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ABSTRACT

Objective: The aim of this studywas to evaluate the early reaction of all-suture anchors (ASAs) in arthroscopic rotator cuff repair.

Methods: This retrospective case series comprised 23 patients (8 women, 15men;mean age = 59.9 years, age range = 36–73 years)
with medium-size rotator cuff tear who underwent arthroscopic rotator cuff repair. All patients underwent postoperative serial
magnetic resonance imaging (MRI) evaluation 3 and 6 months postoperatively. Demographic and operative characteristics were
recorded. MRIs were evaluated for osseous cyst formation, and tunnel volume was measured. Statistical analyses were
performed to detect differences in the serial MRI follow-up observation.

Results: A total of 39 ASAs were evaluated. Osseous cyst formation was found in two ASAs (5.1%) at the 6-month follow-up.
Tunnel expansionwas significantly observed in both 3- and 6-month postoperativeMRI evaluations (P < 0.001). Themean tunnel
volume significantly increased 1.95 times at the 3-month follow-up and 2.84 times at the 6-month follow-up (P < 0.001).

Conclusion: Evidence from this study has revealed low rates of cyst formation but significant increases in tunnel volume at the
early follow-up following arthroscopic rotator cuff repair with ASAs.

Level of Evidence: Level IV, Therapeutic Study

Introduction

The use of suture anchors in shoulder surgeries has
shifted the trend from open approaches to arthro-
scopic techniques. This shift primarily affects rotator
cuff tears as they are conventionally managed using
open repair rather than arthroscopic repair. The de-
sign of suture anchors has evolved largely over the
past decade. Metal anchors are known to loosen and
migrate, which can result in cartilage damage and
limitations in the quality of postoperative magnetic
resonance imaging (MRI).1 Classic solid suture an-
chors are considered the gold standard implant for
fixation of rotator cuff tears. Bio-absorbable anchors
were designed to counter anchor loosening but were
later found to be highly associated with premature
degradation, which leads to loss of fixation.2-5 More-
over, bio-absorbable anchors could result in early os-
teolysis and synovitis in response to inflammation.6

The rate of osteolysis has been reduced with the in-
troduction of bio-composite anchors, which can pro-
mote bony ingrowth.5 Nevertheless, a previous study
reported that the prevalence of osseous cyst formation
was 6.4% and tunnel expansion was 55%.7

All-Suture Anchors (ASAs) are generally smaller
than the novel anchors used previously, which al-
lows less bone removal.8,9 This can facilitate

revision surgery if necessary. ASAs eliminate the
possibility of rigid-material loose bodies in the
joints. ASAs are composed of a non-absorbable ultra-
high-molecular-weight-polyethylene suture (Omega-
knot, ARC, Seoul, Korea). When tension is applied to
the suture strands, the braided polyethylene suture
collapses into an “omega shape” configuration with
a rounded tip under the cortical bone surface, creat-
ing the anchor (Figure 1).9

A study showed that when used for glenoid fixation
for shoulder labral repairs, ASAs resulted in tunnel
expansion and cyst formation.10 Tunnel expansion
and cyst formation are important factors to consider
in rotator cuff repair surgery. The anchors are ex-
pected to hold the repaired rotator cuff construct
until bone-to-tendon healing is complete. With the
increase in revision rates following rotator cuff sur-
geries, concerns regarding bone stock increased.

Despite the advantages provided by ASAs, informa-
tion regarding the early bony reaction of these an-
chors is limited. Thus, this study was performed to
evaluate the prevalence of osseous cyst formation and
tunnel expansion around ASAs in arthroscopic rota-
tor cuff repair. Our hypothesis was that osseous cyst
formation around ASAs will be minor, with notable
tunnel expansion.
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Materials and Methods

Approval by the institutional review board was obtained before the
study (no. 2018-0605). FromApril 2016 to April 2017, 102 patients who
underwent arthroscopic rotator cuff repair were enrolled. The inclu-
sion criteria were as follows: (1) full-thickness medium-sized rotator
cuff tear confirmed by preoperative MRI and at the time of arthro-
scopic surgery, (2) arthroscopic rotator cuff repair with ASA using
a single-row technique and medially using a double-row repair config-
uration, and (3) availability of 3- and 6-month postoperative MRI data
to evaluate the anchor status. The exclusion criteria were as follows:
(1) prior surgery on the shoulder of interest, (2) partial and open rotator
cuff repair, (3) history of infection, (4) people who received worker’s
compensation, (5) clinical follow-up less than 12 months, and (6)
radiological follow-up (MRI) less than 6 months. Overall, 23 patients
with a mean age of 59.9 years (range, 36-73) met the study criteria.

