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Arthroscopic Glenoid Bone Augmentation Using Iliac
Crest Autograft Is Safe and Effective for Anterior

Shoulder Instability With Bone Loss

Matthew Oldfield, B.Sc., M.D., Joseph Burns, M.D., F.A.A.O.S., and
Ivan Wong, M.D., F.R.C.S.C., M.A.cM., Dip. Sports Med, F.A.A.N.A.
Purpose: To establish a safety profile for an arthroscopic anatomic glenoid reconstruction using autologous iliac crest
bone graft to treat shoulder instability with significant bone loss and to evaluate short-term clinical and radiological
outcomes. Methods: A retrospective analysis of prospectively collected data was conducted for the patients who were
treated for shoulder instability with bone loss using arthroscopic autologous iliac crest bone graft between November 2014
and June 2018. The safety profile was established by detective intraoperative or postoperative complications such as
neurovascular injuries, infections, major bleeding, and subluxations. Short-term clinical and radiologic outcomes also
were evaluated. Results: Thirteen patients were included in the study. A safety profile was observed, with no occurrence
of intraoperative complications, neurovascular injuries, infection, or major bleeding. There were no dislocations or pos-
itive apprehension tests on clinical examination postoperatively. Postoperative Western Ontario Shoulder Instability
(WOSI) scores were significantly greater than preoperative WOSI scores, with a mean improvement of 35.0 � 20.2 (P <
.001). Twelve patients (92.3%) received postoperative computed tomography scans, with 11 of 12 patients (91.7%)
displaying complete graft union. Conclusions: Arthroscopic treatment of shoulder instability with bone loss via autol-
ogous iliac crest bone graft is shown to be a safe operative procedure that results in favourable short-term clinical and
radiologic outcomes, with a significant improvement in WOSI scores and high rates of graft union. Although graft
resorption was seen in most patients who had postoperative computed tomography imaging, there were no instances of
clinical graft failure. Level of Evidence: Level IV, therapeutic case series.
nstability of the anterior shoulder resulting from
Itrauma is associated with various injuries, both soft-
tissue and osseous in nature. Bankart lesions for
example, which involve detachment of the anterior
fibrocartilaginous glenoid labrum, have been found in
68% of patients with recurrent shoulder dislocations.1

Examples of significant osseous defects may include
engaging Hill�Sachs lesions of the humeral head or
inverted-pear lesions of the anterior glenoid. These le-
sions are present in up to 22% of patients following an
Department of Surgery, Faculty of Medicine, Dalhousie Univer-
, Nova Scotia Canada (M.O., I.W); and Department of Ortho-
houlder Surgery, Wellstar Medical Group, Alpharetta, Georgia,
.
rs report that they have no conflicts of interest in the authorship
tion of this article. Full ICMJE author disclosure forms are
this article online, as supplementary material.

y was performed at Queen Elizabeth Health Sciences Center,
a Scotia, Canada.
r has been presented at the 2019 Canadian Orthopaedic Associ-
Annual Meeting as a podium presentation and at the 2019

Arthroscopy, Sports Medicine, and Rehabilitation, V
initial dislocation of the shoulder and up to 88% of
patients with recurrent instability.2 Furthermore, 50%
of patients with recurrent instability have been found to
have significant glenoid bone loss greater than 10%.3

It has been observed that rates of postoperative
instability recurrence, either subluxation or redis-
location, are much greater when a significant bone
defect is present. While soft-tissue lesions are
commonly successfully repaired arthroscopically with
postoperative subluxation recurrence rates reported as
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low as 4%, the rate of instability recurrence following
arthroscopic Bankart repair is 67% in patients who also
have glenohumeral bone deficits present.4 Besides gle-
noid or humeral bone loss, other risk factors for greater
failure rates following Bankart repair include being
younger than 20 years of age, participation in
competitive contact sports, and shoulder hyperlaxity.5,6

For patients with significant glenoid bone loss and
other risk factors for failure of Bankart repair, proced-
ures involving augmentation of the anterior glenoid
with a bone graft yield lower rates of recurrent insta-
bility.7-9 These procedures include the Latarjet�Bristow
technique (transfer of an autologous coracoid graft to
the anterior glenoid), distal tibial allograft, and iliac
crest autograft augmentation techniques.10 While the
Latarjet�Bristow procedure is traditionally viewed as
the gold-standard treatment in the context of recurrent
anterior shoulder instability with bony defects, it is a
nonanatomic procedure associated with rates of intra-
and postoperative complications as high as 30%,
including injury to the axillary, suprascapular, and
musculocutaneous nerves.11 Repair via open iliac crest
autograft also yields good clinical outcomes but shares
similar risks to the Latarjet procedure.10

