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Abstract

Purpose Surgical management of end-stage glenohu-

meral osteoarthritis represents a challenge in young

patients. Bipolar fresh osteochondral allograft (BFOA)

represents a fascinating option to prosthetic substitution.

Aim of this report is to describe an original technique for

BFOA implantation in the shoulder and to describe the

clinical and histological results at 30-month follow-up.

Methods A 47-year-old man received BFOA of the

shoulder. Clinical and radiographical evaluations were

carried out periodically up to 30 months.

Results The clinical score increased from 40 to 78 points

(Constant Score), decreased from 64 points to 10 (DASH

Disability/Symptom Score) and from 94 points to 0 (DASH

Work module Score). Radiographically arthritis and partial

reabsorption of the implanted surfaces were evident.

Conclusions The clinical result obtained in this patient

seems to support the applicability of BFOA in the shoulder

with severe post-traumatic arthritis and with intact rotator

cuff. Although unrelated to the clinical result, the occurrence

of arthritis of the implanted surfaces is cause of concern.

Level of evidence Case report, Level V.

Keywords Shoulder arthritis � Bipolar fresh

osteochondral allograft � Total replacement

Introduction

Osteoarthritis of the glenohumeral joint is one of the most

common etiologies of shoulder pain [24]. Although surgi-

cal options have expanded over time, the management of

end-stage glenohumeral osteoarthritis still represents a

challenge in young patient population [2].

In patients with intact rotator cuff, the most used

surgical options are represented by total shoulder

arthroplasty and hemiarthroplasty with or without bio-

logic glenoid resurfacing, even in patients younger than

55 years [19, 26].

Nevertheless, the experience of shoulder arthroplasty in

young patients has been marked by a high percentage of

unsatisfactory results, although recent reports show favor-

able outcomes in the short term to midterm [15, 21, 23].

Bipolar fresh osteochondral allograft (BFOA) has been

firstly proposed for the ankle and knee joint and represents

a fascinating option for the biological joint reconstruction

[3–5, 9, 10, 13, 16].

The rationale of BFOA is to provide viable cartilage that

can survive transplantation, supported by an intact sub-

chondral bony structure which is progressively integrated

and replaced by host bone over time [6, 11, 13].

To our knowledge, there is no experience in literature

about a procedure of bipolar total allograft applied to the

shoulder [1, 13, 17, 20].

Aim of this study is to describe an original technique of

total bipolar fresh allograft of the shoulder joint and to

report the clinical and histological results obtained in one

case at 2-year follow-up.
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Case report

A 47-year-old man was referred for the evaluation of

longstanding left shoulder pain and mechanical symptoms

at authors’ institution. He had undergone a repair for

recurrent left shoulder instability with Latarjet procedure

8 years before, still symptoms persisted. An arthritis of the

glenohumeral surfaces was evident at the radiographs,

while the ROM was near to complete, although painful.

A substitution of the bare articular surfaces with a fresh

bipolar allograft was indicated as a surgical option (Fig. 1a, b).

The procedure was approved by the ethical committee of

the institution, and informed consent to the procedure was

obtained by the patient.

The shoulder was examined in order to assess the pain

and the functional impairment. Clinical evaluation before

allograft reconstruction was performed and rated according

to Constant Score, DASH Disability/Symptom Score and

DASH Work module Score.

Radiographic evaluation was performed with standard

radiographs (Fig. 2) and a CT scan of the affected shoulder

in order to digitally measure the shoulder size. The su-

peroinferior and anteroposterior diameters of the glenoid

were taken into account along with the diameter of the

humeral head considered as a sphere, and used to match the

donor size with the recipient. The candidate was then

inserted in a waiting list until the availability of an

appropriate-sized donor. The donor was identified through

the Bone Bank program for musculoskeletal tissue trans-

plantation. With a standard surgical procedure, in a sterile

regimen, the entire shoulder joint was harvested ‘‘en bloc’’

from the donor. Once harvested, a mini-incision was per-

formed in the capsule in order to visually check the status

of the cartilage and to permit the diffusion of the storing

medium. The joint was then placed in a sterile container

with L-glutamine, NaHCO3 and antibiotics solution and

then stored at 4�C. An MRI was finally performed on the

harvested shoulder in order to verify articular cartilage

integrity, while the adequacy of shoulder size for the

patient was verified through a CT scan.

Allograft implantation was performed 10 days after the

harvest.

Fig. 1 Scheme showing the cut of the recipient surfaces and the allograft positioning

Fig. 2 Preoperative radiographs of the left shoulder
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The surgical session consisted of two steps: the first for the

graft preparation and the second for the graft implantation.

Step 1. On a separate surgical table, all soft tissues were

carefully removed from the harvested shoulder, taking care

not to damage the cartilage. Then, the articular surfaces of

the glenoid and the humeral head were accurately cut with

a standard pneumatic saw, maintaining intact the whole

articular surface and about 10–12 mm of subchondral

bone. The prepared articular surfaces (Fig. 3) were then

temporarily placed in a container with saline solution.

