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Glenoid Bone Reaction to All-Soft Suture Anchors
Used for Shoulder Labral Repairs

T. Tompane, MD, MPH, J. Carney, MD, W.W. Wu, MD, K. Nguyen-Ta, BS, C. Dewing, MD,
M. Provencher, MD, L. McDonald, MD, MPH, M. Gibson, MD, and L. LeClere, MD

Investigation performed at the Naval Medical Center San Diego, San Diego, California

Background: All-soft suture anchors (ASSAs) are commonly used for shoulder labral repair and capsulorrhaphy in
patients with shoulder instability. While these anchors may have some specific advantages over other types of suture
anchors, little is known about the prevalence and time-dependence of bone cyst formation and tunnel expansion after
implantation of ASSAs. The aim of this study was to quantify the proportions of cyst formation and tunnel expansion
around ASSAs and to characterize and test for differences in abnormalities observed at different postoperative time
points.

Methods: Thirty patients who were treated with arthroscopic shoulder stabilization surgery with ASSAs (1.4 mm; Jug-
gerKnot, Biomet) underwent a computed tomography (CT) scan of the operatively treated shoulder at 1 month (10
patients), 6 months (10 patients), or 12 months (10 patients) postoperatively. Demographic and operative data were
collected, and CT scans were evaluated for cyst formation, tunnel expansion, and tunnel volume measured in cubic
millimeters. Statistical analyses were performed to detect differences in these outcomes among the follow-up groups. All
shoulders were stable at all time points of the study, and there were no incidents of recurrent instability during the study
period.

Results: Ninety-one suture anchors were evaluated in 30 patients. Tunnel expansion was identified in the large majority
of patients in the 6-month and 12-month follow-up groups, with a significant increase in these proportions compared with
the 1-month follow-up group (p = 0.002). Mean tunnel volumes also significantly increased over the study period (p <
0.001). The presence of cyst formation was negligible in all 3 follow-up cohorts.

Conclusions: This study demonstrated low rates of cyst formation but a significantly increased tunnel volume 6 and
12 months after shoulder labral surgery with ASSAs. There was no association with the initial tunnel location. Additional
well-controlled studies with longer follow-up are needed to identify potential associations among tunnel expansion,
intraoperative technique, and clinical outcomes.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

S
urgical repair strategies for glenoid labral tears associated
with shoulder instability include labral repair and cap-
sulorrhaphy with suture anchors in an open or arthro-

scopic fashion1-5. Implant design has evolved substantially over
the last several years. Metal anchors were prone to loosening
and migration, resulting in chondral damage and limiting the
quality of postoperative magnetic resonance imaging (MRI)1,3.

Bioabsorbable anchors were developed to combat anchor
loosening but were found to be associated with a different variety
of complications, including premature degradation with loss of
tissue fixation with the early iterations and osteolysis and
synovitis secondary to inflammatory responses with later ver-
sions6-11. While these complications are primarily described in
case reports, rates of synovitis of up to 19% have been reported
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after the use of bioabsorbable anchors12 and Kim et al. found a
46.4% rate of cyst formation after use of these anchors for
rotator cuff repairs13.

The rates of osteolysis and synovitis have been lowered by
the use of biocomposite anchors, made by combining bioab-
sorbable compounds such as hydroxyapatite with materials
that promote osseous ingrowth such as b-tricalcium phos-
phate14,15. These anchors are associated with excellent func-
tional outcomes, but Milewski et al. reported a prevalence of
bone cyst formation of 6.4% and a prevalence of tunnel wid-
ening of 55%, although the latter rate declined over the follow-
up period16. In recent years, nonabsorbable biostable anchors
were developed, and while they have proved to be resistant to
degradation and osteolysis, they can lead to chondral damage if
left proud or fractured17,18.

An all-soft suture anchor (JuggerKnot; Biomet), or AS-
SA, was developed and approved by the U.S. Food and Drug
Administration (FDA) for fixation of soft tissue to bone in
2010. These anchors are placed into 1.4-mm-diameter holes
drilled into the glenoid rim, which are typically smaller than
the drill-holes used for previously available anchor devices,
potentially reducing the amount of native glenoid bone re-
moved during placement. The anchor is made of 2 strands of
number-1 ultra-high molecular weight polyethylene suture
extending from a malleable v-shaped length of polypropylene
that is biostable and nonabsorbable1. When tension is applied
to the strands of number-1 suture, the suture bunches around
the anchor buried in the predrilled hole and subchondral fix-
ation occurs. These anchors were found to have an ultimate
load to failure equivalent to that of a solid anchor system in
porcine bone and cadaveric specimens19,20. However, a recent
comparison of the JuggerKnot anchor with a solid biocomposite
anchor in adult canine glenoids revealed that the JuggerKnot
anchor was associated with an increased mean tunnel width and
greater displacements during cyclic loading21.

