Brojeni et al. demonstrated
a conversion secondary to trauma, and not collapse
(Table 3).%*

Trapdoor

The concept of utilising a trapdoor in the articu-
lar cartilage of the femoral head has been described
by a number of authors. Meyers* and Ko et al.®
have described on the procedures at the level of the
junction of femoral neck and articular cartilage,
as well as the use of a trapdoor within the articu-
lar cartilage, to remove necrotic bone and graft, in
adolescent patients. It can also be used for tumour
resection in the proximal femur.”

In a cohort overseen by Meyers, Ko et al.”
described a THR conversion rate of 2 (14.3%) in
13 patients (14 hips). Ten cases had containment
procedures as well as the trapdoor procedure, and
of these 10 cases, 8 had a good result and 2 had fair
results, with 100% survivorship, suggesting that
additional containment may improve outcomes in
this group of patients.”

Further in 1998, Mont et al.”” published a series of
23 patients (30 procedures) in Stage Il or [V ONFH,
who underwent the so called “trapdoor procedure.”
This involved an anterolateral approach to the hip
and capsulotomy done in such a way that the blood
supply was preserved. A trapdoor was then made in
the articular cartilage. Here, between 10 and 30%
of the surface of the femoral head formed the trap-
door, and through this the necrotic bone removed.
Corticocancellous struts from the iliac crest were

used for grafting, and this technique provided struc-
tural support for the articular cartilage. The trapdoor
was then replaced and closed using an absorbable
fixation method. Out of this, 73% had a good or
excellent result, and 23% required an arthroplasty,
either hemi- or total.

More recently, Seyler et al.*® reported the out-
comes of 39 patients who utilised this technique.
The conversion to arthroplasty was observed in a
third of the patients, a finding mirrored by Gagala
et al.”® However, the most recent trapdoor study by
Cheng et al.” showed more favourable outcomes
with a conversion rate of under 5% (Table 3).

Patients undergoing non-vascularised grafting
were grouped for comparative purposes. The overall
conversion rate to arthroplasty was 16.45%, consid-
ering the studies that reported the conversion rates
(125/760 cases).

Structural Support Techniques and Synthetic
Grafting

The role of core decompression is out with the
publication of this article, as are some of the bio-
logical strategies (e.g. platelet-rich plasma, bone
morphogenic proteins and mesenchymal stem cells).
Though this article focuses, largely, on grafting
techniques, the authors feel it poignant to explore
the use of synthetic bone grafts and structural sup-
port using rods.

Structural support: Porous rods

The use of porous rods (such as those made from
tantalum) has been well described in the orthopae-
dic literature, particularly in the context of arthro-
plasty.”” However, a number of studies were found
detailing the use of rods in ONFH, such as those
made from tantalum,'?"'° bio-ceramic!'' and nano-
hydroxyapatite or polyamide 66.'”

The rod provides structural support and helps pre-
vent collapse of the articular surface. Furthermore,
the porous nature of the rods allows for bony
ingrowth and is reported to have angioconductive
properties in some instances.

Tantalum rod use was described by Veillette!® in
2006 in a cohort of 58 patients with fair results, which
showed a mean HHS of 77.5 when all patients were
considered. Studies by Liu G et al.,'” Liu Z et al.,'?
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Zhang et al.,'® Peng et al.'” and He et al.!'” have
shown more favourable results with good outcomes,
which demonstrated by mean HHS of over 90. Yang
demonstrated similar outcome scores with the use
of a nano-hydroxyapatite or polyamide 66 rod, with
a mean HHS > 80.!” Similar scores were mirrored
by bioceramic rods in studies by Lu et al.!'! and Li
et al.'” The conversion rates to THR ranged from
2.04 to 31.6%.

Patients who underwent arthroplasty with all
types of porous rods were grouped for comparative
purposes. The overall conversion rate to arthroplasty
was 18.32%, considering the studies that reported
the conversion rates (98/583 cases).

The mean HHS was calculated at 82.939.

Synthetic grafting: Calcium-based composites

Since Ficat et al.''? first described the use of
core decompression for management of AVN of
the femoral head, others went on to publicise this
technique.'"?

