
lable at ScienceDirect

JSES International 4 (2020) 860e868
Contents lists avai
JSES International

journal homepage: www.jsesinternat ional .org
Arthroscopic repair of posterosuperior rotator cuff tears with
bioabsorbable patch augmentation: a magnetic resonanceecontrolled
case series with 1-year follow-up

Marco D. Burkhard, MD a,b,*, Michael Dietrich, MD a, Octavian Andronic, MD b,
Nikola Nikolic, MD c, Patrick Grueninger, MD a,d

a Department of Orthopaedics and Traumatology, Waid City Hospital, Zürich, Switzerland
b Department of Orthopaedics, Balgrist University Hospital, Zürich, Switzerland
c Department of Radiology, Waid Hospital, Zürich, Switzerland
d Department of Surgery, Spital Limmattal, Schlieren, Switzerland
a r t i c l e i n f o

Keywords:
Rotator cuff tear
arthroscopic repair
patch augmentation
bioabsorbable
Biofiber
P4HB

Level of evidence: Level IV; Case Series;
Treatment Study
This study was approved by the cantonal ethics com
2019-01332).
* Corresponding author: Marco D. Burkhard, MD, D

rist University Hospital, Forchstrasse 340, 8008 Züric
E-mail address: marco.burkhard@balgrist.ch (M.D.

https://doi.org/10.1016/j.jseint.2020.07.019
2666-6383/© 2020 The Authors. Published by Elsevier
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Background: Among many advances in the treatment of rotator cuff tears, arthroscopic augmentation
techniques with patches of various biological and synthetic graft materials have been introduced to
reinforce the repair. However, structural and functional outcomes after patch augmentation vary, and
reinforcing the tendon healing remains a challenge. The aim of this study was to evaluate clinical and
radiologic outcomes 1 year after arthroscopic posterosuperior (PS) rotator cuff repair with bioabsorbable
patch augmentation.
Methods: From October 2014 to December 2017, all patients with PS rotator cuff tears undergoing
arthroscopic repair with patch augmentation using a resorbable, biologically derived poly-4-
hydroxybutyrate patch (Biofiber; Wright, Memphis, TN, USA) were enrolled in this study. Only full-
thickness PS lesions with �1 of the following tear patterns were augmented with a patch and were
the subject of this study: large U- and L-shaped tear, transtendinous tear, delamination, and fraying of the
bursal layer. Patients were examined preoperatively and at 1 year postoperatively with a standardized
examination protocol and magnetic resonance imaging (MRI).
Results: Sixteen patients were included in this study; 1 patient was lost to follow-up. One patient only
underwent clinical follow-up. We detected 1 repair failure (6.7%) with dislocation of the lateral-row
anchors on computed tomography scanning at 3 months postoperatively. MRI was performed in 14
patients after 1 year; in all of them, the cuff repair was intact. The Sugaya tendon integrity score was 1.7 ±
0.9. The Constant-Murley score improved from 44 to 89 points (P < .001). Muscular strength improved in
the supraspinatus (from 2.6 to 4.8), infraspinatus (from 3.2 to 4.9), and subscapularis (from 4 to 4.9) (all P
< .001). Overall, patient satisfaction was high (3.6 ± 0.6).
Discussion: This small-sized case series is the first to prospectively assess clinical and radiologic out-
comes after patch augmentation of PS rotator cuff tears using bioabsorbable poly-4-hydroxybutyrate
patches. Good to excellent structural and functional outcomes were observed with a low retear rate
(6.7%) and good tendon integrity on 1-year postoperative MRI, and the graft did not cause any com-
plications. The use of bioabsorbable patches could be beneficial when unfavorable PS tear patterns are
encountered in which a stable repair of the full tendon thickness at its insertion is otherwise difficult to
reach.

