Glenoid Rim Anatomy

Risk for Glenoid Vault Perforation During Labral Repair
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Background: Injuries to the glenoid labrum frequently require repair with anchors. Placing anchor devices arthroscopically can be
challenging, and anchor malpositioning can complicate surgical outcomes.

Purpose: To determine the safe insertion range and optimal insertion angle of glenoid labral anchors at various positions on the
glenoid rim and to establish surgical guidelines that minimize risk of anchor perforation.

Study Design: Descriptive laboratory study.

Methods: Three-dimensional computed tomography scans of 30 normal cadaveric specimens were obtained. A virtual model of a
generic labral anchor was inserted into the rim of the glenoid at the clockface positions represented by 12:00, 1:30, 3:00, 4:30, 6:00,
7:30, 9:00, and 10:30. At each position, the safe insertion range was the maximal range measured, and the optimal insertion angle
was identified as the angle between the bisector of the safe insertion range and the glenoid face.

Results: Progressing in the clockwise direction, beginning at the 12:00 position, the safe insertion ranges (mean + SD ) were 55.9° +
10.6°,63.6°+17.6°,47.7°£9.1°,46.1°+£8°,73.9°+9.7°,40.9° £ 6.5°,40.4° £ 7.4°,and 39.9° + 7.1°, respectively. The optimal insertion
angles were 47.9° £ 7.6°, 53.1° £ 10.9°, 35.0° £ 4.4°, 42.4° + 4.9°, 60.9° £ 8.4°, 36.6° £ 5.9°, 31.2° + 4.9°, 34.8° £ 4.6°, respectively.
Conclusion: Optimal insertion angles and safe insertion ranges varied significantly with respect to the position on the glenoid face.

The safe insertion range and optimal insertion angle were found to be wider at the anterior glenoid as compared with the posterior
glenoid. A posterolateral insertion angle was safer than an anterior insertion angle at the 10:30 position.

Clinical Relevance: Proper arthroscopic technique resulting in anchor insertion at the correct angle, depth, and location will
prevent anchor-related glenohumeral complications such as glenoid perforation, cartilage damage, persistent pain, decreased
range of motion, and failure of the reconstruction.
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Injuries to the glenoid labrum are common in young athletic
patients and can lead to shoulder pain and instability. Pri-
mary repair of glenoid labral tears is more widely performed
by arthroscopic reattachment of the detached labrum to
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the glenoid rim with labral anchor devices.'® While anchors
have a large variety in composition, size, and suture config-
uration, they all utilize the glenoid rim as port of entry into
the glenoid vault and the glenoid bone stock as a base for sta-
ble attachment. Arthroscopic placement of anchor devices
can be challenging because of limited surgical exposure.
Understanding the bony morphology of the glenoid and
proper arthroscopic placement of the suture anchor are
essential to the success of glenoid labral repairs.!® An incor-
rect angle of insertion can lead to perforation of the glenoid
vault or damage to the articular cartilage of the glenoid face,
resulting in chronic pain, restriction of motion, recurrence of
primary pathology, and reoperation.'? Recent arthroscopic
cadaveric studies have shown that the glenoid perforation
rate can be as high as 100% during Bankart repair'® and
superior labrum anterior to posterior (SLAP) lesion
repair.®'® Medial glenoid cortex perforation during SLAP
repair increases the risk of suprascapular nerve injury.%1%2°
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Figure 1. (A) Schematic illustration of the glenoid clockface positions: 12:00, superior position; 3:00, anterior position; 6:00, inferior
position; 9:00, posterior position. The lines represent the location of the simulated glenoid cuts and anchor insertion sites. (B) Cross
section from 12:00 to 6:00. Note the superior protrusion of the glenoid rim at 12:00 and the continuation with the neck at 6:00. (C)
Cross section from 3:00 to 9:00. Note the shelf-like protrusion of the glenoid rim from the glenoid neck at 9:00 and the linear con-
tinuation of the rim with the neck at 3:00. (D) Cross section from 4:30 to 10:30. The glenoid bony morphology resembles the cross
section morphology of the 3:00 to 9:00 position; however, a slight increase in glenoid rim protrusion was noted at the 10:30 posi-
tion. (E, F) Cross section at the 1:30 position demonstrated 2 variations: (E) a step-like appearance of the glenoid coracoid junction
and (F) a continuous appearance of the glenoid coracoid junction.

