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Inferior Suture Anchor Placement
During Arthroscopic Bankart Repair

Influence of Portal Placement and Curved Drill Guide

Rachel M. Frank,*y MD, Nathan A. Mall,y MD, Deepti Gupta,y MD, Elizabeth Shewman,y MS,
Vincent M. Wang,y PhD, Anthony A. Romeo,y MD, Brian J. Cole,y MD, MBA,
Bernard R. Bach Jr,y MD, Matthew T. Provencher,z MD, and Nikhil N. Verma,y MD
Investigation performed at Rush University Medical Center, Chicago, Illinois, USA

Background: During arthroscopic Bankart repair, inferior anchor placement is critical to a successful outcome. Low anterior
anchors may be placed with a standard straight guide via midglenoid portal, with a straight guide with trans-subscapularis place-
ment, or with curved guide systems.

Purpose/Hypothesis: To evaluate glenoid suture anchor trajectory, position, and biomechanical performance as a function of
portal location and insertion technique. It is hypothesized that a trans-subscapularis portal or curved guide will improve anchor
position, decrease risk of opposite cortex breach, and confer improved biomechanical properties.

Study Design: Controlled laboratory study.

Methods: Thirty cadaveric shoulders were randomized to 1 of 3 groups: straight guide, midglenoid portal (MG); straight guide,
trans-subscapularis portal (TS); and curved guide, midglenoid portal (CG). Three BioRaptor PK 2.3-mm anchors were inserted
arthroscopically, with an anchor placed at 3, 5, and 7 o’clock. Specimens were dissected with any anchor perforation of the
opposite cortex noted. An ‘‘en face’’ image was used to evaluate actual anchor position on a clockface scale. Each suture anchor
underwent cyclic loading (10-60 N, 250 cycles), followed by a load-to-failure test (12.5 mm/s). Fisher exact test and mixed effects
regression modeling were used to compare outcomes among groups.

Results: Anchor placement deviated from the desired position by 9.9� 6 11.4� in MG specimens, 11.1� 6 13.8� in TS, and 13.1� 6

14.5� in CG. After dissection, opposite cortex perforation at 5 o’clock occurred in 50% of MG anchors, 0% of TS, and 40% of CG.
Of the 90 anchors tested, 17 (19%) failed during cyclic loading, with a similar failure rate across groups (P = .816). The maximum
load was significantly higher for the 3-o’clock anchors when compared with the 5-o’clock anchors, regardless of portal or guide
(P = .021). For the 5-o’clock position, there were significantly fewer ‘‘out’’ anchors in the TS group versus the CG or MG group
(P = .038). There was no statistically significant difference in maximum load among groups at 5 o’clock.

Conclusion: Accuracy in suture anchor placement during arthroscopic Bankart repair can vary depending on both portal used
and desired position of anchor. The results of the current study indicate that there was no difference in ultimate load to failure
among anchors inserted via a midglenoid straight guide, midglenoid curved guide, or percutaneous trans-subscapularis
approach. However, midglenoid portal anchors drilled with a straight or curved guide and placed at the 5-o’clock position had
significant increased risk of opposite cortex perforation compared with trans-subscapularis percutaneous insertion, with no
apparent biomechanical detriment.

Clinical Relevance: The findings from this study will facilitate improved understanding of risks and benefits of several techniques
for arthroscopic shoulder instability treatment with regard to suture anchor fixation.

Keywords: glenoid portal; instability; curved guide; percutaneous; biomechanical

Arthroscopic shoulder stabilization with suture anchors
has become an accepted treatment option for management
of anterior shoulder instability.1,6,10,31,35,37,46,47 In most
cases of traumatic instability, a labral tear is present,

which requires repair to the glenoid rim with suture
anchors.§ Multiple clinical studies have demonstrated
favorable long-term outcomes after instability repair with
suture anchor fixation.2,5,9,26,43-45 Despite a more evolved
understanding of anterior shoulder instability, failure
rates leading to repeat instability events are noted to be
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as high as 20% to 30% for patients after repair of both
acute and recurrent instability.26,32,45 For example, Owens
and colleagues recently reported on 40 shoulders undergo-
ing arthroscopic Bankart repair with suture anchors for
acute (primary) anterior shoulder dislocations. With an
average 11.9 years of follow-up, the authors reported
a 14.3% recurrent dislocation rate and a 21% recurrent
subluxation rate.26 Similarly, van der Linde et al45

reported on 70 shoulders undergoing arthroscopic Bankart
repair for traumatic recurrent anterior instability with
suture anchors and noted a recurrence rate of 35% after
8 to 10 years after surgery. Such failure rates are clearly
problematic, especially given the relatively young average
age composing the majority of this patient population.

Given that the typical zone of injury in the setting of
anterior instability is in the anterior-inferior glenoid quad-
rant, the zone of injury is between 3 and 6 o’clock (for
a right shoulder).36 For adequate repair, it is critical for
the surgeon to achieve inferior anchor placement to
address the inferior component of traumatic instability.
The standard midglenoid portal, however, can pose diffi-
culty in permitting adequate low anterior-inferior anchor
placement. This may be due to the obliquity of the
approach, which may ultimately lead to anchor blowout.