Both the Latarjet�Bristow and open iliac crest auto-
graft procedures require splitting of the subscapularis
muscle for their respective grafts to be positioned at the
anterior glenoid, thereby increasing risk of injury to the
axillary and musculocutaneous nerves.10,11,12 With is-
sues such as this in mind, minimally invasive shoulder
surgery techniques have continued to be developed and
used in recent years, with arthroscopic treatment of
severe instability with bone loss now possible using
coracoid autograft,12,13 iliac crest autograft,14 and distal
tibial allograft.15 Specifically, Wong and Urquhart15

developed and published a technique involving an all-
arthroscopic anatomic glenoid reconstruction with
distal tibial allograft using an additional medial portal
created parallel to the glenoid surface from an inside-
out technique. This technique allows the distal tibial
allograft to be passed to the anterior glenoid without
damaging the subscapularis muscle and neurovascular
structures.
This aforementioned portal, referred to as the Halifax

portal,16 is now also being used for an all-arthroscopic
anatomic glenoid reconstruction (AAGR) with iliac
crest autograft. As the graft is sourced from the patient,
benefits of this technique include excellent graft avail-
ability and lower procedural costs compared with
techniques using an allograft. The purposes of this study
were to establish a safety profile for an AAGR using
autologous iliac crest bone graft to treat shoulder
instability with significant bone loss and to evaluate
short-term clinical and radiologic outcomes. We hy-
pothesized that AAGR using an autologous iliac crest
bone graft would show a good safety profile and
promising short-term outcomes for treating anterior
shoulder instability with significant glenoid bone loss.
Methods

Design
This study was a retrospective analysis of data

collected prospectively from patients who underwent
arthroscopic treatment of shoulder instability using iliac
crest autograft augmentation, performed by the 2 se-
nior authors (I.W. and J.B.) between November 2014
and June 2018 in the 2 institutions in Canada and the
United States, respectively. This study was approved by
the Nova Scotia Health Authority Research Ethics
Board.

Patients
From November 2014 to June 2018, the patients who

underwent arthroscopic treatment of shoulder insta-
bility using iliac crest autograft augmentation were
included in the study. This population consisted of both
patients undergoing a primary surgery for treatment of
anterior instability and those undergoing a revision
surgery due to a previous failed procedure, such as a
Bankart repair. Patients with neither a preoperative nor
a postoperative Western Ontario Shoulder Instability
Index (WOSI) score would be excluded from the study.

Surgical Technique
All procedures were performed arthroscopically. Pa-

tients were placed under general anesthetic and posi-
tioned in lateral decubitus. To begin, diagnostic
arthroscopy was performed. The rotator interval was
then excised with the conjoint and coracoacromial lig-
aments exposed. The medial Halifax portal was then
created anteriorly via an inside-out technique as pre-
viously described by Wong and Urquhart.15 Next, an
arthroscopic measurement of glenoid bone loss was
taken. The anterior glenoid neck was then prepared for
graft placement by radiofrequency ablation and me-
chanical shaving to expose and flatten its surface. With
the medial Halifax portal created and the anterior gle-
noid prepared, the iliac crest bone graft was harvested
from the patient’s ipsilateral side using an osteotome
and/or a microsaggital saw. To properly reconstitute
lost glenoid bone, graft size depended on the degree of
defect presented. A graft would generally be measured
0.5 to 1 cm in anterior-to-posterior dimension and 2 to
2.5 cm in superior-to-inferior dimension. After the graft
was harvested, it was prepared on the back table and
attached to a handled double-barreled arthroscopic
cannula (Depuy Mitek, Inc., Raynham, MA). It was
inserted into the shoulder via the Halifax portal, lateral
to the conjoint tendon, superior to the subscapularis,
and fixed to the anterior inferior glenoid with 2
bicortical cannulated screws as previously described by
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John and Wong.17 Following graft fixation, a Bankart-
type repair was performed to repair the previously torn/
released capsulolabral tissue back to the native glenoid
with 3 suture anchors. Finally, the shoulder was taken
through a range of motion to ensure the humeral head
was stable.

Postoperative Rehabilitation
Following their procedure, all patients were dis-

charged home with their shoulder placed in neutral
rotation via a brace for 6 weeks. Each patient was asked
to engage in a physical therapy protocol consisting of
passive mobilization exercises up to neutral rotation for
the first 2 weeks, then increasing gradually to assisted
active and active range of motion (ROM) exercises with
a goal of full active ROM by 6 to 7 weeks. Once full
ROM was achieved, focus was shifted towards
strengthening the surrounding muscles and scapular
control. A computed tomography (CT) scan would
typically be conducted between 6 and 9 months
following surgery to confirm bony union, after which
return to sport would be permitted.