Because of scapular anatomy, approaching the post-
erior glenoid can be clinically challenging. Chan et al®
demonstrated a high perforation rate during SLAP repair.
Their cadaveric study showed 14% perforation rate using
a low posterosuperior drill hole utilizing the port of
Wilmington at the 10:00 clockface position, and 67% of
the perforated glenoids demonstrated suprascapular
nerve injury. Lehtinen et al® reported glenoid rim angles
at 5 anchor locations, corresponding to the 3:00, 4:30,
6:00, 7:30, and 9:00 clockface positions. We also deter-
mined the safe insertion range and optimal insertion
angle at the 10:30 position (where the acromion compli-
cates the surgical approach) by simulating the use of the
Nevaiser portal and posterolateral to the acromion by
simulating the use of the portal of Wilmington.

In spite of the reported high glenoid perforation rates
and in light of the biomechanical advantage of orthogonal
anchor placement relative to the glenoid rim, there are no
universally accepted recommendations for surgically safe
and optimal insertion angles. The purposes of this study
were to (1) determine the safe insertion range available to
avoid perforation, (2) determine the optimal insertion angle
at various positions on the glenoid rim, and (3) provide sur-
gical guidelines to minimize risk of perforation.

MATERIALS AND METHODS

We performed a high-resolution computed tomography scan
(0.625-mm axial resolution) of cadaveric shoulders. After

3-dimensional (3D) reconstruction of the scapulae (in
MIMICS; Materialise), an evaluation of the glenoid face
was performed, and specimens with any abnormality such
as dysplasia, fracture, and bone loss due to arthritic
changes were excluded. A total of 30 unpaired normal sca-
pulae (16 left, 14 right) were selected for this study. A gle-
noid face was oriented to that of a clock, with 12:00
denoting the superior position, 3:00 the anterior position,
6:00 the inferior position, and 9:00 the posterior position.
A vertical line was drawn on the glenoid face from 12:00
to 6:00 to measure the height of the glenoid. A perpendicu-
lar line to the midpoint of the vertical line was generated
from 9:00 to 3:00, passing through the center of the glenoid
width to define the center of the glenoid. From the center
of the glenoid, a 45° angle was generated to define the
1:30, 4:30, 7:30, and 10:30 positions on the glenoid clock-
face (Figure 1A).

Measurements of Insertion Angle

A virtual 3 mm-diameter, 15 mm-long model of a generic
labral anchor was constructed using a commercially avail-
able 3D modeling program (RHINOCEROS 3D; McNeel).
The glenoid was radially sectioned with planes that inter-
sected at the glenoid center and that were normal to the
glenoid face plane. There were planes that contained the
following clockface positions: 1:30, 3:00, 4:30, 6:00, 7:30,
9:00, 10:30, and 12:00. To simplify the analysis, the left-
sided scapulae were converted, by mirroring, into
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Figure 2. Schematic illustration of a glenoid cross section, anchor placement, and angle measurements: (A) macroscopic appear-
ance, (B) magnified image. The illustration demonstrates the safe insertion range (SIR) and the angle between 2 anchors (one
bound by the glenoid articular surface and the other bound by the cortex of the glenoid neck), which represents the maximal mea-
sured range. The optimal insertion angle (OIA) is the angle between the bisector of the safe insertion range and the glenoid face.
This angle represents the angle with the highest margin for error available for insertion without perforation.
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Figure 3. (A) Schematic illustration of the oblique cuts performed at the 10:30 clockface position simulating the use of the Nevaiser
portal (anterior to the acromion, anterior cut) and the port of Wilmington (posterolateral to the acromion, posterior cut). (B) The
cross-sectional bony morphology after performing the anterior cut, and (C) the posterior cut. Note the difference in the cross-
sectional area, which permits a higher insertion range via the port of Wilmington.