Alternative portals and curved drill guide systems have
been described to improve inferior anchor placement. The
majority of technical articles on arthroscopic Bankart
repair describe suture anchor placement with a straight
guide through a standard midglenoid portal (above the
subscapularis tendon). Other portals, including the percu-
taneous 5-o’clock trans-subscapularis portal and the
7-o’clock portal, have been advocated to provide more con-
sistent placement of inferior anchors on the glenoid.20,29

These portals allow for a more perpendicular trajectory
for pilot hole preparation and subsequent suture anchor
placement. More recently, curved guide systems have
been developed to facilitate such inferior anchor
placement.

To date, there is a paucity of data available evaluating
anchor placement accuracy with regard to both portal
and guide choice. This information would be useful in clin-
ically guiding orthopaedic surgeons in their choices of por-
tal and guide utilization in the setting of anterior shoulder
instability repair. It is unknown if insertional techniques

affect the biomechanical performance of the anchor and,
further, whether the anchor remains in bone after inser-
tion. Finally, it is unknown if the surgeon’s intended
anchor placement (eg, 3 o’clock) is affected by portal and/
or guide choice. The purpose of this study, therefore, is to
evaluate initial biomechanical performance of a conven-
tional glenoid anchor and risk of opposite cortex penetra-
tion as a function of portal used and type of guide chosen
(straight vs curved). The hypothesis of this study is that
use of an accessory trans-subscapularis portal or curved
drill guide system will improve low anterior-inferior
anchor position and result in improved initial biomechani-
cal properties with lower risk of opposite cortex
perforation.

MATERIALS AND METHODS

This study was classified as exempt from our university’s
Institutional Review Board. Thirty fresh-frozen human
cadaveric shoulders (90 anchors) underwent quantitative
computed tomography scans to assess bone mineralization.
The bone mineralization data were used to allocate speci-
mens to 1 of 3 test groups—straight guide via midglenoid por-
tal (MG), straight guide via trans-subscapularis portal (TS),
and curved guide via midglenoid portal (CG)—such that
there was no difference in bone mineralization among the
groups (P = .93). The specimens had an average age of 50.6
years (range, 28-64 years). The average bone mineralization
as determined by quantitative computed tomography scan of
all specimens was 266.4 6 158.5 HU (Table 1). There were 13
left shoulders and 17 right shoulders.

All shoulders were then thawed to room temperature and
examined arthroscopically by the senior author (N.N.V.).
Each shoulder was secured with a shoulder clamp on the
extremity holder, placed in the lateral decubitus position,
and set in longitudinal and lateral traction (10 lb) with
the shoulder abducted to 35� and forward flexed to 20�.
The arthroscopic fluid ran continuously from the sink with
a pressure equivalent to approximately 30 mm Hg. Speci-
mens subsequently underwent suture anchor placement
by the senior author (see videos 1-3 of the online supple-
ment). Three BioRaptor 2.3-mm PK anchors (Smith &
Nephew Inc, Andover, Massachusetts, USA) were inserted
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arthroscopically in each glenoid surface using 1 of 3
approaches: MG, TS, or CG. Three anchors were placed
for each specimen to achieve the following positions: 3, 5,
and 7 o’clock. For all specimens, the 7-o’clock anchor was
placed with a straight guide via an accessory percutaneous
posterior-inferior portal (Figure 1). Anterior anchor place-
ment was achieved while viewing from a standard posterior
portal, while posterior-inferior anchor placement was
achieved while viewing from an anterior-superior portal.

Pilot hole preparation was performed with a power drill
and anchor guide per the manufacturer’s recommendations.
Anchors were then impacted into position via the drill
guide. The anchors were placed as close as possible to the
chondrolabral junction. No labral tear was created. Viewing
was from the posterior-superior portal, and the portals were
placed under direct visualization with an outside-in tech-
nique, localizing with a spinal needle first. The standard
midglenoid portal was superior to the subscapularis, in
the rotator interval, and an 8.25-mm cannula was utilized
for the anchor placement. For the 5-o’clock position (trans-
subscapularis approach), a spinal needle was used to local-
ize a trajectory perpendicular to the desired 5-o’clock posi-
tion on the glenoid face. A stab incision was then made in
the skin approximately 1.5 cm inferior to the location of
the midglenoid portal and lateral to the conjoined

tendon,7,20,29 and the anchor guide with a sharp-tip trocar
was used to penetrate the subscapularis; after which, the
anchor was placed in a standard fashion. No cannula was
used in this position. The 7-o’clock portal was created
approximately 4 cm distal to the posterolateral corner of
the acromion to access the inferior and posterior quadrants
of the glenohumeral joint. The 7-o’clock anchor was placed
with a similar percutaneous insertion technique.