While these anchors may have some specific advantages,
little is known about the prevalence and time-dependence of
glenoid reaction to ASSAs and the potential for cyst formation,
tunnel expansion, and inflammation after implantation. The
primary objective of this study was to evaluate radiographically
the proportions, magnitudes, and time-dependence of bone-
to-device abnormalities in patients treated with arthroscopic
shoulder stabilization with ASSAs. The hypotheses of the study
were that there would be no significant proportional increase in
cyst formation or tunnel expansion from time-zero volume
measurements and that tunnel volumes would not significantly
increase over the follow-up period or according to position of
the anchor on the glenoid “clock face.”

Materials and Methods

Following institutional review board approval, fellowship-
trained sports and shoulder orthopaedic surgeons identi-

fied study candidates by reviewing case logs and clinic notes for
patients (mostly active-duty members of the U.S. military) who
had undergone shoulder labral repair and capsulorrhaphy
using the JuggerKnot anchors within the previous 12 months.

Subjects were eligible for the study if they were between the
ages of 18 and 50 years at the time of surgery; if they had had
no prior surgery on the shoulder of interest; and if 2, 3, or 4
anchors had been used during the procedure. Patients were
excluded if they were <18 or >50 years old at the time of
surgery; had had any prior surgical procedure on the shoulder
of interest; had <2 or >4 anchors placed in the glenoid rim;
were skeletally immature; or had a history of any seizure
disorder, alcoholism, congenital musculoskeletal defect, sys-
temic connective-tissue disorder, or autoimmune inflamma-
tory disease.

Eligible patients were invited to discuss the risks of study
participation and the purpose of the study. Those who volun-
tarily consented to participate in the study were prospectively
enrolled and nonrandomly assigned to 1-month, 6-month, and
12-month follow-up groups according to the time since their
surgery. Recruitment of study subjects continued until 10 pa-
tients were enrolled in each group, amounting to a total of 30
patients in the study. Because we found no prior studies of the
bone-to-device complication rates for ASSAs in the medical
literature, the sample size of 10 patients per follow-up group
was not based on statistical power analysis but instead on the
caseloads of the specified orthopaedic surgeons and the desire
to collect an adequate volume of informative data while bal-
ancing the risk of radiation exposure.

Participants underwent a noncontrast computed tomog-
raphy (CT) scan of the operatively treated shoulder within a 2-
week window of 1 month, 6 months, or 12months after the date
of surgery. To reduce unnecessary radiation exposure, a uni-
formly protocoled CT scan was limited to a 6 to 8-cm distance
spanning the glenohumeral joint with a 2-mm slice thickness.
Medical chart review was performed to obtain demographic data
including age, sex ethnicity, presenting symptom, postoperative
diagnosis, laterality of the operation, dominant arm, number of
anchors placed, anchor position, and time from surgery to the
noncontrast CT scan.

Fig. 1

Flowchart demonstrating the number of patients eligible for study partici-

pation, the number who consented to participate in the study, and the final

number who completed the study in each group.
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TABLE I Demographic and Operative Characteristics of the Study Population