right-sided scapulae; therefore, throughout this article
when we discuss the clockface position, we refer to 9:00
as posterior and 3:00 as anterior. Figure 1A represents the
cross sections in a right scapula. This approach is
consistent with previous reports on the glenoid clockface
position both in the orthopaedic and the radiologic litera-
ture.>%18:1% On each glenoid cross section, 2 anchors were
superimposed having a common entry point on the rim
of the glenoid: one bounded by the glenoid articular sur-
face and the other bounded by the cortex of the glenoid
neck. These 2 positions represented the extreme angles
in which the anchor could be placed without perforating
through the bone. We defined the “safe insertion range”

as the angle between these 2 anchors. This angle rep-
resented the widest insertion margin for error available
before perforating the glenoid vault. The “optimal insertion
angle” was defined by the angle between the bisector of the
safe insertion range and the glenoid face (Figure 2). We used
the glenoid face as a convenient reference because it was
usually well visualized during arthroscopic labral repair.
To simulate avoiding the acromion at the 10:30 position,
we performed 2 oblique cuts passing through the 10:30
position on the glenoid rim but not through the center of
the glenoid (Figure 3). The safe insertion range and opti-
mal insertion angle at 10:30 were determined anterior to
the acromion by simulating the use of the Nevaiser portal
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TABLE 1
Optimal Insertion Angle and
Corresponding Safe Insertion Range®

Optimal Insertion Safe Insertion

Anchor Position Angle, deg Range, deg
12:00 479176 55.9 +10.6
1:30 53.1£10.9 63.6 £17.6
3:00 35.0+4.4 47.71+9.1
4:30 42.4+49 46.1+ 8.0
6:00 60.9 £ 8.4 73.9+9.7
7:30 36.6 +5.9 40.9 £ 6.5
9:00 31.2+49 404+ 74
10:30 34.8+4.6 39.9+7.1
10:30 (anterior) 17.1+4.1 17.8 £4.8
10:30 (posterior) 32.1+3.9 51.3+6.1

“Values are reported as mean + SD.

and posterolateral to the acromion by simulating the use
of the portal of Wilmington. At the 6:00 position, we
approached the glenoid from superior and inferior to the
equator line (the axial plane passing through the 6:00
position) and with angulation of the anchor from anterior
to posterior. After each anchor placement was performed,
the entire scapula 3D surface was examined to confirm
there was no anchor perforation. Two independent readers
performed the measurements. The interobserver class
coefficient (ICC) was 0.95.

Statistical Analysis

A paired Student ¢ test was performed to evaluate statis-
tical differences between the mean safe insertion range
and optimal insertion angle at the anterior and posterior
clockface positions and between the mean safe insertion
range and optimal insertion angle at the anterior and the
posterolateral position at the 10:30 clockface position.

RESULTS

Mean morphometric measurements of glenoid length and
width were 35.2 £ 2.7 mm and 26.0 £ 2.1 mm, respec-
tively. The cross section of the glenoid at the 3:00 (ante-
riorly) and 9:00 (posteriorly) positions revealed the
typical shelf-like protrusion of the glenoid rim from the
glenoid neck at the 9:00, while at the 3:00 position, the
glenoid rim did not protrude and blended with the gle-
noid neck (see Figure 1C).

