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Abstract:

Young patients with avascular necrosis (AVN) of the femoral head have limited options for the management of
their severe pain. The most common treatments include activity modification, core decompression, proximal
femoral osteotomies, non-vascularized or vascularized bone grafting, and total hip arthroplasty. Although os-
teochondral allograft transplantation (OAT) is commonly used to treat cartilage defects in the knee, few studies
report osteochondral allograft transplantation in the hip. OAT of the femoral head is an emerging technique
that may be an effective option to preserve the hip in young patients with AVN. The manuscript and video re-

view the indications and describe the technique of OAT of the femoral head through an open surgical hip dislo-
cation.

Key Concepts:

e Perform open surgical hip dislocation to protect blood supply to femoral neck
e Identify osteochondral lesion by removing defective cartilage until healthy edges obtained
e Carefully prepare host bone and donor graft for implantation

e Gently insert osteochondral plug into position until flush with host articular cartilage and secure with
headless compression screws if needed

e Secure the greater trochanter and confirm blood flow with Doppler ultrasound

Introduction

Avascular necrosis (AVN) of the femoral head in young
patients is a challenging problem for orthopaedic sur-

joint preservation procedure would be indicated to try
and prevent the need for THA.

geons. If left untreated, adverse outcomes include femo- Nonsurgical management of AVN of the femoral head

ral head collapse and hip joint destruction.! In cases of
advanced collapse or joint destruction, the only viable
option is a total hip arthroplasty (THA) which is not
ideal in a young, active patient as they will likely need
additional revisions throughout their lifetime which re-
sults in decreased patient outcomes.? In those patients
without joint destruction, nonoperative management or a
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would include observation of an asymptomatic lesion
until it becomes symptomatic or protected weight bear-
ing.>* Joint preserving procedures would include core
decompression, proximal femoral osteotomies, nonvas-
cularized and vascularized bone grafting, or osteochon-
dral allograft transplantation (OAT). The goal of core
decompression is to reduce intraosseous pressure in the
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Table 1. Summary of Studies Involving Osteochondral Allograft Transport of the Femoral Head

Authors ‘ Year ‘ N

Meyers’ 1985

Age Group

Findings

- Most failures were receiving systemic steroid

25 hips Age at surgery: 16-60 years therapy
(21 patients) | Follow-up: 9-63 months

- 80% success rate in non-steroid treated
patients

Kosashvili et al.’ | 2013 8 patients

Age at surgery: 23.7 (17-42) years
Follow-up: 41 (24-54) months

- Improved HHS (57.7 to 83.9; p < 0.02%)
- 63% of patients had good to excellent clinical
outcomes

Khanna et al.* 2014 17 patients”

Age at surgery: 25.9 (17-44) years
Follow-up: 41.6 (3-74) months

- Improved HHS (52.6 to 72.9; p < 0.01)
- 41% of patients had good to excellent clinical
outcomes

Okadeji et al.® 2018 10 patients

- 60% also had a concomitant procedure for in-

Age at surgery: 24.8 (16-32) years | traarticular pathology
Follow-up: 17.2 (7-36) months

- 70% had successful functional outcomes,
30% converted to THA

Mei et al. 2018 22 patients”

Age at surgery: 24.9 (14-44) years
Follow-up: 68.8 (26-113) months

- Improved mHHS (48.9 to 77.4; p<0.01)

- 50% of patients had good to excellent clinical
outcomes

- Graft survivorship 86% at 2 years, 79% at

5 years, and 67% at 9 years

HHS — Harris Hip Score, mHHS — modified Harris Hip Score
$ Calculated with a Wilcoxon Signed Rank test

* Patients from Khanna, et al. were also used in the study by Mei, et al.

