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ARTICLE INFO

Background: Perianchor cyst formation (PCF) can occur after arthroscopic rotator cuff repair with poly-
L-lactic acid (PLLA) anchors; however, little is known about PCF after all-suture anchor (ASA) use.

Keywords: Methods: We reviewed patients who underwent double-row arthroscopic rotator cuff repair from 2012
Perianchor cyst to 2017 with ASAs implanted in the medial row and PLLA anchors in the lateral row. We evaluated PCF
Anchor (graded on magnetic resonance imaging) and compared physical examination and functional surveys
gf&tor cuff between patients with PCF (WC) and without PCF (WoC) at long-term follow-up.

ASA Results: Among twenty-two patients (23 shoulders), 93% of PLLA anchors (vs. 79% ASA) displayed a
Shoulder grade 0 PCF, P =.100. No PLLA anchors had a grade 3 or 4 PCF, compared to 11% of ASAs, P =.158. At a

mean postoperative follow-up time of 113 weeks, there was no significant difference between WC and
WoC cohorts with regard to range of motion, rotator cuff strength, American Shoulder and Elbow Sur-
geons survey scores, or retear rates. However, the WoC cohort had a significantly higher University of
California at Los Angeles shoulder survey score at final follow-up (34.3 WoC vs. 30.9 WC, P =.024).

Conclusion: No difference was found in PCF between ASAs and PLLA anchors. At long-term follow-up,
WoC patients had significantly improved functional outcome scores, based on the University of California
at Los Angeles survey, but equivalent range of motion and rotator cuff strength examinations compared

Level of evidence: Level III; Retrospective
Cohort Comparison; Treatment Study

with WC patients.

© 2021 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Rotator cuff tears are common in the American population with
a prevalence of 22.1%, and this percentage increases with age.'” For
those who undergo arthroscopic rotator cuff repair, the trend has
been to use bone anchors in a double-row technique to reattach the
tendon to the humeral head to decrease gap formation and improve
healing.>”!""1>16.21 There are several types of anchors available for
the surgeon to use, each with different biologic and mechanical
properties. Metallic and nonbioabsorbable anchors were histori-
cally used and were found to cause microscopic metallic fragments,
interference with postoperative imaging, migration and cartilage
damage.”* Newer biocomposite anchors, such as poly-L-lactic acid
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(PLLA) anchors coated in hydroxyappetite, became available for
rotator cuff repairs; however, perianchor cyst formation (PCF) has
been reported in up to 37% of PLLA anchors.'® The use of biologically
inert anchors, such as screw-type anchors made of poly-
etheretherketone (PEEK) and all suture anchors (ASAs), have been
developed with the goal of reducing the bone reaction, thereby
improving the milieu for tendon to bone healing. ASAs are gaining
favor for their biologically inert properties, small drill hole needed
for implanting the anchors, and equivalent pullout strengths
compared with traditional solid-body anchors.”

To our knowledge, there are limited data for investigating the
incidence of PCF in a double row repair model comparing ASAs and
bioabsorbable anchors within the same patient. Additionally, only
few studies have explored the impact of PCF on clinical outcomes in
the past two years.'>>>?” This study aimed to investigate PCF in
patients who underwent arthroscopic double row, rotator cuff
repair using Iconix ASAs for the medial row (Stryker, San Jose, CA)
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Figure 1 Flow diagram of study participants.

and biocomposite SwiveLock lateral row anchors (Arthrex, Naples,
FL). Furthermore, the goal was to evaluate the impact of PCF on
clinical outcomes. We hypothesized that ASAs would have fewer
PCF and of lower grade than PLLA anchors, due to them being
biologically inert. Additionally, we hypothesized there would be no
difference in clinical outcomes between patients who had at least
one PCF and patients without any PCF.

