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Abstract: Aseptic glenoid loosening is the most frequent cause of

revision and can be associated with severe cavitary, segmental, or

combined glenoid bone defects. In this study, we describe a glenoid

reconstruction technique using tricortical iliac crest graft supplemented

with resorbable bone cement. We report on the results of this technique

in 6 patients with an average follow-up of 15 months. The average

Constant score improved from 36.8 to 59.8 points after revision.

Subjectively, 5 of the 6 patients were satisfied with their results and 1

patient was disappointed. We observed satisfactory healing of the graft

and maintained homogenous density of the graft in 5 of 6 cases. There

was severe erosion of the graft in the case with poor healing and graft

resorption, possibly due to a low-grade infection, although this was not

proven. There was a partial erosion of the graft observed in 2 additional

cases, whereas the remaining 3 cases had no, or only minimal, erosion.

Although long-term follow-up is necessary, we have been pleased with

the early results of this technique for glenoid reconstruction in the

presence of severe glenoid bone loss, an extremely difficult and

challenging surgical problem.
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Glenoid loosening is the most frequent complication after
total shoulder arthroplasty, with reported rates of up to

44%,1--7 and is also the major cause of revision with reported
rates of up to 10% at 10 years.1,3,4,7--10 When revision surgery
is necessary, management of glenoid bone loss can be
challenging. A number of different options are available and
have been described for glenoid reconstruction.9,11--14 The use
of tricortical iliac crest bone graft has been proposed,15,16 main
advantage being that it provides structural resistance to the
prosthetic humeral head and, thereby, decreases the risk of
progressive medial erosion. In cases with a large glenoid
cavitary defect or a combined cavitary and segmental wall
defect, even with implantation of a large structural tricortical

graft and cancellous bone chips, we have observed that there
are often persistent voids behind and around the bone graft.
The use of synthetic bone substitutes is becoming increasingly
popular in trauma and orthopedic surgery.17--21 Numerous
products are currently available containing calcium phosphate,
calcium sulfate, hydroxyapetite, dicalcium and tricalcium
phosphate, or bioactive glass, or combinations of these
materials.22 Our hypothesis was that the use of an injectable
calcium phosphate bone cement [Graftys HBS (hardening bone
substitute), Aix En Provence, France] would be ideal in filling
the voids around and behind the iliac crest tricortical graft and
also provide additional primary stability to the graft construct,
thereby, assisting with bone healing.

MATERIALS AND METHODS
Between February and September 2009, 6 patients (5

male and 1 female) were operated on for aseptic glenoid
loosening. The average patient age at the time of revision
surgery was 66.3 years (range, 54 to 75 y). The initial total
shoulder arthroplasty was performed in 4 cases for posttrau-
matic arthritis (3 of the patients had previously undergone 2, 3,
and 4 surgeries, respectively, to treat either the fracture or
fracture sequalae), and the mean time to revision surgery for
glenoid loosening in these patients was 10 years. The initial
TSA was performed in 2 cases for primary osteoarthritis (none
of these patients had undergone prior surgery), and the mean
time to revision surgery for glenoid loosening in these patients
was 9 years. All of the initial TSA were performed using the
third generation Aequalis shoulder arthroplasty system (Tor-
nier, Montbonnot, France), with a polyethylene keeled glenoid
component anchored with high viscosity cement.

Institutional Review Board approval was obtained for
conducting this study.

Indications
Patients present with symptomatic aseptic glenoid loosen-

ing associated with significant glenoid bone deficiencies
(cavitary, segmental, or combined) precluding immediate
reimplantation of a glenoid component. In patients with
associated rotator cuff deficiency, and insufficient native
glenoid to provide adequate baseplate fixation with a reverse
prosthesis, this technique is also useful to reconstitute the
glenoid bone stock before second-stage implantation of a
reverse shoulder arthroplasty.

