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and Fibular Strut Grafting for Proximal Humerus
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Avascular Necrosis: Surgical Technique
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Abstract: Avascular necrosis is a relatively common entity that affects the proximal humerus and can lead to substantial
morbidity. It often occurs in younger patients for whom the traditional treatment of shoulder arthroplasty is not optimal.
Fibular strut grafting to prevent humeral head collapse has been described as a viable treatment option. However, it is
technically challenging to direct the fibular strut graft into the center of the bony infarct, where it will be most effective.
This paper describes a technique of arthroscopically assisted fibular strut grafting for avascular necrosis of the humerus.
This is a minimally invasive technique with low morbidity and an accurate way of placing the graft into the infarcted

segment.

In approximately 7% of patients with avascular
necrosis (AVN), the proximal humerus is involved
and is often bilateral." Although the exact pathophysi-
ology is unknown, atraumatic proximal humeral
osteonecrosis has many associated etiologies, including
systemic corticosteroid use, alcoholism, sickle cell
disease, inflammatory diseases, dysbarism, and
coagulation disorders; it also can be idiopathic.”’
Treatment of proximal humeral AVN in the young
and symptomatic patient is especially difficult. Conser-
vative treatment is optional; however, a high rate of
natural progression to humeral head collapse has been
reported.”” Surgical options include arthroscopic
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debridement,” proximal humeral decompression,'® '~

vascularized bone grafting,'”'* proximal humeral
decompression with allograft, shoulder resurfac-
ing,'”?' shoulder hemiarthroplasty,’***?° and total
shoulder arthroplasty.'?*?*?“?” Because of the signif-
icant amount of bony involvement, fixation of shoulder
resurfacing implants may be inadequate and theoreti-
cally can lead to implant loosening. The use of stems in
shoulder arthroplasty helps with the fixation problems
of shoulder resurfacing; however, more bone resection
is required for the use of stems. Shoulder arthroplasty
in these young patients is not optimal due to the
possible need for a revision in the future secondary to
glenoid wear. In addition, mixed clinical results have
been reported with shoulder resurfacing and
arthroplasty for AVN,' 2! 1-1820:23-29

The use of decompression for hip osteonecrosis has
had some success, and this treatment option for AVN
has been extrapolated to the proximal humerus. Core
decompression of the proximal humerus has had
moderate success in improved function and pain relief
with better results in earlier stages of AVN.*'%'%2 The
goals of core decompression are to decrease intra-
osseous pressure and promote revascularization. Issues
with decompression of the proximal humeral AVN
include difficulties in targeting the lesion and significant
weakening of the periarticular and cortical bone.* "

Bone grafting can be added to decompression in an
effort to provide stability and possibly a new blood
supply when using vascularized autografts. Reports of
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Fig 1. Fibular allograft (left), ACL tip-to-tip guide with guide
pin sleeve and graft sizers (center), guide pin, and sequential
reamers (right).

vascularized grafts for proximal humerus AVN are
limited, and their use adds significant morbidity to the
operation. The main issue with bone grafting is the
fixation into the proximal humerus with hardware
often used to hold the graft in place.'”'*

We report on a method of proximal humeral
decompression and placement of a fibular allograft to
address the complex issues associated with this
procedure. The addition of a press-fit fibular allograft
helps prevent fracture or collapse around the decom-
pression site due to weak proximal humeral bone and is
stable because of the interference fit. In addition, this
method of targeting the lesion theoretically increases
the chance of healing the AVN defect.

Indications
Proximal humeral decompression and bone grafting
should be considered a treatment option for a young
patient with localized AVN and pain. Because a
significant number of proximal humeral AVN lesions
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progress to collapse,”” it has been the senior author’s
position to offer all young patients with proximal
humeral AVN (Cruess stages I-IV) the option of
arthroscopic-assisted  allograft proximal humeral
decompression and fibular strut grafting. This proced-
ure is minimally invasive, has few complications, and
has the potential to prevent further collapse in a young
person.

Contraindications

Proximal humeral decompression and bone grafting
should not be performed in patients with an active
infection. Relative contraindications exist for elderly
patients (where an arthroplasty may give a more
consistent result), patients with an irreparable rotator
cuff tear, patients with extensive grade-IV chondral
changes on the humerus, or patients with significant
degeneration of the glenoid cartilage.

Surgical Anatomy

Along with the standard anterior and posterior
arthroscopic portals, a mini-deltopectoral approach is
used for access to the anterolateral proximal humerus
metaphysis for allograft placement. Blunt dissection
should be used to find the interval between the anterior
head of the deltoid and the pectoralis major muscle.
Our preference is to take the cephalic vein medially to
avoid excessive tension with lateral retraction. Access to
the anterolateral humerus should be obtained just
lateral to the biceps tendon around the superior edge of
the pectoralis major insertion. It is important to
consider future surgical approaches, such as a standard
deltopectoral approach, when performing the mini-
deltopectoral approach.

