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All-Arthroscopic Biologic Total Shoulder Resurfacing
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Abstract: The treatment of advanced, bipolar glenohumeral osteoarthritis in the young patient is
particularly challenging because of the expected failure of a traditional shoulder arthroplasty within
the patient’s lifetime. We have had early success performing osteochondral allograft resurfacing of
the humeral head articular surface and glenoid articular surface, and we describe a new allarthroscopic technique for performing this procedure. In the context of our new procedure, we have
reviewed the available literature on the topic of biologic resurfacing with osteochondral allograft and
have provided an overview of the relevant findings. Although only short-term follow-up data are
available, our results in young patients have been promising in terms of regained motion, minimal
pain, and accelerated rehabilitation. We believe that this new arthroscopic biologic shoulder resurfacing technique has the potential to be superior to other available treatments for this patient
population because it preserves bone stock, limits damage to surrounding structures, and allows for
early rehabilitation. Although longer-term follow-up is needed, early results have been greatly
encouraging.

T

he treatment of large, bipolar osteochondral lesions and osteoarthrosis of the glenohumeral joint
in the young, active patient has long been a challenge
for even the most skilled orthopaedic surgeon (Fig 1).
Despite its success in relieving pain and restoring
function,1 total shoulder arthroplasty (TSA) has significant drawbacks for the young patient, which include glenoid loosening1 because of osteolysis,2 the
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production of polyethylene wear particles,2 and the
need for revision surgery.1 Because glenohumeral arthrosis may result in significant pain, loss of function,
and diminished quality of life,3 the development of
surgical treatments that address the issues specific to
the young patient with shoulder arthritis remains an
area of active research and clinical need.
We describe a novel technique for the treatment of
shoulder arthritis and larger focal defects in the
younger patient: an all-arthroscopic osteochondral total shoulder resurfacing using fresh osteochondral allografts of the humeral head and medial tibial condyle
or distal tibial plafond, performed entirely through the
rotator interval. In addition to providing a biologic
resurfacing of the damaged glenohumeral joint, which
preserves bone stock and leaves open the possibility of
later conversion to standard TSA, our arthroscopic
approach limits damage to surrounding structures including the subscapularis, thereby offering the potential to significantly decrease the morbidity and rehabilitation required after surgery as compared with
standard TSA.
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FIGURE 1. Arthroscopic view of right shoulder, with patient in
beach-chair position, through posterior portal. Bipolar osteochondral defects of the humeral head and glenoid were found on initial
arthroscopic examination in a patient who underwent arthroscopic
biologic shoulder resurfacing. Such large defects have historically
been difficult to treat in younger patients.

