
Technical Note
From Ste
(J.W.A., B.P
U.S.A. (J.W
States Air Fo
and Orthope
Germany (P

The autho
funding: B.P
tute (SPRI),
exercises spec
research cond
funding or i
Naval Resea
P-C.N. receiv
P.J.M. is a co
Posterior Glenoid Augmentation With Extra-articular
Iliac Crest Autograft for Recurrent Posterior

Shoulder Instability

Justin W. Arner, M.D., Bryant P. Elrick, M.Sc., Philip-C. Nolte, M.D., M.A.,

Brandon Goldenberg, B.A., Maj. Travis J. Dekker, M.D., MC, and
Peter J. Millett, M.D., M.Sc.
Abstract: Several techniques have been described for bone block augmentation as a treatment for posterior shoulder
instability, including intra-articular distal tibial allograft and extra-articular iliac crest autograft. Although indications are
not yet well defined, these bone augmentation procedures are considered in patients with glenoid bone loss, increased
glenoid retroversion, previous failed posterior soft-tissue repair, and insufficient posterior capsulolabral tissue. In patients
with posterior glenoid bone loss, the senior author (P.J.M.) recommends intra-articular glenoid reconstruction with a
fresh distal tibial osteoarticular allograft. In patients with insufficient posterior capsulolabral tissue, the senior author
prefers an extra-articular iliac crest autograft to buttress the posterior soft-tissue restraints. This technique guide outlines
extra-articular iliac crest autograft treatment for recurrent posterior shoulder instability in patients with insufficient
posterior soft tissues due to prior failed surgery. After an open capsulolabral repair is performed using suture anchors, the
bone block is placed extra-articularly on the posterior glenoid neck.
osterior shoulder instability accounts for 2% to 5%
1,2
Pof patients with shoulder instability. Symptoms

typically develop insidiously, with pain being the most
common complaint.3 This pathology frequently occurs
in people who are subjected to recurrent posteriorly
directed forces of the glenohumeral joint, such as
football players or weight lifters.4 Arthroscopic poste-
rior capsulolabral repair with suture anchors has
become the gold standard in most patients without
significant bone loss.5,6 Dekker et al.7 recently charac-
terized bone loss in the setting of posterior instability,
concluding that bony defects are associated with
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specific changes in concavity, slope, and version and are
commonly oriented in the posteroinferior direction.8

Critical bone loss or pathologic glenoid version has
not yet been defined in posterior shoulder insta-
bility.9,10 When posterior instability is associated with
failure of soft-tissue reconstruction and/or glenoid bone
loss is significant, bone block augmentation should be
considered11 (Table 1).
Althoughpromising early outcomeshavebeen reported

with posterior bone block augmentation,12,13 there re-
mains a paucity of literature regarding appropriate in-
dications and long-term follow-up. Traditionally,
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Table 1. Indications for Posterior Glenoid Augmentation
With Iliac Crest Autograft

Poor-quality posterior capsular tissue
Significant posterior laxity
Failed previous soft-tissue stabilization with recurrent instability
Posterior instability with glenoid dysplasia
Traumatic posterior bony Bankart lesion (<15%)
Large reverse Hill-Sachs lesion

Fig 1. The patient is positioned in the lateral decubitus posi-
tion with the operative shoulder (left shoulder) and ipsilateral
iliac crest prepared and draped. The operative extremity is
secured in an arm holder (arrow).
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posterior bone block augmentation has been performed
open; however, recently, various arthroscopic techniques
have been described. Open bone block augmentation has
shown reliable and successful patient-reported outcomes
in both short- and mid-term studies.14-16 Initial revision
rates for the arthroscopic technique as high as 36.8%
have been reported; these have been attributed to a
steep learning curve.12 Furthermore, the open approach
for bone block augmentation in the treatment of anterior
instability has been shown to achieve significantly lower
graft impaction angles, which may be associated with
more favorable force-dependent bony remodeling and
better central positioning of the humeral head within the
glenoid cavity.17

The goal of this Technical Note is to describe the
principal author’s (P.J.M.) technique for treating poste-
rior shoulder instability in the setting of failed soft-tissue
stabilization, poor-quality posterior capsulolabral tissue,
and hyperlaxity with extra-articular iliac crest autograft
posterior glenoid bony augmentation.