After arthroscopic anchor placement, specimens were
dissected down to the glenoid-scapula construct, with the
humerus, clavicle, and soft tissues removed. Gross visual-
ization of anchor perforation of the opposite cortex was
documented (Figure 2). An ‘‘en face’’ method was used to
evaluate the actual position of each anchor on a clockface
scale via a goniometer. Anchor position was evaluated rel-
ative to its position on the clock, and any deviation from
intended position was recorded (eg, anchor placed at 3:30
instead of the desired position of 3 o’clock). Clockface devi-
ations were then converted to degrees with a 360� scale,
with 1 hour of deviation corresponding to 30�. Two inde-
pendent observers (blinded from each other’s data) mea-
sured all anchor positions in all specimens; results from
both observers were averaged.

Each specimen was then mounted in a materials testing
system (MTS Insight 5; MTS Inc, Eden Prairie, Minnesota,
USA) via a previously described technique.23,24,31 The gle-
noid was separated from the remainder of the scapula by
sawing from 1 cm below the infraglenoid ridge along the
infraspinatus fossa in a medial direction, then by cutting
along the medial border of the scapula just under the
spine. Each specimen was potted in dental acrylic (Isocryl;
Lang Dental, Wheeling, Illinois, USA) so that the glenoid
fossa was parallel with the surface of the potting container.
The potted glenoid was placed in a custom-made adjustable
jig that was fixed to the platform of the MTS. The No. 2
Ultrabraid sutures (Smith & Nephew Inc) from the suture

TABLE 1
Demographic Group Resultsa

Group Total Shoulders, No. Age, y Sex BMD (HU)

MG 10 51 6 11 4 M, 6 F 281 6 178
CG 10 51 6 11 4 M, 6 F 254 6 84
TS 10 51 6 11 4 M, 6 F 269 6 101

aBMD, bone mineral density; CG, curved guide, midglenoid por-
tal; F, female; HU, Hounsfield unit; M, male; MG, straight guide,
midglenoid portal; TS, straight guide, trans-subscapularis portal.

Figure 1. Location of the accessory posterior-inferior portal
placed at 7 o’clock, used for percutaneous anchors via
a straight guide.

Figure 2. Demonstration of opposite cortex anchor perfora-
tion (‘‘out’’ anchor). The arrow indicates the anchor insertion
site, while the circle demonstrates anchor perforation
through the opposite cortex.
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anchors fixated in the glenoid rim were tied in a 5-cm loop
with 5 alternating half-hitch arthroscopic knots. This loop
was placed around a stainless-steel 4-mm horizontal cross-
pin attached to a custom clamp, in line with a 1000-N load
cell. The angle of pull for the 3- and 5-o’clock suture anchors
was positioned such that the loading vector was directed in
a 45� anteroinferior direction, aimed at re-creating the in
vivo dislocation vector. The angle of pull for the 7-o’clock
anchor position was in line with the trajectory of the anchor.

For each shoulder, each anchor was tested individually
via a random sequence. Each anchor (3, 5, and 7 o’clock)
was preloaded to 10 N for 2 minutes, cyclically loaded
from 10 to 60 N at 1 Hz for 250 cycles (increased at an incre-
mental rate of 5.0 mm/s), and subsequently loaded to failure
at 12.5 mm/s. Specimens were regularly moistened with
a saline mist spray during testing. For all specimens, MTS
TestWorks 4 software (MTS Inc) was used to record maxi-
mum failure load (N). Gross method of failure was recorded.

Based on published data from a similar methodology,24

a power analysis was performed before initiation of the
study. For a statistical power of 80% with significance set
at 0.05 (a) according to an effect size of 1.3, 10 specimens
per group were required to detect differences in maximum
load (10% difference). For data analysis, mixed effects
regression models were fit to compare maximum failure
loads across testing conditions, as well as between ‘‘out’’
versus ‘‘in’’ anchors with regard to maximum failure
load. Fisher exact test was used to evaluate the categorical
data, including anchor perforation rates and failure rates.
For interobserver reliability of the anchor clockface meas-
urements, the intraclass correlation coefficient was calcu-
lated. Statistical significance was assumed for P \ .05.

RESULTS

Mode of Failure

All anchors that survived cyclic loading failed via anchor
pullout (Table 2). All anchors that failed during cyclical

loading also failed via anchor pullout, with an average fail-
ure at cycle number 56 of 250. Of the 90 anchors tested, 17
failed during cyclical loading (19%). No statistically signif-
icant differences were noted among the 3 groups with
regard to the number of failures sustained during cyclical
loading (P = .816). At the 3-o’clock position, 3 of 30 (10%)
anchors failed during cyclical loading (MG, 0; TS, 1; CG,
2). At the 5-o’clock position, 7 of 30 (23%) anchors failed
during cyclical loading (MG, 3; TS, 3; CG, 1).