© 2020 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-
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Rotator cuff tears commonly cause severe pain, reduced shoul-
der function, and decreased quality of life.41 Despite advances in the
surgical treatment of rotator cuff tears, tendon healing after repair
remains a challenge, and retear rates of up to 90% have been re-
ported, depending on the tear size and morphology.5,13,32,35 Failure
of repair depends on the patient's age, tear morphology and chro-
nicity, and tendon and/or muscle quality.2 Recurrence of tears often
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occurs in the early healing phase and is associated with poorer
postoperative rotator cuff strength results.9,15,27,31

In recent years, augmentation techniques with biological and
synthetic grafts have been introduced to increase the tensile
strength of the reconstructed tendons and enhance tendon heal-
ing.1,36,37 Some studies have reported superior clinical outcomes
and reduced retear rates in massive rotator cuff tears with patch
augmentation,7,14,22,39,44 whereas other studies have reported no
change in outcomes or even increased retear rates.16

Synthetic scaffolds have been developed for tissue engineering
in plastic and orthopedic surgery, and these are biodegraded over a
period of 3-18 months. Only a few studies have investigated these
bioabsorbable patches, but they have shown promising re-
sults.4,29,34 However, evidence is limited, and no consensus has
been established in terms of the occasions on which patients
benefit from patch-augmented repair.

The aim of this study was to evaluate clinical and radiologic
outcomes 1 year after arthroscopic posterosuperior (PS) rotator cuff
repair with bioabsorbable patch augmentation.

Materials and methods

This prospective case series was conducted at a single institu-
tion from October 2014 to January 2019. All patients who were
treated with bioresorbable patcheaugmented arthroscopic rotator
cuff repair of a full-thickness PS tear (supraspinatus [SSP] and/or
infraspinatus [ISP]) were included in this study. Patients with fatty
infiltration > 50% in the torn rotator cuff muscle did not qualify for
cuff repair and were excluded. Neither retraction of the torn tendon
to the glenoid, grade 3 according to the Patte classification,33 nor a
concomitant subscapularis (SSC) tear was an exclusion criterion. PS
tears were defined as eligible for patch reinforcement by
Figure 1 Rotator cuff tears eligible for patch augmentation. (A) Large U-shaped tear, David
erosuperior tear, Davidson type III. (D) Transtendinous posterosuperior tear. (E) Supraspin
layer.
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preoperativemagnetic resonance imaging (MRI) and intraoperative
findings whenever �1 of the following conditions was present: (1)
large longitudinal U-shaped, L-shaped, or massive contracted PS
tear (Fig. 1, A-C); (2) transtendinous SSP and/or ISP rupture (Fig. 1,
D); and (3) SSPwith significant delaminationwith extensive fraying
and retraction of the bursal layer (Fig.1, E). All patients were treated
arthroscopically with patch augmentation by a single shoulder
surgeon (Fig. 2) and were included in this case series. In all patients,
a resorbable, biologically derived poly-4-hydroxybutyrate patch
(Biofiber; Wright, Memphis, TN, USA) was used. Preoperatively and
at 1 year postoperatively, patients underwent a standard clinical
examination and MRI.

Clinical evaluation

The treating surgeon obtained a standard history and performed
a clinical examination following a routine protocol preoperatively
and at 6 weeks, 3 months, 6 months, and 1 year after surgery. The
Constant-Murley score (CMS)10 was determined, and rotator cuff
motor function tests were graded from 0 to 5, according to the
classification of neurologic examination findings. The ISP was
assessed with external rotation strength in a neutral position and in
0� of abduction and compared with the contralateral side. The Jobe
test was performed for the SSP, and the modified belly-press test
was performed for the SSC. At the final follow-up at 1 year, patients
were asked to rate their satisfaction from 1 to 4 (poor, fair, good, or
excellent).