The axillary nerve leaves the brachial plexus and
passes posteriorly under the subscapularis inferior to

Fig 2. Intraoperative image of the
right shoulder in the beach chair
position showing portal place-
ment with the arthroscope in the
posterior portal and shaver in the
anterior portal. The image also
shows arthroscopic debridement
of the glenohumeral joint viewed
from the posterior portal.
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Fig 3. Left image: Arthroscopic
image in the left glenohumeral
joint demonstrating the blunt
probe over the cartilage fissure on
the humeral head (blue arrow).
Right image: Arthroscopic image
in the left glenohumeral joint
demonstrating a cartilage ridge on
the humeral head (yellow arrow)
in a patient with avascular ne-
crosis. Both images are viewing
from the posterior portal with the
patient in the beach chair
position.

the glenoid. It then courses around the humerus
posteriorly to give off branches to the posterior deltoid
and teres minor. The axillary nerve then wraps around
the humerus laterally from a posterior direction
approximately 5 cm distal to the top of the humeral
head. The last branches of the axillary nerve are to the
anterior deltoid; therefore, staying medial to the
anterior deltoid will protect the axillary nerve.

The majority of the blood supply to the humeral head
is from the anterior humeral circumflex artery, with a
small contribution from the posterior humeral circum-
flex artery to the posteroinferior humeral head. The
anterior humeral circumflex artery branches laterally
off the axillary artery medial to the humerus in the
third portion of the axillary artery. Once near the hu-
merus, an ascending branch of the anterior humeral
circumflex artery gives rise to the arcuate artery
supplying the humeral head. The arcuate artery lies in
the bone underlying the bicipital groove. By staying
lateral to the biceps tendon with the dissection, there is
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less chance of damage to the ascending branch of the
anterior humeral circumflex artery and the arcuate
artery.

Equipment
This technique requires standard shoulder arthros-
copy equipment; a transtibial anterior cruciate ligament
(ACL) drill guide (tip-to-tip type), guide pin, and
sequential reamers (Fig 1); and ACL graft sizer; and a
small oscillating saw and rounded burr.

Surgical Technique (With Video lllustration)

The procedure is performed with the patient under
general anesthesia and an optional regional block and/
or catheter placed in the preoperative holding area. The
beach chair position with a hydraulic limb positioner is
used. The patient is placed at the edge of the bed so that
there is no metallic interference during shoulder
fluoroscopy. The C-arm is brought in from above the
patient’s head. It is important to confirm that adequate

Fig 4. Intraoperative arthroscopic
image of the ACL guide being
placed in the anterior portal and
in the center of AVN lesion. Of
note, this image is from a
demonstration of the technique
on a cadaver so there is no AVN to
appreciate on the humeral head.
This is a right shoulder in the
beach chair position shown with
the arthroscopic image viewing
from the posterior portal. (ACL,
anterior cruciate ligament; AVN,
avascular necrosis.)
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Fig 5. Intraoperative image demonstrating the ACL guide in
place being used as a guide for marking the deltopectoral
interval. The patient’s left shoulder is in the beach chair
position. (ACL, anterior cruciate ligament.)

Grashey and axillary lateral fluoroscopic images can be
obtained prior to draping. The shoulder and entire arm
are sterilely prepped and draped in the standard way
along with the Spider limb positioner. Appropriate
antibiotics are given before incision.

A standard posterior arthroscopic portal is established
with an incision made through skin only. A blunt trocar
is introduced into the shoulder joint without joint
insufflation. A 4.5-mm, 30° arthroscope is then
introduced through this posterior portal. A second
arthroscopic portal is established anteriorly through the
rotator interval. The shoulder is fully evaluated
arthroscopically in the standard fashion and all abnor-
malities are noted (Fig 2). A blunt probe is introduced
to palpate the cartilage over the humeral head. The
entire humeral head is evaluated for any surface
topographic abnormalities, articular cartilage softening,

Fig 6. Intraoperative image of the deltopectoral incision. The
right shoulder is shown with the patient in the beach chair
position.
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Fig 7. Left shoulder of a cadaver in the beach chair position
showing placement of ACL tip-to-tip guide and the mini-
deltopectoral approach distally with the guide pin sleeve in
place. (ACL, anterior cruciate ligament.)

or cartilage fissuring (Fig 3). The most profoundly
affected area of the humeral head is usually easily
identified as softening of the cartilage. With the probe
on the suspected area, further confirmation can be
obtained using fluoroscopy. This soft cartilage or even
osteochondral fracture is not debrided.

