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Background  
Rotator cuff tears are difficult to repair due to poor intrinsic healing ability and 
subsequent high retear rate. As such, patches have been developed to augment surgical 
repair and produce a local environment that is supportive of healing. While many have 
been clinically evaluated, the ideal patch has yet to be identified. Hyaluronic acid is 
ubiquitous in the musculoskeletal system and plays a significant role in the healing 
response through its cell signaling properties. The purpose of this study was to 
investigate the short-term clinical exam-based outcomes following rotator cuff repair 
utilizing a hyaluronic acid-based patch. 

Methods  
Twenty-nine patients with rotator cuff tears (mean age: 45.7 years - range 18-71 years; 
14 male, 15 female) were treated with the Integrity™ Implant (Anika Therapeutics, Inc.). 
These patients were further divided into two subgroups by type of tear, i.e., partial tear 
(n=20) and full tear (n=9) which were statistically matched for gender (p = 0.782), BMI (p 
= 0.279), diabetic status (p = 0.124), and smoking status (p = 0.183) but with the full tear 
group (mean age 57.2 years) significantly older than the partial tear group (mean age 40.6 
years) (p < 0.001). Thirteen partial tears were bursal side while 7 were articular side. 
Flexion, external rotation, VAS pain, and strength were evaluated at pre-op and at 
3-month and 6-month post-op. 

Results  
Significant improvements in pain and function were obtained within 3-6 months. There 
were no significant differences in flexion, external rotation, or VAS pain between the 
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partial and full tear groups from pre-op to 6 months. However, strength of the full tear 
group at pre-op and 3-month post-op was less than that of the partial tear group until 
reaching equivalence at 6 months. There was no clinical exam-based evidence of retear 
nor were any patch-related complications identified. 

Conclusions  
Rotator cuff repair utilizing augmentation with a hyaluronic acid-based patch 
demonstrated significant clinical improvement with no patch-associated complications 
or clinical evidence of retear. Furthermore, partial thickness and full thickness tear 
groups exhibited equivalent outcomes by 6 months. Longer term studies with MRI 
follow-up will further enhance understanding of the role of this patch in rotator cuff 
repair. 

INTRODUCTION 

Rotator cuff (RC) tears (RCT) are very common and often 
asymptomatic but over time can result in pain, disability, 
loss of shoulder function, and significant economic burden 
(Parikh et al. 2021). They are associated with age-related 
degenerative processes and other factors (Zhao et al. 2022). 
While partial thickness tears (PTT) and small full thickness 
tears (FTT) may benefit from conservative treatment, 
surgery to reattach the injured tendon to its enthesis is 
often required due to the limited intrinsic healing ability 
of the rotator cuff tendons (Tashjian 2012; Chalmers and 
Tashjian 2020). 

The use of patches or scaffolds to mechanically 
strengthen the rotator cuff repair (RCR) and improve heal
ing and minimize risk of retear is an active area of research 
(Cobb et al. 2022; Avanzi et al. 2019; Barber et al. 2012; 
Bryant et al. 2016; Cai et al. 2018; Iannotti et al. 2006). 
RC patches derived from autograft, allograft, xenograft, and 
synthetic materials have been used clinically with varying 
degrees of success (Cobb et al. 2022; Avanzi et al. 2019; Bar
ber et al. 2012; Bryant et al. 2016; Cai et al. 2018; Iannotti 
et al. 2006). Currently, the ideal RC patch has not yet been 
identified. 

A novel patch, the Integrity™ Implant System, (Anika 
Therapeutics, Bedford, MA), has recently been introduced 
for tendon repair procedures. This synthetic patch is a 
porous, flexible knitted construct of an absorbable benzyl 
ester of hyaluronic acid (HA) that increases the residence 
time of HA, reinforced with nonabsorbable polyethylene 
terephthalate (PET). The HA derivative takes advantage of 
the known wound healing properties of HA while PET en
hances mechanical strength (Chang et al. 2024; Chen and 
Abatangelo 1999; Oliva et al. 2021; Yu et al. 2023). Moore 
et al (Moore et al. 2026) reported a short-term (6-month) 
clinical study utilizing this patch for onlay RC repair of PTT 
in 4 patients and augmentation repair of FTT in 6 patients 
finding significant improvements in the American Shoul
der and Elbow Surgeons (ASES) score, the Single Assess
ment Numeric Evaluation (SANE) score, and the PROMIS 
Global Physical Health scores at 6 months. MRI evidence 
showed successful integration of the patch and healing of 
the repaired tendon. There were no complications or reop
erations performed. 

