
1

Long-term Outcomes Following Synthetic Patch Augmentation to Treat 
Rotator Cuff Tears

Abstract
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Introduction
Chronic and traumatic rotator cuff (RC) tears are relatively common 
[1-4]. Approximately 60% of all tears result from a traumatic event [1]. 
However, a substantial number of RC tears are degenerative and often 
asymptomatic. Frequently, degenerative rotator cuff tears can be 
treated conservatively [5]. On the contrary, tears resulting from 
trauma or those that are larger could lead to decompensation, pain, 
impaired shoulder function, and diminished quality of life. While small 
tears with persistent pain can be reliably repaired with a single or 
double-row [6], more complex cases involving larger and highly 
retracted tears are associated with an increased likelihood of failure [7, 
8].
One viable alternative to surgery alone is all-arthroscopic rotator cuff 
repair with either biologic or synthetic tendon augmentation. These 
implantable devices, which reinforce the RC and function as a scaffold 
that incorporates the patient's own tissue, have been used to improve 
ingrowth in such tears. In particular, the non-absorbable synthetic 
patches have had favorable clinical results with few complications and 
almost no foreign body reaction to the patch two years after surgery [9, 
10]. Nevertheless, complications such as re-ruptures can happen. 
Furthermore, some researchers have reported late-developing 

complications. For example, Proctor et al. [10] found that re-ruptures 
had occurred 3.5 years after the initial surgery.
Previously, we carried out a prospective study to assess the impact of a 
synthetic patch on RC repair [9]. While the findings were promising 
regarding clinical outcomes, our conclusions were based on 
comparisons between preoperative values and a range of mid and long-
term follow-up points (mid-term mean of 22 +/-7 and long-term mean 
of 52 +/-10 months). For this current study, we assessed the same 
population but focused on comparing their one and five-year 
postoperative results. Our aim with this extended follow-up period was 
to detect potential changes in clinical outcomes and late-developing 
complications not normally tracked during routine care for this type of 
surgical treatment. 

Materials and Methods
This prospective, single-center study was conducted in accordance 
with the Helsinki declaration and the guidelines of the International 
Conference for Harmonization. The local ethics committee approved 
this research investigation (ethics reference number: BASEC 2017-
00159-L), and all patients provided written consent to participate in 
the study. 
Of the 962 shoulder operations done at our institution between 2012 
and 2014, 383 were arthroscopic RC repairs. From this group, 58 
arthroscopic RC reconstructions augmented with a synthetic 
polyester patch were performed, but eight of the patients were 
excluded (refused participation or lost-to-follow-up). In a previous 
publication, we reported the preoperative clinical and radiological 
parameters and compared these to a range of mid- and long-term 
results of 50 patients [9]. For this current study, we continued to track 
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this same cohort to compare complete follow-up data measured 12 and 
60 months (+/- 30 days) after surgery and assess any changes in clinical 
outcomes between these two postoperative time points. Included were 
patients aged 40 years and older, RC tears involving at least two 
tendons, presentation with a massive RC tear [11, 12], and complete 
clinical follow-up data one and five years after surgery. If complete 
reconstruction was not possible, the patient was excluded from the 
study. We excluded revision operations (re-ruptures of former repairs), 
patients older than 75, those with fatty infiltration grade 4 according to 
Goutallier [5], or anyone with osteoarthritis. 

Operative technique and postoperative care
As reported in our previous publication [9], all patients were operated 
on by two experienced senior shoulder surgeons. The patch was always 
used as augmentation, not as interposition. Patients received general 
anesthesia and a scalenus nerve block, followed by an overnight pain 
catheter. They were placed in the beach chair position, and arm 
traction between three and five kilograms was applied. The RC 
reconstruction technique, patch placement, and fixation were done 
similarly for all patients [9]. We used the Pitch-Patch (Xiros, Leeds, 
UK), a polyester patch constructed to augment the RC tendons, with 
the chemical formula (C H O )n. Since the single polyethylene 10 8 4

terephthalate fibers can be further processed, interwoven, and formed 
into the required shape, we adapted the shape to the anatomy and 
borders, and reinforced the prepared suture holes. This design's pull-
out strength (300 N) was evaluated in advance to meet the particular 
requirements of massive RC tears.
Postoperatively, patients were placed in a shoulder sling in 30° of 
abduction for six weeks. During this rehabilitation phase, only 
continuous passive motion was allowed. During weeks 7-12, active 
range of motion without lifting any weight was permitted. The patients 
did not undergo physical therapy or physiotherapy during the first 12 
weeks after surgery.

