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Posterior Glenoid Osteotomy With
Capsulolabral Repair Improves Resistance
Forces in a Critical Glenoid Bone Loss Model
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Background: There is no widespread consensus on the surgical treatment of posterior shoulder instability with critical posterior
glenoid bone loss.

Hypothesis: That opening posterior glenoid wedge osteotomy with soft tissue repair would improve the resistance forces of
instability when compared with soft tissue repair alone in the setting of 20% critical bone lose.

Study Design: Controlled laboratory study.

Methods: Native glenoid retroversion was measured on 9 shoulders using computed tomography (CT) scans. The humerus was
potted in 90° of forward flexion and 30° of internal rotation relative to the scapula, and a posterior dislocation was performed to
create a posterior capsulolabral injury model. The specimens were each taken through a fixed sequence of testing: (1) poster-
oinferior capsulolabral tear, (2) no glenoid bone loss with posteroinferior capsulolabral repair, (3) 20% posterior glenoid bone loss
with posteroinferior capsulolabral repair, and (4) 20% glenoid bone loss with posterior glenoid opening wedge osteotomy and
posteroinferior capsulolabral repair. Bone loss was created using a sagittal saw. The resultant peak forces with 1 cm of posterior
translation were measured. A 1-way repeated-measures analysis of variance was used to compare mean force values.

Results: After the initial dislocation event, all shoulders had a resultant posterior capsulolabral injury. The resulting labral injury was
extended from 6- to 9-o’clock in all specimens to homogenize the extent of injury. Repairing the capsulolabral complex in the 20%
posterior glenoid bone loss group did not result in a statistically significant increase in resistance force compared with the labral
deficient group (34.1 vs 22.2 N; P = .068). When 20% posterior bone loss was created, the posterior glenoid osteotomy with
capsulolabral repair was significantly stronger (43.8 N) than the posterior repair alone both with (34.1 N) and without (31.8 N) bone
loss (P = .008 and .045, respectively).

Conclusion: In the setting of critical posterior glenoid bone loss, an opening wedge posterior glenoid osteotomy with capsulolabral
repair improved resistance to posterior humeral translation significantly compared with capsulolabral repair alone.

Clinical Relevance: The results of this biomechanical cadaveric study may aid in surgical planning for this complex patient
population.

Keywords: dislocation; glenoid; instability; osteotomy; posterior

5,10,26

Posterior shoulder instability is an increasingly recognized
clinical phenomenon.>®52426 This has been shown to be
particularly true in overhead athletes and military person-
nel, in whom the incidence has been found to be as high as
0.096 per 1000 person-years, with 5.2% of all glenohumeral
instability cases being posterior.? Contact and overhead
athletes have also been shown to be at an increased
risk.®91415:33 While initial treatment begins with dedi-
cated physical therapy, active patients with continued
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instability are candidates for surgical intervention.
Surgical management consists of either a soft tissue proce-
dure, a bony procedure, or a combination of the two.->-810-26
Arthroscopic posterior capsulolabral repair has been shown
to be an effective surgical treatment for recurrent posterior
instability.*252%28 However, failure of index surgery for
posterior shoulder instability has been quoted in up to
10% of patients, with posterior glenoid bone loss of greater
than 20% being a significant risk factor for failure of arthro-
scopic soft tissue repair.1®17-2227

Currently, there is no widespread consensus on the sur-
gical treatment of critical posterior glenoid bone loss. When
substantial posterior glenoid bone loss or significant
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glenoid retroversion is present, a bony glenoid procedure
may be needed to fully address the underlying pathol-
ogy. 15810 Posterior glenoid bone block augmentation has
been described with the use ofiliac crest bone graft, scapular
spine autograft, and distal tibial allograft, with biomechan-
ical analyses showing no strength difference between these
alternatives.®111921.23 In addition to the posterior bone
block, posterior glenoid osteotomy is another potential bony
procedure that simultaneously addresses posterior glenoid
bone loss and glenoid retroversion.®1316:1829 gmall clinical
studies have shown posterior glenoid osteotomy to be a reli-
able procedure with low rates of clinical failure for patients
with recurrent instability.'>1%1618 However, due to higher
complication rates in the setting of a technically challenging
surgery, many authors have advocated for this procedure to
be performed primarily by specialized surgeons at tertiary
care centers,'%1626