Maximum Failure Load

The mean maximum failure load of the specimens that com-
pleted the entire protocol (n = 73) was 170.7 6 54.2 N. The
maximum load of the specimens in the MG group was
189.0 6 73.7 N at 3 o’clock and 131.1 6 22.0 N at 5 o’clock.
The maximum load of the specimens in the TS group was
202.1 6 63.6 N at 3 o’clock and 160.8 6 45.6 N at 5 o’clock.
The maximum load of the specimens in the CG group was
176.0 6 64.8 N at 3 o’clock and 161.3 6 52.0 N at 5 o’clock.
Finally, the maximum load at the 7-o’clock position was
167.2 6 41.8 N (all were performed via a percutaneous
approach with straight guide). There was no statistically
significant difference in maximum load among the groups
at 5 o’clock (P = .602). Overall maximum load was signifi-
cantly higher in the 3-o’clock anchors than the 5-o’clock
anchors in all 3 groups (P = .021), regardless of portal or
guide (Figure 3). Specifically, maximum load was estimated
to be 37.7 N greater in the 3-o’clock position compared
with the 5-o’clock position (P = .021; 95% confidence inter-
val: 5.6, 69.8).

Anchor Placement Accuracy (Perforation)

After dissection, a total of 80 anchors were classified as
‘‘in,’’ while 10 anchors were classified as ‘‘out,’’ with regard
to perforation of the opposite cortex (Figures 2, 4). At the
3-o’clock position, 100% of anchors were found to be ‘‘in.’’
At the 5-o’clock position, 5 of 10 anchors were ‘‘out’’ in

TABLE 2
Biomechanical Results by Groupa

Ultimate Load to
Failure, N

Anchors, No. Cyclical Loading, No.
Deviation From

Intended Clockface, degGroup: Anchor Position Total In Out Survived Failed

MG
3 o’clock 189.0 6 73.7 10 10 0 10 0 15.4 6 12.9
5 o’clock 131.1 6 22.0 10 5 5 7 3 4.5 6 6.6

CG
3 o’clock 176.0 6 64.8 10 10 0 8 2 14.6 6 18.3
5 o’clock 161.3 6 52.0 10 6 4 9 1 11.6 6 10.1

TS
3 o’clock 202.1 6 63.6 10 10 0 9 1 15.38 6 17.5
5 o’clock 160.8 6 45.6 10 10 0 7 3 12.75 6 15.5
7 o’clock 167.2 6 41.8 30 29 1 23 7 9.1 6 1.8

aMean 6 SD. CG, curved guide, midglenoid portal; MG, straight guide, midglenoid portal; TS, straight guide, trans-subscapularis portal.
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the MG group, and 4 of 10 were ‘‘out’’ in the CG group; sig-
nificantly fewer anchors (0 of 10) were ‘‘out’’ in the TS group
(P = .038). In the 7-o’clock position in the TS group, 1 anchor
was found to be ‘‘out,’’ while the remaining 29 were deemed
‘‘in.’’ Finally, regardless of technique, there was no anchor
intersection among any of the groups, as determined by
gross visual inspection. No significant difference in ultimate
load to failure or failure during cyclic loading was noted
among anchors contained in the glenoid vault versus those
that perforated opposite cortex at any position (P = .287).

Clockface Measurements

The intraclass correlation (r) coefficient for the 2 indepen-
dent observers measuring deviation from the intended
anchor position on the clockface for all positions was
0.932. Overall, for all positions and for all approaches,
anchor insertion on the clockface deviated from the
intended position by an average of 11.3� 6 13.4�. There
was no statistically significant difference in clockface accu-
racy among the 3 groups: CG, 13.1� 6 14.5�; MG, 9.9� 6

11.4�; TS, 11.1� 6 13.8� (P = .749). There was also no sta-
tistically significant difference in clockface accuracy among
the intended anchor positions for all groups: 3 o’clock, 15.1�
6 15.9�; 5 o’clock, 9.6� 6 11.6�; and 7 o’clock, 9.1� 6 11.8�
(P = .151). Finally, there was no statistical difference
among any of the subgroups in clockface deviation, as
noted in Table 2 (P = .43).

DISCUSSION

The principal findings of this study suggest that there was
no difference in ultimate load to failure among anchors
placed via a midglenoid approach with a straight or curved
guide or percutaneous guide via a trans-subscapularis
approach. Furthermore, there was no statistical difference
in deviation of intended clockface position among any of

the groups at any of the positions. However, anchors
placed via a trans-subscapularis approach had a signifi-
cantly decreased risk of opposite cortex perforation com-
pared with either guide (curved or straight) used via
midglenoid position. In addition, anchors placed in the
3-o’clock position are biomechanically stronger with statis-
tically significantly higher loads to failure compared with
anchors placed in the 5-o’clock position. As noted by Roth
et al,34 glenoid rim cortical thickness decreases from 2 to
6 o’clock; thus, the thicker cortical bone at the 3-o’clock
position may provide better fixation.