Clinical outcome evaluation
An independent nurse practitioner documented the clinical assess-
ment of preoperative and postoperative parameters for (1) pain
score using visual analog scale (VAS) scores, (2) functional out-
comes using the age-adjusted Constant–Murley score and Ameri-
can Shoulder and Elbow Surgeons (ASES) score. The postoperative
parameters were followed up at 3, 6, and 12 months after surgery.

Postoperative MRI evaluation
Patients underwent routine postoperative MRI according to standard
protocol 3 and 6 months after surgery. All shoulder MRI examina-
tions were performed using a 3.0-T Gyroscan Intera Achieva scanner
(Philips Medical Systems, Best, The Netherlands) and evaluated in-
dependently by shoulder fellowship-trained orthopedic surgeons (E.
K. and J.M.K), and any discrepancies were resolved in a consensus
meeting; if a disagreement persisted, senior shoulder surgeons (K.H.K
and I.H.J) were consulted. Reviewers were blinded to the clinical
indication, demographics, and outcome of each patient.

3D reconstruction and visualization of the anchor from MRI scans
Each MRI scan was loaded into Materialise Interactive Medical
Image Control System (MIMICS version 20) in the Digital Imaging
and Communications in Medicine format. The 3D model of the
anchors was reconstructed from the 2D proximal humerus on each
coronal oblique projection. The proximal humerus was thresholded
and masked to the optimum visualization of the anchor trajectory.
The anchor was masked separately from the proximal humerus and
checked in sagittal, coronal oblique, and axial cuts. The volume of the
mask properties was measured and defined in mm11 (Figure 2). The
ASA used had a 2.9-mm diameter, and the awl device had a similar
diameter. The ASA was self-tapped to a 20-mm depth under the
cortical bone, whichwas calculated as an initial intraoperative tunnel
volume of 132.1mm.11 Cystic changeswere identified as non-uniform
changes at any point along the tapped tunnel path on T2-weighted
images with or without fluid collection according to the previous
description.12 The tunnel expansionwas defined as a volume increase
compared with the initial tapped tunnel volume.

Statistical analysis
Assuming that the analysis of variance (ANOVA) test was used,
a sample size of at least 14 for each observed period was needed to
have a power of 0.08with an alpha of 0.05. TheKolmogorov–Smirnov
test was used to assess normal distribution of data. Demographic data
were expressed as descriptive frequencies. The dataset for the tunnel
volume was normally distributed. Repeated Measures ANOVA with
post-hoc Bonferroni adjustment was used to compare the initial,
3-month, and 6-month postoperative tunnel volumes. Preoperative
and intraoperative variables included sex, age, involvement of the
dominant arm, diabetes mellitus, tear size, and repair technique. The
interrater reliability of osseous cyst formation evaluation was per-
formed using the intraclass correlation coefficient (ICC) analysis. The
significance level was set at <0.05. All analyses were conducted using
Statistical Package for the Social Sciences (version 15.0; IBM Corp.,
Armonk, NY, USA).

Results

The demographic and operative characteristics of the study popula-
tion are shown in Table 1. The study subjects were predominantly
male (65.2%), with a mean age of 59.5 years (range, 36-73 years);
87% were at their 5th or 6th decade of life. The duration of symptoms
was 6.7 ± 4.3 months before surgical treatment. Regarding comor-
bidities, 4.3% had diabetes mellitus and 87% had hypertension. The
dominant shoulder was affected in 69.6% of the patients. Double-
row repair configuration was the most performed surgical proce-
dure (78.3%), with a re-tear rate of 17% at the final follow-up
(15.3 ± 0.5 months).

a b c

Figure 1. a-c. All-suture anchor insertion (a) and deployment to the bone (b). The initial bone volume was calculated based on the trajectory created by insertion method (c).

H I G H L I G H T S

• The literature provides little insight about the early bony reaction of all-
suture anchors.

• The aim of this study was to evaluate the prevalence of osseous cyst
formation and tunnel expansion around ASAs in arthroscopic rotator cuff
repair.

