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Background: Augmentation of anterior glenoid defects with bone graft can improve shoulder stability and reduce the risk of
redislocation. Several characteristics of the scapular spine may make it a suitable harvest site, avoiding the disadvantages
associated with other glenoid augmentation procedures.

Purpose: To evaluate the capacity of scapular spine autograft to restore the stabilizing joint-reaction forces of the shoulder in
simulated scenarios of bony anterior shoulder instability.

Study Design: Controlled laboratory study.

Methods: We obtained 6 matched pairs of fresh-frozen cadaveric shoulders. Skin, subcutaneous tissues, and non–rotator cuff
muscles were removed from the specimens, leaving intact the rotator cuff musculature and shoulder capsule. A customized testing
device was used to translate the humerus 1 cm anteriorly on the glenoid under 25 N of axial compression force. The peak joint-
reaction force of the glenohumeral joint was then measured under 3 conditions: (1) specimen with intact glenoid, (2) specimen after
a bone defect measuring 25% of the maximal width of the glenoid was made in the anteroinferior glenoid, and (3) specimen after
size-matched glenoid augmentation with a scapular spine tricortical autograft. The primary outcome was the change in peak joint-
reaction forces between the defect state and augmented state.

Results: One matched pair was removed from final analysis secondary to anatomic concerns that undermined the accuracy of test
results. Among the 10 remaining specimens, all showed a significant decrease in peak joint-reaction force after the glenoid defect
was created compared with the intact state (P < .001). All remaining specimens showed an increase in peak joint-reaction force in
the augmented state compared with the defect state (P < .001). On average, the augmented state restored 81% of the peak
reaction force of the glenohumeral joint compared with the intact state, a nonsignificant difference (P ¼ .07).

Conclusion: The study findings indicated that autograft harvested from the scapular spine increased the bony restraint to anterior
shoulder dislocation in shoulders with glenoid bone loss.

Clinical Relevance: The scapular spine is an alternative for bony augmentation of glenoid defects in shoulder instability.

Keywords: glenoid augmentation; shoulder instability; scapular spine

Dislocation of the glenohumeral joint is a common injury.
Many patients with instability as a result of traumatic gle-
nohumeral dislocation have associated bony lesions to the
glenoid, so-called bony Bankart lesions, which, if not
addressed adequately, can result in bone loss and increased
risk for further instability. Patients can also have increas-
ing bone loss with redislocations and resulting chronic
instability. Although Bankart repair, open or arthroscopic,
is a successful procedure in many cases of shoulder insta-
bility, multiple studies have documented that increasing

glenoid bone loss is a risk factor for recurrence of in-
stability.1,5,6 In such cases, it has been shown that augmen-
tation of these bony defects with bone graft can improve
stability.7,9

Reconstitution of these defects typically involves transfer
of the coracoid process (Latarjet procedure), tricortical iliac
crest autograft (Eden-Hybinette procedure), or allograft to
the anterior glenoid. These procedures have demonstrated
clinical and biomechanical success.2,7,8,16 However, each
procedure has disadvantages that must be accounted for
when performing anterior shoulder stabilization. The
Latarjet procedure requires dissection directly adjacent to
the important neurovascular structures of the upper
extremity for harvest of the coracoid and alters the normal
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anatomic characteristics of the anterior shoulder. The
Eden-Hybinette procedure is performed through a separate
surgical field and is often associated with pain at the har-
vest site after surgery. Allograft procedures pose risks of
decreased healing and incorporation.

A recent computed tomography study of scapular spine
dimensions confirmed that the scapular spine had suitable
dimensions as a bone block for glenoid reconstruction.13

Additionally, several characteristics of the scapular spine
may make it a suitable harvest site, avoiding the disadvan-
tages of other glenoid augmentation procedures, such as
adequacy of tricortical bone stock, relative proximity to the
shoulder compared with the iliac crest, anatomic ease of
harvest, and lack of focal muscular attachments or intimate
neurovascular structure.