SURGICAL TECHNIQUE
Joint Preparation
The patient is placed in the beach-chair position
under general anesthesia, and a pneumatic arm holder
is used for positioning of the upper extremity (Video
1, available at www.arthroscopyjournal.org). The arm
is prepared and draped in standard fashion, and
appropriate antibiotic prophylaxis is administered
before incision. A standard posterior portal is then
used to introduce the inflow cannula into the glenohumeral joint, and an anterior portal is placed
through the rotator interval by the outside-in technique. The skin incision for the anterior portal
placement will need to measure 20 to 25 mm to
allow for the passage of instrumentation and allograft. An initial debridement of the glenohumeral
joint is performed. The entire rotator interval is then
resected with an arthroscopic shaving device to
enable instrumentation of the glenohumeral joint.
Humeral Head Preparation
A 25-mm targeting guide is inserted through the
anterior portal and centered over the articular surface
of the humeral head, and a guide sleeve is inserted to
localize the area for the lateral skin incision, which is
made large enough to receive the cannula. A 2.4-mm
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guide pin is then drilled through the humerus until it
passes through the humeral head. The guide pin is
secured intra-articularly with a grasper, and a 5.5-mm
cannulated drill is then advanced over the guide pin
and into the subchondral bone of the humeral head.
The reamer is removed, with care taken not to remove
the 2.4-mm guide pin. A transhumeral sleeve is passed
over the portal dilator until it is visualized inside the
glenohumeral joint. By use of a round bur, the subchondral bone around the transhumeral sleeve is removed to a depth of 2 to 3 mm at a diameter of 10 mm
to allow retrograde reaming of the humeral head.
Depending on the size of the humeral head, a 20- or
25-mm retrograde reamer is inserted into the glenohumeral joint through the anterior portal. The retropin is then connected to the retrograde reamer, the
transhumeral sleeve is withdrawn 5 mm into the humerus, and the humeral head is reamed in a retrograde
fashion by running the reamer on forward and pulling
the reamer laterally, pressing it against the humeral
head articular surface. This is continued until the
reamer rim has made contact with the humeral head
circumferentially. These steps can then be repeated
with the 30-mm retrograde reamer to increase the size
of the reamed area. After this stage of the procedure
has been completed, the transhumeral sleeve is left in
place for glenoid instrumentation.
Glenoid Preparation
The glenoid aiming guide is introduced into the
joint through the anterior portal, and the aiming guide
is centered over the bare spot of the glenoid. Through
the transhumeral sleeve, a 2.4-mm pin is used to create
a 10-mm-deep centering hole. The retro-pin is placed
through the transhumeral sleeve, and a 20-mm antegrade reamer is introduced through the anterior portal.
The glenoid is then reamed until the rim contacts the
glenoid surface circumferentially (Fig 2). The joint is
debrided of any debris from reaming, and the reamed
surfaces are inspected and cleared of any soft tissue
that could interfere with allograft placement.
Graft Preparation
Our procedure requires osteoarticular allografts
taken from a cadaveric humeral head and medial tibial
condyle. We have used the medial tibial condylar
surface because it is concave and appears to best
re-create the shape of the native glenoid.
The glenoid allograft is prepared first, and this part
of the procedure may be performed before incision if
desired. Fresh, cold-stored tibial plateau allograft is
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(Arthrex) through the allograft. A large knot is then
tied on the articular side of the graft approximately 3
inches from the end of the suture. This suture will be
fed through the transhumeral portal to allow pulling of
the allograft back onto the humerus.
Graft Implantation

FIGURE 2. Arthroscopic view of right shoulder, with patient in
beach-chair position, through posterior portal. Placement of glenoid and humeral allografts may be performed arthroscopically
with the use of novel instrumentation. A glenoid defect has been
reamed arthroscopically with instrumentation passed through the
humeral head, creating a site for placement of a tibial condyle
allograft.

firmly fixed to the Osteochondral Autograft Transfer
System (OATS) platform (Arthrex, Naples, FL), and a
coring reamer guide is centered over the portion of the
articular surface chosen by the surgeon for glenoid
resurfacing (Fig 3). A surgical assistant should securely hold the allograft with a pair of towel clips to
help prevent torque, which might cause a change in
position of the graft. The core reamer is taken to a
minimum depth of 10 mm, and this core is removed
from the tibial plateau. The core is placed in the
5-mm-deep cutting guide with the articular surface
facing into the guide, and an oscillating saw is then
used to cut the allograft to a thickness of 5 mm.
The selection and coring procedure is repeated for
the humeral head allograft. In contrast to preparation
of the glenoid component, preparation of the humeral
head allograft should not be performed until completion of arthroscopic reaming of the patient’s humeral
articular surface so that the appropriate allograft diameter may be selected. Once this has been established, a 25- to 35-mm osteochondral allograft is harvested from the cadaveric humeral head by the same
technique that was used for glenoid surface preparation. After this has been completed, a small drill hole
is made through the center of the humeral head allograft to allow passage of a No. 2 FiberWire suture