Methods

This is an institutional review board—approved cohort study
performed at a single institution. Patients included in this study had
a rotator cuff tear diagnosed by magnetic resonance imaging (MRI)
and underwent arthroscopic rotator cuff repair by a single surgeon
with a suture-bridge double-row repair using ASAs in the medial
row and PLLA biocomposite anchors in the lateral row from
September 2013 to November 2017 (Fig. 1). The ASAs were
composed of three strands of #2 ForceFiber (Stryker, ultra-high-
molecular-weight polyethylene, polypropylene, and nylon). The
PLLA biocomposite anchor was composed of PLLA and tri-calcium
phosphate. Beginning in June 2017, all patients were prospectively
enrolled and completed a postoperative MRI. Exclusion criteria
included patients with anchors other than ASA or PLLA anchors,
prior surgery on the ipsilateral shoulder, single-row repair, patients
without postoperative MRIs, and follow-up of less than 6 months.
All patients received physical examinations at their follow-up visits
and received a noncontrast MRI of the postoperative shoulder to
determine the presence and size of the cyst. The final physical ex-
amination before the postoperative MRI was documented. A single,
fellowship-trained musculoskeletal radiologist with 20 years of
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experience graded the MRI anchor cysts. Cyst formation was graded
according to a previously established grading system: 0, no fluid; 1,
minimal linear fluid collection; 2, local collection of fluid at the
anchor insertion site; 3, fluid collection around the whole length of
the anchor but of a diameter less than twice the anchor diameter;
and 4, fluid diameter > twice the anchor diameter.® The initial
analysis compared PCF between ASAs and PLLA anchors. In each
patient, the individual anchors and the corresponding occurrence of
a cyst at the medial and lateral sides were recorded. A second
analysis compared shoulders without cyst formation (WoC) to pa-
tients with at least one anchor with a >grade 1 PCF (WC). The pri-
mary outcomes were postoperative cyst formation and grade of
cyst. Secondary outcomes included final range of motion (forward
flexion [FF], external rotation (ER), internal rotation [IR]), strength
0-5 (supraspinatus, infraspinatus), re-tear rates, and functional
scores as determined by the University of California at Los Angeles
(UCLA) shoulder survey (Fig. 2) and the American Shoulder and
Elbow Surgeons (ASES) survey."'” Patients’ age, gender, body mass
index, smoking status, and presence of diabetes mellitus at the time
of surgery were recorded. Mean duration of time between surgery
and postoperative MRI, as well as between surgery and the last
follow-up visit, was evaluated.

Surgical technique

All patients received a preoperative interscalene block. Surgery
was performed with patients in the beach chair position using
standard posterior and anterior portals. Diagnostic arthroscopy was
performed. The rotator cuff tear was visualized, and a subacromial
decompression was performed by resecting the coracoacromial
ligament, performing an acromioplasty, and removing the sub-
acromial bursa. A subacromial decompression was not performed
in patients who demonstrated a massive rotator cuff tear to pre-
serve the coracoacromial ligament. After establishing rotator cuff
tear anatomy and mobility, the cuff edge was debrided, and the
greater and lesser tuberosities were prepared with a 5.5-mm
motorized shaver. All medial row anchors were Iconix 2.3-mm
double loaded suture anchors and placed at the articular margin
of the rotator cuff footprint using the Iconix 2.3-mm drill. Sutures
were passed through the rotator cuff in a mattress fashion and tied
medially using a modified Weston knot. The medial row sutures
were then linked to lateral row anchors (biocomposite SwiveLock
4.75 mm). One limb of suture from the posterior anchor and one
limb from the anterior anchor were loaded into the SwiveLock
anchor. A punch was used to create a hole in the tuberosity, and the
anchor was inserted. The sutures were tensioned to compress
the tendon onto the tuberosity, and the anchor was screwed into
the bone. An articular margin repair was documented from the
glenohumeral side.

Postoperatively, a sling was maintained for six weeks. Passive
motion with pendulums and supine FF was permitted during the
first six weeks. Formal physical therapy was started at six weeks
and continued for 18 weeks.