Our primary objective was to examine the short-term 
(6-month) clinical exam-based outcomes of this patch in 

the treatment of rotator cuff tears on a larger patient pop
ulation than has previously been reported (Moore et al. 
2026). Our secondary objective was to compare the out
comes of PTT and FTT subgroups due to little direct com
parison in the literature with or without patch augmenta
tion (Park et al. 2004; Warren et al. 2024). 

METHODS 

This study was conducted according to principles outlined 
in the Declaration of Helsinki and Good Clinical Practice 
guidelines. This retrospective chart review clinical study 
protocol was approved by the WCG-IRB (Cary, NC USA) 
which waived consent to participate in accordance with the 
exclusions listed in US 45 CFR § 46. 104(d) (Chalmers and 
Tashjian 2020). All surgeries were performed by the lead 
author after an initial course of six weeks of formal physical 
therapy and anti-inflammatories. 

INTEGRITY™ IMPLANT SYSTEM 

The Integrity™ Implant System includes the patch which is 
a porous, knitted composite of a benzyl ester derivative of 
hyaluronic acid that increases the residence time of HA and 
nonabsorbable PET that enhances the mechanical proper
ties – Figure 1 . The patch is available in multiple sizes with 
the 20 × 25 mm and 25 × 30 mm sizes used in this study 
for RCR. Also included are nonabsorbable poly ether ether 
ketone (PEEK) bone staples and absorbable 82% poly-L-lac
tic acid:18% poly glycolic acid copolymer tacks (7 mm and 
8 mm) for fixing the patch to bone and tendon, respectively 
– Figure 1 . The Integrity implant system obtained United 
States 510(k) clearance in 2023. 

SURGICAL TECHNIQUE 

Standard rotator cuff suturing was only performed for FTT 
cases and not PTT cases. Full-thickness tears were repaired 
arthroscopically using a standardized double-row repair 
construct. Anchor number and placement were selected ac
cording to tear size and tissue quality at the discretion of 
the operating surgeon while maintaining consistent repair 
principles across all cases. Following completion of the ten
don repair, the HA implant was applied as an onlay aug
mentation in the manner described below. 

The patch was applied in identical fashion for both tear 
types. Viewing from the posterior portal, the subacromial 
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Figure 1. Integrity™ Implant System showing the      
patch, tissue tack, and bone staple (images not to          
scale).  

space is entered. A lateral portal is established 2 cm distal 
to the lateral acromial tip and the 8.25 mm cannula is 
placed into the subacromial space. An accessory portal is 
established just lateral to the acromion. The distal tines of 
the bone staple delivery instrument are engaged with the 
bone staple (Figure 2 ). The patch is placed in the size-ap
propriate caddy guide with the staple inserted through the 
patch by manual pressure applied to the instrument, cen
trally positioning it approximately 4 mm from the short 
edge. Note that the bone staple orientation is perpendicular 
to the white and blue striations of the patch. The bone sta
ple and patch assembly is then inserted into the lateral por
tal cannula and malleted to seat the staple at the appro
priate lateral position on the greater tuberosity. A slider 
on the instrument handle controls longitudinal movement 
of a distal roller while rotation of the proximal end of the 
handle controls its transverse position to flatten the entire 
patch medially over the rotator cuff. Through the accessory 
portal, the tissue tacks are inserted through a protective 
sheath and delivered to the desired location on the patch. 
Gentle mallet taps are performed to fix the patch to the ro
tator cuff (Figure 3 ). Four tacks are deployed in this man
ner to secure the patch and complete the repair (Figure 4 ). 
Finally, the roller is retracted and the instrumentation re
moved. The operative site is then closed per standard pro
tocol. 

POSTOPERATIVE PROTOCOL 

Postoperatively after PTT repair there was 1) an initial 1 to 
2-day period of immobilization, 2) passive and active-as
sisted range of motion (ROM) exercises to 2 weeks, 3) early 
strengthening exercises from 2 to 6 weeks to restore full, 
pain-free ROM and reactivate the rotator cuff and scapular 
stabilizers, and 4) advanced strengthening and functional 

Figure 2. Bone staple inserted through the patch using        
the caddy guide.    