No. (%) of Subjects*

Descriptive Variable 1 Mo 6 Mo 12 Mo Total

Age

20-29 yr 7 (44%) 5 (31%) 4 (25%) 16

30-39 yr 2 (18%) 4 (36%) 5 (45%) 11

40-50 yr 1 (33%) 1 (33%) 1 (33%) 3

Sex

Male 10 (36%) 8 (29%) 10 (36%) 28

Female 0 (0%) 2 (100%) 0 (0%) 2

Ethnicity

Caucasian 7 (39%) 5 (28%) 6 (33%) 18

African American 0 (0%) 3 (100%) 0 (0%) 3

Asian/Pacific Islander 0 (0%) 1 (33%) 2 (67%) 3

Hispanic 2 (67%) 0 (0%) 1 (33%) 3

Other 0 (0%) 1 (50%) 1 (50%) 2

Native American 1 (100%) 0 (0%) 0 (0%) 1

Presenting symptom

Pain and instability 2 (17%) 4 (33%) 6 (50%) 12

Dislocation 1 (33%) 2 (67%) 0 (0%) 3

Pain 2 (33%) 3 (50%) 1 (17%) 6

Recurrent dislocation 3 (60%) 0 (0%) 2 (40%) 5

Recurrent subluxation 2 (67%) 0 (0%) 1 (33%) 3

Instability 0 (0%) 1 (100%) 0 (0%) 1

Subluxation 0 (0%) 0 (0%) 0 (0%) 0

Postoperative diagnosis

Anterior labral tear 4 (40%) 2 (20%) 4 (40%) 10

Posterior labral tear 6 (55%) 3 (27%) 2 (18%) 11

>180� inferior labral tear 0 (0%) 4 (57%) 3 (43%) 7

ALPSA lesion 0 (0%) 0 (0%) 1 (100%) 1

Ligamentous laxity 0 (0%) 1 (100%) 0 (0%) 1

Involved shoulder

Right 8 (53%) 2 (13%) 5 (33%) 15

Left 2 (13%) 8 (53%) 5 (33%) 15

Operation on dominant side

Yes 5 (42%) 2 (17%) 5 (42%) 12

No 5 (28%) 8 (44%) 5 (28%) 18

No. of anchors placed

2 4 (50%) 3 (38%) 1 (13%) 8

3 4 (31%) 4 (31%) 5 (38%) 13

4 2 (22%) 3 (33%) 4 (44%) 9

Anchor positions

Anterior 7 (30%) 4 (17%) 12 (52%) 23

Anterior-inferior 6 (30%) 5 (25%) 9 (45%) 20

Inferior 4 (27%) 7 (47%) 4 (27%) 15

Posterior-inferior 6 (38%) 7 (44%) 3 (19%) 16

Posterior 5 (29%) 7 (41%) 5 (29%) 17

*The denominator used to calculate each percentage is the total for the row.
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CTscans were independently evaluated by an orthopaedic
surgery resident, a fellowship-trained sports orthopaedic sur-
geon, and a fellowship-trained musculoskeletal radiologist. Re-
viewers were blinded to clinical indication, demographics, and
outcome for each subject. Each observer used uniformdata-coding
definitions to record the position of each anchor, the presence or
absence of bone cyst formation, the presence or absence of tunnel
expansion at each anchor site, and any other abnormalities found
on imaging. Typical placement of the ASSAs involves drilling an
anchor tunnel that is 1.4 mm in diameter and 7 mm in length,
which is calculated as an initial intraoperative tunnel volume of
10.78 mm3. Tunnel expansion was defined as a tunnel diameter of
>1.5 mm on any image slice through the tunnel as measured on
the hospital’s picture archiving and communication system
(PACS). This diameter was chosen in accordancewith the 1.4-mm
diameter of the drill used to insert the anchor, with 0.1mm added
to account for error. Cystic change was identified as a non-uniform
change at any point along the drill tunnel path, while tunnel
expansion was defined as a cylindrical increase in diameter
along the length of the drilled tunnel.

Each observer in the study then measured the diameter
and length of each drilled tunnel. The musculoskeletal radi-
ologist used a PACS tool to rotate into a plane orthogonal to
each tunnel so that the diameter and length of each tunnel
could be recorded. These measurements were in turn used to
approximate the volume of each tunnel in cubic millimeters,
assuming a cylindrically drilled tunnel. Any tunnel not visu-
alized on CT was presumed to have undergone complete re-
ossification, and the volume of these anchor tunnels was
recorded as 0 mm3.

Data variables were summarized and tabulated to present
the proportions of abnormalities observed in the study popu-
lation and to determine whether there was evidence of time-
dependence in their development. Data in the form of counts
(e.g., the number of cysts counted) provided by each physician
reviewing the CT scans were averaged to obtain a mean count
for final analysis. To determine whether there was an increase
in the number of anchor abnormalities over the study period,
a 2-by-3 table was created for the numbers of anchors with and
without abnormalities in the 1-month, 6-month, and 12-month

groups. Fisher exact tests or chi-square tests were performed, as
appropriate, on the 2-by-3 table to identify any significant dif-
ferences in the proportions across time periods. Individual
tunnel volumes were averaged across the CTassessors and then
averaged according to follow-up group. One-way analysis of
variance (ANOVA) was performed to determine if there was
a significant difference in mean tunnel volume among the
1-month, 6-month, and 12-month groups on follow-up
imaging. Two-sample t tests were performed to evaluate for
volumetric differences between the 6 and 12-month groups.
ANOVA was conducted to compare average tunnel volumes
among the different positions on the glenoid “clock face.” The
interobserver reliability of the tunnel volume measurements
was then estimated using the intraclass correlation coefficient
(ICC). Statistical calculations were performed using R statis-
tical software, version 3.2.3 (R Foundation for Statistical
Computing).