As it stands, there is a paucity of literature examining
the biomechanical effect of posterior glenoid opening wedge
osteotomy on posterior instability, particularly in the set-
ting of critical posterior glenoid bone loss. Therefore, the
purpose of our study is to compare the biomechanical resis-
tance force of posterior opening wedge glenoid osteotomy
using a scapular spine autograft in the setting of 20% pos-
terior bone loss. We hypothesized that opening posterior
glenoid wedge osteotomy with soft tissue repair would
improve the resistance forces of instability when compared
with soft tissue repair alone in the setting of 20% critical
bone lose.

METHODS
Cadaveric Specimen Preparation and Mounting

An a priori power analysis was conducted: With a power
level of 0.8 and effect size f of 0.5, 9 total shoulders were
required for a significance level of .05. As such, 9 fresh-
frozen cadaver shoulders were obtained from a local tissue
bank. The mean age [+SD] was 73.2 + 8.45 years. There
were 5 male and 4 female specimens. Computed tomogra-
phy (CT) scans were performed on all specimens to assess
for any pre-existing glenoid bone deficiency and calculate
baseline glenoid version (using the Friedman technique)
and width.?° Specimens were excluded if they had pre-
existing posterior glenoid bony deficiency. The skin and
subcutaneous tissues were dissected sharply from the spec-
imen with care to preserve the rotator cuff muscles and
insertions. The humerus was then potted in a 2-part ure-
thane compound (300Q, Smooth-On) (Figure 1) and
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Figure 1. Testing apparatus used to simulate posterior insta-
bility. The humerus was displaced 1 cm posteriorly (arrow)
while in 90° of flexion and 30° of internal rotation relative to
the scapula. The bony 3D architecture without soft tissue is
demonstrated on the right. 3D, three-dimensional.

attached to the actuator of an axial-torsion servo-
hydraulic Instron testing system (model 8521; Instron).
The scapula was then mounted in a vice affixed to the lower
crosshead of the testing system. The humeral and scapular
components were positioned such that the scapular surface
was parallel to the ground, whereas the humerus was posi-
tioned relative to the scapula in 90° of forward flexion and
30° of internal rotation (Figure 1).

Test Conditions

To create a posterior instability biomechanical model, the
humeral head was frankly dislocated posteriorly before
testing using the Instron 8521 Axial-Torsion Servo-
hydraulic Load Frame (Instron). Shoulder arthroscopy was
then performed using a direct anterior portal to confirm the
presence of a resulting posterior inferior capsulolabral
injury. The resulting labral injury was extended from 6-
to 9-o’clock in all specimens to homogenize the extent of
injury. The 9 specimens were then each taken through a
fixed sequence of testing, which included (1) posteroinferior
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Figure 2. Posterior opening wedge glenoid osteotomy cre-
ated 2.5 cm medial to the glenohumeral joint space using a
triangular wedge from the scapular spine and secured with
6-hole 2.7-mm T-plate (Smith & Nephew). Soft tissue repair
was not performed in this figure to better allow for visualiza-
tion of the osteotomy.

capsulolabral tear (labrum deficient), (2) no glenoid bone
loss with posteroinferior capsulolabral repair, (3) 20% pos-
terior glenoid bone loss with posteroinferior capsulolabral
repair, and (4) 20% glenoid bone loss with posterior glenoid
opening wedge osteotomy and posteroinferior capsulolabral
repair (Figure 2).