Figure 3. Deployment of tissue tack onto the rotator        
cuff by light mallet impaction.      

Figure 4. Completed repair with patch, bone staple,       
and four tissue tacks. Inset: Intraoperative photo of         
completed repair (white arrows showing tissue tacks        
and yellow arrow showing staple).      

rehabilitation (weeks 6–12), to enhance shoulder strength, 
endurance, and neuromuscular control, progressing toward 
sport- or work-specific activities. 

The postoperative protocol following FTT repair in
cluded 1) a period of 4 weeks of mobilization in a sling, 2) 
beginning physical therapy at 2 weeks for passive range of 
motion, and 3) initiating strength, strengthening, and ac
tive-assisted and active motion at 6 weeks. 
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CLINICAL STUDY 

The goals of this retrospective study were 1) to investigate 
the short-term clinical exam-based outcomes of rotator 
cuff repair using the Integrity™ Implant System and 2) 
to compare outcomes between PTT and FTT cohorts. A 
consecutive series of patients underwent surgery to repair 
PTT and FTT of the rotator cuff from November 2023 to 
May 2024 with follow-up performed at 3 months and 6 
months, postoperative. Follow-up consisted of measure
ment of shoulder flexion, external rotation, visual analog 
score (VAS) pain (0-10 scale), and strength. Strength was 
measured per Kleyweg et al (Kleyweg et al. 1991) as follows: 
0 – No muscle contraction or movement, 1 – a trace of 
movement or flicker, 2 – movement at the joint, but not 
against gravity, 3 – movement against gravity, but not 
against added resistance, 4 – movement against gravity 
with some resistance, and 5 – normal strength or power. 

STATISTICAL ANALYSIS 

Comparison of two groups of continuous data was per
formed with the 2-tailed Student t test. One-way analysis 
of variance (ANOVA) was used for multiple continuous data 
comparisons followed by a post hoc Tukey test. Categorical 
data was compared with the Fisher exact test with multiple 
comparisons utilizing the Bonferroni correction. Signifi
cance was taken for p < 0.05. 

RESULTS 

The overall patient population was nearly evenly distrib
uted among males (n=14) and females (n=15) with no sig
nificant difference between the PTT and FTT groups of 20 
and 9 shoulders, respectively (p = 0.782) – Table 1 . The 
overall patient age was 45.7±13.5 years, with the FTT group 
(57.2±8.6 years) significantly older than the PTT group 
(40.6±12.1 years) (p < 0.001). Overall BMI was 28.1±4.9 
kg/m2 with no significant difference between the two 
groups (PTT: 27.4±5.0 kg/m2, FTT: 29.6±4.6 kg/m2, p = 
0.279). Likewise, there were no significant differences be
tween the distribution of patients having diabetes (p = 
0.124) or their smoking status (p = 0183) between the two 
groups. 

PTT vary widely but in this study were moderate and 
high-grade partial tears with greater than 50% articular or 
bursal surface tearing. Supraspinatus FTT were 1-2 cm in 
width and were classified as Goutallier grade 1 or 2 based 
on preoperative MRI. No patients demonstrated significant 
atrophy of the muscle. 
Table 2  lists the numerical results and Figures 5-12  il

lustrate the outcomes. Among the overall group of 29 pa
tients there was no significant increase in flexion from pre-
op to 3 months (∆=5.4°, p = 0.702), but the increases from 
pre-op to 6 months (∆=21.8°, p=0.0042) and from 3 months 
to 6 months (∆=16.4°, p=0.039) were significant (Figure 5 ). 
While external rotation was greater at 6 months than at 
pre-op (∆=7.9°, p=0.057), this difference was not signifi
cant, however the increase from 3 months to 6 months was 

significant (∆=9.5°, p=0.017) (Figure 6 ). There was a sig
nificant decrease in VAS score from pre-op to 3 months 
(∆=-4.7, p < 0.001) and pre-op to 6 months (∆=-6.2, p < 
0.001) as well as from 3 months to 6 months (∆=-1.5, p 
< 0.015) (Figure 7 ). There was significant improvement in 
strength from pre-op to 3 months (p < 0.001) and pre-op 
to 6 months (p < 0.001) but no significant change from 
3 months to 6 months (p = 0.853) with the percentage of 
patients exhibiting normal strength or power being 3.4%, 
85.7%, and 92.6% at pre-op, 3 months, and 6 months, re
spectively (Figure 8 )  