MRI technique

MR images were obtained using a GE Medical Systems 1.5 Tesla
magnet (Optima 450w) and a receiving phased array shoulder coil.
Multiplanar pulse sequences included high-resolution proton
density and fat-suppressed T2-weighed fast spin echo images as
well as short TI inversion recovery images to suppress any sus-
ceptibility artifact produced by the anchors. Proton density images
offered the best spatial resolution with a frequency/phase
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Category Score Assessment
Pain
1 Present always and unbearable; strong medication frequently
2 Present always but bearable; strong medication occasionally
4 None or little at rest, present during light activities; salicylates used
frequently
6 Present during heavy or particular activities only; salicylates used
occasionally
8 Occasional and slight
10 None
Function
1 Unable to use limb
2 Only light activities possible
3 Able to do light housework or most activities of daily living
6 Most housework, shopping, and driving possible; able to do hair and to
dress and undress, including fastening bra
8 Slight restriction only; able to work above shoulder level
10 Normal activities
Active Forward Flexion
0 <30°
1 30°0-45°
2 45°-90°
3 90°-120°
4 120°-150°
5 >150°
Strength of forward flexion
0 No contraction
1 Slight contraction, no active elevation
2 Complete flexion with gravity eliminated
3 Complete flexion against gravity
4 Complete flexion against gravity with some resistance
5 Complete flexion against gravity with full resistance
Patient Satisfaction
0 Not satisfied and worse
5 Satisfied and better

Total Score: Excellent: 34-35, Good: 28-33, Fair: 21-27, Poor: 0-20

Figure 2 University of California at Los Angeles (UCLA) shoulder survey.

acquisition matrix of 416/256. T2-weighted fast spin echo and short
Tl inversion recovery sequences allowed for fluid-tissue contrast to
evaluate for cyst formation and had matrices of 320/256 and 288/
224, respectively. All images had a slice thickness of 3 mm with a 1-
mm gap.

Statistical analysis

Baseline patient characteristics were summarized using stan-
dard descriptive statistics: mean, minimum, maximum, and stan-
dard deviation (SD) for the continuous variables; and frequency
and percent for the categorical variables. Differences in the char-
acteristics between WoC and WC cohorts were tested using the
Wilcoxon Mann-Whitney test for the continuous variables and
Fisher's exact test for the categorical variables. The proportions of
PCF between the medial and lateral sides were calculated and
compared using mixed Poisson regression models. This approach
accounts for the fact that incidence of PCF is assessed in a double
row repair model comparing both ASAs and PLLA anchors within
the same patient; this is in contrast to a more simplistic approach
that does not account for placement of ASAs and PLLA anchors
within the same patient, for example, a McNemar’s paired test. The
point estimates and their corresponding 95% confidence
intervals were calculated. The statistical tests were two-sided at a
significance level of 0.05. The analyses were performed using the
SAS/STAT software, version 9.4, of the SAS System for Windows
(copyright 2016 SAS Institute Inc.).
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Results

A total of 22 patients (23 shoulders) met inclusion criteria in the
study. Patient demographics are listed in Table I. No difference was
found between WoC and WC cohorts with regard to age, gender,
body mass index, smoking status, and presence of diabetes
mellitus. There were 58 ASAs in the medial row and 44 PLLA
anchors in the lateral row. Forty-one of 44 (93.2%) PLLA anchors
had no PCF compared with 46 of 58 (79.3%) ASAs (confidence in-
terval 0.82-11.25, P =.100). In patients who had a PCF, there was no
significant difference in the grade of cyst between ASA and PLLA
anchors. The total number of PCF for each grade is reported in
Table II.

The WoC cohort had twelve shoulders, and the WC cohort had
eleven shoulders. There was no significant difference between
either mean time of surgery to postoperative MRI (WoC 111.5
weeks, SD 50.1; WC 121.3 weeks, SD 63.2; P=.786) or mean time of
surgery to last follow-up (WoC 110.7 weeks, SD 40.8; WC 116.4
weeks, SD 53.2; P =.705). MRI was completed after the last follow-
up for 19 of 23 patients and before the last follow-up in 4 of 23
patients (3 WoC, 1 WC). Regarding range of motion, no difference
was found in mean FF (WoC 165.0, WC 153.6, P = .051), ER (WoC
41.7, WC 39.5, P =.336), and IR (P =.081). There was no statistically
significant difference in supraspinatus strength (P = .317) and
infraspinatus strength (P = .478) between WoC and WC cohorts.
Range of motion and strength scores are described in Table III. ASES
and UCLA scores were obtained for eleven shoulders in the WoC
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Table I