Radiologic evaluation

All preoperative and postoperativeMRI scans were assessed by a
blinded musculoskeletal radiologist, who was unaware of the
son type IIA. (B) Reversed-shape tear, Davidson type IIB. (C) Massive contracted post-
atus with significant delamination with extensive fraying and retraction of the bursal



Figure 2 Arthroscopic images of patch-augmented rotator cuff repairs: large reversed-shape tear (A), side-to-side suture (B), and augmentation with patch (C) and large L-shaped
tear with intensive fraying of superficial layer of supraspinatus tendon (D), side-to-side suture (E), and augmentation with patch (F).
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patients' clinical outcomes. Rotator cuff tears were evaluated on
contrast-enhancedMRI studies preoperatively. Magnetic resonance
imageswere assessed for SSP and ISP tears; these tears were graded
with a score of 1-3 according to the Patte classification.33

Concomitant SSC tears were graded from 1 to 5 using the Lafosse
classification.28 Fatty infiltration was measured and graded from
0 to 4 according to the Goutallier classification,23 modified by Fuchs
et al.17 The muscle quantity of the ISP, SSP, and SSC was measured
by the cross-sectional area as described by Zanetti et al.45 At 1 year
postoperatively, all patients were assessed with native MRI, and the
same parameters were re-evaluated. Repair integrity was classified
into 5 categories on T2-weighted images according to Sugaya et al40

(I, sufficient thickness and homogenously low signal intensity; II,
sufficient thickness with partial high-intensity signal; III, insuffi-
cient thickness without discontinuity; IV, minor discontinuity,
suggesting a small tear; or V, major discontinuity, suggesting a large
retear).

Surgical technique

A standardized treatment protocol for arthroscopic rotator cuff
repair using a 30� arthroscope was performed.24 Surgery was per-
formed with the patient in the beach-chair position under general
anesthesia and a brachial plexus block with an interscalene cath-
eter. Intravenous cefuroxime or clindamycin for perioperative
antibiotic prophylaxis was applied. Epinephrine, 1 mg, diluted in 20
mL of normal saline solution was injected into the glenohumeral
joint. After diagnostic arthroscopy, the PS cuff was repaired from
posterior to anterior. All lesions were repaired with a double-row
suture bridge technique, knotted medially (4.5- or 5.5-mm Healix
Advance BR or Healix TI; DePuy Synthes, Raynham, MA, USA) and
knotless laterally (4.5- or 5.5-mm Healix Advance BR). For the
medial suture row, 2-3 double-loaded threaded anchors were used,
depending on the size of the tear. Depending on tear anatomy,
862
traction sutures, side-to-side stitches, and additional anchors,
especially in U- and L-shaped tears, were used to reduce and close
the lesions. In all cases, at least the deep layer of the SSP or ISP was
reducible to the greater tuberosity with low tension; in some cases,
a defect of the superficial layer was present. Until this point, the
technique described was a standard published procedure.24 Finally,
the Biofiber patch was introduced by a parachute technique via a
cannula (Arthrex, Naples, FL, USA) from the lateral portal and fixed
at 4 points with Orthocord sutures (DePuy Synthes). Medially, the
patch was fixed at the anterior border of the SSP and at the pos-
terior border of the ISP, and laterally, the patch was sutured down
over the reconstruction by using the 2 free threads of the lateral
anchors (Healix Advance Knotless; DePuy Synthes). The interven-
tion was completed with acromioplasty in all patients and with
acromioclavicular joint resection in patients with acromioclavicular
joint arthritis and tenderness.

Postoperative regimen

Postoperatively, shoulders were positioned in a 45� abduction
pillow for 6 weeks. Passive physiotherapy in the pain-free range of
motionwas initiated on the first postoperative day. Active range-of-
motion exercises started after 6 weeks, and cuff strengthening
started after 12 weeks.