Flexion, external rotation, and VAS pain outcomes for 
the PTT and FTT groups are compared in Figures 9-11 , re
spectively. The p values for the PTT and FTT comparisons 
of flexion, external rotation, and VAS pain at pre-op were 
0.0675, 0.459, and 0.335; at 3 months were 0.548, 0.881, 
and 0.687; and at 6 months were 0.510, 0.211, and 0.429, 
respectively. As such, there were no significant differences 
among these values at a given time interval with respect 
to the type of tear. Figure 12  compares strength values for 
the two groups. The greatest improvement in strength for 
the PTT group occurred during the first 3 months and for 
the FTT group during the 3- to 6-month interval. At pre-
op and 3-month follow-up, the strength was significantly 
less for the FTT group compared to the PTT group (p = 
0.0019 and 0.0142, respectively). However, there were no 
significant strength differences between the two groups at 
6 months (p = 0.537). 

COMPLICATIONS 

Four patients (13.8%, 4/29) developed adhesive capsulitis, 
including three with partial-thickness tears and one with a 
full-thickness tear - one at 2 weeks, two at 6 weeks, and 
one at 12 weeks. There was no significant difference be
tween the 11.1% (1/9) and 15% ( 3/20) rates for the FTT 
and PTT groups, respectively (p = 1.000). All patients re
sponded successfully to corticosteroid injection without re
quiring additional surgical intervention. One patient sus
tained a postoperative traumatic injury resulting in biceps 
tendon failure that required revision surgery; this compli
cation was considered unrelated to the rotator cuff repair 
construct or implant. No implant-related complications, in
cluding infection, inflammatory reaction, fixation failure, 
implant migration, or foreign body response—were ob
served. Furthermore, no patients demonstrated clinical 
findings suggestive of recurrent rotator cuff failure during 
the follow-up period. 

DISCUSSION 

This clinical study examined the short-term clinical exam-
based outcomes of RCR surgery utilizing an HA-based 
patch. Key findings were that the overall patient population 
showed significant improvements in ROM, pain, and 
strength by 3-6 months. There were no significant differ
ences in ROM and pain between the PTT and FTT groups at 
pre-op, 3 months, or 6 months, suggesting that there was 
no influence of the tear type on these outcomes. However, 
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Table 1. Patient Demographics   

Parameter Value (mean ± SD) 

No. Patients 29 

20 

9 

Age (years), average (range): All patients 45.7±13.5 (range: 18-71) 

40.6±12.1 (range: 18-69) 

P < 0.001 
57.2±8.6 (range: 43-71) 

Sex, Male (Female): All patients 14 (15) 

10 (10) 

P = 0.782 
4 (5) 

BMI (kg/m2): All patients 28.1±4.9 (range: 19-39) 

27.4±5.0 (range: 19-39) 

P = 0.279 
29.6±4.6 (range: 24-37) 

Diabetes: All patients Yes: 5, No: 24 

Yes: 2, No: 18 

P = 0.124 
Yes: 3, No: 6 

Smoking Status: All patients Yes: 8, No: 21 

Yes: 7, No: 13 

P = 0.183 
Yes: 1, No: 8 

strength at pre-op and 3 months was significantly less in 
the FTT group than the PTT group but with no significant 
difference at 6 months. This suggests that 6 months was re
quired for the strength of the FTT group to ‘catch up’ to 
that of the PTT group which may reflect the greater tendon 
disruption in the former with additional time for healing 
required to restore strength. While this is a reasonable in
terpretation of our subgroup analysis, the comparison was 
underpowered resulting in this being hypothesis genera
tion. A systematic review and meta-analysis by Warren et 
al (Warren et al. 2024) of a bovine collagen patch used for 
RCR compared outcomes between PTT and FTT subgroups. 
Complication rates were similar between the two groups 
but the FTT group was associated with higher retear and 
revision rates than the PTT group while shoulder stiffness 
rates were higher in the PTT group. As such, their study 
provides a substantially more robust analysis than ours. Fi
nally, Park et al (Park et al. 2004) treated 22 cases of PTT 
and 20 cases of FTT with traditional arthroscopic repair (no 
patch) that included subacromial decompression. No dif
ferences were found in functional recovery or reduction in 
pain between the two groups over 2-year follow-up with the 
most substantial improvements occurring during the first 
six months after surgery. 