The posterior critical bone loss model was created by
removing 20% of the posterior glenoid width (measured
based on glenoid width from the CT scan) at a 30° angle
relative to the long axis of the glenoid using a small sagittal
saw (Stryker).” To create a posterior wedge osteotomy, the
soft tissue repair was subsequently taken apart and rere-
paired following the wedge procedure. The glenohumeral
joint was accessed through the posterior inferior capsulo-
labral injury resulting from the initial dislocation event.
The posterior inferior labrum as repaired using bone tun-
nels and No. 2 Ethibond suture (Ethicon) with 3 separate
horizontal mattress-type sutures spanning 1 cm of tissue
each. These were evenly distributed at the 7-, 8-, and 9-
o’clock glenoid positions.

Finally, the glenoid opening wedge osteotomy (Figure 2)
was created using a triangular wedge harvested from the
scapular spine. This was done by detaching the most medial
3 cm of the posterior deltoid insertion and harvesting the
bone block. The interval between the infraspinatus and
teres minor was opened to access the posterior glenohum-
eral joint. The glenoid osteotomy site was created 2.5 cm
medial to the glenoid, with care taken not to violate the
anterior glenoid cortex. The triangular bone block was
shaped to be 1 mm at its widest width for every degree of
native retroversion measured on the corresponding CT
scan. To prevent displacement of the posterior wedge, a 6-
hole, 2.7-mm T-plate (Smith & Nephew) was used, with 2
points of fixation minimum on each side of the osteotomy.
The “T” portion of the plate was placed lateral to the
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Figure 3. Mean peak resistance force, with standard error
bars, for all test groups after 1 cm of posterior humeral dis-
placement.

osteotomy. Locking screw fixation was used to ensure the
osteotomy remained in the desired position.

For every test condition, the humerus was displaced ver-
tically 1 cm posteriorly relative to the scapula at a constant
displacement rate of 1 mm/s. This resulted in a subluxation
(not dislocation) of the shoulder 1 em posteriorly. This was
done twice for each test group, and the average of the 2
peak resistance forces was calculated. Load data were col-
lected digitally from the Instron testing system (load data
recorded from the machine itself) at a frequency of 100 Hz
and was measured in Newtons (N).

Statistical Analysis

A 1-way repeated-measures analysis of variance was used
to determine the difference in mean peak force values for
each test condition. Post hoc Dunnett analyses were per-
formed to examine significant differences among each indi-
vidual group. P = .05 was used to determine significance for
all tests (SPSS Statistics Version 21.0, IBM).

RESULTS

The mean and standard deviation of native retroversion
of all shoulders was 7.3° £ 3.7° (range, 0.3°-12.7°), and
the mean glenoid width was 27.2 + 3.0 mm (range,
22.5-30.1 mm). Following the initial dislocation event, all
shoulders had a resultant posterior capsulolabral injury.
This injury was contained within the 6- to 9-o’clock posi-
tion and was subsequently extended for the sake of homog-
enization. The peak resistance force in the posterior
capsulolabral deficient group was 22.2 £ 14.9 N, with
1 cm of posterior translation (Figure 3).
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Repairing the posterior capsulolabral injury resulted in a
statistically significant increase in resistance force with
peak force of the capsulolabral repair group averaging
31.8 + 20.7 N (P = .047). Repairing the capsulolabral com-
plex in the 20% posterior glenoid bone loss group (34.1 +
31.4 N) did not result in a statistically significant increase
in resistance force compared with the labral deficient group
(22.2+14.9 N; P = .068). A high degree of force variability
was observed in the capsulolabral repair with 20% bone loss
group, with shoulders with greater than 6° of native retro-
version having nearly half the average resistance forces
following repair than shoulders with less than 6° of retro-
version (23.61£21.7 vs 47.3137.7 N, P = .057). When 20%
posterior bone loss was created, the posterior glenoid
osteotomy with capsulolabral repair was significantly
higher resistant forces (43.8 + 43.6 N) than the posterior
capsulolabral repair alone with bone loss (34.1 + 31.4 N,
P = .008). Furthermore, the posterior glenoid osteotomy
with capsulolabral repair showed significantly higher
forces than the capsulolabral repair without bone loss
(43.8 £ 31.8 N, P = .045).