The transtibial ACL guide (tip-to-tip type) is placed
through the anterior portal (Fig 4, Video 1). Under
direct arthroscopic visualization, the ACL guide is
placed in the center of the humeral head AVN defect

A |

Fig 8. Intraoperative fluoroscopy of the left shoulder showing
the ACL guide tip in the center of the lesion on the humeral
head and guide pin sleeve on the humeral cortex anteriorly.
(ACL, anterior cruciate ligament.)
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Fig 9. Intraoperative image of the right shoulder in the beach
chair position depicting drilling of the guide pin using the ACL
guide. (ACL, anterior cruciate ligament.)

(Fig 4). Using the ACL guide for reference, a 3-cm
incision is made in-line with the distal deltopectoral
interval (Figs 5 and 6). This interval is bluntly dissected
enough to allow for placement of the guide against the
anterolateral humerus (Figs 7 and 8). The guide should
be just lateral to the biceps tendon and above the
superior aspect of the pectoralis major insertion as
described in the surgical anatomy section. A guide pin
with a tissue protector is drilled through the antero-
lateral aspect of the proximal humerus into the
humeral head up to the tip of the intra-articular guide
without perforation of the subchondral bone (Fig 9).
The position of the guide pin is confirmed fluoroscop-
ically and then the length of the pin is measured. Ideal

Fig 10. Intraoperative image of the right shoulder in the
beach chair position depicting sequential reaming over the
guide pin.
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Fig 11. Intraoperative fluoroscopy of the left shoulder
showing the reamer over the guide pin in place, taking care
not to penetrate subchondral surface.

placement of the guide pin should be in the middle of
the AVN lesion and not through the subchondral bone.
This is relatively easy using the ACL guide. Before the
guide being employed, this was very difficult due to the
very acute angle needed between the starting point of
the guide pin and the humeral metadiaphysis.

At this point, the ACL guide is removed and
sequential reaming is performed over the guide pin
with soft-tissue protector sleeves until a tunnel of
appropriate size is made to accommodate a fibular
allograft (Fig 10). Care should be used to make sure
that the subchondral surface is not penetrated during
reaming (Fig 11). A fibular freeze-dried strut allograft
(smallest diameter in the inventory) is obtained. The
allograft is left long on purpose at this point. The

Fig 12. Intraoperative image showing preparation of the
fibular strut allograft on the back table. The allograft is tapered
to provide adequate press-fit fixation.
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Fig 13. Intraoperative image of the right shoulder in the

beach chair position showing the fibular strut placed over the
guidepin (arrow).

smallest diameter end of the allograft is then tapered
with a high-speed burr on the back table (Fig 12). The
ACL graft sizers are used to note when the end of the
graft is the appropriate diameter to pass through the
tunnel. This diameter is contoured into the first 10 to
15 mm of the graft to be inserted and after that the
diameter is slowly allowed to expand. The purpose of
this is to provide a nice interference fit. The contoured
fibular strut allograft is introduced over the guide pin
into the humeral head (Fig 13). The graft is then gently
tamped into place over the guide pin. The position of
the graft is then confirmed fluoroscopically (Fig 14).
The pin is removed and the graft is cut flush with the
anterior lateral cortex with an oscillating saw (Fig 15).
The bone edges are smoothed with a rounded burr.

Fig 14. Fluoroscopic image showing the fibular strut allograft
placed over the guide pin to the subchondral bone of the right
proximal humerus.

K. O'KEEFE ET AL.

Fig 15. Intraoperative image of the right shoulder in the
beach chair position demonstrating cutting of the allograft
flush with the humeral cortex, taking care to protect the
surrounding soft tissues using retractors.

The wound is irrigated with normal saline solution and
bulb syringe with care taken to remove all bone shavings.
Simple nylon sutures are used to close the arthroscopy
portals. The distal deltopectoral incision is closed with
subcutaneous VICRYL suture (Johnson & Johnson,
New Brunswick, NJ), subcuticular MONOCRYL
suture (Johnson & Johnson), and DERMABOND
(Johnson & Johnson). Sterile dry dressings are placed.

Postoperative Management and Rehabilitation

The procedure is performed as outpatient. The
patient’s arm is placed in a sling postoperatively for
2 weeks. Strict nonweight-bearing precautions are
advised for 6 weeks. Motion is generally easy to obtain.
Passive range of motion and Codman exercises are
started immediately. Active and active assist range of
motion is begun between 2 and 4 weeks. Fig 16 shows
radiographs of the allograft in the immediate post-
operative period. Figs 17 and 18 show radiographs

Fig 16. Postoperative Grashey radiograph of the right shoul-
der showing the fibular strut allograft shortly postoperatively
(blue arrow).