Surgical Technique
The patients were initially positioned supine for harvest-

ing of the iliac crest graft. A folded towel was placed under the
ipsilateral buttock to assist with positioning by elevating the
iliac crest. An incision was made directly over the iliac crest in
the region of the iliac tubercle, and the dissection continued toCopyright r 2011 by Lippincott Williams & Wilkins
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the iliac crest. The periosteum and muscular attachments to the
inner and outer tables of the iliac crest were elevated with the
use of an osteotome, thereby, keeping some bone flakes
attached with the soft tissues to assist with repair and bony
reconstitution of the iliac crest defect. An oscillating saw was
used to harvest a tricortical graft, approximately 4 cm in
length, from the widest part of the iliac crest, that is, tubercle.
A curette was used to harvest additional cancellous bone chips.
A drain was placed, and the wound was closed in layers.

The patient was then repositioned in a beach chair position.
A deltopectoral approach was performed in all cases using the
previous skin incision. The axillary nerve was identified and
preserved in all cases. A subscapularis tenotomy was performed
and repaired at the end of the procedure with nonabsorbable
sutures, except in 1 case in which there was a deficient
subscapularis noted at the time of surgery. Multiple deep tissue
samples were taken for routine histologic and microbiological
examination. The humeral head was removed to assist with
glenoid exposure and a new humeral head, typically of the
same size, was implanted at the conclusion of the procedure.
The glenoid was exposed with careful soft tissue dissection. The
loose glenoid component was removed and cement was then
carefully cleared from the glenoid with the use of curettes. The
glenoid vault was cleaned of any soft tissues, to completely
expose the bony margins and reveal the extent of the cavitary

and wall defects. A 2-mm drill was used to create multiple holes
in the base of the glenoid vault to assist with union of the bone
graft. The cancellous graft was impacted into the glenoid defect
followed by insertion of the tricortical iliac crest graft, always
aiming to place the graft in the superior most aspect of the
glenoid vault. The tricortical graft was then impacted firmly with
the use of a bone tamp and the stability of the graft checked
manually. In 3 cases there were large combined cavitary and wall
defects, and therefore, the tricortical iliac crest craft was
additionally stabilized with 2 resorbable screws (Phusis, Saint-
Ismier, France). Graftys HBS was then injected into the
remaining voids around the bone graft (Fig. 1).

One patient has subsequently undergone a second-stage
implantation of a reverse total shoulder arthroplasty, per-
formed at 7 months after the bone grafting surgery (Fig. 2). In
this case, during the initial grafting procedure the humeral
component was removed and none were reimplanted.

Postoperative Rehabilitation
Patients were immobilized in a simple sling for 6 weeks.

Immediate active wrist and elbow exercises were commenced,
combined with pendulum shoulder exercises. At 6 weeks after
surgery, active-assisted shoulder exercises were commenced
and progressive use of the arm for gentle activities of daily
living was allowed. Normal activities of daily living were
permitted at 3 months after surgery.

Clinical and Radiographic Assessment
All patients were entered into a database. Preoperative

and postoperative Constant scores, range-of-motion assess-
ment, and subjective outcome measures were recorded. All
patients were followed at 3, 6, and 12 months after surgery.
The preoperative and postoperative radiographs, taken at 3, 6,
and 12 months, were available and analyzed in terms of:
radiographic evolution of the graft construct; healing of the
structural and cancellous graft; erosion of the graft; and
absence, partial, or complete resorption of the bone graft (Figs.
3, 4). We specifically observed for any potential osteolysis
related to the use of the Graftys HBS, evidenced by either
massive bone loss or limited defects, that is, radiolucent line

FIGURE 1. Drawing of the technique of glenoid reconstruction
using tricortical iliac crest graft with compacted cancellous bone
chips and resorbable Graftys hardening bone substitute cement
injected to fill the voids around the tricortical graft.

FIGURE 2. Immediate postoperative radiographs after revision with tricortical iliac crest bone graft and Graftys Cement hardening bone
substitute (A) and at 7 months (B). Implantation of a reverse prosthesis at 7 months (C).
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around the structural bone graft. In addition, we were able to
perform computed tomographic scans in 5 cases at 1-year
follow-up.

Statistical Analysis
Preoperative and postoperative Constant scores were

compared using the Wilcoxon matched-pairs signed-ranks test.
The level of statistical significance was set as a P value <0.05.