Results

Thirty patients completed the study, with 10 subjects in each
of the 1-month, 6-month, and 12-month follow-up

groups (Fig. 1). Demographic and operative characteristics of
the study population are displayed in Table I. The study sub-
jects were predominantly male and Caucasian, with an average
age of 30.4 years (range, 21 to 48 years); 53% were 20 to 29
years old. Pain with instability was the most common pre-
senting symptom prior to surgical treatment. Traumatic dis-
location occurred in 10% of the subjects (n = 3); chronic
postoperative pain alone, in 20% (n = 6); and recurrent dis-
location or subluxation, in 27% (n = 8).

Most subjects had an anterior labral tear (33%, n = 10), a
posterior labral tear (37%, n = 11), or a >180� tear of the inferior
labrum involving the anterior and posterior regions (23%, n= 7).
An anterior labral periosteal sleeve avulsion (ALPSA), ligamen-
tous laxity, a Hill-Sachs lesion, and a paralabral cyst were also
each noted in 1 patient each. The surgery was performed on the
dominant arm of 40% of the subjects (n = 12). The fixation was
performed with 2 anchors in 27% of the subjects (n = 8), with 3
anchors in 43% (n = 13), and with 4 anchors in 30% (n = 9). Of
the 91 anchors, 25% (n = 23) were in an anterior position in the

TABLE II Number and Proportion of Anchors and Patients with Cyst Formation and Tunnel Expansion in Each Follow-up Group

No.

Outcomes 1 Mo 6 Mo 12 Mo P Value

Anchors 28 30 33

Cyst formation* 0.0 (0.0%) 1.7 (5.6%) 1.0 (3.0%) 0.52

Bone tunnel expansion* 3.7 (13.1%) 21 (70.0%) 27.7 (83.8%) <0.001

Patients 10 10 10

Cyst formation* 0.0 1.3 1.0 1.00

Bone tunnel expansion* 3.0 8.7 9.7 0.002

*Values represent the means for the 3 observers.
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shoulder labrum, 22% (n = 20) were anterior-inferior, 16% (n =
15) were inferior, 18% (n = 16) were posterior-inferior, and 19%
(n = 17) were posterior.

A total of 91 anchors and 30 patients were analyzed
individually on follow-up CT imaging, and the results of these
analyses are shown in Table II. None of the patients in this
study demonstrated radiographic evidence of anchor failure or
clinical failure, as defined by recurrent dislocation, subluxa-
tion, or subjective instability, during the study period. No cysts
were identified on the 1-month follow-up CTscans. On average
(of the counts of the 3 observers), cysts were identified at 5.6%
of the anchor sites in 1.3 patients in the 6-month follow-up
group compared with 3.0% of the anchor sites in 1.0 patient in
the 12-month group (p = 0.52 and 1.00 for the anchors and
patients, respectively). Although not counted as an anchor-
related cyst, cystic osteoarthritis of the glenoid bone was either
evident on preoperative imaging or outside the region where
the anchors were placed in 1 patient in the 6-month and 1 in
the 12-month follow-up sample.

Tunnel expansion was found in an average of 30%, 87%,
and 97% of the subjects and at the sites of 13.1%, 70.0%, and
83.8% of the anchors in the 1-month, 6-month, and 12-month
follow-up groups, respectively (p = 0.002 and p < 0.001 for the

subjects and anchors, respectively) (Table II). Ad hoc evalua-
tion comparing the 6-month and 12-month groups showed no
significant difference in the numbers of patients with tunnel
expansion (p = 1.0). Figure 2 provides representative images of
cyst formation and tunnel expansion in the subchondral gle-
noid bone.