Characteristics of study patients.
Characteristic WoC (n = 12) WC(n=11) P value
Age, yr 62.6 (43-79) 57.1 (47-67) 515
Gender, male/female 3(25)/9(75) 6 (55)/5 (45) 214
BMI 26.8 (23-31) 29 (23.6-36.7) .280
Smoker, no/yes 11 (92)/1 (8) 11 (100)/0 (0) 1.000
Diabetes, no/yes 11 (92)/1 (8) 7 (64)/4 (36) 155
Time between surgery and postop MRI (wks) 111.5 (53.4-193.7) 121.3 (42.4-208.7) .786
Time between surgery and last follow-up (wks) 110.7 (48-180) 116.4 (40-192) .705

WoC, without cyst; WC, with cyst; BMI, body mass index; MRI, magnetic resonance imaging.

Table II
Grade of perianchor cyst.
Grade ASA (n = 58) PLLA (n = 44) P value
158
0 46 (79) 41 (93)
1 2(3) 2 (5)
2 4(7) 1(2)
3 5(9) 0
4 1(2) 0
ASA, all-suture anchor; PLLA, poly-L-lactic acid.
Table III
Clinical outcomes.
Outcome WoC (n = 12) WC (n =11) P value
FF (degrees) 165 (160-180) 153.6 (120-170) .051
ER (degrees) 41.7 (30-45) 39.5 (30-45) 336
IR (degrees) .081
Buttock 0 3(27)
L1 2(17) 1(9)
L2 3(25) 0
L3 1(8) 3(27)
L4 1(8) 3(27)
L5 1(8) 0
T12 4(33) 1(9)
Supraspinatus 317
4/5 1(8) 3(27)
5/5 11 (92) 8(73)
Infraspinatus 478
4/5 0 1(9)
5/5 12 (100) 10 (91)
ASES 93.6 (86.6-100) 78.8 (30-100) .073
UCLA 34.3 (31-35) 30.9 (19-35) 024+
Re-tear 2(17) 3(27) .640

WoC, without cyst; WC, with cyst; FF, forward flexion; ER, external rotation; IR,
internal rotation; ASES, American Shoulder and Elbow Surgeons; UCLA, University of
California at Los Angeles.

*P < .05, statistically significant P value.

group and ten shoulders in the WC group. The WoC cohort had a
significantly higher UCLA score (mean 34.3, 31-35) than the WC
cohort (mean 30.9, 19-35), P = .024. The ASES score showed no
statistically significant difference between the two cohorts (WoC
93.6, 86.6-100 vs. WC 78.8, 30-100; P =.073). The rotator cuff retear
rate was 21.7% (5/23), with two occurring in WoC and three in WC
(P =.640).

Discussion

This study investigated the bone reaction of ASA and PLLA an-
chors and the impact of PCF on functional outcomes. Several hy-
potheses have been proposed as to the etiology of PCF, including
micromotion, foreign-body reaction, and synovitis.” Initially used
for labral repairs, ASAs have recently been gaining popularity in
rotator cuff repairs because of the satisfactory results of both
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biomechanical and clinical trials.>?” ASAs use a smaller implant
with reports of equivalent strength and little bone reaction
compared with traditional suture anchors.” Van der Bracht et al
showed 90% (43/48) of ASAs had no fluid collection at an average of
1.58 years after rotator cuff repair.”® This is slightly higher than
the results obtained in the present study; however, they
evaluated fewer anchors and had a shorter interval between surgery
and MRI. It has been shown that osteolysis appears twelve
weeks postoperatively for PLLA anchors and increases in size as time
progresses.>” A recent study by Kim et al compared four different
suture anchors (ASA, PEEK, and two different biodegradable
anchors) between two groups (ASA + biodegradable 1 wvs.
PEEK + biodegradable 2) using a double-row rotator cuff repair.'
Their study showed a statistically significant higher rate of PCF
around PEEK anchors (41.7%,15/36) than ASAs (10.8%, 4/37), P < .05.
When the ASA was compared to the biodegradable anchor used in
the same patient, there was no statistical difference as seen in our
study.