PROXIMAL HUMERUS AVASCULAR NECROSIS

4
nd

Fig 17. Postoperative Grashey radiograph of the right shoul-
der showing an incorporated fibular strut allograft at
approximately 1.5 years (blue arrow).

obtained after allograft healing approximately 1.5 years
after surgery.

Complications

Progression of osteonecrosis and/or the need for
shoulder arthroplasty is the most concerning compli-
cation in this young patient population. This occurred
in 21% of 14 shoulders at an average of 5 years in our
experience.”” Another complication is perforation of
the subchondral bone, which can occur easily due to
the soft bone around the osteonecrotic lesion. In our
experience, this has not made a difference in clinical
results; however, there is a theoretical risk of worsening
pain and accelerated cartilage wear.

Infection is another possible surgical complication. If
infection occurs acutely, removal of the graft is rec-
ommended. This also places the patient at further risk

Fig 18. Postoperative axillary lateral radiograph of the right
shoulder showing an incorporated fibular strut allograft at
approximately 1.5 years (blue arrow).

Table 1. Pearls/Pitfalls
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Pearls

Pitfalls

Positioning is key to help
obtain appropriate fluoroscopic
images, specifically with the
proximal humerus hanging
over the side of the operating
table and the C-arm above the
patient’s head.

Blunt dissection and appro-
priate retraction with soft-
tissue protectors are needed to
avoid biceps tendon injury.
Appropriate contouring of the
fibular strut should be
performed to provide enough
interference for press-fit

e Care needs to be taken with
guide pin placement and
reaming to avoid breaching
the subchondral bone.

e Appropriate contouring of
the fibular strut should be
performed so that fracture
of the proximal humerus
does not occur upon
insertion.

e Cut the fibula flush with the
anterior humeral cortex
and rasp, rongeur, or burr
down to prevent
prominence.

fixation and minimize allograft
migration.

for shoulder infection with a subsequent procedure on
the shoulder. Thus far, we have had no infections in our
series. Because of this risk, strict sterile technique and
perioperative antibiotics should be used, and we typi-
cally use topical antibiotics as well.

Rupture of the long head of the biceps tendon is
another complication seen in this procedure. This can
happen during passing of the reamers or the allograft,
but it can also happen if the allograft is prominent with
a sharp edge.

Pearls and Pitfalls

Patient positioning is key, i.e., using the beach chair
position and placing the arm in an arm holder. Fluo-
roscopic images of the shoulder are obtained to ensure
adequate visualization before draping by bringing the
C-arm in above the patient’s head. Blunt dissection and
appropriate retraction with soft-tissue retractors are
needed to avoid biceps tendon injury using the mini-
deltopectoral incision. Appropriate contouring of the
fibular strut should be performed to provide enough
interference for press-fit fixation and minimize the
chance of allograft migration.

Regarding pitfalls, care needs to be taken with guide
pin placement and reaming to avoid breaching the

Table 2. Advantages/Disadvantages

Advantages

Disadvantages

Arthroscopic  visualization
enables appropriate place-
ment of the fibular strut in
the center of the lesion.
Technique allows good
support of the subchondral
bone compared to only
retrograde drilling.

Press-fit fibular strut
allograft fixation avoids
metal implants.

e Formal beach chair position
needed to perform arthros-
copy (vs the lazy beach
chair position).

e Small open incision needed
to place graft (vs the
percutaneous approach
with decompression only).

e Potential injury to the long
head of the biceps tendon.
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subchondral bone. Appropriate contouring of the
fibular strut should be performed so that fracture of
the proximal humerus does not occur upon insertion.
The fibula shoulder be cut flush with the anterior
humeral cortex using a rasp, rongeur, or burr to
prevent prominence. A summary of pearls and pitfalls
can be found in Table 1.

Advantages and Disadvantages

Advantages of this technique include arthroscopic
visualization, enabling appropriate decompression and
placement of the fibular strut in the center of the lesion.
This technique allows good support of the subchondral
bone compared to only retrograde drilling. In addition,
press-fit fibular strut allograft fixation avoids metal
implants. Disadvantages include the formal beach chair
position needed to perform arthroscopy (versus the lazy
beach chair position for isolated decompression).
A small open incision is needed to place the graft (vs the
percutaneous approach with decompression only). In
addition, there is potential for injury to the long head of
the biceps tendon. A summary of the advantages and
disadvantages can be found in Table 2.
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