Data Collection
Once determined to meet inclusion criteria, partici-

pants’ demographic information including operative
side, sex, and age at time of procedure was collected
from their medical charts. Other information collected
from their charts included clinical characteristics such as
past shoulder surgeries, the presence and extent of
glenoid and humeral bone loss, and previous fractures.
To accomplish our primary objective of establishing a
safety profile, a chart review to assess for the occur-
rence of intraoperative complications such as neuro-
vascular injury or major bleeding was performed.
Occurrence of postoperative complications such as
infection, subluxation, or dislocation was also assessed.
The measurements of graft positioning were based on
the axial plane for medialelateral (ML) steps and the
sagittal plane for the vertical graft positions, respec-
tively. The ideal graft positions are flush with glenoid
(i.e., ML step ¼ 0) and are at 3 to 5 o’clock.
The secondary objective of evaluating short-term

clinical outcomes was accomplished through the com-
parison of preoperative and postoperative WOSI index
scores. The WOSI index is a validated patient-reported
outcome measure for patients with shoulder insta-
bility that assesses the impact of injury on shoulder
function within domains of physical function, recrea-
tion, lifestyle and emotional well-being.18,19 All patients
included in the study completed WOSI questionnaires
preoperatively and at a minimum approximately 6
months postoperatively. The WOSI questionnaires
were self-administered by the patients. The WOSI
scores were reported out of 100 points and the minimal
clinically important difference of WOSI is 10.4.19
Short-term radiologic outcomes also were evaluated
via postoperative diagnostic imaging to assess for graft
union and reabsorption. To accomplish this, ante-
roposterior, lateral, and axial radiographs were ob-
tained routinely preoperatively, at 2 weeks
postoperatively to rule out fractures and screw malpo-
sitioning, and again at approximately 1 year following
surgery. Patients also underwent CT preoperatively to
measure glenoid bone loss and at approximately 6
months postoperatively to assess for bone healing
before being cleared for return to sport. All post-
operative CT scans were also used to further assess
bony union and graft resorption, as well as to ensure
proper placement of the bone graft relative to the gle-
noid while measuring preoperative and postoperative
sagittal dimensions of the glenoid. All CTs were
reviewed by the senior author (I.W.).

Statistical Analysis
Statistical analysis of the data was carried out with

multiple 2-sided paired t tests and one-way analysis of
variance, with frequencies and percentages reported for
categorical variables while means with standard de-
viations were reported for continuous variables. Pa-
tients with different graft resorption levels were
compared using analysis of variance in terms of their
postoperative anteroposterior dimensions of grafts, and
glenoid with and without grafts. To estimate the effect
size of the changes from preoperative to postoperative
WOSI scores, Hedges’ g was selected and calculated due
to the small sample size of this study. The analysis was
conducted using the SPSS (version 25, IBM Corp.,
Armonk, NY) with a significance level of .05.

Results
From November 2014 to June 2018, 16 patients met

the inclusion criterion and 2 patients were excluded
due to being without any WOSI scores, leaving a total
of 14 patients to be included in the study. One patient
was lost to follow-up; therefore, 13 patients with a
mean follow-up of 1.4 years (range: 0.33-3.73 years)
were finally included in the analysis (Fig 1). With either
preoperative CT or diagnostic arthroscopy, all patients
included in the study were found to have glenoid bone
loss (20%-45%). The demographics are summarized in
Table 1.

Safety Profile
No intraoperative complications were observed in this

case series such as neurovascular injury or major
bleeding. There were no postoperative complications
including hardware complications and consequently
there was no need for revision surgeries for hardware
removal. One patient was found to have partial graft
nonunion; however, this was asymptomatic and the
patient did not require further surgery. Three patients



Fig 1. CONSORT (Consolidated Standards of Reporting Trials) flow chart of patient selections, including the number of patients
initially included due to the inclusion criterion (n ¼ 16), the number of the patients excluded due to missing patient-reported
outcomes (n ¼ 2), the number of patients lost to follow-up (n ¼ 1), and also the number of the patients finally included in
the analysis (n ¼ 13).
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reported iliac crest donor site pain; however, no pa-
tients required further surgery for any complication at
the iliac crest donor sites.