The mean safe insertion range and the optimal insertion
angle are presented in Table 1. The safe insertion range
and the optimal insertion angle were significantly wider
in the anterior glenoid compared with the posterior gle-
noid. We chose a difference of 5° or greater as the mini-
mum threshold for intraoperative relevance. On average,
the safe insertion angles were greater at anterior insertion
sites (1:30, 3:00, and 4:30 positions) compared with their
corresponding posterior sites (10:30, 9:00, and 7:30 posi-
tions; P < .001). The optimal insertion angles were also
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steeper at anterior insertion sites than their correspond-
ing posterior sites. This result indicates that posterior
anchors needed to be inserted more parallel to the glenoid
face and had a smaller margin of safety.

At the 10:30 position (superior/posterior), the acromion
prevented a direct approach. The optimal insertion angle
and the safe insertion range were significantly greater
(by 15° and 34°, respectively, P < .001) for the posterolat-
eral approach compared with the anterior approach. At
the 6:00 position (inferior), approaching the glenoid super-
ior to the equator line would always perforate the glenoid,
while approaching the glenoid inferiorly to the equator
line with anterior or posterior angulation of the anchor
provided a safer insertion range averaging 56°.

No significant difference was observed between the right
and left scapulae in the positions studied (P > .05).

DISCUSSION

Improper positioning of the suture anchor can lead to gle-
noid perforation, cartilage damage, persistent pain, dam-
age to suprascapular nerve, decreased range of motion,
and failure of the reconstruction, resulting in the need for
revision surgery.>%'%1” However, limited data have been
published evaluating the anatomy of the glenoid rim.®°
Proper arthroscopic technique resulting in anchor inser-
tion at the correct angle, depth, and location may prevent
anchor perforation-related glenohumeral complications.
Computer navigation systems have been studied in an
attempt to increase the accuracy of placing glenoid anchors.
The maximum deviation from the target angle was 11.9°
during freehand anchor placement and 8.4° during
computer-navigated anchor placement.” These findings
indicate that knowledge of the optimum angle that maxi-
mizes the margin of error is very relevant.

In our study, the safe insertion range and optimal inser-
tion angle for placing the labral anchor devices varied sig-
nificantly with position on the glenoid clockface. We found
that anchor insertion in the posterior glenoid rim typically
required lower insertion angles (and a smaller safe range)
than did insertion in the anterior glenoid (1:30 vs 10:30,
3:00 vs 9:00, 4:30 vs 7:30 positions). This result was a
reflection of the difference in the anatomic cross sections
around the glenoid clockface (see Figure 1). The protru-
sion of the posterior glenoid rim from the glenoid neck,
especially at the 9:00 position, dictated insertion of
the anchor relatively parallel to the glenoid face since
insertion of an anchor at steeper angles tended to perfo-
rate at the 9:00 position. Lehtinen et al® investigated the
anteroinferior, inferior, and posterior-inferior glenoid rim
anatomy of 20 scapulae computed tomography scans. On
average, the glenoid rim angles were greater at the 3:00
(53° £ 5°) than the 9:00 position (49° + 4°) and lower at the
4:30 (45° + 7°) than the 7:30 position (61° £ 10°). The trend
of these results was partially consistent with our findings.
Our study demonstrated a similar trend for the 3:00 and
9:00 positions and an opposite trend for the 4:30 and the
7:30 positions. Moreover, our measured safe insertion
ranges were almost similar along the posterior rim that
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measured 40.9° + 6.5°, 40.4° £ 7.4°, and 39.9° + 7.1° at the
7:30, 9:00, and 10:30 positions, respectively. This finding
was of clinical significance as it can increase the surgeons’
awareness to the continuous uniformity of the narrow pos-
terior rim and its difference from the anterior rim. In addi-
tion, it is important to note that Lehtinen et al® determined
the optimal angles for insertion by using a line rather than
by a virtual anchor. The line did not have a defined width,
and the length was variable determined by the distance to
the medial cortex of the scapular neck. The authors noted this
limitation of their study, stating that if a fixation device was
used that was shorter than the distance to the medial cortex,
then the arc available for insertion would be different. In our
study, we chose an anchor of a common dimension to address
this limitation; hence, the magnitudes of our safe insertion
ranges were smaller as the use of 3D virtual anchors reduced
the safe insertion range within the glenoid rim angle.