In this study, we present biomechanical data on a surgi-
cal procedure using structural autograft from the scapular
spine to augment bony defects of the anterior glenoid. Our
aim was to evaluate the capacity of scapular spine autograft
to restore the stabilizing joint-reaction forces of the shoul-
der in simulated scenarios of bony anterior shoulder insta-
bility. We hypothesized that the scapular spine would be an
acceptable alternative for tricortical autograft in shoulder
instability surgery.

METHODS

Specimens and Preparation

Ethics committee approval was waived for this cadaveric
study. A total of 12 intact cadaveric shoulders (9 donors

[3 pairs]; 4 women, 5 men; age range, 50-65 years) were
obtained. In addition, we obtained 1 pilot specimen that
was predetermined not to be included in the study data
but was used to ensure that the testing protocol was
appropriate.

The primary outcome measure was peak joint-reaction
force as determined under 3 test conditions: (1) specimen
with an intact glenoid, (2) specimen after creation of
an anterior defect in the glenoid bone measuring 25%
of the anteroposterior diameter of the glenoid at its
greatest width, and (3) specimen after a tricortical scapu-
lar spine autograft was affixed to the anterior glenoid at
its defect. Table 1 provides specimen, defect, and graft
information.

Skin and subcutaneous tissue were dissected from the
shoulder specimens, leaving the rotator cuff musculature
and shoulder capsule intact. The rotator cuff was found to
be intact in all specimens, and no other pathology was
found in the shoulders. The humeral diaphysis and angle
of the scapula were then potted (Figure 1) for attachment to
a customized testing device (Uniaxial MTS 858; Bionix).

Testing Conditions

The testing protocol was based on that used by Yamamoto
et al17 in similar studies. Specimens were loaded to a cus-
tomized testing device in 90� of external rotation and 90� of
abduction (relative to the medial aspect of the scapula), an
at-risk position for anterior shoulder dislocation (Figure 1).
A total of 25 pounds (111 N) was applied perpendicular to
the glenoid in a compressive load using weights (Figure 2).

TABLE 1
Specimen, Defect, and Graft Information

Specimen Sex Age, y
Defect Size,

Width � Length, mm
Augmented Bone Size,
Depth � Length, mm

1 Female 54 6 � 2 6 � 25
2 Male 65 7 � 30 7 � 25
3 Female 50 7 � 28 7 � 25
4 Female 50 5 � 25 5 � 25
5 Female 60 7.5 � 30 7.5 � 25
6 Male 52 9 � 35 9 � 25
7 Male 61 7.5 � 30 7 � 25
8 Male 58 8.5 � 34 7 � 25
9 Male 58 10 � 35 9 � 25
10 Male 57 7 � 27 7 � 25
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The neutral position of the humeral head on the glenoid
was identified by locating the position with the least resis-
tance on the testing machine. This was evaluated a mini-
mum of 2 times and accepted once it was demonstrated that
it could be replicated; the position was also double-checked
with direct visualization. To re-create anterior glenohum-
eral subluxation, the humeral head was advanced anteri-
orly on the glenoid a distance of 10 mm at 2 mm/s. Each test
condition was performed 3 times, and the mean value from
the 3 trials was used.

Testing Procedure

After completion of test condition 1 (intact state), a capsu-
lotomy through the rotator interval was used to access the
anterior glenoid. The width of the bony glenoid was mea-
sured in an anterior to posterior manner at the location of
maximal diameter. With the use of an oscillating saw, a
coronal section measuring 25% of the maximal width of the
glenoid was removed from the anterior glenoid (Figure 3A).
The anterior labrum and capsular tissues were separated

from the removed bone and otherwise maintained. The
defect sizes are noted in Table 1.