RESULTS
The mean follow-up in this series was 15.3 months (range,

12 to 18 mo) (Table 1). The average Constant score improved
significantly (P<0.05) from 36.8 points (18 to 50) preopera-
tively to 59.8 points (55 to 67) postoperatively. The average
gain in Constant score, therefore, after surgery was 23.0 points
(8 to 49). The average active forward elevation after surgery
was found to be 110 degrees (90 to 140). Subjectively, 5
patients were satisfied and 1 was disappointed.

TABLE 1. Clinical and Radiologic Data

Case

Glenoid

Defect

Screw

Fixation

Follow-

up (mo)

Preoperative

Constant

Score

Postoperative

Constant

Score

Active Forward

Elevation

(Degrees)

Subjective

Result

Homogeneous

Density of the

Graft ie, no

Resorption

Healing

of the

Graft

Erosion

of the

Graft

1 Cavitary No 16 46 55 90 Disappointed No No Severe

2 Combined Yes 12 52 60 100 Satisfied Yes Yes No

3 Combined Yes 14 27 57 110 Satisfied Yes Yes Partial

4 Cavitary No 16 18 67 140 Satisfied Yes Yes No

5 Cavitary No 18 50 60 110 Satisfied Yes Yes Partial

6 Combined Yes 16 28 60 110 Satisfied Yes Yes No

Average 15.3 ± 2.1 36.8 ± 14.2 59.8 ± 4.1 110 ± 16.7

FIGURE 3. Aseptic loosening with combined cavitary and peripheral defect (A, B). Glenoid reconstruction with tricortical iliac crest bone
graft and Graftys hardening bone substitute (C). One-year follow-up showing satisfactory graft healing and incorporation with minimal
erosion (D).
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In all cases, the stability and integrity of the construct was
maintained in the early postoperative period with no evidence
of change in position or collapse of the bone graft. Post-
operative radiographs and computed tomographic scans
showed that there was always a good integration of the
Graftys bone cement with no lucent lines either between the
glenoid bone and bone cement or between the graft (cancellous
and structural) and bone cement. In 5 cases, the density of the
graft appeared homogenous throughout the first year and was
associated with complete healing of the graft. In 1 case, the
graft did not heal and was observed to have undergone some
degrees of resorption at 12 months postoperatively, in addition
to severe erosion of the graft. This case (patient 1) still has
ongoing shoulder pain, and although there is no objective
evidence of infection, the clinical and radiologic failure could
be related to a low-grade infection.

As mentioned earlier, 1 patient underwent second-stage
reverse shoulder arthroplasty at 7 months after the glenoid
reconstruction. A reverse prosthesis was implanted because of
an associated rotator cuff deficiency observed at the time of the
glenoid grafting procedure (supraspinatus and subscapularis).
During the second-stage procedure, a biopsy of the neoglenoid
was performed. Histologic analysis showed excellent osteoin-
tegration of Graftys HBS (Fig. 5). The iliac crest bone graft

was seen to be well consolidated, solid, and dense. A very
close intertwining was observed between Graftys HBS, in the
process of degradation, and new bone formation. There was
complete integration of Graftys HBS into the bone collagen
matrix. This result confirmed the structural integrity of the
graft construct and the beginning of resorption of Graftys HBS.

In the 3 cases, in which the tricortical graft was stabilized
with bioresorbable screws, additional Graftys HBS was
injected into the screw holes before insertion of screws.
Postoperative radiographs showed extrusion of bone cement
into the supraspinatus fossa. At 1-year follow-up, the bone
cement was still present and appeared unchanged (Fig. 4).

DISCUSSION
When a glenoid component fails and becomes loose,

cavitary defects are often created in an anatomically relatively
small bone volume. When these defects become severe or are
combined with defects of the thin cortical vault walls,
immediate reimplantation of a new glenoid component may
not be possible. The surgeon must decide to either simply
remove the glenoid component3,9,10,14 or perform reconstruc-
tion of the glenoid with bone graft.11,12,15,16 On the basis of our
earlier experience, our preferred technique for management of

FIGURE 4. Radiographs at 3 months after revision showing homogenous density of the graft and cement extrusion through screw hole
(arrow) (A). One-year follow-up radiograph, note that the cement in the supraspinatus fossa has not been resorbed (black arrow) (B).
Computed tomographic scan at 1 year showing satisfactory graft incorporation (C).
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glenoid bone loss is tricortical iliac crest structural bone graft
reconstruction.16 Our goal with glenoid reconstruction is to
provide a solid articulating surface area and a fulcrum for the
prosthetic humeral head. We believe that the ideal reconstruc-
tion technique should, therefore, result in a graft construct that
offers sufficient primary resistance, heals to the native glenoid,
avoids secondary subsidence, and resists medialization of the
humeral head secondary to erosion. Moreover, the technique
should allow either immediate or secondary glenoid compo-
nent reimplantation once the bone stock has been reconstituted.