femoral head while restoring vascular flow. Better out-
comes with core decompression have been seen in pre-
collapse stages with small lesions (< 15% of the femoral
head) than those with intermediate (15-30% of the femo-
ral head) or large lesions (30% of the femoral head).’
Adjuncts have been added to core decompression includ-
ing nonvascularized grafts (to provide mechanical sup-
port), stem cells, or other biologic adjuncts (to try and
promote new bone formation in the repair process) but
research has not found one treatment as superior.! The
goal of proximal femoral osteotomies (transtrochanteric
rotational osteotomy or intertrochanteric osteotomy) is to
move the osteonecrotic area from a weightbearing to a
nonweightbearing area of the hip joint. The role of oste-
otomy depends on the size and location of the lesion and
requires, is technically demanding, and conversion of a
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failed osteotomy to THA is more difficult with worse
outcomes then a primary THA.! The goal of bone graft-
ing is to provide support to the subchondral bone with
the graft and to restore blood flow to the damaged areca
of the femoral head. Studies have shown that vascular-
ized fibula grafting improved survival of precollapse
hips compared to nonvascularized grafts.® However, sur-
vival rate at 14 years has been reported as being 60%
and an approximately 20% donor site morbidity has been
reported.!’

Although OAT is well established in improving out-
comes and preserving joint disease in the knee, it is not
frequently utilized in the hip. The procedure is used to
replace unrepairable cartilage defects with a cartilage
plug taken from an osteochondral allograft. While there
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is much promise for its use in unsalvageable
cartilage defects of the femoral head, its indi-
cations and success are not well established in
the clinical literature. There are five studies in
the literature, with a total of 61 patients (65
hips), which document OAT success of the
femoral head (Table 1).8!2 These studies show
a significant short-term improvement in pain
and function with an 86% graft survival at 2
years and 78% survival at 5 years. We have performed
the procedure on 10 young patients, using the steps out-
lined in this paper, with similar success rates.

Surgical Method

Indications & Contraindications

The current indications for OAT for AVN of the femoral
head include patients under 50 years of age with failure
of nonoperative management, cartilage defect diameter
<4 cm but > 2 ¢cm?, AVN involving < 50% of the femo-
ral head, MRI with no bone edema to indicate quies-
cence of the AVN, and idiopathic AVN or AVN result-
ing from a vascular insult that is unlikely to reoccur.'®!?
Conversely, the contraindications would include preserv-
able hip cartilage during evaluation by hip arthroscopy,
existing joint deformity or global hip osteoarthritis, in-
flammatory joint disease, inability to follow postopera-
tive rehabilitation, previous surgical treatment, and no
current smoking or alcohol abuse.!%!? Chronic systemic
corticosteroids is a relative contraindication.'?

Preoperative Radiographic Evaluation

Before undergoing this procedure, each patient has a ra-
diographic workup including anteroposterior of the pel-
vis, a false profile, Dunn view, and lateral of the hip to
fully evaluate the hip joint arthritic changes of any other
pathology. An MRI is also obtained on each patient to
evaluate the size and location of the lesion. A CT scan is
also useful to better understand the three-dimensional
anatomy of associated deformities associated with AVN,
including slipped capital femoral epiphysis (SCFE) and
Perthes disease.
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Figure 14,
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1B, 1C. In patients with a salvageable but
unstable cartilage flap: (A) Curettage and bone grafting
with repair of the cartilage can be performed instead of
OAT. (B) Elevation of the stable cartilage flap with cu-
rettage, core decompression/drilling, and placement of
bone graft taken from the femoral shaft. (C) Repair of
the cartilage flap with 6-0 Vicryl and circumferential
placement of fibrin glue.

A preoperative diagnostic hip arthroscopy can be helpful
in determining the viability of the femoral head cartilage
and therefore if the patient is a suitable candidate for
OAT. In patients with AVN who otherwise have rela-
tively normal appearing surface cartilage as evaluated by
hip arthroscopy, it is preferable to perform an open sur-
gical hip dislocation, elevation of the cartilage flap, core
decompression/drilling, bone grafting, and cartilage re-
pair (Figure 1A,1B, and 1C). In the setting of a col-
lapsed femoral head with pathologic, unsalvageable car-
tilage, an OATS procedure is indicated.

Required Equipment & Surgical Instruments

Either an MRI or a CT scan is submitted to an allograft
company (Allosource, Centennial, CO; LifeNetHealth,
Virginia Beach,VA) to find a size-matched donor fresh
femoral head. Once an appropriately sized fresh donor
graft is identified, it must be used within 1 week. There
are several commercially available OAT workstations
(Arthrex, Naples, FL; ConMed, Largo, FL) that allow
preparation of the allograft.