The second test condition was then performed. The sur-
gical procedure to augment the anterior glenoid with scap-
ular spine autograft was performed by 2 experienced,
sports fellowship–trained orthopaedic surgeons. The area
of maximal width at the flare of the scapular spine was
identified. Typically, this location is about 5 cm medial to
the scapular notch13 but lateral to the base so as to avoid
any risk of fracture. At this harvest site, the periosteum
was sharply incised over 2 to 3 cm. Subperiosteal dissection
was carried deep, leaving the soft tissues intact but expos-
ing the superior and inferior surfaces of the scapula at the
harvest site. A fragment of the spine measuring 2.5 cm in
length from medial to lateral was then sectioned using an
osteotome at the base of the spine; this was between 6 and 9
mm in depth on the superior surface of the scapular spine
(Table 1 and Figure 3B). We took care to prevent
the osteotomy line from passing deeper than the base of the
spine. No harvest site entered the suprascapular notch or
resulted in fracture of any portion of the scapula. In all

Figure 1. (A, B) Specimens were dissected free of subcutaneous tissue and potted using the humeral diaphysis and the angle of the
scapula. Specimens were positioned in the MTS device at (C) 90� of abduction (relative to the trunk) and (D) 90� of external rotation
(the yellow arrows demonstrate the position of the bicipital groove).
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specimens, this produced enough bone stock to completely
fill the glenoid defect.

Two fully threaded, 3.75-mm screws were then used in a
lag fashion to secure the scapular spine augmentation to
the glenoid defect. This was placed in such a way so as to
ensure that no step-off existed between the arc of the artic-
ular surface of the glenoid and the arc of the superior sur-
face of the scapular spine autograft (Figure 3C). No interval
closure was performed. The third test condition was then
performed.

Statistical Analysis

Statistical significance testing was performed using analy-
sis of variance to confirm that a significant difference
existed between the means of the 3 states (intact, with
defect, augmented). We used t tests to compare results
between 2 distinct states (intact vs with defect, with
defect vs augmented, intact vs augmented). For all
analyses, P < .05 was set as the threshold for statistical
significance.

RESULTS

Of the 12 shoulders tested, 2 specimens (specimens 11 and
12) from the same patient (a 59-year-old woman) showed
clinically and mechanically inconsistent results. The left
shoulder showed an increase in the joint-reaction force
after the glenoid defect was removed, and the right shoul-
der showed a decrease in the joint-reaction force after glen-
oid augmentation. In both specimens, the joint reference
neutral position could not be accurately found during base-
line testing. Both specimens came from the same donor,
and it was noted that the rotator cuff musculature and
capsule, although intact, were especially lax and hypermo-
bile, which may have contributed to testing inconsistencies.
These 2 specimens were excluded from the final analysis.
The results from the remaining specimens (N ¼ 10) are
presented in Table 2 and Figure 4. The data for each test
condition were normalized with respect to its intact state.

When the glenoid defect was created, the peak reaction
forces were only slightly decreased compared with their
intact condition in 2 specimens (specimens 7 and 5):
*10% in specimen 7 and *20% in specimen 5. In the
remaining specimens, reaction forces were significantly
reduced between 50% and 75% compared with the intact
condition.

After the bone augmentation procedure, two of the speci-
mens (specimens 3 and 7) showed increased peak reaction
forces compared with the peak forces recorded in their
intact state: by 40% in specimen 3 and 30% in specimen
7. In two specimens (specimens 4 and 5), the reaction forces

Figure 2. Test setup with the joint compression using dead
weight (arrow).

Figure 3. Augmentation procedure. (A) Glenoid after creation of a defect (yellow arrow). (B) Example of bone graft harvested from
superior scapular spine showing the superior (blue arrow) and posterior (red arrow) surfaces of the graft. (C) Specimen after
augmentation of the joint with a scapular spine autograft. The green arrow indicates the posterior surface of the scapular spine
graft through which the screw is placed, and the purple arrow indicates the interface between the glenoid and graft; it is possible to
see that the contour of the superior surface of the graft is similar to that of the glenoid.
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were similar to the peak reaction forces observed in their
intact state. In 1 specimen (specimen 6), bone augmenta-
tion did not affect the value of the peak reaction force

compared with the glenoid defect condition. In the rest of
the specimens, bone augmentation increased the peak reac-
tion force compared with the glenoid defect condition; how-
ever, these values were below the peak reaction forces
observed in the intact condition.

Results indicated that in all specimens, the peak joint-
reaction force was reduced after the glenoid defect was
created and significantly increased after the bone augmen-
tation (Table 3).