At the 1:30 position, we observed a large variation in the
relationship between the cross-sectional anatomy of the gle-
noid and the coracoid process. In some specimens, the base of
the coracoid process was wider and continued on to the gle-
noid rim, which increased the available bone stock and
increased the safe insertion range (Figure 1F). In specimens
with a narrower coracoid base, which was not in direct con-
tinuation with the glenoid rim, the safe insertion range was
much smaller (Figure 1E). This anatomic variation
increased the standard deviation of the safe insertion range
at this position (safe insertion range, 63.6° + 17.6°). Despite
the large average safe insertion angle, greater care should
be taken in patients with a narrower base of the coracoid.

The Nevaiser portal'* and the port of Wilmington!!
have been previously described for the treatment of SLAP
lesions. Our simulated approach of the glenoid via these
portals indicated that the port of Wilmington will permit
a higher safe insertion range as compared with the approach
via the Nevaiser portal. Moreover, the range at the 10:30
posterolateral position (simulating approach via port of
Wilmington) was wider than the range at the 10:30 position.
Therefore, if no other limitations exist, an oblique poster-
ior approach to the glenoid rim at this location may pro-
vide surgeons with the maximal safe insertion range.'®

At the 6:00 position, besides measuring the safe insertion
range and optimal insertion angle, we wanted to study the
direction that surgeons should use for successful anchor
placement. We found that approaching the glenoid superior
to the equator line always perforated the glenoid, while
approaching the glenoid inferiorly to the equator line with
either anterior or posterior angulation of the anchor per-
mitted a safe anchor insertion. Lim et al'° evaluated anchor
penetration after Bankart repair in a cadaveric arthro-
scopic model. All anchors placed at 6:00 perforated the pos-
teroinferior glenoid cortex. They related this observation to
the deviation of anchor placement from the orthogonal posi-
tion to the glenoid rim. Moreover, they found that these
perforating anchors were biomechanically weaker rela-
tively to anchors placed at 4:00.

Our study had the following limitations. First, we chose
an anchor dimension (length 15 mm, width 3 mm) to repre-
sent a generic anchor size. Several other studies have used
anchors with similar dimensions (14 x 3 mm in cadaveric
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anchor placement during glenoid labral repair).%%13 Rapid
changes in anchor technology have led to increased varia-
bility in anchor sizes, with the introduction of smaller
anchors in width and length.! Smaller anchors may
increase the margin for safety. Second, we placed our
anchors at the edge of the glenoid rim along predefined
directions; we did not take into account variations in verti-
cal alignment. While we accounted for change in direction
of the anchor to avoid the acromion, we did not account for
changes in anchor placement to avoid the subscapularis
tendon. Third, we did not collect information on donor hand
dominance and activity (sports and work), which can influ-
ence glenoid anatomy. Fourth, this study does not account
for the potential for the bone to undergo plastic deformation
around the drill or the implant.

CONCLUSION

We placed virtual anchors at the edge of the glenoid rim
along predefined directions. Optimal angles of insertion
and maximum available range of deviation from the angle
before perforation varied significantly with respect to the
position on the glenoid face for placing labral fixation
devices. The average optimal insertion angles we report
can provide surgical guidelines to minimize the risk of per-
foration despite the subject-to-subject variation in glenoid
morphology. Labral anchor insertion in the posterior gle-
noid rim typically required lower insertion angles and had
a smaller margin of safety than did insertion in the ante-
rior glenoid rim. To avoid the acromion while inserting
an anchor at the 10:30 clockface position, a posterolateral
oblique insertion was safer than an anterior oblique inser-
tion angle. To place an anchor at the 6:00 position it is nec-
essary to approach the glenoid from an inferior to superior
direction to avoid perforation.
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