Statistical analysis

Statistical analysis was performed with IBM SPSS software
(version 25; IBM, Armonk, NY, USA) and Stata software (version
13.1; StataCorp, College Station, TX, USA). Parametric data were
tested for a normal distribution with the Shapiro-Wilk test.
Statistical analysis of dependent groups was performed with
the Wilcoxon signed rank test and the paired t test where
applicable. Data are expressed as means and standard deviations,



Table I
Patient characteristics, tear morphology, and surgical treatment

Variable Data

No. of patients 16
Age, mean ± SD (range), yr 61.2 ± 9.7 (45-76)
Female sex, % (n) 25 (4)
PS tear pattern, % (n)
Large U-shaped tear, Davidson type IIA 25.0 (4)
Large L-shaped tear, Davidson type IIB 12.5 (2)
Massive contracted PS tear, Davidson type III 18.8 (3)
Transtendinous SSP and/or ISP tear 31.6 (5)
SSP delamination with extensive superficial fraying 62.5 (10)

Tear morphology, % (n)
SSP tear 93.8 (15)
Patte grade 1 31.3 (5)
Patte grade 2 43.8 (7)
Patte grade 3 18.8 (3)

ISP tear 68.8 (11)
Patte grade 1 43.8 (7)
Patte grade 2 25.0 (4)
Patte grade 3 0

SSC tear 43.8 (7)
Lafosse grade 1 6.3 (1)
Lafosse grade 2 25.0 (4)
Lafosse grade 3 0
Lafosse grade 4 12.5 (2)

Long biceps tendon luxation or subluxation 43.8 (7)
Tendinopathy of long biceps tendon 25.0 (4)

Surgical treatment, % (n)
SSC treatment 43.8 (7)
Biceps treatment
Tenodesis 87.5 (14)
Tenotomy 0

Acromioclavicular resection 62.5 (10)

SD, standard deviation; n, number of patients; PS, posterosuperior; SSP, supra-
spinatus; ISP, infraspinatus; SSC, subscapularis.
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with ranges in parentheses. Statistical significance was set as
P < .05.

Results

Patient characteristics

FromOctober 2014 to December 2017,17 patients (5 women and
12men) were found to have unfavorable PS tear patterns defined by
preoperative MRI and intraoperative findings and were treated
with arthroscopic repair and poly-4-hydroxybutyrate patch
augmentation. One patient was lost to follow-up. Sixteen patients
underwent clinical follow-up at 1 year and were included in this
study (Table I). The mean age was 61 ± 10 years (range, 45-76
years). Symptoms were present for 36 ± 58 weeks (range, 0-210
weeks). One of the 16 patients refused MRI at 1 year post-
operatively because of claustrophobia and only underwent clinical
follow-up. Another patient only underwent a contrast-enhanced
computed tomography (CT) scan at 3 months postoperatively,
without further MRI follow-up, which is discussed in detail later.
Therefore, in total, 14 of the 16 patients in this study were radio-
logically evaluated by MRI at 1 year after surgery.

Clinical outcome

Sixteen patients underwent clinical follow-up at 1 year post-
operatively (Table II). The average overall patient satisfaction rating
was between good and excellent (3.6 ± 0.6). Only 1 patient rated his
satisfaction as fair (score, 2). The CMS and muscular strength
significantly improved from preoperatively to 1 year post-
operatively. One patient refused to undergo MRI at 1 year post-
operatively because of claustrophobia. This patient was clinically
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doing excellently (satisfaction score, 4), with a preoperative to 1-
year postoperative improvement in the CMS from 44 to 96 points
and increases in strength from 3 to 5 for the SSP and ISP and from 4
to 5 for the SSC. A retear in this patient seemed unlikely. However,
we defined retears on a radiologic basis, which is why the retear
rate described later is based on only patients with postoperative
radiologic follow-up.

Radiologic outcome

Of the 16 patients included in this study, 14 underwent radio-
logic follow-up at 1 year postoperatively with MRI (Table III). In all
14, the cuff repair was intact. The tendon integrity score according
to the Sugaya classification was on average 1.9 ± 0.7 (range, 1-3),
with 2 patients being classified as Sugaya grade III (14%) and the
remaining 12, as Sugaya grade II or less (grade I in 4 [29%] and grade
II in 8 [57%]). Increases in the mean cross-sectional area (in square
millimeters) were found in all examined muscles, but the change
was not statistically significant. The Goutallier fatty infiltration
grade did not change from preoperatively to 1 year postoperatively
in the SSP and SSC. However, the Goutallier fatty infiltration grade
did progress in the ISP, from 0.6 to 1.3 (P ¼ .011).