Synthetic grafting is done by utilising an inject-
able calcium sulphate (CaSO,) or calcium phos-
phate (CaPO,) composite graft,''* in addition to core
decompression, to fill the void left by the removed
necrotic bone.

A preliminary clinical study conducted in 2003
by Wood et al. is the first documented use of cemen-
tation for ONFH.!!

Hungerford et al. showed, in 38 Ficat Stages
I-IIT hips, with 6-16 months follow-up, that 32 of
their 38 hips saw benefit in terms of pain relief,
with those experiencing more pain preoperatively,
getting better resolution of their pain. A study by
Jiang et al.!'® also observed similar good to excel-
lent results in 92.6% of their 48 patients with Stages
I, IT or I ARCO ONFH.

In a series by Civinini et al.''” of 37 hips with
Steinberg Stages IC-I1IIA ONFH, HHS increased from
68 points preoperatively to 86 points post-operatively.
Out of the series, three hips required conversion to
THR (8.1%). Landgraeber et al.''® demonstrated
successful treatment in 75.9% of a 29-patients
cohort, after a mean follow-up of 30.06 months,
with success being defined as no further collapse
or conversion to total hip replacement (THR).

Steinberg Stage 2A fared better than 2B and 2C,
with this treatment.'’® Similar to the other tech-
niques, outcomes appeared to be related to the stage
of the disease, that is, the more advanced the ONFH,
the poorer the outcome.

Given the heterogeneous nature of intervention,
comparative review appeared impossible.

Comparison of Techniques

When comparing conversion to arthroplasty,
chi-squared test revealed a statistically significant
difference between all groups (P < 0.001), how-
ever, sub-analysis revealed no statistical differ-
ences between the pedicle flap graft versus FVFG
(P = 0.945) and non-vascularised graft and porous
rod (P = 0.860). However, there was a statistically
significant difference between the pedicle flap and
non-vascularised graft (P < 0.001) and FVFG versus
non-vascularised graft (P < 0.001), FVFG and
porous rod (P < 0.001), pedicle flap graft and porous
rod (P =0.001).

When considering conversion to arthroplasty,
this would suggest that there is a statistically signifi-
cant difference when considering the lower conver-
sion rates between vascularised techniques (muscle
pedicle grafting and FVFG) and non-vascularised
techniques (non-vascularised graft and porous rod),
but no statistical difference in conversion rates
between the two vascular techniques and the two
non-vascular techniques.

CONCLUSIONS

There are a number of different techniques that
have been described for ONFH.

Where there is such a plethora of management
options for a particular condition, some of which
are described in other articles, this highlights that
there is no one “excellent” option for management
of this condition. From a surgical decision making
“perspective”, the options for the surgical manage-
ment described in this article should be tailored to
patient factors (actiology, age, collapse, etc.) and
surgical skills set (microvascular surgery, pedicle
grafting versus non-vascularised versus synthetic
grafting). However, vascularised techniques seem to
result in more favourable outcomes,>-+%1-62 and this
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is true for both pedicle flap—based grafting or free
pedicle grafting, when considering arthroplasty con-
version rates, with rates of 10.04% for pedicle flap
grafting and 10.01% for free pedicle grafting when
compared to 16.44% for non-vascularised grafting
and 18.32% for porous rod insertion.

Despite the, apparent, more favourable outcomes
associated with vascularised grafting, the authors
recognise that these techniques are more challenging
and technically demanding than non-vascularised
grafting.'"”

For more advanced disease, arthroplasty may
be a more feasible option; however, as discussed,
arthroplasty post AVN is associated with poorer
outcomes.®

When considering the studies included in this
scoping review, the authors note the variability in
the use of classification system, reporting of results
and the relatively small sample sizes encountered.
These highlight the limitations of this review, where
there is a relative lack of homogenicity amongst
the studies, and hence the authors feel that there is
a need for more standardisation when considering
the reporting of outcomes in joint-preserving graft-
ing or structural support surgery for ONFH. This
requires larger, prospective, randomised studies to
consider the best standard of care. From the current
data available, however, it can be observed that vas-
cularised techniques appear to result in a lesser rate
of conversion to arthroplasty. Therefore, it could be
used preferentially over non-vascularised grafting
as use of these, where a surgeons technical ability
allows for this.
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