The average volume of all anchor tunnels visible on CT
was calculated for each observer and across all observers, within
each follow-up group, as demonstrated in Table III. The overall
mean tunnel volumes were 12.87 mm3 in the 1-month group,
47.19 mm3 in the 6-month group, and 53.86 mm3 in the 12-
month group. ANOVA comparing the measurements of the
tunnel volumes obtained for the 3 follow-up groups by each
observer, and the overall mean values, demonstrated significant
differences among the means for the 3 follow-up groups (p <
0.001). Overall, there was no significant difference in the mean
tunnel volumes between the 6-month and 12-month groups.
Intraclass correlations calculated for the volumes measured by
each observer were found to be 0.385 (95% confidence interval
[CI] = 0.256 to 0.513), which represents fair agreement among
observers.

Finally, as seen in Table IV, the greatest increase in tunnel
volume was noted at the sites of the posterior anchors, but

TABLE III Tunnel Volumes Measured by Each Observer in Each Follow-up Group

Tunnel Volume* (mm3)

1 Mo 6 Mo 12 Mo

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. P Value

Observer 1 11.42 8.42 32.07 22.62 40.61 31.74 <0.001

Observer 2 16.86 17.72 58.47 39.81 74.23 42.48 <0.001

Observer 3 10.32 12.91 51.02 42.84 46.73 24.15 <0.001

Average 12.87 11.97 47.19 27.59 53.86 21.84 <0.001

*The expected tunnel volume after drilling was 10.78 mm3.

Fig. 2

CT images demonstrating examples of cyst formation (circular shape with no sclerosis at margins in the left image) and tunnel expansion in subchondral

bone (shape of drill-hole enlarged with sclerosis at margins in the right image) as highlighted by the arrows.
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there was no significant difference across the 5 anchor positions
(F = 1.24, p = 0.30). It was not possible to stratify and analyze
tunnel volume by anchor position within the different follow-
up groups because of insufficient sample size.

Discussion

In this sample of 30 patients evaluated with CT at 1, 6, or
12 months following arthroscopic shoulder stabilization

surgery with ASSAs, the volumes of the drilled tunnels mea-
sured by all observers were significantly elevated at 6 and
12 months after anchor placement relative to the volumes
measured 1 month after surgery. The tunnel volumes did not
differ significantly according to their position on the glenoid
clock face, although the study may not have been adequately
powered tomake this determination because of the sample size.
There were low rates of cyst formation

These findings represent a departure from previous lit-
erature on cyst formation rates associated with bioabsorbable
and biocomposite anchor materials. Kim et al. reported a
46.4% rate of cyst formation identified on postoperative MRIs
of 209 patients who had undergone rotator cuff repair with
larger-diameter bioabsorbable suture anchors13. Milewski et al.
followed 16 patients with MRI and CT scans at 6, 12, and
24months postoperatively and reported cysts at the sites of 6% of
47 biocomposite anchors used for shoulder labral repairs16. In our
case series, we evaluated almost double the number of anchors
and revealed lower proportions of anchor-related bone cysts.
Dhawan et al. described bone cyst formation as a process in
which rapid degradation of an implant exceeds the pace at which
materials can be removed from the bone17. Because the ASSAs are
biostable and do not degrade, it is reasonable to expect a lower
rate of cyst formation in association with these anchors.

Milewski et al. reported a 55% rate of tunnel expansion
after placement of 47 biocomposite anchors16. They also noted a
decrease in the proportion of tunnel expansion between the 12
and 24-month postoperative periods. Given the nonsignificant
differences between our 6 and 12-month groups in terms of the
proportions of tunnel expansion and the tunnel volumes, per-
haps we would have noted a similar decline in tunnel expansion
had we obtained CT scans at a later follow-up time.

There have been relatively few investigations of ASSAs
with quantification of cystic formation and tunnel expansion in
the literature. Recent publications underscore the potential
clinical implications of our findings. In a recent series, Naka-
gawa et al. observed cystic formation and tunnel expansion in
all of their patients who had glenoid rim fracture after use of
ASSAs for shoulder instability22. They concluded that these

cystic changes in the glenoid created some unknown risk for
glenoid fracture and complications that warrants additional
investigation. We therefore believe that our results are timely
and necessary to encourage further study of the potential
sequelae of ASSAs.