Adhesive capsulitis, or frozen shoulder, was the only 
post-operative complication in our study with an overall 
rate of occurrence of 13.8% (4/29), and 11.2% (1/9) and 15% 
(3/20) in the FTT and PTT groups, respectively (p = 1.000). 

This occurs in 5% to 32% of shoulder surgeries and can be 
primary with a contributive medical history, secondary to 
shoulder surgery, or idiopathic (Aim et al. 2022). The oc
currence in our study was well within that reported in the 
literature and appeared to be unrelated to use of the patch. 
We found no clinical exam-based evidence of retear in our 
study population, however we cannot rule out asympto
matic tears (Longo et al. 2021). An important finding of 
this series was the absence of complications attributable 
to the HA-based implant itself such as inflammatory reac
tion, implant migration, fixation failure, or foreign body re
sponse. Although the study was not powered to evaluate 
uncommon adverse events, these early findings support the 
short-term safety profile of this implant and are consistent 
with the previously published pilot experience reported by 
Moore et al (Moore et al. 2026). 

Like our study, Moore et al (Moore et al. 2026) was lim
ited to 6-month follow-up and included PTT and FTT pa
tients (unstratified) but had the advantage of multiple pa
tient reported outcome measures (PROMs) and MRI at 
follow-up. They found significant improvement in the 
PROMs with MRI demonstrating tendon healing and patch 
integration by 6 months and no complications or reop
erations. Using the same patch for RCR, we also found 
significant improvement in ROM, pain, and strength by 6 
months with no complications attributable to the device 
and the only reoperation unrelated to the index RC proce
dure. Thus, there is overall congruence between Moore et al 
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• Full thickness tear 

• Partial thickness 

• Full thickness tear 

• Partial thickness tear 

• Full thickness tear 

• Partial thickness tear 

• Full thickness tear 
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• Full thickness tear 

• Partial thickness tear 

• Full thickness tear 
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Table 2. Patient outcomes numerical outcomes.     

Patient group Outcome Pre-Op 3 Months 6 Months 

All 29 patients 

Flexion (°) 143.4±28.9 148.8±26.3 165.2±14.1 

External rotation 
(°) 

48.8±10.1 47.1±14.9 56.7±11.3 

VAS Pain (0-10) 8.2±1.4 3.5±2.0 2.0±2.0 

Strength Score 

0 0.0% 0.0% 0.0% 

1 0.0% 0.0% 0.0% 

2 3.4% 4.8% 0% 

3 13.8% 9.5% 0% 

4 79.3% 0% 7.4% 

5 3.4% 85.7% 92.6% 

Partial thickness tear 
20 patients 

Flexion (°) 150.0±20.1 150.9±25.9 163.9±15.1 

External rotation 
(°) 

49.8±11.3 47.5±15.4 54.7±9.0 

VAS Pain (0-10) 8.1±1.5 3.3±2.1 2.2±2.3 

Strength Score 

0 0.0% 0.0% 0.0% 

1 0.0% 0.0% 0.0% 

2 0.0% 7.1% 0.0% 

3 0.0% 0.0% 0.0% 

4 95.0% 0.0% 11.1% 

5 5.0% 92.9% 88.9% 

Full thickness tear 9 patients 

Flexion (°) 128.9±40.1 143.6±28.5 167.8±12.3 

External rotation 
(°) 

46.7±7.1 46.4±14.9 60.6±14.7 

VAS Pain (0-10) 8.6±1.1 3.7±1.9 1.6±1.3 

Strength Score 

0 0.0% 0.0% 0.0% 

1 0.0% 0.0% 0.0% 

2 11.1% 0.0% 0.0% 

3 44.4% 0.0% 0.0% 

4 44.4% 44.4% 0.0% 

5 0.0% 55.6% 100.0% 

Figure 5. Flexion vs. interval for overall population. *        
P = 0.039, ** P = 0.0042        

(Moore et al. 2026) and our study with respect to improve
ment in function and reduction in pain by 6-month follow-
up. While it is reasonable to surmise that tendon healing 

Figure 6. External rotation vs. interval for overall       
population. * P = 0.017      
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Figure 7. VAS pain score vs. interval for overall        
population. * P < 0.001, ** P = 0.015          

Figure 8. Percent of shoulders grouped by strength       
score and time interval. *P < 0.001.        