Clinical Outcomes
Short-term clinical outcomes were found to be

favorable. None of the patients experienced dislocation
during follow-up nor presented with a positive shoul-
der apprehension test during clinical examination.
There was a significant improvement from preoperative
Table 1. Study Population Demographics and Clinical
Characteristics

Preoperative Findings N (%)

Number of patients 13
Follow-up, y, mean � SD 1.4 � 1.3
Age at surgery, y, mean � SD 30.6 � 14.2 (16.3-70.5)
Sex

Male 8 (61.5%)
Female 5 (38.5%)

Side
Right 7 (53.8%)
Left 6 (46.2%)

Glenoid bone loss, mm; AP, mean � SD 7.33 � 2.85 (20%-45%)
Indications

Bone loss 10 (76.9%)
Bone loss and previous failed surgery 3 (23.1%)

AP, anteroposterior; SD, standard deviation.
70.4 � 23.3 to postoperative 37.9 � 20.6 (lower score is
better) (P < .001, Hedges’ g ¼ 1.48) (Table 2). There
were 91% of patients who met the minimal clinically
important differences of the WOSI scores.

Radiographic Outcomes
Postoperative CT scans were performed to assess bone

healing and progress of rehabilitation on 12 patients
(92.3%), with a mean of 11.0 months between the
surgery and CT scan (Table 3). Eleven of 12 patients
(91.7%) displayed complete graft union. One patient
(8.3%) had partial nonunion, as there was nonunion of
the proximal graft but healing of the inferior graft. The
mean preoperative anterior-to-posterior dimension of
the glenoid was 22.0 � 3.1 mm. Postoperatively the
mean anterior-to-posterior dimension of the glenoid
with graft was 29.3 � 1.8 mm. Graft resorption was
noted in 11 patients (91.7%). Of the 11 patients with
Table 2. Pre- and Postoperative Western Ontario
Shoulder Instability Index (WOSI) Scores

Outcome Mean � SD

Preoperative WOSI Scores 70.4 � 23.3
Postoperative WOSI Scores 37.9 � 20.6
D WOSI 35.0 � 20.2

SD, standard deviation.



Table 3. Postoperative CT Findings (N ¼ 12)

CT Assessments N Mean � SD

Time between surgery and CT, mo 12 11.0 � 13.79
AP dimension without graft, mm 12 22.0 � 3.1
AP dimension with graft, mm 12 29.3 � 1.8
Graft size, mm 12 7.3 � 3.0

AP, anteroposterior; CT, computed tomography; SD, standard
deviation.
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resorption, 6 (54.5%) had <25% resorption, 4 (36.4%)
had 25-50% resorption, and 1 patient (9.1%) had>50%
resorption. In the 2 patient with>50% resorption, there
remained an autograft sagittal dimension of 3.6 mm.
There are no statistically significant differences among
the patients with different graft resorptions in terms of
anteroposterior dimensions with and without graft, and
graft sizes (Table 4). All patients had the ideal vertical
graft position (i.e., 3-5 o’clock) and 11 patients’ graft
positionings (92%) were flush with the glenoid (i.e., ML
step ¼ 0). There was 1 patient whose graft had 1.9 mm
medial step that is also within the acceptable range.

Discussion
The AAGR using an autologous iliac crest bone graft

showed good results regarding both the safety profile
and short-term clinicoradiographic outcomes, especially
when considering that our study population had a high
risk for failure and recurrence of shoulder instability. As
the average anterior-to-posterior dimension of the
glenoid has been reported to range from 23 to 25
mm,20-22 our patient population had a mean glenoid
bone loss of approximately 30%. No intraoperative
complications were observed, including neurovascular
injury or major bleeding. There were no instances of
infection postoperatively. No patients experienced
subluxation during follow-up nor presented with a
positive shoulder apprehension test during clinical ex-
amination. Also, WOSI index scores assessing the
impact of injury on shoulder function within domains
of physical function, recreation, lifestyle and emotional
well-being improved significantly postoperatively.
The excellent safety profile for AAGR using autolo-

gous iliac crest bone graft can likely be attributed to
keeping the subscapularis muscle and conjoint tendons
Table 4. Comparison of Patients With Different Graft Resorptions
Sizes

Graft Resorption N AP Dimension Without

No resorption 1 17.6
<25% resorption 6 22.9 � 3.7
Resorption between 25% and 50% 4 21.3 � 1.7
>50% resorption 1 23.7
P value (alpha ¼ 0.05) .433