There are several limitations of this study. Because it was
an observational study providing an initial assessment of the
radiographic outcomes associated with ASSAs, it was subject to
selection bias, both in the method of participant recruitment
and related to the small study sample. Second, the method used
to approximate tunnel volume has not been previously vali-
dated. The accuracy of the volumetric measurements may have
been limited by the 2-mm CT scan slices, but thinner slices
would have increased radiation exposure and may not have
altered the conclusions of this study given the significantly
enlarged tunnels seen in the study groups. Additionally, there
was only fair agreement among the observers regarding the
exact tunnel volume; however, all observers identified signifi-
cantly elevated volumes in the 6 and 12-month groups inde-
pendently of each other. Third, while CT provides a better
assessment of osseous changes in the glenoid postoperatively,
MRI may provide a better evaluation of cystic change. How-
ever, given the morphology and extent of tunnel expansion
observed in this study, it is unlikely that acquiring MRIs would
have significantly altered the proportion of cysts identified.
Fourth, we did not conduct a prestudy power analysis because
of the lack of prior published data on which to base such an
analysis. Instead, we chose to include 10 patients in each cohort
because we considered that to be an attainable number of
subjects that would allow us to discover significant adverse
events while limiting the number of patients exposed to addi-
tional CT radiation. The lack of association between anchor
position and tunnel expansionmay also be due to underpowering.
Finally, because we studied a primarily military population,
patients younger than 18 were unavailable for inclusion, which
limits generalizability. Finally, this study did not account for
additional variables that could be associated with radiographic
outcomes, such as preoperative and postoperative activity
levels, early attritional glenoid bone loss, soft-tissue laxity
changes in clinical status throughout the postoperative period,
occupation, drill tunnel angle relative to the glenoid face, and
anchor insertion technique. Future investigation should de-
termine whether tunnel expansion is associated with these
potential confounding factors.

In conclusion, ASSAs may decrease the risk of cystic
changes in the shoulder glenoid bone after labral repair and
capsulorrhaphy in comparison with alternative suture anchors.
However, the high proportion of tunnel expansion in this study
population warrants additional investigation of associated im-
plant or technical factors, clinical correlation with such findings
on imaging, validation of the tunnel volume approximation
technique presented here, and longer follow-up to determine
whether there is long-term resolution of these radiographic
findings. The implications of such tunnel expansion for revision
procedures must also be considered. Additional, well-controlled
studies with longer follow-up are needed to clarify any potential

TABLE IV Mean Tunnel Volume at Each Anchor Position

Tunnel Volume (mm3)

Anterior
Anterior-
Inferior Inferior

Posterior-
Inferior Posterior P Value

43.07 50.33 38.76 62.12 64.88 0.30
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associations among tunnel expansion, intraoperative technique,
and clinical outcomes. n