Preoperative Planning
A complete history and physical examination are

essential. The Kim and jerk tests are helpful physical
examination maneuvers in the evaluation of posterior
instability. The Kim test involves the patient sitting with
the examiner applying an axial force through the pa-
tient’s elbow with the arm in 90� of abduction. The
patient’s arm is then elevated diagonally upward while
a downward and posteriorly directed force is applied to
the upper arm. Pain indicates a positive test finding. The
jerk test is also performed in the sitting position with
the same starting arm position and axial load, with the
arm in slightly more internal rotation. Then, the arm is
moved across the body in the horizontal plane. A
positive result occurs when the humeral head sub-
luxates posteriorly over the glenoid and a clunk is felt;
then, when the arm is brought back into abduction, a
“jerk” occurs when the humerus reduces. Imaging
studies are also essential, including radiographs
(4 viewsdanteroposterior in external and internal
rotation, axillary, and scapular Y-view) and magnetic
resonance imaging (MRI), to assess labral pathology,
capsular injury and laxity, glenoid version, glenoid
bone loss, and impaction fractures (i.e. reverse Hill-
Sachs lesions), as well as other concomitant pathol-
ogy. Although not yet well defined in the literature,
typical indications for extra-articular posterior glenoid
augmentation are recurrent posterior shoulder insta-
bility in the setting of prior failed soft-tissue stabilization
with poor-quality posterior capsulolabral tissue and
significant posterior laxity without glenoid bone loss or
a large reverse Hill-Sachs lesions (Table 1). The senior
author’s indication for extra-articular posterior glenoid
augmentation is recurrent posterior instability with less
than 15% bone loss and insufficient posterior soft tis-
sues. When intra-articular bone loss is present, the se-
nior author prefers to perform an intra-articular glenoid
reconstruction using a fresh distal tibial osteoarticular
allograft. When extreme retroversion is encountered, a
corrective glenoid osteotomy is preferred. This article
will highlight the technique for glenoid reconstruction
using an extra-articular iliac crest autograft posterior
glenoid augmentation.

Surgical Technique

Diagnostic Arthroscopy
The patient is positioned in the lateral decubitus po-

sition to allow access to both the iliac crest and posterior
shoulder (Fig 1). A thorough dynamic examination is
then performed with the patient under anesthesia. The
complete surgical technique is depicted in Video 1. First,
a standard posterior viewing portal is created 2 cm
inferior and 1 cm medial to the posterolateral acromial
border. Under direct visualization, a standard anterior
portal is created in the rotator interval. A diagnostic
arthroscopy is then performed to evaluate for
concomitant pathology, including labral tears, capsular



Fig 2. Left shoulder in lateral decu-
bitus position. Skin landmarks and
incisions are marked to gain access to
the posterior glenohumeral joint. (A)
A vertical, posterior mark is made at
the inferior margin of the acromion,
2 cm medial to the lateral edge, and
extended distally approximately 7 cm.
(B) The skin incision is made and is
carried down through the subcutane-
ous tissue. (LAB, lateral acromial
border.)
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injury, posterior glenoid bone loss, and articular carti-
lage disruption (e.g. reverse Hill-Sachs lesion).