DISCUSSION

In this study, we found that repairing the posterior capsu-
lolabral complex in the 20% posterior glenoid bone loss
model did not result in a statistically significant increase
in resistance force compared with a labral deficient group
(34.1 vs 22.2 N, P = .068). As such, labral repair alone did
not restore resistance forces compared with a no bone loss
group. When 20% posterior bone loss was created, the pos-
terior glenoid osteotomy with capsulolabral repair was sig-
nificantly stronger (43.8 N) than the posterior repair alone
both with (34.1 N) and without (31.8 N) bone loss (P = .008
and P = .045, respectively).

Posterior shoulder instability is an increasingly recog-
nized clinical phenomenon in military personnel as well
as in contact and overhead athletes.1356:9-24.26:33 However,
no consensus exists on the management of patients with
recurrent instability in the setting of critical posterior glen-
oid bone loss, with surgical options including bony proce-
dures such as glenoid bone block augmentation with
various autograft and allograft options as well as posterior
glenoid opening wedge osteotomy.* In this study, we eval-
uated the biomechanical resistance force of posterior open-
ing wedge glenoid osteotomy with scapular spine autograft
in the setting of 20% posterior glenoid bone loss, particu-
larly as it compares with the resistance force of posterior
capsulolabral repair with and without bone loss.'® In this
biomechanical analysis, we found that the posterior open-
ing wedge glenoid osteotomy with capsulolabral repair had
significantly higher resistance forces than the posterior
capsulolabral repair alone in a critical bone loss model and
was able to restore resistance force superior to the posterior
capsulolabral repair without bone loss group.

In a recent study, Nacca et al>?> measured the peak force
required to translate the humeral head posteriorly in the

*References 1, 5, 8, 10, 11, 13, 16, 18, 19, 21, 29.
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setting of increasing bony defects in the posterior glenoid.
In this latter study, it was found that posterior glenoid bone
loss of greater than 20% required a significantly lower peak
force to displace the humerus and concluded that critical
posterior glenoid bone loss of 20% or greater remains unsta-
ble after capsulolabral repair alone.?? Similar to this previ-
ous work, the results of our study demonstrate that, in
specimens without posterior glenoid bone loss, repair of the
capsulolabral injury resulted in a statistically significant
increase in resistance force when compared with the poste-
rior capsulolabral deficient group. However, with 20% pos-
terior glenoid bone loss present, there was no statistically
significant difference between the capsulolabral repair
group and capsulolabral deficiency group. This was likely
explained by the high degree of variability in repair force
following capsulolabral repair in the critical bone loss
group. Specifically, shoulders with less than 6° of native
retroversion had nearly twice the force following capsulo-
labral repair compared with shoulders with greater than 6°
of retroversion (47.3 £ 37.7 N vs 23.6 £ 21.7 N), although
this finding was only trending toward significance
(P = .057). These results suggest that, in patients with
critical posterior glenoid bone loss and significant retrover-
sion, capsulolabral repair alone provides the same stability
to posterior translation as a patient with a torn posterior
labrum without posterior glenoid bone loss, leaving this
population susceptible to further posterior instability.

Currently, there is a paucity of literature evaluating the
biomechanical effect of the opening wedge posterior glenoid
osteotomy on posterior instability of the shoulder, particu-
larly in the setting of critical posterior glenoid bone loss.
With regard to clinical results, Lacheta et al*® evaluated 12
patients who underwent a posterior glenoid osteotomy for
persistent posterior shoulder instability in the setting of
increased glenoid retroversion (defined as >10°) for a min-
imum of 12 months postoperatively and found a significant
improvement in functional outcomes and no postoperative
redislocations or revision surgeries.'® However, the com-
plexity of the posterior glenoid osteotomy was emphasized
in this study, as 4 intraoperative fractures occurred during
the actual glenoid osteotomy, all which were managed
without further osteosynthesis and did not affect that func-
tional outcomes of the patients.'® While this study evalu-
ated the opening wedge posterior glenoid osteotomy in the
setting of excessive glenoid retroversion rather than critical
posterior glenoid bone loss, these findings show that the
procedure can lead to improved functional outcomes while
highlighting the importance of leaving sufficient space
between the osteotomy site and the glenoid articular sur-
face. These results also highlight the clinical complexity
that may arise in patients with significant posterior glenoid
bone loss, as these patients frequently have coexisting glen-
oid retroversion as a result of the nonorthogonal bone loss
with respect to the glenoid axis.”