One patient (63-year-old man) was found to have a dislocation
of the lateral-row anchors, which was diagnosed on radiographs
and a subsequent CT scan at 3 months postoperatively. Consecu-
tively, this patient had a full-thickness ISP retear and a retear of the
posterior half of the SSP tendon (Fig. 3). He was initially treated for
amassive rotator cuff tear with an SSC tear of Lafosse grade 3, SSP of
Patte grade 2, and transtendinous ISP of Patte grade 1 with signif-
icant delamination. The patient declined revision surgery. At the 1-
year clinical follow-up, he reported only minor complaints but he
had the lowest CMS (60 points) and rotator cuff strength of all
patients. It should be noted that, if a 1-year postoperative MRI scan
had been available for this patient, the PS tendon integrity would
have been classified as Sugaya grade V.

The rate of repair failure among the 14 patients with 1-year
postoperative MRI in our series was 0%. However, in the case
described earlier, a repair failure was detected on the contrast-
enhanced CT scan at 3 months postoperatively, and no further
MRI was conducted at 1 year postoperatively in this patient.
Therefore, in our case series, 1 of 15 patients showed a radiologi-
cally confirmed repair failure, corresponding to a retear rate of 6.7%.

Discussion

The main findings of this study are that adding a bioresorbable
patch did not cause any complications and a retear occurred in only
1 of 15 patients (6.7%) in a small patient cohort with large PS rotator
cuff tears or tears with poor tendon quality. Clinical scores and
shoulder function markedly increased from baseline to 1 year
postoperatively after patch-augmented arthroscopic repair, and the
tendon integrity was excellent on 1-year postoperative MRI. The
cross-sectional areas did not significantly improve in all examined
rotator cuff muscles. However, improvement in muscle volume
could anyway be interpreted as the consequence of a reduction of
the retracted muscles rather than due to a reactivation and recov-
ery of muscular volume.18

The correlation of repair integrity with retears and clinical and
functional outcomes has been previously described in the litera-
ture.9,15 The occurrence of repair failure in the first 3 months
postoperatively in our series is in line with findings in previous
studies.27,31 Kluger et al27 reported a failure rate of 33% after rotator
cuff repair; 74% of these failures occurred in the first 3 months.

A variety of classifications of rotator cuff tears have been
described in the literature. Most of the classifications divide tears



Table II
Clinical evaluation

Variable Preoperative Follow-up P value

No. of patients 16 16
Strength
Modified belly-press test (0-5) 4.0 ± 1.0 (2-5) 4.9 ± 0.5 (3-5) .004*

Jobe abduction strength test (0-5) 2.7 ± 0.6 (1-3) 4.8 ± 0.5 (3-5) <.001*

External rotation strength (0-5) 3.2 ± 0.5 (2-4) 4.9 ± 0.3 (4-5) <.001*

CMS
Total (maximum, 100 points) 44.3 ± 13.8 (19-72) 89.3 ± 11.1 (60-100) <.001*

Pain (maximum, 15 points) 6.7 ± 3.9 (0-14) 14.3 ± 1.4 (10-15) <.001*

Activity level (maximum, 10 points) 4.6 ± 2.5 (1-8) 9.4 ± 1.1 (6-10) .001*

Painless activity (maximum, 10 points) 6.5 ± 1.9 (4-10) 9.6 ± 0.8 (8-10) <.001*

ROM (maximum, 40 points) 23.8 ± 7.5 (8-34) 35.9 ± 4.9 (22-40) <.001*

Strength (maximum, 25 points) 2.8 ± 2.4 (0-6) 20.1 ± 6.4 (4-25) <.001*

Level of satisfaction NA 3.6 ± 0.6 (2-4) NA

CMS, Constant-Murley score; ROM, range of motion; NA, not available.
Data are given as mean ± standard deviation (range) unless otherwise indicated.