Clinical assessment 
To evaluate the clinical outcomes, we used the Constant-Murley score 
(CS), which is used to assess subjective (35%) as well as objective 
(65%) parameters in the clinical follow-up of shoulder diseases and 
treatments. We also used the subjective shoulder value (SSV). This 
score is expressed as a percentage of the functioning of a healthy 
shoulder (100%). Both these tests are routinely done pre- and 
postoperatively (3 months). We used the preoperative data 
documented in the previous study as a reference for this current study, 
although it was not the primary endpoint. Clinical assessments 
gathered 12 months (+/-1 month) and 60 months (+/-1 month) after 
surgery were used to assess the primary endpoint (i.e., change in long-
term clinical outcomes over time). This study was limited to clinical 
assessments; therefore, radiological evaluations with MRI were not 
performed. In addition, we tracked complications or adverse events 
associated with the procedure during the entire time under 
investigation.

Statistical analysis
This study included both descriptive and inferential statistical 
analyses. The Shapiro-Wilk test was used to determine if the data were 

normally distributed. Consequently, results were presented as median 
and interquartile range. The Wilcoxon signed-rank test was used to 
measure the difference between the clinical results measured at 
different time points. All analyses were conducted in Stata (version 15, 
StataCorp, College Station, TX). All tests were two-sided, and the 
alpha level was set at 0.05.

Results
Of the 58 patients who underwent rotator cuff reconstruction 
augmented with a polyester patch between 2012-2014, 50 (86%) had 
one-year and five-year follow-up visits and were included in this 
analysis. The median age at the five-year follow-up assessment was 72 
years (IQR 67-75, range 46-80), and 68% (34) of the patients were 
male. The RC tear resulted from a traumatic event in 35 cases (70%). 
Table 1 presents the Constant-Murley scores and subjective shoulder 
value assessments measured at four different time points 
(preoperative, three months postoperative, and one- and five-year 
follow-up visits). Significant improvements were observed between 
the preoperative and the first postoperative measurements. Likewise, 
improvements continued over the long term, with more favorable 
results measured at one-year and five-year follow-up visits. The 
differences between the three-month postoperative and the one-year 
measurements were not statistically significant for either the CS or 
SSV. However, significant improvements in both scores were observed 
between the 12 and 60-month postoperative, which covered a more 
extended period.
Complications reported in the previous study included seven patients 
with a re-rupture detected at mid-term radiologic follow-up (mean 
eight months). Only one of the re-rupture cases needed revision 
surgery, and the others were treated conservatively. An additional 
seven patients had revision surgery to treat the following: frozen 
shoulder (3), arthrofibrosis (3), and crepitus (1). We did not detect 
any new or worsening of previously reported complications during the 
extended follow-up. All but two of the seven re-ruptures occurred 
within the first six postoperative months, and the remaining two 
occurred within nine months after surgery.

Discussion
This study expanded the follow-up period of a previously conducted 
investigation of patients with massive rotator cuff tears who underwent 
surgical treatment augmented with a synthetic polyester patch. We 
found similar shoulder function and scores at the one- and five-year 
postoperative assessments. More favorable results were observed at the 
longest follow-up visit, which indicates healing was achieved and 
sustained in most patients. In addition, there were no clinically relevant 
re-ruptures of the rotator cuff during the long-term- follow-up and no 
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Time point
Constant-Murley 

score
p-value

Subjective shoulder 

value score
p-value

Preoperative 32 (24-47) 40 (20-50)

Three months postoperative 80.5 (73.5-88.5) 90 (80-99)

One-year postoperative 84 (76.5-90) 0.0515* 95 (82.5-100) 0.3441*

Five-year postoperative 85 (81.5-91.5) 0.0013** 95 (85-100) 0.0001**

0.0001
†

0.0001
†

Variables presented as median (interquartile range); Wilcoxon signed rank test used; † 

preoperative vs. three months postoperative; *comparison with measurement from three 