The stages of OAT include 1) accessing the femoral
head, 2) performing the osteochondral allograft trans-
plantation, 3) postoperative protocol. Each stage is in
detail outlined below.
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Accessing the Femoral Head Via

Open Surgical Hip Dislocation'>'

Osteochondral allograft transplantation is performed
through a standard open surgical hip dislocation that was
originally described by Ganz et al. in 2001."* To do this,
the patient is positioned in the lateral decubitus position
on a radiolucent operating table. Using a standard
Kocher-Langenbeck or straight Gibson-type incision is
used to approach and split the gluteus maximus. One ad-
vantage of this exposure is that the deep branch of the
medial femoral circumflex artery (the main blood supply
to the femoral head) is preserved throughout the surgery
and protected by the intact obturator externus muscle. A
second advantage of this approach is that once the hip
has been dislocated, 360-degree access to the femoral
head and acetabulum can be achieved.

Once this is done, place three retractors to aid in inspec-
tion of the acetabulum. Impact a retractor above the ace-
tabulum, hook a second retractor on the anterior rim, and
place a third retractor to lever the calcar of the neck
against the incisura acetabuli. Lower the knee for good
visualization of head/neck junction without use of a re-
tractor. The blood supply can then be documented through
Doppler flowmetry or through a 2.0-mm drill hole made
in the dislocated femoral head. Once the hip is dislocated,
the osteochondral defect is clearly accessible.

Osteochondral Allograft Transplantation

Once the humeral head has been inspected, identify the
edges of the defect and measure the size of the defect
(Figure 2A). Next, use the cylindrical sizers available to
help map the location of the transplantation (Osteochon-
dral Allograft Transfer System, Arthrex, Naples, FL).
Center the sizer over the defect and place a guide pin
through the defect to act as a central guide for the oste-
ochondral reamer (Figure 2B). The osteochondral reamer
is slid down over the guide pin and carefully used to
debride back the diseased cartilage and bone, giving
clean edges. Any remaining debris in the femoral head
defect should be removed to ensure the graft will sit
flush once prepared. Once the osteochondral defect is
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Figure 24 and 2B. Once dislocated, the femoral head
should be thoroughly inspected and the borders of the
osteochondral lesion identified. (A) After the borders
have been clearly identified, the dimensions of the defect
are measured. (B) Cylindrical sizers are then used to de-
termine the size of the allografi to be used. Once the de-
fect is sufficiently covered by a cylindrical sizer, it is
held in place by a central guide pin which is used to
ream over.

Figure 34 and 3B. (4) The allograft is prepared care-
fully by adjusting the osteochondral allograft work-
station. (B) Once the workstation is set to the appropri-
ate size and position, the graft is reamed out of the allo-
graft femoral head.

removed and the recipient site is prepared, the next step
is to prepare the osteochondral allograft donor.

The goal is to match the location and size of the defect.
To do this, the donor head is placed next to the patient’s
femoral head and using the cylindrical sizer as a tem-
plate, a marking pen is used to template out the recipient
site on the donor head. Measure the host bed depth at the
12, 3, 6, and 9 o’clock positions to help map out the de-
fect. Once mapped out, prepare the donor on osteochon-
dral allograft workstation and anchor the donor in place
with pins. Adjust the workstation busing of the same size
of the recipient defect and place on the workstation over
the marking placed on the femoral head (Figure 3A).
The size-match-donor harvester is then placed into the
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bushing and the donor head is carefully reamed through
the donor graft while keeping the graft irrigated to en-
sure minimal damage to the graft (Figure 3B). It is very
important to ensure that the graft is secure when doing
this step as it could slip and then the graft could become
damaged or become unsterile. The depth of the graft is
fine-tuned to match the depth of the recipient site at the
12, 3, 6, and 9 o’clock positions. Because of the curva-
ture of the femoral head, the depth of the graft may be
thinner or thicker circumferentially. Fine oscillating
saws and rasps are used to achieve the correct depth.
Once the graft is properly sized, it is ready for transplan-

tation.

Figure 4. After the allograft has been sufficiently pre-
pared, it is lined up carefully with the host and pushed
into place. Once in place, the edges should be thor-
oughly inspected to ensure the graft is not prominent.