The glenoid graft is placed into the glenoid inserter
such that the articular surface is facing the inserter
plate and the cancellous bone is visible. The construct
is then inserted through the anterior portal and positioned over the reamed glenoid surface. The glenoid
retainer is removed, and alignment of the graft with
the reamed surface is verified. The retro-pin is then
inserted through the transhumeral sleeve, and the allograft is lightly tapped into position with a mallet
until approximately 80% of the graft is seated. A graft
impactor inserted through the anterior portal is used to
completely seat the graft. Three chondral darts are
then placed through the transhumeral portal and into
the grafted glenoid surface, securing it into place.
For placement of the humeral head graft, a Nitinol
wire is inserted through the transhumeral portal and
retrieved through the anterior portal. The No. 2
FiberWire suture (Arthrex) is then fed through the
loop at the end of the Nitinol wire, the wire is pulled
back through the transhumeral portal, and the suture is
fed out the lateral portal to allow for traction of the
graft onto the reaming site (Fig 4). The humeral head
allograft is inserted through the anterior portal, positioned over the reamed surface, and lightly seated.

FIGURE 3. Arthroscopic resurfacing of diseased glenoid is accomplished by use of medial tibial condyle allograft, which is prepared
and cut for eventual glenoid replacement before the procedure is
started.
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FIGURE 4. Arthroscopic view of right shoulder, with patient in
beach-chair position, through posterior portal. Humeral resurfacing
is accomplished after reverse reaming arthroscopically over a transhumeral guide pin. The allograft humeral head is moved into position with a traction suture, creating a humeral head articular surface
that is free of defects.

Additional digital pressure for seating may be applied
through the anterior portal, or pressure may be applied
by moving the shoulder through a range of motion to
compress the humeral allograft against the glenoid.
The glenoid graft is then secured into place by use of
3 or 4 chondral darts inserted through a Neviaser
portal (Fig 5), and the No. 2 FiberWire is retrieved
through the anterior portal. Wound closure then proceeds in the standard fashion, and the extremity is
immobilized in a sling before the patient leaves the
operative suite.
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grade II through IV cartilage injuries found at the time
of arthroscopy has been reported at between 5% and
17%,9 and many more chondral lesions are found
incidentally.1 At present, the natural history of chondral lesions of the glenohumeral joint is unknown,
although it is believed that unipolar lesions will eventually progress to become bipolar lesions.1
Because of unacceptably high failure rates,8 currently, fewer than 10% of TSA procedures are performed in patients aged younger than 50 years,10
which presents a treatment dilemma for the young
patient with advanced disease. Arthroscopic debridement has been effective in delaying or preventing the
need for shoulder arthroplasty, although Van Thiel et
al.11 cited the presence of grade 4 bipolar disease, joint
space narrowing to less than 2 mm, and the presence
of large osteophytes to be risk factors for failure of
this procedure. A capsular release added to this procedure has also shown good results in a small cohort,
although outcomes were better in patients with lessadvanced disease.12 Microfracture, autologous osteochondral transfers (OATS), and autologous chondrocyte implantation are also options for smaller lesions.
Unipolar osteochondral allograft and biologic resurfacing are also options, although currently, there is no
treatment suitable for young, active patients with
large, high-grade osteochondral lesions that enjoys
widespread success.

DISCUSSION
Osteochondral lesions of the glenohumeral joint
may be caused by trauma, infection, avascular necrosis, osteochondritis dissecans, osteoarthritis, inflammatory arthritides, idiopathic chondrolysis, rotator
cuff arthropathy, or iatrogenic injury, which may include the effects of intra-articular pain pumps, radiofrequency devices,4-7 and prominent anchors.8 Humeral head articular cartilage is 1.2 to 1.3 mm thick
centrally and less than 1 mm thick peripherally,8 making it especially prone to injury when compared with
the thicker articular cartilage found elsewhere in the
body.1 The incidence of symptomatic Outerbridge

FIGURE 5. Arthroscopic view of right shoulder, with patient in
beach-chair position, through anterior portal. A defect-free articular surface has been created by resurfacing the humerus and glenoid. Chondral darts have been used to secure the tibial condyle
graft within the native glenoid.
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FIGURE 6. Axillary radiographs
taken preoperatively (left) and
postoperatively (right) in a 53year-old patient show the re-creation of the glenohumeral joint
space and a smooth articular surface. The grafts are beginning to
incorporate into the surrounding
host bone.