It has been theorized the medial row undergoes higher forces
than the lateral row during a double-row rotator cuff repair.>> This
could result in different pressures on the bone-anchor interface,
allowing for micromotion in the implant and ultimately changes in
rate of PCF. An increased size of the anchor may lead to increased
stability and less micromotion.® Regarding the lateral row, it was
initially thought there could be increased bone reaction secondary
to softer bone and less coverage by tendinous tissue.’® However,
Haneveld et al investigated this phenomenon and found the loca-
tion of the anchor in the humeral head did not impact the amount
of peri-implant fluid.?

Several studies have reported no statistically significant differ-
ence in clinical outcomes when comparing patients with and
without PCE.'®2%?2 Ro et al found no difference in visual analog
scale scores, muscle strength, and range of motion between ASA,
bioabsorbable, and PEEK anchors at a mean follow-up of 9.6
months.”® However, they did find an association between larger
retear size and higher grade PCF. Most rotator cuff repair studies
investigating PCF had shorter clinical follow-up times of around 1
to 1.5 years.'>'>?027 A study by Haneveld et al compared PLLA to
PEEK anchors with a mean follow-up of 28.4 + 8.9 months and
found no clinical difference between the two groups.® Pilge et al
had a mean follow-up time of 36 months after mini-open rotator
cuff repairs with only a single type of bioabsorbable anchor (Bio-
Corkscrew suture anchor; Arthrex, Naples, FL) and found no clinical
difference in range of motion or Constant-Murley shoulder
outcome score.'® Our article reports similar follow-up times to the
study by Haneveld et al with the benefit of having patients as their
own internal control. With extended postoperative follow-up,
there was still no difference in range of motion or rotator cuff
strength between WoC and WC cohorts. In this study, our data
demonstrated a significantly higher UCLA score in patients without
PCF (34.3 vs.30.9, P < .05). Additionally, range of motion and rotator
cuff strength were measured by visual examination by the senior



D. Matijakovich, D. Solomon, C.L. Benitez et al.

author. Prior studies report fair to good reliability with standard
error measurements of 14-25 degrees for inter-rater and 11-23
degrees for intrarater.”' The standard error measurements in
addition to the small population size could account for the trend
seen toward greater FF scores in the WoC cohort (165° vs. 154°,
P =.05). As FF score is a component of the UCLA survey (but not the
ASES survey), this could be a contributing factor to the higher UCLA
scores in the WoC cohort. It is important to note that the maximum
score for FF on the UCLA survey is for >150°, and therefore, any
range of motion greater than this may not have clinical significance.
Hence, the difference in FF scores seen in our study may not be
clinically relevant. Similar to other authors, none of the other range
of motion outcomes (ER and IR) in this study were close to
approaching a statistically significant difference.

There has been increasing interest in PCF and its clinical impli-
cations, especially as increasingly more types of anchors are
becoming available to surgeons. This article is in agreement with
previous studies finding no difference in clinical outcomes if a cyst
develops, even at a more extended follow-up period. Future studies
investigating anchor biomechanics, pull-out strength, and ease of
use would be valuable to assess whether these factors are impor-
tant in differentiating between types of anchor and anchor
selection for patients.

There were several limitations to this study. First, the small
sample size may have made the study underpowered. However, a
post-hoc power analysis from a previous study on PCF prevalence
revealed that a sample size of 41 anchors in each group ach-
ieves >80% power to detect a relative difference of 50% between the
studied groups.* Our study included n = 58 ASA and n = 44 PLLA
anchors. All ASAs were placed on the medial row and PLLA anchors
on the lateral row, so any force vectors were not standardized be-
tween the two anchor types. However, all patients underwent the
same surgical treatment, and each patient served as their own
control with medial and lateral anchor rows, thus reducing con-
founding factors. The number of anchors used in each row was not
standardized. In some patients, the postoperative range of motion
and strength scores were assessed after the MRI was performed,
which could have influenced the assessment. There was also no
protocol as to the timing of postoperative MRIs.

Conclusion

There was no significant difference in PCF incidence between
ASAs and PLLA biocomposite anchors. At extended mean follow-up
times of over two years, patients without PCF had significantly
higher functional outcome scores. Range of motion and rotator cuff
strength were equivalent between the two cohorts.
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