Posterior Glenoid Rim Exposure and Preparation
A posterior approach to the glenohumeral joint is

performed. A vertical, posteriorly based incision is made
at the inferior acromial margin, 2 cm medial to the
lateral edge, and is extended distally approximately
7 cm (Fig 2). Dissection is carried down to the deltoid
fascia, and the fascia is split with care for later closure.
By use of electrocautery, the deltoid muscle is split
parallel to its fibers. Reflection of the deltoid exposes
the teres minor and infraspinatus fascia deep to the
muscle. The interval between the teres minor and
infraspinatus is then developed, using a combination of
blunt dissection and electrocautery, to gain exposure to
the posterior glenohumeral capsule, which is
commonly of poor quality or patulous.
A posterior capsular incision is performed parallel to

the glenoid rim and labrum, leaving a cuff for later
repair. Dissection can be extended both superiorly and
inferiorly to gain further exposure. The medial limb of
Fig 3. Dissected cadaveric shoulder showing proper placement
complete the soft-tissue repair of the posterior labrum on the glen
clock-face position (asterisk) (B), and 9-o’clock position (asterisk
the capsule is then tagged using a No. 2 suture, and a
narrow Fukuda retractor is placed in the joint to retract
the humeral head. A Cobb elevator is used to elevate
the capsule off the glenoid neck to allow appropriate
visualization. In addition to a poor-quality or patulous
capsule, the posterior labrum is often deficient between
the 6- and 10-o’clock positions.
If the labrum is of sufficient quality for repair, we

place 1.8-mm all-suture anchors (FiberTak; Arthrex,
Naples, FL) on the glenoid. In this case, 3 anchors were
placed, one each at the 6-o’clock position, 7:30 clock-
face position, and 9-o’clock position (Fig 3). The labral
repair is facilitated by passing the sutures from the an-
chors around the capsulolabral complex with a free
needle and then tying them in a horizontal mattress
fashion. The free limbs are kept for later capsular
closure and imbrication.
A key elevator and a 5.0-mm bone cutting burr are

used to prepare the posterior glenoid for placement of
the posterior extra-articular bone block. The glenoid is
carefully decorticated to a bleeding bed to facilitate
bone-to-bone healing with the tricortical graft. Care
of 1.8-mm knotless all-suture anchors (3 anchors) used to
oid: drill guide placed at 6-o’clock position (asterisk) (A), 7:30
) (C).



Fig 4. (A) Left shoulder in lateral
decubitus position. A template
(aluminum foil from suture pack-
aging) is used to determine the size
of the glenoid defect and the appro-
priate size of the iliac graft to harvest.
(B) Left iliac crest in lateral decubitus
position. The aluminum foil tem-
plate is used to size the iliac crest
graft before harvest.
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must be taken to avoid over-resection. A ruler is used to
determine the size of the glenoid defect, and a template
(e.g. aluminum foil from suture packaging) is created to
facilitate appropriate sizing (Fig 4A).

Tricortical Iliac Crest Bone Graft Harvest
The tricortical iliac crest autograft is harvested from the

ipsilateral anterior iliac crest using the technique
described by Warner et al.18 Appropriate sizing of the
graft is determined using the previously created template
(Fig 4B). On the basis of the previous measurements, a
25 � 20emm graft was harvested in this case (Fig 5A).
The graft is then appropriately contoured with a rongeur
to allow proper fit on the glenoid neck. Two threaded K-
wires are placed at the superior and inferior aspects of
the graft to facilitate handling and positioning (Fig 5B).

Iliac Crest Bone Graft Posterior Bone Block Fixation
The graft is positioned flush with the glenoid and held

manually in place (Fig 6A). Two 3.5-mm drill holes are
placed in the graft; then the graft is positioned in the
appropriate location on the glenoid. The glenoid is
drilled with a 2.5-mm drill, and two 3.5-mm fully
threaded stainless-steel cortical screws are placed
through the graft approximately 1 cm apart, securing
the graft by using a lag by application technique (Fig 6 B
Fig 5. (A) A 25 � 20emm iliac tri-
cortical autograft is harvested. (B)
Two threaded K-wires are placed
into the superior and inferior aspects
of the graft to allow easier handling
and positioning.
and 6 C). It is important to make sure that the graft is
positioned flush to 1 mm lateral to the native glenoid
and that there is good apposition between the posterior
glenoid neck and the free tricortical autograft bone.