• Cyst formation and tunnel expansion occurred following arthroscopic
rotator cuff surgery with ASA. Tunnel expansion warrants a careful
consideration for patients with osteoporosis because ASA relies on the
cortical bone for its stability. The results of this study suggest that the ASA
may be safely used in single- and double-row rotator cuff repairs.
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A total of 39 anchors were analyzed individually on follow-up MRI
(Table 2). None of the patients in this study demonstrated radio-
graphic evidence of anchor failure. No cyst formation was identified
on the 3-month follow-up MRI scans. Osseous cyst formation was
identified at the 6-month follow-up in two anchors (5.12%), without
any statistical significance (P = 0.133) and with excellent interrater
reliability (ICC = 0.957; P < 0.001). The bone tunnel volume signifi-
cantly increased at the 3-month and 6-month follow-ups, with average
volumes of 258.0 ± 68.5 mm.11 and 3763 ± 64.4 mm11 (P < 0.001),
respectively. Serial tunnel expansion was observed 1.95 times at the
3-month follow-up and 2.84 times at the 6-month follow-up
(P < 0.001). Post-hoc analysis of pairwise comparisons revealed sig-
nificant difference of each pairwise comparisons (Table 3). The radio-
graphic changes are as shown in Figure 3.

The postoperative cuff integrity evaluation revealed a change in
signal (87%) (Sugaya type II) and one large full-thickness re-tear
(4.3%) (Sugaya type V). The pain and functional scores significantly
improved at the final follow-up (Table 4 and Figure 4).

Discussion

In this study, 23 patients were evaluated usingMRI at 3 and 6months
following arthroscopic rotator cuff repair with 39 ASAs. The first
important finding of this study was the low rate of cyst formation
(5.1%) following arthroscopic rotator cuff repair with ASA in the
early period. The second finding was the increased volume of the
drilled tunnels measured 3 and 6 months after anchor placement
relative to the initial volume measured.

The first finding is supported by previous studies on the rates of cyst
formation following suture anchor implantation. Tompane et al. re-
ported that the presence of cyst formation was negligible in their
series following arthroscopic shoulder labral repairs with ASA with
CT scan assessment.10 However, they did not report the exact rate of
cyst formation due to the small study sample (10 patients). Further-
more, the study included different observation periods in each cohort
group. Milewski et al. reported a similar rate of cyst presentation (6%)
following arthroscopic shoulder labral repairs with 47 bio-composite
anchors in 16 patients withMRI and CT scans at 6-, 12-, and 24-month

Table 1. Demographic and operative characteristics of the study population

Descriptive variable
Number of
subjects Percentage

Age (years)

30-39 1 4.3

40-49 0 -

50-59 10 43.5

60-69 10 43.5

>70 2 8.7

Sex Female 8 34.8

Male 15 65.2

Symptoms Night pain 23 100

ROM pain 8 34.8

Pseudo-
paralysis

4 17.4

Presenting with trauma
background

Yes 1 4.3

No 22 95.7

Diabetes mellitus Yes 1 4.3

No 22 95.7

Hypertension Yes 3 13.0

No 20 87.0

Involved shoulder Right 18 78.2

Left 5 21.7

Operation on dominant
extremity

Yes 16 69.6

No 7 30.4

Repair configuration Single-row 5 21.7

Double-row 18 78.3

a b

Figure 2. a, b. Measurement of tunnel expansion in MIMICS software showing a coronal oblique MRI (a). The volume of the tunnel was measured after being masked
separately from the proximal humerus (b).

Table 2. Serial follow-up MRI for anchor reaction

Follow-up MRI
Initial

condition 3-month 6-month P

Osseous cyst formation None None 2 (5.12%) 0.133

Bone tunnel volume (mm3)
(mean ± SD)

131.10 258.00 ± 68.56 376.36 ± 64.44 <0.001

Bone tunnel expansion
(mean ± SD)

1.95 ± 0.51 2.84 ± 0.48 <0.001

Table 3. Post-hoc analysis for repeated measures ANOVA of the tunnel volume

Tunnel volume P*

Initial 3-months <0.001

6-months <0.001

3-months Initial <0.001

6-months <0.001

6-months Initial <0.001

3-months <0.001
*Bonferroni.
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follow-up periods.7 Ro et al. reported peri-anchor cyst formation
following arthroscopic rotator cuff repair in 10.8% using 3 types of
anchors. Postoperative MRI confirmed the presence of peri-anchor
cyst for 8.8%, 12.5% and 16.7% in the all-suture, PEEK and bio-
absorbable anchors.13 However, Kim et al. reported a higher rate of
cyst formation (46.4%) in 209 patients who had undergone rotator
cuff repair.12 This was probably due to the use of larger-diameter bio-
absorbable suture anchors (4.5-6.0 mm). The presence of cyst forma-
tion following the application of bio-absorbable anchors was variably
reported compared with that following the application of ASAs. Oss-
eous cyst formation is thought to result from rapid material degrada-
tion of a bio-absorbable anchor.14 ASAs are biostable, non-absorbable,
and do not degrade; therefore, a lower rate of cyst formation was
expected in association with these anchors.10