* Statistically significant.

Table III
MRI evaluation

Variable Preoperative 1-yr follow-up P value

No. of patients 14 14
Rerupture, % (n) 6.7 (1 of 15)* NA
Fatty infiltration grade (Goutallier classification)
SSC 0.1 ± 0.4 (0-1) 0.2 ± 0.6 (0-2) .317
SSP 1.6 ± 1.1 (0-3) 1.6 ± 0.7 (0-3) >.999
ISP 0.6 ± 0.7 (0-2) 1.3 ± 0.9 (0-3) .011y

CSA, mm2

SSC 2110 ± 531 (1474-3221) 2182 ± 586 (1494-3518) .387
SSP 506 ± 170 (324-880) 545 ± 162 (351-945) .155
ISP 864 ± 298 (294-1358) 885 ± 323 (315-1521) .664

Tendon integrity (Sugaya classification)
Mean NA 1.9 ± 0.7 (1-3) NA
Grade I, % 28.6 NA
Grade II, % 57.1 NA
Grade III, % 14.3 NA

MRI, magnetic resonance imaging; NA, not available; SSC, subscapularis; SSP, supraspinatus; ISP, infraspinatus; CSA, cross-sectional area.
Data are given as mean ± standard deviation (range) unless otherwise indicated. Data are presented for 14 patients; 1 patient refused to undergo postoperative MRI. Change in
CSA was normally distributed, and significance was tested with the paired t test.

* A retear was diagnosed on a computed tomography scan postoperatively in 1 patient. This patient did not undergo any further MRI assessments after 1 year and is not
included in the total of 14 patients who underwent MRI follow-up.

y Statistically significant.
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according to the number of tendons involved and grade of retrac-
tion rather than the geometry of the tear itself.8,20,21,25 Davidson
et al11,12 first described a geometric tear classification from 1 to 4,
based on which a treatment algorithm was proposed. In our study,
we prospectively assessed different tear patterns of the PS rotator
cuff and defined them as suitable for patch augmentation when-
ever the following were present: large longitudinal U- or L-shaped
tears; complete transtendinous PS tears; and full-thickness tears
with delamination, extensive fraying, and retraction of the bursal
layer (Fig. 1).

Repair of Davidson type II and III PS ruptures can lead to
increased tensile stress in the middle of the repaired rotator cuff
margin and may lead to ultimate failure.11 Thus, patch augmenta-
tion at the tendon insertion site may reduce tensile stress through
the tendon at the insertion site and play a protective mechanical
role in these tears. Transtendinous rotator cuff tears are associated
with higher complications with traditional repair (Fig. 4). Simple
repair of the medial tendon to the anatomic footprint may lead to
increased tension at the tendon-footprint interface, which has been
linked to repair failure.30 Patch augmentation has been shown to
increase yield load and ultimate load to failure at the tendon-bone
junction in such tears.1
864
Similarly, full-thickness tears with poor tendon quality due to
delamination and extensive fraying of the bursal-sided layer (Fig. 5,
A) could profit from patch augmentation, as some studies have
claimed increased tensile strength and enhanced tendon heal-
ing.1,36,37 Using resorbable patches may also be supportive in ro-
tator cuff tears with poor tendon quality due to superficial fraying
(Fig. 1, E, and Fig. 2). The patch may help restore the full tendon
thickness and strength in these tears (Fig. 5, B). Previous studies
have reported delamination as a negative prognostic factor for
anatomic tendon repair integrity.3,6,15,38 However, the PS rotator
cuff tear pattern defined as suitable for patch augmentation in this
study is not an established form of rotator cuff tear and may need
further investigation.