Because the graft and recipient site must match exactly,
it is often necessary to try several times to get it per-
fectly matched to prevent graft and joint collapse or step
off. Be sure to match the height of the graft to the meas-
ured position on the host bed dimensions (Figure 4). Di-
lators are used to dilate the recipient site before trans-
plantation which can help with fitting the graft into
place. Just before final transplantation, a small drill is
used to drill several holes into the recipient site to facili-
tate healing. Small amounts of autologous bone graft
from the trochanteric osteotomy site are packed under
the graft to help with healing. Once the graft is finally
transplanted, it can be tested for a pressed fit. If there is
any concern about its stability, headless screws can be
used to fix it in place. After a good fit is obtained, fibrin
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Figure 5. Once the graft is in place and noted to be ap-
propriately positioned, additional fixation can be
achieved with either the press-fit technique or with the
addition of headless compression screws. Fibrin glue
can then be used circumferentially around the graft-host
interface.

glue is placed circumferentially around the edge (Figure
5). Once the graft is adequately secured, and the joint
has been thoroughly irrigated to remove any debris from
the joint, the hip is carefully reduced into the acetabu-
lum. Care is taken to identify the tagged edges of the
capsule and retract them out of the way to prevent soft
tissue interposition in the joint upon reduction. After the
hip is reduced, it is ranged and any femoacetabular im-
pingement at the head-neck junction can be contoured at
this time. The capsule is then closed and repaired under
minimal tension to prevent limiting blood flow from the
retinacular vessels. Confirm with Doppler ultrasound.
The trochanteric osteotomy is then secured with two or
three 3.5-mm cortical screws.

Postoperative Protocol

For the postoperative protocol, we recommend an abduc-
tion hip brace to maintain 20 degrees of hip abduction
and 0-90 degrees of flexion for 6 weeks and non-
weightbearing for 3 months. Deep vein thrombosis
prophylaxis should be used for 6 weeks. Naproxen can
be given for heterotopic ossification. Patients are admit-
ted to the hospital postoperatively for pain control and to
work with physical therapy on mobility training. Upon
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Figure 6A and 6B. (4) Preoperative AP of a 15-year-
old patient with painful AVN after sustaining a femoral
neck fracture. The screws were removed to prevent pen-
etration into the joint. (B) Five-year follow-up after OAT
to the femoral head. There is maintenance of the graft
height and overall congruency. The patient does not
complain of pain or a limp.

discharge, no further physical therapy is initiated until 6
weeks postoperatively when patients come out of their
brace to start working on range of motion. A CT scan is
obtained at 3 months to determine healing and integra-
tion of the graft. If healed, the patient is approved to sub-
sequently progress to weight-bearing. Plain film radio-
graphs are obtained every 3 months for the first year to
assess for graft collapse. Patients are informed of no run-
ning or jumping for one year.

Suggestions for Success

As with any hip preservation procedure, it is important
to maximize the congruency of the femoral-acetabular
joint. Structural deformities associated with concomi-
tant conditions such as SCFE or Perthes Disease should
also be corrected at the same time as the OAT. The open
surgical hip dislocation allows the ability to also perform
femoralplasty, labral repair/reconstruction, relative head
neck lengthening and trochanteric distalization, as
needed. In severe cases of SCFE, a proximal femoral
flexion/valgus/derotational osteotomy can also be per-
formed, although it should be considered how any future
THA may be negatively affected by changing the proxi-
mal femoral anatomy. The press-fit technique is often
sufficient to stabilize the donor graft in the femoral head,
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although headless compression screws can be used when
there are not stable shoulders around the graft or if sta-
bility is of concern. Using the press-fit technique alone
prevents any future concerns about graft collapse and
potentially prominent hardware.

Review of Outcomes with Best and Worst Case

Patients with relatively normal structural anatomy and
congruency of the femoral-acetabular joint are more
likely to have the best radiographic outcomes. It is un-
clear whether or not poor congruency in the setting of
femoral head OAT leads to worse clinical outcomes. In
patients with femoral heads with limited collapse, it is
technically easier to restore the spherical anatomy of the
femoral head. Accordingly, patients with AVN from
femoral neck fractures without femoral head deformity
have more predictable radiographic outcomes than pa-
tients with femoral head collapse with concomitant de-
formities from SCFE or Perthes (Figure 6A and 6B).