AP, anteroposterior; CT, computed tomography; SD, standard deviation
intact. These structures can be visualized and protected
through the establishment of the Halifax portal via an
inside-out technique, where the switching stick is
passed through the rotator interval superior to the
subscapularis and lateral to the conjoint tendon. In fact,
the Halifax portal is on average a minimum of 4.5 cm
away from the musculocutaneous and axillary nerves
since they are shielded by the intact subscapularis
muscle and conjoint tendon.16 In addition, the risk of
neurovascular injury is minimized with this arthro-
scopic technique, as it does not require the use of sig-
nificant tissue or periarticular retraction necessary for
open reconstruction techniques.
Conversely, some of the most prominent concerns

regarding the safety profile of the Latarjet procedure are
the injury to the musculocutaneous and axillary nerves.
Delaney et al.23 used neuromonitoring to find that 7 of
34 patients (20.6%) suffered from axillary nerve deficit
following a Latarjet procedure. Shah et al.24 similarly
recorded 5 of 50 patients (10%) to have neurologic
injury after Latarjet reconstruction, including 2 in-
stances of injury to the musculocutaneous nerve, 2 to
the axillary nerve, and 1 involving injury to the radial
nerve. Perhaps most notably, a systematic review of 45
studies by Griesser et al.25 found the total complication
rate to be 30%, including neurovascular injury, redis-
location, hematoma, and graft fracture. AAGR using
iliac crest autograft certainly demonstrates a favorable
safety profile in comparison, although we did not use
the same method of determining nerve-related
complications.
In comparison with the Latarjet procedure, the

technique described in this study also benefits from
being an anatomic reconstruction, as there is no
requirement for repositioning the conjoint tendon or
splitting the subscapularis muscle for graft placement.
The original anatomy of the shoulder is conserved, as
are its biomechanics. Other anatomic bony recon-
struction techniques using distal tibial allograft have
been shown to offer a comparable safety profile and
clinical outcomes to iliac crest bone graft,26,27 although
with increased monetary cost and small risk of disease
transmission or immune response provocation due to
use of an allograft. In contrast, sourcing the graft from
the patient’s iliac crest is less expensive and inherently
in Terms of AP Dimensions With and Without Graft, and Graft

Graft, mm AP Dimension With Graft, mm Graft Size, mm

28.8 11.2
30.6 � 1.1 7.7 � 3.5
28.1 � 1.9 6.8 � 1.3
27.3 3.6

.084 .361

.
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allows for excellent graft availability, at the cost of risk
of donor-site morbidity. Although the iliac crest is a
common donor site due to low morbidity,28 13% to
20% of patients may experience chronic pain.29,30 This
should be taken into consideration, yet may be offset
against the significant improvement in quality of life
experienced by these patients, as reflected by the
improvement in WOSI scores.
In this study 11 of 12 patients (91.7%) who had

postoperative CT imaging experienced some degree of
bone graft resorption as seen on CT imaging. This is in
line with the findings of Hoffelner et al.,31 who re-
ported that 100% of 11 patients experienced bone
resorption after having undergone revision shoulder
arthroplasty with bone graft. Another retrospective
review of 11 patients with bone grafts to correct for
severe glenoid defects by Scalise and Iannotti32 also
saw 100% of subjects demonstrate resorption. There
are other studies that report lower rates of allograft
and autograft reabsorption in the context of significant
glenoid bone loss26,33-35; however, it is important to
note that even though most patients in our study
population experienced resorption, there were no in-
stances of graft failure or clinical instability. Even in
the one patient with >50% resorption, there remained
an autograft sagittal dimension of 3.55 mm, enough to
maintain clinical stability of the shoulder. Overall, the
occurrence of graft reabsorption in the majority of
patients in our study could be explained by Wolff’s
law, where if a placed graft caused the glenoid to be
larger than its physiological size, it would undergo
physiological reabsorption to remodel to native bony
anatomy.36

This study investigated the clinical outcomes of an
arthroscopic iliac crest autograft and also included the
use of both clinical and radiological data to aid in
forming more comprehensive comparisons of preoper-
ative and postoperative measurements. Furthermore,
the data were collected from 2 different centers with 2
different surgeons.
Limitations
The main limitations of this study are its small

sample size and retrospective nature, as the reviewing
of patient charts to assess for intraoperative and
postoperative complications could be a potential
source for error due to the limited information avail-
able in these charts. One must also consider that we
only have follow-up beyond 2 years postoperatively in
3 of 14 patients (21.4%). Recurrent instability is the
most common complication following a procedure
involving anterior stabilizing and is more likely to
occur later on. Further investigations are required to
evaluate the longevity of these positive health
outcomes.
Conclusions
Arthroscopic treatment of shoulder instability with

bone loss via autologous iliac crest bone graft is shown
to be a safe operative procedure that results in favour-
able short-term clinical and radiological outcomes, with
a significant improvement in WOSI scores and high
rates of graft union. Although graft resorption was seen
in most patients who had postoperative CT imaging,
there were no instances of clinical graft failure.
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