Our hypothesis was that injection of resorbable cement in
conjunction with structural autograft would enhance the primary
stability of the graft construct, while allowing healing of the
structural graft to the native glenoid. In this series, we did not
observe any change in position of the graft, and healing was
observed in all but one case. In cases with intact glenoid vaults,
that is, cavitary defects, the graft was impacted into the central
defect, whereas in cases of combined central and peripheral
defects, the graft needed to be secured to the remaining glenoid
with absorbable screws. In both of these situations, it was
impossible to contour the tricortical iliac crest graft exactly to
match the glenoid defect, and the injection of the resorbable
cement around the graft enabled us to fill the voids. We believe
that the addition of injectable cement into these voids increased
the primary stability of the graft construct and, potentially,
enhanced the osteointegration and healing of the graft.

In our small series, it seemed that the injectable Graftys
cement was very well tolerated. We did not observe any

inflammatory reaction, either clinically or in the histologic
analysis. Furthermore, sufficient numbers of bone marrow
cells were seen within the graft construct and adjacent to the
cement, confirming the biocompatibility of the biomaterial.23

No fibrous interface was observed between the cement and
bone trabeculae. At 7 months, the histology showed partial
resorption of the cement.

It has been shown that the use of tricortical structural iliac
crest bone graft is better at resisting secondary subsidence or
humeral head migration than allograft reconstruction9–13 or
compaction of cancellous bone chips.15 In this series, we
observed 1 case of secondary partial or incomplete resorption
that could have been related to an unproven low-grade
infection. Nonetheless, the goal of the resorbable cement was
not to enhance the resistance of the bone graft against humeral
head medialization, which is provided by the tricortical iliac
crest structural graft, and we, therefore, do not consider this
case as a failure of the cement.

We have found that this technique can be applied to the
majority of glenoid deficiencies encountered at revision surgery
that requiring grafting, either cavitary or combined. We
specifically recommend that the graft be placed at the most
superior aspect of the glenoid vault and impacted in a medial and
superior direction. We recommend the use of additional screw
fixation in those cases in which primary stability of the tricortical
iliac crest graft cannot be obtained after the impaction of the
graft into the defect. In those cases, in which there is a complete
wall deficiency and, therefore, a very small, shallow glenoid
vault, we would advise caution using this technique, given our
concerns with regard to the immediate stability of the graft
construct. In this scenario, we would suggest not re-implanting
the humeral head initially, to reduce the shear forces on the graft
construct; we would, instead, recommend performing a 2-stage
procedure with either delayed reimplantation of the humeral
head with or without glenoid component after graft healing, or
our preferred option in the older patient would be to implant a
reverse prosthesis during the second stage. We believe the
reverse shoulder arthroplasty would be associated with a more
predictable outcome in this setting, both in terms of pain relief
and function.

There are a number of limitations to this study. We have
reported on a very small series with a relatively short follow-
up. However, the number of revision arthroplasties performed
for glenoid loosening is generally small, and therefore large
series in the literature are rare. The main purpose of this study
was to report our surgical technique for glenoid reconstruction
using Graftys HBS and the early results, particularly with
respect to graft construct stability and healing potential. We
will continue to follow our patients and report on the medium
and long-term results.

In summary, we believe that the addition of injectable
Graftys HBS resulted in improved mechanical stability of the
iliac crest tricortical graft used for glenoid reconstruction. Five
of 6 patients had a complete healing of the bone graft using the
described technique, and we did not observe any radiolucent
lines associated with resorption of cement. One patient
underwent a successful second-stage implantation of a reverse
shoulder arthroplasty after glenoid reconstruction.
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