Malik et al'® performed a systematic review of the liter-
ature to evaluate the rate of recurrent instability after per-
forming a posterior glenoid osteotomy for recurrent
instability and found an overall recurrence rate of 22%.
However, the recurrence rate was reduced to 11% with the
removal of 2 studies that were performed in the 1980s and
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included patients with congenital instability and habitual
dislocators, suggesting that more recent improvements in
surgical approach and patient selection have made the
opening wedge posterior glenoid osteotomy an acceptable
option for carefully selected patients with recurrent poste-
rior instability. While this represents a technically chal-
lenging procedure, our study found that, in patients with
significant posterior glenoid bone loss, a posterior opening
wedge glenoid osteotomy can significantly improve the bio-
mechanical stability of the shoulder, further supporting the
current literature that has demonstrated improved clinical
outcomes in this patient population.

When compared with posterior bone block augmentation,
the open wedge posterior glenoid osteotomy has potential
advantages. Both procedures have demonstrated improved
clinical outcomes for patients with recurrent posterior
instability.*¢1832 Struck et al®? evaluated 15 patients in
short- and long-term follow-up after undergoing posterior
glenoid augmentation with scapular spine (11 patients) or
distal tibia (4 patients) allograft, and found good to very
good outcomes for all patients in both short- and long-
term subjective and objective functional scores, with only
1 case of recurrent instability and 1 patient developing
symptomatic glenohumeral arthritis. However, in a retro-
spective long-term study with 18-year follow-up, Meuffels
et al?® reported overall poor results, with glenohumeral
arthritis reported in all cases and a redislocation rate of
36%, as well as significant deterioration in clinical function
when compared with the same study group when evaluated
6 months postoperatively. Further, there is emerging con-
cern for posterior irritation caused by the prominent screws
associated with bone block procedures. In a recent study, 4
of 15 patients (26%) became symptomatic from screw irri-
tation and required surgical removal.?? Sirveaux et al®!
performed screw removal in 4 of 9 patients for similar
symptoms, with an additional study reporting symptomatic
screw removal in 3 of 8 patients.?

There are several limitations to this study. First, this
biomechanical study utilized older cadaveric specimens,
which may not represent the tissue quality found in youn-
ger patients who typically present with posterior shoulder
instability. To that degree, we did not test the posterior
osteotomy alone without a soft tissue repair due to the deg-
radative nature of each test, which represents a weakness.
Similarly, while a comparison with posterior glenoid bone
block would have been informative, we were unable to per-
form such a comparison as trial testing revealed that tissue
degradation prevented performing both procedures on a
single specimen. Finally, another limitation of this study
is that preinjury data of the uninjured specimen was not
collected before the dislocation event. Because the native
rotator cuff tendons were not loaded dynamically, it is pos-
sible that this model does not entirely recreate the in vivo
dynamics of a real patient. Likewise, no data for load defor-
mation were collected, which also represents a limitation of
this study. With that being said, the decision to test the
force of the various repair techniques with 1 cm of posterior
displacement at a rate of 1 mm/s was based on a previously
established method of biomechanical testing for posterior
instability, the results of which are still able to yield
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clinically relevant information.?? Finally, the use of cadav-
eric specimens did not allow us to account for any potential
additional stability that may be obtained with healing of
the osteotomy or capsulolabral repair site. Despite these
limitations, this study provides valuable biomechanical
data regarding a scarcely studied subject.

CONCLUSION

In the setting of critical posterior glenoid bone loss, an
opening wedge posterior glenoid osteotomy with capsulo-
labral repair significantly improved resistance to posterior
humeral translation compared with capsulolabral repair
alone.
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