Capsulorrhaphy With Capsular Closure
Sutures from the previously placed anchors in the

native glenoid are used to advance the capsule in a
pants-over-vest manner, making the graft extra-
articular and allowing the capsule to be plicated. The
capsule is then reinforced with interrupted figure-of-8
No. 2 sutures.

Posterior Closure
The wound is copiously irrigated, and the fascia be-

tween the infraspinatus and teres minor is closed. The
deltoid fascia and skin are then closed in a layered
fashion. Table 2 summarizes the key procedural steps.

Postoperative Rehabilitation
The operative extremity is protected in a sling for

6 weeks. Postoperative rehabilitation focuses on early
gradual passive range of motion without excessive
loading of the posterior capsule. At 6 weeks, if radio-
graphs show proper graft and screw placement, active
motion is permitted (Fig 7). Strengthening commences



Fig 6. Left shoulder in lateral decubitus position. (A) The
tricortical iliac crest autograft is positioned flush with the
glenoid and held manually in place with 2 K-wires (arrows).
(B) A 3.5-mm fully threaded stainless-steel cortical screw is
inserted through the inferior 3.5-mm drill hole. A preliminary
K-wire (asterisk) is placed through the center of the graft to
minimize rotation during graft fixation. (C) The graft is fixated
in the appropriate position flush to 1 mm lateral to the native
glenoid with two 3.5-mm stainless-steel screws.

Table 2. Key Procedural Steps

Patient placement in lateral decubitus position
Diagnostic arthroscopy
Open, posterior approach to shoulder with vertical incision
Split of deltoid muscle parallel to its fibers using electrocautery
Development of interval between infraspinatus and teres minor

using electrocautery
Posterior capsulotomy parallel to glenoid rim, preserving labral

attachment to glenoid
Posterior labral repair using 1.8-mm knotted all-suture anchors
Extra-articular glenoid preparation using key elevator and burr
Sizing of bone graft using suture packaging foil template
Harvest of tricortical iliac crest autograft
Insertion of K-wires for handling and placement on glenoid neck
Fixation of graft flush with glenoid articular surface using two

3.5-mm screws
Capsulorrhaphy in pants-over-vest manner to make autograft

extra-articular
Capsular reinforcement with figure-of-8 sutures
Layered closure
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at 8 to 10 weeks postoperatively. Full unrestricted ac-
tivity is typically permitted at 6 months after surgery,
after full strength and motion have been restored and
radiographic findings remain satisfactory. Pearls and
pitfalls of open posterior glenoid augmentation with
iliac crest autograft are shown Table 3.
Discussion
Posterior shoulder instability has become increasingly

recognized as an under-reported but important pa-
thology, particularly in athletes.3 Arthroscopic capsu-
lolabral repair has become the standard of care;
however, open bone grafting techniques play an
important role, although their indications have not yet
been clearly defined.6 Reported recurrence rates of
posterior shoulder arthroscopic capsulolabral repair
range from 3.4% to 35%, whereas the largest series
published, comprising 297 shoulders, reported a 6.4%
revision rate.6,19 Taking into consideration the large
range of failure rates and varying pathologies regarding
glenoid bone loss and glenoid version, posterior bone
block procedures have an important role in treatment.
Unlike anterior shoulder instability, critical bone loss

has yet to be defined in posterior shoulder instability.
One indication is posterior glenoid bone loss. In a 2016
study by Mauro et al.,9 a smaller glenoid bone width was
the only MRI measurement that resulted in poorer
outcome scores. In a study by Bradley et al.,5 decreased
glenoid bone width was also determined to be a risk
factor for revision. The unique characteristics of posterior
bone loss have recently been described. A study of 40
young patients with posterior shoulder instability eval-
uated computed tomography and MRI and concluded
that posterior glenoid bone loss involves loss of glenoid
concavity, is posterior sloping, and is characterized by
increased retroversion.8 The location of posterior bone
loss was also studied by the same group by evaluating 71
three-dimensional computed tomography scans. This
group found that bone loss occurred 30� off the long axis
of the glenoid in the posteroinferior direction from the
6:44 to 9:28 clock-face position.7 This pathology differs
from bone loss seen in anterior shoulder instability,
which is abrupt and parallel to the long axis of the gle-
noid. Therefore, the knowledge we have regarding



Fig 7. Postoperative radiographs of a
left shoulder showing proper place-
ment of the bone graft and fixation
hardware, without signs of loosening
or failure. (A) Anteroposterior glenoid
(Grashey) view. (B) Scapular Y-view.