T. Tompane, MD, MPH1

J. Carney, MD1

W.W. Wu, MD1

K. Nguyen-Ta, BS2

C. Dewing, MD1

M. Provencher, MD3

L. McDonald, MD, MPH1

M. Gibson, MD1

L. LeClere, MD4

1Naval Medical Center San Diego, San Diego, California

2University of California, San Diego, San Diego, California

3The Steadman Clinic, Vail, Colorado

4United States Naval Academy, Annapolis, Maryland

E-mail address for T. Tompane: trevor.tompane@gmail.com

ORCID iD for T. Tompane: 0000-0002-6131-2302

References

1. Diduch DR, Scanelli J, Tompkins M, Milewski MD, Carson E, Ma SY. Tissue
anchor use in arthroscopic glenohumeral surgery. J Am Acad Orthop Surg. 2012 Jul;
20(7):459-71.
2. Jørgensen U, Svend-Hansen H, Bak K, Pedersen I. Recurrent post-traumatic
anterior shoulder dislocation—open versus arthroscopic repair. Knee Surg Sports
Traumatol Arthrosc. 1999;7(2):118-24.
3. Levine WN. Shoulder instability: current concepts. 1st ed. Rosemont: American
Academy of Orthopaedic Surgeons; 2009.
4. Steinbach LS. MRI of shoulder instability. Eur J Radiol. 2008 Oct;68(1):57-71.
Epub 2008 Apr 11.
5. Pulavarti RS, Symes TH, Rangan A. Surgical interventions for anterior shoulder
instability in adults. Cochrane Database Syst Rev. 2009 Oct 7;4:CD005077.
6. Edwards DJ, Hoy G, Saies AD, Hayes MG. Adverse reactions to an absorbable
shoulder fixation device. J Shoulder Elbow Surg. 1994 Jul;3(4):230-3. Epub 2009
Feb 13.
7. Burkart A, Imhoff AB, Roscher E. Foreign-body reaction to the bioabsorbable
Suretac device. Arthroscopy. 2000 Jan-Feb;16(1):91-5.
8. Athwal GS, Shridharani SM, O’Driscoll SW. Osteolysis and arthropathy of the
shoulder after use of bioabsorbable knotless suture anchors. A report of four cases.
J Bone Joint Surg Am. 2006 Aug;88(8):1840-5.
9. Takubo Y,Morihara T, Namura T, NakagawaH, Takeshita H, Horii M, KurokawaM,
Kubo T. Anchor hole enlargement after arthroscopic Bankart repair using absorbable
suture anchors: a report of three cases. J Shoulder Elbow Surg. 2008 Nov-Dec;17
(6):e16-8. Epub 2008 Jun 30.
10. McCarty LP 3rd, Buss DD, Datta MW, Freehill MQ, Giveans MR. Complications
observed following labral or rotator cuff repair with use of poly-L-lactic acid implants.
J Bone Joint Surg Am. 2013 Mar 20;95(6):507-11.
11. Spoliti M. Glenoid osteolysis after arthroscopic labrum repair with a bio-
absorbable suture anchor. Acta Orthop Belg. 2007 Feb;73(1):107-10.
12. Freehill MQ, Harms DJ, Huber SM, Atlihan D, Buss DD. Poly-L-lactic acid tack
synovitis after arthroscopic stabilization of the shoulder. Am J Sports Med. 2003
Sep-Oct;31(5):643-7.

13. Kim SH, Oh JH, Lee OS, Lee HR, Hargens AR. Postoperative imaging of bio-
absorbable anchors in rotator cuff repair. Am J Sports Med. 2014 Mar;42(3):552-7.
Epub 2014 Jan 15.
14. LeGeros RZ. Properties of osteoconductive biomaterials: calcium phosphates.
Clin Orthop Relat Res. 2002 Feb;395:81-98.
15. Barber FA, Dockery WD, Hrnack SA. Long-term degradation of a poly-lactide co-
glycolide/b-tricalcium phosphate biocomposite interference screw. Arthroscopy.
2011 May;27(5):637-43. Epub 2011 Mar 23.
16. Milewski MD, Diduch DR, Hart JM, Tompkins M, Ma SY, Gaskin CM. Bone
replacement of fast-absorbing biocomposite anchors in arthroscopic shoulder labral
repairs. Am J Sports Med. 2012 Jun;40(6):1392-401. Epub 2012 Apr 20.
17. Dhawan A, Ghodadra N, Karas V, Salata MJ, Cole BJ. Complications of bio-
absorbable suture anchors in the shoulder. Am J Sports Med. 2012 Jun;40(6):1424-
30. Epub 2011 Aug 19.
18. Suchenski M, McCarthy MB, Chowaniec D, Hansen D, McKinnon W, Apostola-
kos J, Arciero R, Mazzocca AD. Material properties and composition of soft-tissue
fixation. Arthroscopy. 2010 Jun;26(6):821-31.
19. Barber FA, Herbert MA. Cyclic loading biomechanical analysis of the pullout
strengths of rotator cuff and glenoid anchors: 2013 update. Arthroscopy. 2013 May;
29(5):832-44. Epub 2013 Apr 2.
20. Mazzocca AD, Chowaniec D, Cote MP, Fierra J, Apostolakos J, Nowak M, Arciero
RA, Beitzel K. Biomechanical evaluation of classic solid and novel all-soft suture
anchors for glenoid labral repair. Arthroscopy. 2012 May;28(5):642-8. Epub 2012
Feb 1.
21. Pfeiffer FM, Smith MJ, Cook JL, Kuroki K. The histologic and biomechanical
response of two commercially available small glenoid anchors for use in
labral repairs. J Shoulder Elbow Surg. 2014 Aug;23(8):1156-61. Epub 2014
Apr 13.
22. Nakagawa S, Hirose T, Tachibana Y, Iuchi R, Mae T. Postoperative
recurrence of instability due to new anterior glenoid rim fractures after
arthroscopic Bankart repair. Am J Sports Med. 2017 Oct;45(12):2840-8. Epub
2017 Jul 21.

1229

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 100-A d NUMBER 14 d JULY 18, 2018
GLENOID BONE REACTION TO ALL-SOFT SUTURE ANCHORS USED FOR

SHOULDER LABRAL REPA IRS

http://orcid.org/0000-0002-6131-2302