The introduction of augmentation techniques with biological or
synthetic patches have expanded the surgical options for chal-
lenging rotator cuff tears. However, the results are diverging
throughout the literature, and neither a superiority to other tech-
niques nor any clear indication for the use of a patch graft could be
shown so far. Human and xenologous biological patches are
resorbable, which may lead to faster tissue formation at the repair
site, but they might cause antigenic reactions. Whereas synthetic
patches lack antigenicity, they typically remain in the tissue and



Figure 3 Rerupture of the rotator cuff repair occurred in 1 of 16 patients. (A, B) Preoperative paracoronal magnetic resonance imaging with transtendinous infraspinatus rupture
and partial (superficial) supraspinatus rupture. (C, D) At 3 months postoperatively, a coronal radiograph and axial computed tomography scan show dislocation of 2 radiolucent
lateral-row anchors with consecutive retears of the infraspinatus and posterior half of the supraspinatus tendon. *Fully dislocated anchor. **Partially dislocated anchor.
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may cause foreign-body reactions. Biomechanical studies have
shown increases in yield load and ultimate load to failure after
patch-augmented repair.1,36,37 Bioabsorbable synthetic scaffolds
have been developed for tissue engineering in plastic and ortho-
pedic surgery. Over a period of several months, these aliphatic
polyesters (polyhydroxybutyrate [PHB], poly-L-lactide, and poly-
caprolactone) are metabolized to nontoxic end products that are
normally present in the body. The patch used consists of PHB,
which retains 50%-70% of its mechanical stability after 3 months
and is fully degraded after 18 months.42,43 In our study, the bio-
absorbable patches were not definable on 1-year postoperative MRI
in all patients (Figs. 4 and 5). No antigenic or antibody reaction to
these bioabsorbable patches has been described.

The results of our case series are in line with those of other
published studies that have investigated the use of bioabsorbable
patches. In a small case series of 18 patients, Proctor34 found a
comparably low retear rate of 17% (3 cases) after 12 months and an
additional retear (22%) after 42 months in patients with large to
massive PS cuff tears, as well as substantial functional improve-
ment. However, structural integrity was observed by ultrasound
only. Lenart et al29 reported a repair failure rate of 62% by MRI in 14
patients with massive rotator cuff tears involving �2 tendons who
were treated with a resorbable poly-L-lactide patch-augmented
repair. Reporting that similar published cohorts had even higher
retear rates of up to 94%,19 Lenart et al concluded that patients did
benefit from patch augmentation, which was also reflected in
865
significant clinical improvement. Buess et al4 illustrated the use of
PHB patch augmentation in a standardized technique for arthro-
scopic revision of medial rotator cuff failure in their technical note.
However, they did not provide any structural or functional out-
comes of the technique.

A reduction in the rate of repair failure has been previously
shown with human dermal extracellular matrix (ECM) grafts. Gilot
et al22 reported a significant reduction in the rate of repair failure in
large to massive rotator cuff tears using a dermal ECM patch (20
patients) from 26% to 10% in comparison to non-augmented repair
(15 patients) in a prospective blinded study with a 2-year follow-
up. However, tendon integrity was evaluated by ultrasound only.
Similarly, Yoon et al44 found a significant reduction in the rate of
recurrent tears with a dermal ECM patch (21 patients) vs. without
patch augmentation (54 patients), with retear rates of 19% vs. 46%
based on 1-year postoperative MRI scans. In contrast, several
studies reported higher rates of recurrent tears with xenograft
patches than without patch augmentation. In a retrospective
matched-cohort study, Flury et al16 compared patients who were
treated with augmented rotator cuff repair with xenogeneic
porcine patch augmentation vs. patients without patch augmen-
tation. On the basis of 2-year postoperative MRI, they found a
substantially higher retear rate in the patch-augmented group,
with retear rates of 50% in the patch group and 20% in the control
group. Ciampi et al7 found a higher 12-month rate of recurrent
defects with a bovine pericardia xenograft (51%) than with a