Arthroscopic management of anterior shoulder instabil-
ity is an accepted surgical technique with good to excellent
clinical outcomes. Nevertheless, despite advances in
implant design and techniques, the risk of recurrence
remains, with rates reported as high as 20% to
30%.26,32,45 As discussed earlier, potential reasons for fail-
ure may be attributable to patient-related factors, techni-
cal factors, and anatomic factors. Previous studies have
noted that placement of fewer than 3 anchors may be asso-
ciated with increased risk of instability.32 The surgeon’s
ability to place multiple anchors and achieve appropriate
capsular tension is predicated on the ability to place the
first anchor low on the anterior-inferior glenoid rim.32

Technical demands of suture anchor placement include
inferior placement on the glenoid face and with the proper
trajectory to achieve stable fixation without damaging the
articular surface. Clinically, the standard midglenoid
portal may pose difficulty in achieving adequate low
anterior-inferior anchor placement, possibly because of
the obliquity of the approach. In the present study, how-
ever, no differences were found with regard to anchor
placement accuracy regardless of intended position or
approach used. Lim and colleagues18 performed a biome-
chanical study assessing opposite cortex perforation of
anchors placed via the anteroinferior portal at the clock-
face positions of 4:00 and 5:30 to 6:00 and noted a high
risk of perforation with insertion of the inferior anchors.
The authors found no difference between the 2 anchor posi-
tions in ultimate failure strength after cyclical loading.18

Alternative portals, including the 5-o’clock trans-
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subscapularis portal and the 7-o’clock portal, have been
advocated to provide more consistent placement of inferior
anchors on the glenoid.20,29 The results of the current
study indicate that there was no difference in ultimate
load to failure among anchors inserted via a midglenoid
straight guide, midglenoid curved guide, or percutaneous
trans-subscapularis approach. However, midglenoid portal
anchors drilled with a straight or curved guide and placed
at the 5-o’clock position had significant increased risk of
opposite cortex perforation compared with trans-subscapu-
laris percutaneous insertion with no apparent biomechan-
ical detriment.

The implications, if any, of opposite cortex perforation
remain unclear. While anchors placed via a percutaneous
approach had a significantly decreased risk of opposite cor-
tex perforation compared with either guide used via midgle-
noid position, the biomechanical performance of the ‘‘out’’
versus ‘‘in’’ anchors was not significantly different. Perfora-
tion with drill or anchor may place at risk anatomic struc-
tures such as the axillary nerve. Further factors that may
influence anchor performance and require additional evalu-
ation include percentage of anchor within bone, size of
anchor, length of anchor, and anchor material. In addition,
while there is a potential benefit of less cortex perforation by
anchor placement via the trans-subscapularis portal, the
risks associated with using this portal must be considered.
Specifically, the axillary nerve and cephalic vein are at
risk during placement of this portal.21 As with all shoulder
surgery, the neurovascular status of the patient must be
assessed after the procedure, particularly in the distribution
of the axillary nerve. Given the described technique, with
spinal needle localization and blunt entry of the trocar
into the capsule, we believe that the risk to the nerve or vas-
cular structures is minimized.13,19,33,36 Finally, while rare,
open approaches to the anterior shoulder can place both
the upper and lower subscapular nerves at risk for injury.16

To date, however, there have been no reports of injury to
these specific nerves during arthroscopic placement of
a trans-subscapularis portal.

In addition, while arthroscopic anchor placement is min-
imally invasive, anchor placement itself requires the crea-
tion of multiple holes within the glenoid rim, most often in
a linear arrangement. Given multiple cortical perforations,
a stress riser can be created within the glenoid rim, and
reports of glenoid rim fracture after redislocation after
arthroscopic stabilization have been described.3,12 As noted
elegantly in these case reports,3,12 various factors related to
the anchors, including size, composition, and number used,
may play a role in the creation of stress risers, but ulti-
mately anchor configuration/insertion may be a significant
factor as well. An additional potential risk may be bicortical
versus unicortical drill penetration during anchor insertion.

Despite the relatively close position of anchors placed
during arthroscopic stabilization, we did not find any
case of anchor intersection within the glenoid vault or
anchor destabilization by adjacent anchor placement. In
designing the study, we elected to place a 7-o’clock anchor,
which we commonly use for posterior-inferior capsular pli-
cation or labral repair during anterior stabilization. The
purpose of including the 7-o’clock anchor was to assess if

there was any intersection of anchors within the glenoid
vault when placing anchors at both 5 and 7 o’clock via
each technique. In such situations, if anchor intersection
during anchor drilling occurred, anchor loosening may
occur. As stated in our results, we did not see any anchor
intersection with any technique that would influence
choice of drilling technique for a 5-o’clock anchor when
simultaneous placement of a 7-o’clock anchor is under-
taken. Overall, our results suggest minimal risk of anchor
intersection regardless of technique chosen. However, our
results are specific to the anchor used during this study,
based on drill and anchor length and diameter.