To date, we have performed our novel procedure in
10 patients. Four patients with a mean age of 47 years
have been followed up for at least 1 month postoperatively. The mean visual analog scale pain score has
improved from 8.7 to 1.5, the mean American Shoulder and Elbow Surgeons score has improved from 57
to 89, and all grafts have remained stable without
signs of resorption (Fig 6). Range of motion has also
been noted to improve considerably.
The use of an all-arthroscopic technique for the
insertion of our allograft components through the rotator interval leaves the subscapularis muscle undisturbed and altogether avoids the complication of rupture. Skendzel and Sekiya13 recently described a
similar insertion technique for glenoid allograft used
to address anterior bone loss and cited faster rehabilitation and elimination of the risk of reattachment
failure as reasons for using this technique. On the
basis of our short-term follow-up data, we agree with
these authors that leaving the subscapularis undisturbed promotes early rehabilitation.
Our novel technique has built on decades of investigation into the possibilities of biologic joint resurfacing. Successful osteochondral allograft and autograft
procedures have been reported for the treatment of unipolar lesions of the glenohumeral joint, with autograft
procedures having the unfortunate downsides of
donor-site morbidity14 and increased contact pressures
in the joint from which graft has been harvested.15

Scheibel et al.14 reported the results of 8 patients with
grade IV lesions of the humeral head treated with
osteochondral autograft from the knee, with good results at a mean follow-up of 32.6 months, although
donor-site morbidity was a problem in at least 2 patients. Implantation of allograft plugs up to 40 mm in
diameter for the treatment of humeral head lesions has
been successful and is described in case series and
case reports.16-20 Recently, open biologic TSA using a
press-fit humeral head was reported with some success
in 7 patients having bipolar glenohumeral lesions as a
result of postarthroscopic glenohumeral chondrolysis,
although the authors noted 2 failures, with 1 of these
being converted to a standard TSA.21
An understanding of the durability of these new
biologic implants is also important for the management of surgeon and patient expectations. A series of
osteochondral grafts, which included 65 fresh tibial
allografts and 72 fresh femoral allografts, showed a
survival rate of 85% at 10 years when used in the
knee,22,23 with the tibial allografts from 1 of these
reports even showing a 43% survival rate at 20
years.23 Use of osteochondral allograft in the shoulder,
which is a non–weight-bearing joint, may reasonably
be expected to show even better survival.24 The use of
osteochondral allografts in the setting of altered bone
metabolism because of smoking, chronic steroid use,
or use of nonsteroidal anti-inflammatory medications
has not yet been studied.25 Despite standardized and
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regulated harvesting practices, implantation of osteochondral allografts has been reported to have led
to bacterial infection,26 and it is recommended that
the graft be removed immediately when even superficial postoperative infection occurs, because of
the presence of necrotic tissue, which can rapidly
become a nidus for recurrence.25 In addition, patients should be counseled regarding the risks of
disease transmission, because there have been 3
reported cases of human immunodeficiency virus
transmission, 2 cases of hepatitis B transmission,
and 1 case of hepatitis C transmission after allograft
transplantation.27 Currently, the risk of human immunodeficiency virus transmission is considered 1
in 1 million.27
We have had early success performing osteochondral allograft resurfacing of the humeral head articular
surface and glenoid articular surface as a bipolar graft
and describe a new all-arthroscopic technique for performing this procedure in young patients with advanced glenohumeral osteoarthritis. We believe that
this technique has potential to be superior to other
available treatments for this patient population because it preserves bone stock, limits damage to surrounding structures, and allows for early rehabilitation. Longer-term follow-up will be needed to better
understand the true benefits of this procedure.
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