Step 2. The patient was placed in beach-chair position

under general anesthesia. A standard deltoideo-pectoral

approach was performed. With a blunt dissection, the cephalic

vein was identified and dislocated laterally. The subscapular

muscle was then identified and detached from its insertion.

The capsule was opened and the humeral head was

dislocated anteriorly. Under fluoroscopic control, two

parallel Kirschner wires were placed in the humeral neck

(perpendicular to the axis of the neck) and two Kirschner

wires were placed in the base of the glenoid, parallel to the

articular surface, in order to define the plane for the bony

cut. The cut was then made using a standard pneumatic

saw. The articular surfaces of the humeral head and the

glenoid were removed and replaced with the previously

prepared allograft components (Fig. 4).

The newly implanted glenoid was fixed with two small-

fragment screws, whereas the humeral head was fixed with

twist-off screws (Citieffe, Calderara di Reno, Bo, Italy).

The joint was reduced and fluoroscopic control was per-

formed in order to verify the correct placement of the graft;

moreover, the range of motion of the shoulder was

checked.

Finally, the subscapular muscle was reinserted, one

drainage was placed, and a routine suture was performed.

Postoperative radiographs were taken (Fig. 5).

A low postoperative immunosuppressive protocol was

carried out. This included Cyclosporin 3 mg/Kg die for

6 months and Deltacortene 10 mg per day for the 1st

month then 5 mg per day for 2 months.

Nine months after surgery, the patient underwent a

second surgery for hardware removal and bioptic evalua-

tion of the implanted allograft.

Biopsy of cartilage, bone and synovial tissue was taken,

and immunological and immunohistochemical analyses of

the specimens were carried out.

Fig. 3 Intraoperative view of the prepared graft

Fig. 4 Intraoperative view of the graft placed in the recipient site

Fig. 5 Postoperative radiographs of the left shoulder
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Results

No intraoperative or postoperative complications occurred.

At 30-month follow-up, the patient had full range of

painless motion with no additional complains of rest pain or

pain related to activities; the Constant Score increased from 40

to 78 points, the DASH Disability/Symptom Score decreased

from a preoperative score of 64 points to 10 and the DASH

Work module Score decreased from 94 points to 0.

The patient declared to be satisfied of the treatment and

the result.

Integration of the graft with bone consolidation was

evident at 5 months radiographs follow up. Nevertheless,

arthritis and partial reabsorption of the implanted surfaces

were evident at final follow-up (Fig. 6).

Immunohistochemical analysis of the bioptic specimens

revealed vital cartilage with a high proteoglycan content,

normal cellular distribution and type 2 collagen expression.

Moreover, on the bony interface, the biopsy demonstrated the

complete osteointegration between the graft and the patient.

Finally, analysis of synovial biopsy revealed limited number

of macrophages, without prominent perivascular inflamma-

tory cell infiltrates or lymphoid aggregates.

Discussion

The most important finding of the present study was the

applicability of BFOA in the shoulder with severe post-

traumatic arthritis and with intact rotator cuff, representing

a fascinating possible alternative to traditional prosthetic

substitution.

The applicability of BFOA has been established in

the ankle joint, while in the other joints, only the use

of partial or monopolar allografts has been reported

to date [1, 3, 7, 8, 10, 22]. Particularly in the shoul-

der, the concept of allograft implantation is well

established in the treatment of shoulder instability

[25] and in revision shoulder arthroplasty [6]; other-

wise, no reports exist regarding a bipolar total fresh

allografting.

The arthritic shoulder may represent an ideal indication

for the substitution by BFOA since it is a non-weight-

bearing joint, but it is subject to compressive and shear

forces which may easily be cause of mobilization of

prosthetic components [12].

The allograft, instead, has the capability to be fully

integrated by the recipient and maintains a biomechanics of

the shoulder as close as possible to normal.

Based on the idea of a role of the immunological

system in the aggression to the transplanted cartilage, an

immunosuppressive therapy was performed in order to

prevent that damage, resulting in arthritis [14, 18]. The

protocol we used was a light immunosuppressive therapy,

already in use for rheumatologic disease and performed

for 6 months. This protocol was easily tolerated by the

patient and no adverse event was noticed; nevertheless,

the protective effect against arthritis occurrence was of

scarce efficacy. Further studies are required in order to

understand how to prevent arthritic changes in trans-

planted cartilage.

BFOA is a technically demanding surgery, requiring a

multidisciplinary approach and a bone bank facility. The

relevance of this work is that the results obtained support

the applicability of BFOA in the shoulder in a larger case

series, as an interesting surgical alternative to traditional

arthroplasty in severe post-traumatic shoulder arthritis in

young active patients.

Conclusion

The clinical results obtained in the case described were

extremely satisfactory in terms of pain resolution, range of

motion, overall function of the transplanted shoulder,

patient’s satisfaction and quality of life. The histological

results also confirmed a good survivorship of the chon-

drocytes at 19 months after implantation and a nice inte-

gration of the graft. Nevertheless, despite correct

positioning and size, at 2-year follow-up, the radiographi-

cal results were disappointing, even if uncorrelated with the

clinical result.
Fig. 6 30-month follow-up radiographs of the left shoulder showing

arthritis and moderate reabsorption of the allograft
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