Suture anchors themselves have been associated with
several significant complications, including glenoid rim
fracture, osteolysis, enlargement of drill holes, infection,
articular cartilage damage, and stiffness, among others.||

In a biomechanical analysis of suture anchor performance
in the glenoid, Barber and colleagues4 analyzed 8 matched
pairs of human cadaveric glenoids with an average age of
54 years. The authors used 7 suture anchors inserted in
rotation on clockface of the glenoid: 12:00, 1:30, 3:00,
4:30, 6:00, 7:30, and 9:00 (right shoulder). Before pull-to-
failure testing, the authors cycled their specimens for 500
cycles at 10 to 60 N and found that 44% of anchors failed
during cyclical loading. This is in contrast to our study,
in which 19% failed during cyclical loading.

Koulalis et al17 performed a basic science study in an
effort to determine the role of a navigation system in
improving the accuracy of glenoid anchor positioning in
cases of anterior instability. The authors used plastic
shoulder models and compared insertion angles of 3 suture
anchors as performed by surgeons with and without the
use of computer navigation. Interestingly, the authors
did report a statistically significant difference among the
groups, favoring the navigation group, with regard to
anchor placement accuracy. However, the authors noted
that there was likely no significant clinical advantage
over the freehand technique.17

There were several limitations to the present study. As
with any cadaveric study, this was a ‘‘time zero’’ ex vivo
model, and there was no opportunity for anchor-bone heal-
ing to occur. Thus, the results from this study may differ
from what occurs in an in vivo setting. In addition, despite
visually and arthroscopically inspecting each specimen to
ensure that it was free of glenohumeral articular cartilage
disease, it is unknown whether the specimens had any his-
tory of osseous disorders that may have influenced anchor
pullout strength. However, in the present study, specimens
were distributed into different experimental groups of sim-
ilar bone mineral density to minimize the potential con-
founding effect of bone density. The average age of our
specimens (50.6 years) was somewhat older than the
patient population that might undergo instability repair
and, as such, may have worse bone quality and be more
likely to fail at lower biomechanical loads. However, as
bone mineral density was similar among all 3 groups, the
age of the specimens is unlikely to affect the overall results

||References 8, 11, 12, 15, 27, 28, 38, 42, 48.
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in this study. Finally, the study analyzed an intact glenoid,
whereas various degrees of bone deficiency may be encoun-
tered in clinical cases of instability. The effect of bone loss
on the reported results can be examined in future studies.
It should also be noted that some anchors, such as the
3-o’clock anchors in the TS group, were inserted in such
a way that may not reflect actual clinical practice, as the
TS portal is more commonly utilized for inferior anchor
placement’ (eg, 5 to 6 o’clock) as opposed to more anchors
placed more superiorly on the glenoid.7,20,29

Our results suggest that comparable anchor positioning
within the cortical glenoid bone can be achieved via multi-
ple different techniques. For all approaches, anchor inser-
tion on the clockface deviated from the intended position
by an average of 11.3� 6 13.4�. The clinical implications
of placing anchors up to 25� off from their intended position
are still unclear. Overall, while the hypothesis was not
confirmed—namely, that use of an accessory trans-
subscapularis portal or curved drill guide system would
improve low anterior-inferior anchor position and result
in improved initial biomechanical properties—there was
a lower risk of opposite cortex perforation via the percuta-
neous trans-subscapularis approach. Thus, while biome-
chanical performance is similar, the risk of cortical
perforation can be decreased by use of a percutaneous
trans-subscapularis approach. The findings from this
study will facilitate improved understanding of arthro-
scopic shoulder instability treatment with regard to suture
anchor fixation. Overall, percutaneous anchor insertion at
the 5-o’clock position may be preferred over midglenoid
portal anchors drilled with a straight or curved guide.
Clearly, the potential reasons for recurrent instability
after suture anchor fixation are multifactorial. Patient fac-
tors, biological factors, and surgeon factors are all likely to
contribute.

ACKNOWLEDGMENT

The authors acknowledge Theodore Karrison, PhD: statistician.

A Video Supplement for this article is available in the online version

or at http://ajsm.sagepub.com/supplemental.

REFERENCES

1. Alberta FG, Elattrache NS, Mihata T, McGarry MH, Tibone JE, Lee

TQ. Arthroscopic anteroinferior suture plication resulting in

decreased glenohumeral translation and external rotation: study of

a cadaver model. J Bone Joint Surg Am. 2006;88:179-187.

2. Archetti Netto N, Tamaoki MJ, Lenza M, et al. Treatment of Bankart

lesions in traumatic anterior instability of the shoulder: a randomized

controlled trial comparing arthroscopy and open techniques. Arthros-

copy. 2012;28:900-908.

3. Banerjee S, Weiser L, Connell D, Wallace AL. Glenoid rim fracture in

contact athletes with absorbable suture anchor reconstruction.

Arthroscopy. 2009;25:560-562.

4. Barber FA, Coons DA, Ruiz-Suarez M. Cyclic load testing and ulti-

mate failure strength of biodegradable glenoid anchors. Arthroscopy.

2008;24:224-228.

5. Brophy RH, Marx RG. The treatment of traumatic anterior instability

of the shoulder: nonoperative and surgical treatment. Arthroscopy.

2009;25:298-304.

6. Caprise PA Jr, Sekiya JK. Open and arthroscopic treatment of multidi-

rectional instability of the shoulder. Arthroscopy. 2006;22:1126-1131.