Table 3. Pearls and Pitfalls of Open Posterior Glenoid
Augmentation With Iliac Crest Autograft

Pearls
Appropriate dissection between infraspinatus and teres minor
Vertical capsulotomy allowing later repair
Capsulolabral repair
Appropriate graft placementdK-wires allow handling
Placement of graft flush to 1 mm lateral to joint

Pitfalls
Inadequate exposure
Inappropriate screw trajectory
Neurovascular injury
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anterior instability and bone loss cannot be extrapolated
to that of posterior pathology. This leads to complex
decision making in posterior instability patients.
Glenoid version may also play a role in treatment

decision making and the use of posterior bone block
procedures. Owens et al.10 published a prospective se-
ries of 714 military athletes and reported that glenoid
retroversion was the strongest risk factor for the
development of posterior shoulder instability: A 17%
increased risk was seen with each 1� increase in retro-
version. Mechanism of injury may also play a role in
bony morphology and therefore treatment. In a study
comparing posterior shoulder instability in 20 traumatic
and 12 atraumatic patients, there was no difference in
return to play or redislocation; however, those with an
atraumatic mechanism had greater retroversion and
worse functional outcome scores.20 Therefore, atrau-
matic posterior instability may be more likely to
necessitate bone block procedures.
Grafts can be placed intra- or extra-articularly. The

senior author prefers to use an iliac crest extra-articular
autograft, as shown in this article, in patients with an
insufficient posterior capsule and poor-quality soft tis-
sue, without glenoid bone loss. The capsulolabral
complex is repaired to the native glenoid, and the graft
is fixed to the glenoid extra-articularly. The senior au-
thor’s indication for extra-articular posterior glenoid
augmentation is recurrent posterior instability with less
than 15% bone loss and insufficient posterior soft tis-
sues. In patients with more relevant (>15%) posterior
glenoid bone loss, an intra-articular graft (fresh distal
tibial allograft) is used to widen the glenoid track and to
restore the articular cartilage. One of the first studies
evaluating distal tibial allograft for posterior shoulder
instability reported excellent outcomes after 2 years.21

The senior author finds posterior glenoid augmentation
useful for patients with symptomatic posterior shoulder
instability with an insufficient posterior capsulolabral
complex and previous failed posterior capsulolabral
repair. Although critical bone loss and critical glenoid
retroversion have not yet been defined in the literature,
the senior author prefers to treat these conditions with
either glenoid reconstruction using fresh distal tibial
allograft (posterior glenoid bone loss>15%) or corrective
glenoid osteotomy (retroversion >20�). A study of 11
cadaveric shoulders evaluated different amounts of gle-
noid bone loss and its repair. They reported that a defect
over 20% resulted in continued instability after labral
repair. Although this is the best study to date, it is now
known that posterior glenoid bone loss is not abrupt and
parallel to the long axis of the glenoid as was tested in this
model.22 Future studies are required to determine the
critical amount of bone loss and the amount of pathologic
retroversion in a clinically accurate model.
Posterior shoulder bone block procedures play an

important role in patients with significant glenoid bone
loss and retroversion. An iliac crest extra-articular graft,
as described in this article, is preferred in patients with
recurrent posterior instability owing to insufficient-
quality posterior capsule and soft tissue without bone
loss. Future studies are needed to define critical
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bone loss in posterior shoulder instability and refine
indications for posterior bone block procedures.
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