months postoperative assessment, **comparison with measurement from 12-month 

assessment

Table 1. Clinical evaluation of rotator cuff repair by patch augmentation at various time points (n=50)
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worsening of previously reported complications.
Although both of our studies found that most patients had good 
outcomes and relatively few complications, the benefits of using patch 
augmentation are still not firmly established. There is a lack of 
evidence in the literature to demonstrate that this method leads to 
superior results. Furthermore, comparisons among the existing 
reports are limited by the heterogeneity of outcome scores being used. 
Nevertheless, trends in the current literature indicate support for its 
use [13-16]. Bailey et al. recently published a meta-analysis that 
repor ted better outcomes using patch augmentation and 
interpositional grafts [13]. When comparing RC reconstruction 
alone, some authors found significantly better ASES [17-19] and 
Constant-Murley Score [17, 20-24] after augmentation, but no change 
in the UCLA Score (The University of California and Los Angeles 
Score) [17, 19, 25]. Among the various types of grafts, the autograft 
showed the best ASES and UCLA scores. The lowest pain levels 
measured using Visual Analog Scale (VAS) were found with the 
allograft [13]. Synthetic grafts resulted in better Constant-Murley 
scores and favored anteflexion [13]. The xenograft had the worst 
outcomes based on the UCLA and Constant-Murley scores [15]. 
When considering the composition of the patches, the biological ones 
have the advantage of being degradable and more biocompatible [26]. 
Their main disadvantage is that they provide only short-term 
reinforcement. The relatively low mechanical properties, the unknown 
resorption rate, and the different biocompatibility depending on the 
graft material (autograft, allograft, or xenograft) often lead to uneven 
force distribution and, eventually, failure. Failure can also result from 
the foreign body reaction caused by the graft or its degeneration 
process. An inflammatory response is most often observed with 
xenogeneic patches, such as the SIS patch (Restore Orthobiologic 
Implant; DePuy, Warsaw, IN, USA) [27-31]. In the more recent 
literature, porcine patches did not show any benefit, which is why their 
use in augmentation is no longer recommended [29]. Since biological 
patches have poor mechanical properties, synthetic patches have been 
chosen to reinforce the construct permanently [26, 28]. In addition to 
better mechanical properties, such patches also have better chemical 
and physical properties. However, a synthetic patch can potentially 
cause the same type of complications as a foreign body, leading to a 
chronic immune response or infection [28].
Our previously published findings [9], which included radiological 
(MRI, CT, and ultrasound) assessments after synthetic patch 
augmentation, showed improved healing when compared to other 
recently published studies [32, 33]. Specifically, only one of the seven 
re-rupture cases needed revision surgery, and many of the remaining 
revisions were due to shoulder stiffness (total revision rate 16%). 
Moreover, the study showed that a rupture was more likely to occur in 

advanced retraction (according to Patte) (p< 0.001) or in tendons 
whose muscle was affected by higher-grade fatty infiltration 
(according to Goutallier). Primary intact rotator cuffs had significantly 
better outcomes (SSV and Constant Murley Score); however, there 
was no statistically significant difference in pain level. The 14% re-
rupture rate is comparable to some reports of non-augmented rotator 
cuff reconstructions, but this should be interpreted cautiously. 
Depending on the type and size of the tear, rates as high as 70% have 
been reported [26]. Kim et al. [27] used MRI to confirm a re-rupture 
rate of 42.4% measured over two years (n= 66) after RC reconstruction 
without augmentation. Similar results were published by Miller et al. 
[34], in which ultrasound verified the rotator cuff 's integrity. 

Conclusion
The primary aim of this current study was to track the clinical 
outcomes over the long term. Since other researchers have found late 
developing re-ruptures (up to 3.5 years postoperative), we extended 
the clinical follow-up beyond the previously conducted study to ensure 
we had complete data for the time points of interest. While we 
observed that, in general, the favorable outcomes were sustained over 
time, our study had some weaknesses. A longer follow-up could have 
been more informative with a radiographic assessment of potential 
retears. Moreover, the eight additional months may not have been long 
enough to detect long-term complications.
Given that factors such as patch type or surgical approach used may 
increase the likelihood of a re-rupture, further investigation is 
warranted. Prospective studies with a larger cohort are needed to 
compare augmented versus non-augmented surgeries and identifying 
the benefits of the different patch types over a prolonged follow-up 
period. 

Clinical Relevance
Chronic and traumatic rotator cuff tears are relatively common. 
Various options are available to augment the tendon when surgical 
treatment is indicated. In this study, rotator cuff repair with polyester 
patch augmentation achieved good clinical outcomes over the long 
term. Clinical improvement continued over time, with slightly more 
favorable results measured at the five-year follow-up visits.
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Abbreviations: CS- Constant-Murley score, CT- Computerized tomography, IQR- Interquartile range, MRI- Magnetic resonance imaging, RC- 
Rotator cuff, SSV- Subjective shoulder value, VAS- Visual Analog Scale, UCLA- University of California, Los Angeles, ASES- American Shoulder and 
Elbow Score.
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