DISCUSSION

The primary finding of our study was that augmentation of
the anterior glenoid with scapular spine autograft
improved the bony stability of the joint in cadaveric speci-
mens. In final analysis, joint-reaction forces were decreased
from the native state with creation of a bony defect whereas

TABLE 3
Results of Statistical Comparisons Between the Testing

Conditionsa

Statistical Comparison P

ANOVA
Intact vs with defect vs augmented < .001

t test
Intact vs with defect < .001
With defect vs augmented < .001
Intact vs augmented .07

aBoldface P values indicate statistically significant difference
between states (P < .05). ANOVA, analysis of variance.
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Figure 4. Normalized peak joint-reaction force of intact specimens, specimens after creation of a defect, and specimens after
augmentation with scapular spine autograft.

TABLE 2
Peak and Normalized Joint-Reaction Force Under the Intact, With Defect, and Augmented Conditions (N ¼ 10 Shoulders)

Specimen Side

Peak Joint-Reaction Force, Na Normalized Relative to Intact

Intact With Defect Augmented Intact With Defect Augmented

1 Right 66.9 ± 0.6 34.1 ± 2.2 41.1 ± 1.2 1.00 0.51 0.61
2 Right 55.2 ± 1.8 14.5 ± 1.7 33.6 ± 1.2 1.00 0.26 0.61
3 Left 49.5 ± 1.3 16.6 ± 3.0 72.1 ± 4.1 1.00 0.34 1.46
4 Right 122.2 ± 2.0 32.0 ± 8.3 120.7 ± 1.2 1.00 0.28 1.05
5 Right 70.1 ± 1.8 56.0 ± 0.5 79.0 ± 1.6 1.00 0.80 1.06
6 Right 101.2 ± 2.2 28.3 ± 7.8 28.3 ± 2.2 1.00 0.28 0.28
7 Left 32.2 ± 1.6 30.4 ± 1.6 42.3 ± 0.5 1.00 0.94 1.31
8 Left 47.5 ± 3.8 18.0 ± 0.1 33.6 ± 0.6 1.00 0.38 0.71
9 Right 68.1 ± 2.9 15.8 ± 0.3 32.8 ± 1.1 1.00 0.23 0.48
10 Left 73.0 ± 8.5 22.0 ± 0.6 40.0 ± 0.7 1.00 0.29 0.53

aData are reported as mean ± SD.
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grafting of the defect with scapular spine autograft signif-
icantly increased joint stability. In accordance with our
hypothesis, results indicated that the scapular spine is an
acceptable alternative for tricortical autograft in shoulder
instability surgery.

In 1989, Fronek et al4 described using the scapular
spine for bone block augmentation of the glenoid in poste-
rior glenohumeral instability. Although the scapular
body is a well-documented source for vascularized pedicle
harvest,10,14,15 the literature has been scarce regarding the
use of the scapular spine for autograft in orthopaedic pro-
cedures. One cadaveric study, using nonstructural scapular
spine autograft as an alternative to iliac crest autograft for
lumbar spinal fusions, documented both the adequacy
of bone stock and the relative ease of the procedure.15

Rohman et al13 compared computed tomography measure-
ments of the scapular spine to those of other autograft
harvest sites for anterior shoulder instability. Those inves-
tigators found the scapular spine to have similar dimen-
sions to the coracoid and iliac crest, with 96% of scapular
spines providing adequate bone stock (8 � 8 � 20 mm)
compared with 85% of coracoids.13 A cadaveric study com-
paring distal tibial allograft and scapular spine autograft
for reconstruction of posterior glenoid defects found that
both procedures restored stability of the glenohumeral joint
to that of the defect-free state.11 To our knowledge, our
study is the first biomechanical study to evaluate the scap-
ular spine as an alternative to other autograft methods in
anterior glenohumeral instability surgery.