The second finding is supported by previous studies on tunnel expan-
sion following suture anchor implantation. Mileswki et al. reported
a 55% occurrence rate of tunnel expansion following arthroscopic
shoulder labral repairs using bio-composite anchors but a decreased
rate after 12 and 24 months.7 The tunnel widening was defined as
3 mm or greater in maximal cross-sectional diameter obtained ortho-
gonally to the long axis of the tunnel; therefore, the total tunnel
volume was not accounted in this measurement. Tompane et al.
also reported significant tunnel expansion at 6- and 12-month follow-
ups using MRI after arthroscopic shoulder labral surgery using
ASAs.10 Tunnel expansion was defined as any expansion that

exceeded the diameter of the initial drill. The tunnel volume was
obtained by measuring the diameter and length of each drill tunnel
at the orthogonal plane of the anchor. Thereafter, the measurements
were used to approximate the volume of each tunnel assuming that
a cylindrical shape resulted from each drilled tunnel. Our study
measured the total tunnel volume of each anchor, which comprised
all oblique coronal, sagittal, and axial cuts of MRI scans. Therefore,
our measured values more accurately represent the volume of each
observed anchor.

Studies on ASAs with quantification of cyst formation and tunnel
expansion following arthroscopic rotator cuff repair are scarce. Studies
on ASAs have been conducted for arthroscopic shoulder labral repairs
that concentrated on the glenoid site. In a recent study by Nakagawa
et al., cyst formation and tunnel expansion were observed in patients
with glenoid rim fracture following shoulder instability surgery with
ASA.15 They associated the risk of glenoid fracturewith the presence of
cysts and tunnel expansion. This prompted us to perform a serial MRI
investigation for potential sequelae of arthroscopic rotator cuff surgery
with ASA. Tunnel expansion will exacerbate the micromotion around
the anchor, particularly for ASA. The strength of ASA fixation depends
solely on the cortical bone. The stability of the repaired tendon is
highly concerning in the early phase following rotator cuff repair.
Our study showed that the tunnel expanded approximately 1.95
times at the 3-month follow-up and 2.84 times at the 6-month follow-
up relative to their initial volumes. The ASA was used in single-row
repairs andmedially in a double-row repair configuration in this study.
A cadaveric investigation showed that cortical thickness was largest at
the proximal site of greater tuberosity in a rotator cuff tear specimen.16

This means that the application of ASA is considered safe for a single-
row configuration and the medial row in a double-row configuration.
Furthermore, the present study reported no mechanical failure at the
final MRI follow-up, with good clinical outcome improvement. How-
ever, caution should be advised for women older than 70 years

Figure 3. a, b. Follow-up MRI showing cyst formation (a) and tunnel enlargement (b).

Table 4. Comparison between pre- and postoperative functional outcomes

Functional outcome Preoperative Postoperative P*

VAS (Mean ± SD) 5.78 ± 0.85 0.35 ± 0.57 <0.001

ASES (Mean ± SD) 50.86 ± 15.16 85.04 ± 9.41 <0.001

Constant (Mean ± SD) 57.04 ± 15.52 67.34 ± 6.81 0.006
*Paired Student’s t-test.
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considering constant deterioration of bone mineral density across all
regions of the proximal humerus.11

This study has some limitations. First, it was a retrospective study with
a small sample size. Second, the length of follow-upwasmodest. Given
these two limitations, this may lead to a possibility of limited external
validity. Third, the measurement methodology has not been validated
yet. However, the imaging process software is widely and commonly
used in the orthopedic research field, and all measurements were
checked in all MRI projections to increase the accuracy. Fourth, the
study did not account for additional variables that could be associated
with radiographic outcomes, such as preoperative and postoperative
activity levels, occupation, drill tunnel angle relative to the greater
tuberosity, and anchor insertion technique. Finally, two techniques
were used in rotator cuff repair, which may affect the survival of the
anchor regarding the different loads and forces exposed to the
anchors,17 which was excluded as a measured parameter. Further-
more, the repair technique could be determined from the MR images,
hence preventing them to be blinded in the reviewing process. Future
studies are needed to clarify these issues.
Cyst formation and tunnel expansion occurred following arthro-
scopic rotator cuff surgery with ASAs. However, the rate of cyst
formation in the greater tuberosity was low (5.1%). ASAs may be
safely used in single- and double-row rotator cuff repairs with
careful consideration when used in patients with osteoporosis.
Additional investigations may be needed to assess the association
of imaging findings with long-term outcomes, which are associated
with the survival of the anchors.
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