Figure 4 (A, B) Preoperative paracoronal preoperative magnetic resonance imaging of transtendinous supraspinatus tear with extensive retraction. (C, D) Corresponding 1-year
postoperative magnetic resonance imaging slices show structural integrity with Sugaya grade II and a restored supraspinatus tendon thickness at the footprint.
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synthetic (polypropylene) graft (17%), as well as without a graft
(41%), but defects were assessed by ultrasound only. Another small
randomized study investigated open rotator cuff repair with
porcine dermal patch augmentation (15 patients) and without
patch augmentation (15 patients) for the treatment of chronic large
rotator cuff tears.26 It reported an improved healing rate with
xenograft patch augmentation, with healing rates of 27% (4 of 15
patients) and 60% (11 of 15 patients) in the patch and control
groups, respectively, based on 1-year postoperative MRI.

To date, it has remained a challenge to decide whether a patient
might benefit from patch augmentation and which patch material
is ideal to reduce repair failure, as scientific evidence is yet weak.
However, on the basis of our results and other currently published
studies, we can only speculate that applying the proposed patch
augmentation technique could decrease failure rates in large to
massive PS tears or tears with poor tendon quality by promoting
tendon healing and increasing tendon thickness and tensile
strength (Fig. 4). Nevertheless, the benefit from PHB patch
augmentation must be carefully weighed in relation to the addi-
tional operative time and possible adverse effects that may not
have been described so far. Moreover, it is unclear whether the use
of an additional implant, with the added expense, is cost-effective
given that it is uncertain if these tears would have healed regard-
less without the patch. Current evidence shows that bioabsorbable
patches and human dermal grafts appear to be more effective than
xenogeneic grafts. Xenogeneic patches may trigger some negative
biological interactions with the host, and this drawback would
866
outweigh the mechanical protective effects. However, only
comparative, prospective randomized controlled trials with a high
level of evidence can clarify the effects that can be attributed to
patch augmentation. Synthetic, bioabsorbable, and biological patch
augmentation should be comparatively assessed in a prospective
randomized controlled trial.

This prospectively conducted case series has some limitations.
First, this was a small-sized study without a comparison group. Of
the 17 patients eligible for inclusion, only 16 were available for
clinical follow-up and only 14 were available for radiologic analysis.
Furthermore, this study only provides mid-term results, at 1 year
after surgery; the long-term results remain unclear. Even though
the tear patterns eligible for patch augmentation were defined by
MRI and intraoperative observations, the clinical judgment of
whether to use a patch was in the hands of the treating surgeon,
which potentially introduces selection bias. Moreover, the clinical
examination was performed by the treating surgeon and not by a
third party, which is another potential source of bias. The PS tear
patterns eligible for patch augmentation in this study included
different tear types, making our patient group heterogeneous. The
small sample size of this study did not allow any subgroup analysis
of the different tear patterns. Further investigation of PS tears
should focus on the tear morphology in association with clinical
outcomes, tendon integrity, and retears. Finally, we cannot
conclude that patients benefited from patch augmentation as no
control group was available in this study; thus, the effect of patch
augmentation per se remains unclear.



Figure 5 (A, B) Preoperative paracoronal magnetic resonance imaging preoperative with large L-shaped tear and significant fraying of superficial layer of supraspinatus. (C, D)
Corresponding 1-year postoperative magnetic resonance imaging with full structural integrity Sugaya I. Note that the patch is radiographically indistinguishable, representing full
resorption of the patch.
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Conclusion

This small-sized case series is the first to prospectively assess
clinical and radiologic outcomes after patch augmentation of PS
rotator cuff tears using PHB bioabsorbable patches. The clinical and
radiologic outcomes were good to excellent, with a low retear rate
and good tendon integrity on 1-year postoperative MRI, and the
graft did not cause any complications. The use of bioabsorbable
patches could be beneficial when unfavorable PS tear patterns are
encountered in which a stable repair of the full tendon thickness at
its insertion is otherwise difficult to reach.
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