The presence of a bony glenoid defect is an important
predictor of recurrent instability after shoulder injury. In
that situation, restoration of the bony morphology of the
glenoid has been shown in multiple studies to help restore
glenohumeral stability.1,12,17,18 In a cadaveric study simu-
lating anterior glenoid osseous defects, Yamamoto et al18

demonstrated that restoration of the glenoid concavity with
a free coracoid graft increased peak translational force of
the humerus on the glenoid to that of the defect-free state.
In their study, soft tissue procedures alone failed to restore
the stability of the shoulder to its native state in any size of
defect. Conversely, bone grafting alone restored stability
for all sizes of defects, indicating that perhaps the most
important factor in restoring stability is re-creating the
bony concavity and arc length of the glenoid. In another
cadaveric study, Pauzenberger et al12 found that using an
iliac crest “J-graft” to restore glenoid concavity resulted in
glenohumeral contact areas and stability comparable to a
defect-free state.

In the current study, using scapular spine autograft
delivered similar results. We found that peak joint-
reaction forces were not significantly different from those
of a native state when grafting of the defect was performed.
Additionally, visual inspection of the augmented gleno-
humeral joint demonstrated consistent restoration of the
articular arc and concavity with scapular spine bone graft-
ing using the superior aspect of the scapular spine adjacent
to the glenoid surface.

In addition to demonstrating that scapular spine auto-
graft adequately restored bony stability to the shoulder, we
noted advantages relative to other stabilization procedures.

Similar to the Latarjet procedure, using scapular spine
autograft offers the advantage of requiring only 1 surgical
field, obviating the need for a separate surgical preparation
such as with iliac crest harvest. In contrast to the Latarjet
procedure, scapular spine autograft entails less alteration
of the anatomic characteristics of the anterior shoulder. It
is also possible that use of a scapular spine autograft carries
a lower complication risk compared with iliac crest auto-
graft or the Latarjet procedure; iliac crest autograft harvest
is well known for issues with wound drainage and postop-
erative pain, whereas the Latarjet procedure carries the
unique risk of neurological injury cited between 1% and
20%.3 Distal tibial allograft, although avoiding the surgical
complications of autograft harvest, carries concerns of
increased resorption, increased cost, and limited availabil-
ity relative to autograft procedures.15

The scapular spine is easily accessible and requires min-
imal mobilization of muscular tissue without posing danger
to important neurovascular structures. In each of our speci-
mens, the scapular spine had sufficient length, width, and
depth to provide adequate tricortical autograft. Further-
more, we noted that the scapular spine, at its flare, had a
shape and radius of curvature on the superior surface that
visually matched those of the glenoid and provided an
excellent, smoothly contoured substitute for the defect of
the glenoid. Potential downsides of scapular spine auto-
graft include harvest site morbidity with pain or irritation
at the site; there is also potential for scapular fracture if
careful technique is not used during harvest.

Limitations

This study has several limitations. Using cadaveric speci-
mens to test a dynamic process does not fully reflect condi-
tions in vivo. The rotator interval was opened for the second
and third testing states, which may have led to different
outcomes than first testing state with the rotator interval
intact. We attempted to match the joint-reaction force pro-
vided by native musculature, capsule, and intra-articular
negative pressure with dead weight; this method, although
used widely in the literature, is nonetheless only a simple
substitute for the dynamic forces seen in vivo. No other
graft options, such as coracoid or iliac crest, were used in
this study; however, based on the study by Rohman et al,13

it appeared that similar sizing possibilities exist between
scapular spine autograft and other glenoid augmentation
graft options. It is also possible that this study was under-
powered to detect a difference between the augmented and
intact states; however, the statistical significance was
much more pronounced in the other analyses. Finally,
because this represents a time-zero study, this study does
not provide information about healing potential of the graft
or the long-term health of the shoulder.

CONCLUSION

Augmentation of anterior glenoid defects with scapular
spine autograft led to increased stability of the glenohum-
eral joint during anterior translation in a cadaveric model.
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Additionally, the scapular spine offered consistently ade-
quate bone stock for glenoid augmentation while visually
matching the contour and anatomic characteristics of the
native glenoid. The results suggest that the scapular spine
may be a useful local alternative for autogenous bone graft
in anterior shoulder instability surgery.
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