It is a vexing surgical problem to manage a young pa-
tient with femoral head collapse from AVN that also has
a concomitant structural deformity. These patients have
limited options, but performing the OAT along with cor-
recting associated structural problems is a promising
treatment relative to nonoperative management or THA.

In such patients, it is important to try to restore spheric-
ity/congruency as much as possible with femoralplasty
or additional concomitant procedures such as relative
head neck lengthening and trochanteric distalization. In
cases of Perthes disease or SCFE, it is important to limit
posterior femoralplasty so as to not disrupt the vascular-
ity to the femoral head (Figure 7).

OAT should be considered a salvage procedure, and if it
fails, options for further treatment in young patients in-
clude hip fusion or THA.

Comparison to Other Methods

Traditional treatment options for AVN of the femoral
head includes nonoperative treatment (i.e., activity modi-
fication), core decompression, proximal femoral
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Figure 74, 7B, 7C, and 7D. (4) AP and (B) lateral views of a 15-year old male patient with hip pain associated with cen-

D H y

tral collapse of the femoral head in Perthes Disease. (C) AP and (D) lateral views 5-year follow-up after OAT to the femo-
ral head. The patient also underwent open labral repair and reconstruction, femoralplasty, relative head neck lengthen-
ing, and a distalization. There is maintenance of the graft height and overall congruency, although there is some apparent
joint space narrowing. The patient does not complain of pain or a limp.

osteotomies, nonvascularized or vascularized bone graft,
and total hip arthroplasty (THA).! While all these op-
tions are possible in adult patients, they are not ideal in
young patients, especially in pediatric and adolescent pa-
tients. Nonoperative management is generally reserved
to precollapse stages of AVN and involves non-
weightbearing and medications such as bisphosphonates
to encourage bone healing. However, even with non-
weightbearing in an asymptomatic hip, the progression
to collapse is 59% within seven years."

Core decompression is the most commonly performed
surgery for early, precollapse AVN and is intended to
decrease the intraosseous pressure within the femoral
head and allow increased blood flow to the necrotic
area.'® Historically, the core decompression was made
with a large drill hole raising concern for postoperative
femoral neck fractures. Newer methods involving multi-
ple smaller drill holes have helped to alleviate that con-
cern.!” Although the survivorship within the first few
years has been reported to be 70-80%, this decreases to
about 40% by 10 years.'32* Worse outcomes have also
been seen in lesions that involve more than 50% of the
femoral head.>!®
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Corrective osteotomies are performed in order to off-
load the necrotic area of the femoral head. This also re-
duces the intraosseous pressure leading to improved vas-
cularity as well.'® There are two types of osteotomies
that are generally used, a trans-trochanteric rotational os-
teotomy and a intertrochanteric varus or valgus osteot-
omy (combined with flexion or extension). Trans-tro-
chanteric osteotomy has a reported survivorship of 90%
at four years postoperative,”! while varus or valgus inter-
trochanteric osteotomies have a reported 71% survivor-
ship at two years but decreases to 58% by eight years.*?
However, when this procedure is combined with other
procedures addressed at the necrotic area, results may be
improved. For instance, Scher et al. reported a 10-year
survivorship of 87% when a flexion valgus osteotomy
was combined with autogenous-bone grafting.® The role
of osteotomy depends on the size and location of the le-
sion, and requires, is technically demanding, and conver-
sion of a failed osteotomy to THA is more difficult.!

Nonvascularized bone graft procedures are aimed at re-
placing the necrotic bone and giving structural support to
the hip. This could be achieved with autograft or with al-
lograft. One procedure used for this is a trapdoor proce-
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dure in which the hip is approached through an open sur-
gical hip dislocation and a trapdoor is made in the carti-
lage. The necrotic bone is then removed with a curette
and a combination of cancellous chips and cortical struts
typically taken from the iliac crest are placed in the de-
fect before the trapdoor is closed. At 56-month follow-
up, good-to-excellent outcomes were achieved in 83% of
Ficat stage-III hips and 33% of Ficat stage-IV hips indi-
cating that this may be a good procedure for patients
with a small- to medium-size lesion with early stages of
collapse.?* Similarly, the lightbulb procedure involves
making a cortical window at the femoral head-neck junc-
tion and the necrotic area is debrided through the win-
dow to preserve the articular cartilage. The results of this
procedure show 78-85% survivorship for precollapse
stages in smaller lesions and 60% survivorship in Ficat
stage-11I hips or large lesions.”>?’