7. Davidson PA, Tibone JE. Anterior-inferior (5 o’clock) portal for shoul-

der arthroscopy. Arthroscopy. 1995;11:519-525.

8. Dhawan A, Ghodadra N, Karas V, Salata MJ, Cole BJ. Complications

of bioabsorbable suture anchors in the shoulder. Am J Sports Med.

2012;40:1424-1430.

9. Ee GW, Mohamed S, Tan AH. Long term results of arthroscopic

Bankart repair for traumatic anterior shoulder instability. J Orthop

Surg Res. 2011;6:28.

10. Flanigan DC, Forsythe T, Orwin J, Kaplan L. Volume analysis of

arthroscopic capsular shift. Arthroscopy. 2006;22:528-533.

11. Flinkkila T, Hyvonen P, Ohtonen P, Leppilahti J. Arthroscopic Bankart

repair: results and risk factors of recurrence of instability. Knee Surg

Sports Traumatol Arthrosc. 2010;18:1752-1758.

12. Fritsch BA, Arciero RA, Taylor DC. Glenoid rim fracture after anchor

repair: a report of 4 cases. Am J Sports Med. 2010;38:1682-1686.

13. Ilahi OA, Al-Fahl T, Bahrani H, Luo ZP. Glenoid suture anchor fixation

strength: effect of insertion angle. Arthroscopy. 2004;20:609-613.

14. Imhoff AB, Ansah P, Tischer T, et al. Arthroscopic repair of anterior-

inferior glenohumeral instability using a portal at the 5:30-o’clock

position: analysis of the effects of age, fixation method, and concom-

itant shoulder injury on surgical outcomes. Am J Sports Med.

2010;38:1795-1803.

15. Kaar TK, Schenck RC Jr, Wirth MA, Rockwood CA Jr. Complications

of metallic suture anchors in shoulder surgery: a report of 8 cases.

Arthroscopy. 2001;17:31-37.

16. Kasper JC, Itamura JM, Tibone JE, Levin SL, Stevanovic MV. Human

cadaveric study of subscapularis muscle innervation and guidelines

to prevent denervation. J Shoulder Elbow Surg. 2008;17:659-662.

17. Koulalis D, Kendoff D, Citak M, O’Loughlin PF, Pearle AD. Freehand

versus navigated glenoid anchor positioning in anterior labral repair.

Knee Surg Sports Traumatol Arthrosc. 2011;19:1554-1557.

18. Lim TK, Koh KH, Lee SH, et al. Inferior anchor cortical perforation

with arthroscopic Bankart repair: a cadaveric study. Arthroscopy.

2013;29:31-36.

19. Lo IK, Lind CC, Burkhart SS. Glenohumeral arthroscopy portals

established using an outside-in technique: neurovascular anatomy

at risk. Arthroscopy. 2004;20:596-602.

20. Mehta V. Clinical safety of the 5 o’clock portal in shoulder arthros-

copy: a prospective study. Shoulder Elbow. 2010;2:17-19.

21. Meyer M, Graveleau N, Hardy P, Landreau P. Anatomic risks of

shoulder arthroscopy portals: anatomic cadaveric study of 12 por-

tals. Arthroscopy. 2007;23:529-536.

22. Mologne TS, Provencher MT, Menzel KA, Vachon TA, Dewing CB.

Arthroscopic stabilization in patients with an inverted pear glenoid:

results in patients with bone loss of the anterior glenoid. Am J Sports

Med. 2007;35:1276-1283.

23. Nho SJ, Frank RM, Van Thiel GS, et al. A biomechanical analysis of

anterior Bankart repair using suture anchors. Am J Sports Med.

2010;38:1405-1412.

24. Nho SJ, Frank RM, Van Thiel GS, et al. A biomechanical analysis of

shoulder stabilization: posteroinferior glenohumeral capsular plica-

tion. Am J Sports Med. 2010;38:1413-1419.

25. Nho SJ, Provencher MT, Seroyer ST, Romeo AA. Bioabsorbable

anchors in glenohumeral shoulder surgery. Arthroscopy. 2009;

25:788-793.

26. Owens BD, DeBerardino TM, Nelson BJ, et al. Long-term follow-up

of acute arthroscopic Bankart repair for initial anterior shoulder dislo-

cations in young athletes. Am J Sports Med. 2009;37:669-673.

27. Park AY, Hatch JD. Proximal humerus osteolysis after revision rotator

cuff repair with bioabsorbable suture anchors. Am J Orthop (Belle

Mead NJ). 2011;40:139-141.

28. Park JY, Lhee SH, Park HK, Jeon SH, Oh JH. Perianchor radiolu-

cency after knotless anchor repair for shoulder instability: correlation

with clinical results of 69 cases. Am J Sports Med. 2009;37:360-370.

Vol. XX, No. X, XXXX Inferior Suture Anchor Placement 7

 at NORTHWESTERN UNIV LIBRARY on April 16, 2014ajs.sagepub.comDownloaded from 

http://ajs.sagepub.com/
http://ajs.sagepub.com/


29. Pearsall AWt, Holovacs TF, Speer KP. The low anterior five-o’clock

portal during arthroscopic shoulder surgery performed in the

beach-chair position. Am J Sports Med. 1999;27:571-574.

30. Porcellini G, Campi F, Paladini P. Arthroscopic approach to acute

bony Bankart lesion. Arthroscopy. 2002;18:764-769.

31. Provencher MT, Verma N, Obopilwe E, et al. A biomechanical analy-

sis of capsular plication versus anchor repair of the shoulder: can the

labrum be used as a suture anchor? Arthroscopy. 2008;24:210-216.

32. Randelli P, Ragone V, Carminati S, Cabitza P. Risk factors for recur-

rence after Bankart repair a systematic review. Knee Surg Sports

Traumatol Arthrosc. 2012;20:2129-2138.

33. Resch H, Wykypiel HF, Maurer H, Wambacher M. The antero-inferior

(transmuscular) approach for arthroscopic repair of the Bankart lesion:

an anatomic and clinical study. Arthroscopy. 1996;12:309-319.

34. Roth CA, Bartolozzi AR, Ciccotti MG, et al. Failure properties of

suture anchors in the glenoid and the effects of cortical thickness.

Arthroscopy. 1998;14:186-191.

35. Sekiya JK, Willobee JA, Miller MD, Hickman AJ, Willobee A. Arthro-

scopic multi-pleated capsular plication compared with open inferior

capsular shift for reduction of shoulder volume in a cadaveric model.

Arthroscopy. 2007;23:1145-1151.

36. Seroyer ST, Nho SJ, Provencher MT, Romeo AA. Four-quadrant

approach to capsulolabral repair: an arthroscopic road map to the

glenoid. Arthroscopy. 2010;26:555-562.

37. Shafer BL, Mihata T, McGarry MH, Tibone JE, Lee TQ. Effects of

capsular plication and rotator interval closure in simulated multidirec-

tional shoulder instability. J Bone Joint Surg Am. 2008;90:136-144.

38. Spoliti M. Glenoid osteolysis after arthroscopic labrum repair with

a bioabsorbable suture anchor. Acta Orthop Belg. 2007;73:107-110.

39. Sugaya H, Kon Y, Tsuchiya A. Arthroscopic repair of glenoid frac-

tures using suture anchors. Arthroscopy. 2005;21:635.

40. Sugaya H, Moriishi J, Kanisawa I, Tsuchiya A. Arthroscopic osseous

Bankart repair for chronic recurrent traumatic anterior glenohumeral

instability. J Bone Joint Surg Am. 2005;87:1752-1760.

41. Sugaya H, Moriishi J, Kanisawa I, Tsuchiya A. Arthroscopic osseous

Bankart repair for chronic recurrent traumatic anterior glenohumeral

instability: surgical technique. J Bone Joint Surg Am. 2006;88(pt

2)(suppl 1):159-169.

42. Take Y, Yoneda M, Hayashida K, Nakagawa S, Mizuno N. Enlarge-

ment of drill holes after use of a biodegradable suture anchor: quanti-

tative study on consecutive postoperative radiographs. Arthroscopy.

2008;24:251-257.

43. Tokish JM, McBratney CM, Solomon DJ, Leclere L, Dewing CB, Pro-

vencher MT. Arthroscopic repair of circumferential lesions of the gle-

noid labrum. J Bone Joint Surg Am. 2009;91:2795-2802.

44. Tokish JM, McBratney CM, Solomon DJ, Leclere L, Dewing CB, Pro-

vencher MT. Arthroscopic repair of circumferential lesions of the gle-

noid labrum: surgical technique. J Bone Joint Surg Am. 2010;92(pt

2)(suppl 1):130-144.

45. van der Linde JA, van Kampen DA, Terwee CB, Dijksman LM, Klein-

jan G, Willems WJ. Long-term results after arthroscopic shoulder sta-

bilization using suture anchors: an 8- to 10-year follow-up. Am J

Sports Med. 2011;39:2396-2403.

46. Westerheide KJ, Dopirak RM, Snyder SJ. Arthroscopic anterior sta-

bilization and posterior capsular plication for anterior glenohumeral

instability: a report of 71 cases. Arthroscopy. 2006;22:539-547.

47. Wolf EM, Eakin CL. Arthroscopic capsular plication for posterior

shoulder instability. Arthroscopy. 1998;14:153-163.

48. Wong AS, Kokkalis ZT, Schmidt CC. Proper insertion angle is

essential to prevent intra-articular protrusion of a knotless suture

anchor in shoulder rotator cuff repair. Arthroscopy. 2010;26:286-

290.

For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav

8 Frank et al The American Journal of Sports Medicine

 at NORTHWESTERN UNIV LIBRARY on April 16, 2014ajs.sagepub.comDownloaded from 

http://ajs.sagepub.com/
http://ajs.sagepub.com/