Vascularized bone graft is generally performed in pre-
collapse or early collapse of the femoral head. The ad-
vantage of this procedure is to provide a vascularized
structural support to prevent collapse. Generally, the
vascularized graft is either from the iliac crest or fibula.
In one meta-analysis, Fang et al., examined the out-
comes of six studies and compared the results of vascu-
larized fibular graft to core decompression, nonvascular-
ized fibular autograft, and vascularized iliac graft and
found that vascularized fibular graft had a lower conver-
sion to THA (16.5% versus 42.6%) at early to mid-term
follow-up.?® However, at 14-years, the survivorship of
vascularized fibular graft is only 60%.” In addition, vas-
cularized bone grafting is a technically demanding sur-
gery requiring microsurgery and is associated with donor
site morbidity including sensory abnormalities in ap-
proximately 20% of patients and is reserved for patients
without collapse of the femoral head.!

The technique of OAT transplantation presented in the
present paper provides a unique bone graft procedure as it
includes bone-cartilage graft. To date, there are only five
studies in the literature with a total of 65 hips in 61 pa-
tients who have had OAT for AVN of the femoral head.*
12 The first study reporting the outcomes of OAT reported
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an 80% success rate (defined as functioning with minimal
pain, without support, and with the use of non-narcotic
analgesic occasionally for relief) in non-steroid treated pa-
tients at a follow-up ranging from 9-63 months.'" Kosash-
vili et al. and Khanna et al. reported their results at ap-
proximately 3.5 years of follow-up and reported 41-63%
of patients had a good to excellent clinical outcome.®® The
largest and longest study to date reports the outcomes of
22 patients reported a graft survivorship of 86% at 2
years, 79% at 5 years, and 67% at 9 years.!

When these other options fail, or in stages of advanced
collapse, the only other surgical option is total hip ar-
throplasty (THA). In young individuals this is challeng-
ing due to the increased likelihood of needing additional
surgeries. Swarup et al. reported results of patients under
35 years of age who underwent THA for osteonecrosis
and found a 10-year survivorship of 86%; however, this
decreased to 66% at 20 years. They also expectedly re-
ported that patients who underwent revision THA had
lower outcome scores.? In another study, patients under
50 years of age who underwent THA for osteonecrosis
of the femoral head had a high 10-year revision rate
(50%) and a higher dislocation rate than age-matched
patients who underwent THA for osteoarthritis.*

AVN of the femoral head is a challenging problem in
young patients. There are various potential treatment op-
tions for these patients but results of those procedures
are mixed. OAT of the femoral head is a newer surgical
procedure with limited studies to date. Although OAT
have been extensively studied for the knee, there are few
studies that report the outcomes for their use in the hip
as it is a newer surgical procedure. Currently, there are
no studies which compare the outcomes of OAT to other
methods aimed at preserving the hip from collapse; how-
ever, OAT is a promising option to help patients main-
tain function and activity, avoid long-term complica-
tions, and retain healthy aspects of their bone. Future
studies are still needed to assess the long-term outcomes
of these surgeries as well as compare the outcomes be-
tween OAT, core decompression, and vascularized bone
grafts.
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Summary

OAT is regularly used to preserve osteochondral joint
function in the knee. However, OAT at the hip is an
emerging technique with little documentation in the lit-
erature. OAT is advantageous to traditional treatment
methods because it allows preservation of joint function
and anatomy while preventing donor site morbidity for
grafts. Disadvantages include lengthy weight-bearing
and postoperative activity restrictions.

Additional Links

Osteochondral Allograft with Open Surgical

Hip Dislocation
http://www.posnacademy.org/media/Video+Ab-
stract+16A+Osteochondral+Allograft+with+Open+Sur-
gical+Hip+Dislocation/1_9¢g1¢t4h3/162962082

Osteochondral Allograft with Open Surgical

Hip Dislocation (with focus on osteochondral allograft)
https://drive.google.com/file/d/19i0-pO-
AZ18S4doQ6pMyUi-QOFdST3uv4/view
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