Figure 9. Flexion vs. interval for partial thickness tear        
and full thickness tear populations. No significant        
differences between the PTT and FTT groups.        

and patch integration in our study were similar to Moore et 
al (Moore et al. 2026) via MRI, we cannot support this with 
direct evidence. 

Among the RC patches currently available, the study 
patch is unique in that it is based on HA. HA can be chemi
cally modified via esterification to create hydrogel scaffolds 
with the physio-chemical properties, stability, and half-life 

Figure 10. External rotation vs. interval for partial tear        
and full tear groups. No significant differences        
between the PTT and FTT groups.       

Figure 11. VAS pain score for partial tear and full tear          
groups. No significant differences between the PTT        
and FTT groups.    

Figure 12. Percent of shoulders grouped by partial and        
full thickness tears, strength score, and time interval.         
*P < 0.001. **P = 0.014       

suitable for specific applications (Chang et al. 2024). As 
such flexible knitted structures hydrolyze, HA is released 
with an extended half-life (Milella et al. 2002). HA partic
ipates in wound healing and tissue regeneration through 
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its action as a signaling molecule that binds to cell surface 
receptors (Chang et al. 2024; Chen and Abatangelo 1999; 
Oliva et al. 2021). Fetal wound healing is characterized by 
a lack of fibrous scarring with the HA concentration in fe
tal wounds remaining elevated longer than in adult wounds 
(weeks vs. days) (Chen and Abatangelo 1999; Longaker et 
al. 1991). Consequently, prolonged application of HA at the 
wound site in adults may modulate healing by making the 
local environment more fetal-like (Chen and Abatangelo 
1999; Longaker et al. 1991). Several clinical studies have 
investigated periarticular injections of HA for rotator cuff 
tendinopathy with positive results (Oliva et al. 2021). The 
HA component of the Integrity implant has also been used 
to treat full- and partial-thickness chondral defects in the 
knee (Buda et al. 2019; Gobbi et al. 2017). As such, a strong 
theoretical foundation exists to support the use of an HA-
based patch for RCR. 

One strength of this study is that it adds to the limited 
body of previously reported clinical evidence for this unique 
HA-based RC patch. Another is that it compares outcomes 
between PTT and FTT subgroups which helps fill a notable 
void in the literature. There were, however, several limita
tions. First, this was a clinical exam-based study and no 
post-operative MRI outcomes were available. As such, ten
don healing, integration of the patch, and the existence of 
asymptomatic retears were not directly assessed. Second, 
there were no study arms comparing the Integrity™ im
plant with RCR using either no patch or a different patch. 
Third, although most healing, pain improvement, and func
tional gain are known to occur during the first 6 months 

after RCR surgery, follow-up to at least one year would 
be required to better understand the relevance of earlier 
outcomes. Fourth, although diabetes mellitus and smoking 
status were recorded, other patient-specific biological fac
tors such as thyroid disease, inflammatory arthropathy, and 
prior shoulder surgery were not consistently captured and 
therefore could not be incorporated into the present analy
sis. Future studies that are comparative, with MRI analysis, 
1-2 year follow-up, and a more complete description of 
patient biological factors that could influence outcomes 
would enable a better understanding of the utility of this 
patch for rotator cuff repair. 

CONCLUSIONS 

In this retrospective case series, augmentation of rotator 
cuff repair with a hyaluronic acid-based implant was asso
ciated with significant improvements in pain, strength, and 
shoulder function during the first six postoperative months 
without implant-related complications. Comparable short-
term outcomes were observed between partial- and full-
thickness tear cohorts; however, these subgroup compar
isons should be considered hypothesis-generating because 
of the limited sample size. Larger prospective comparative 
studies incorporating MRI assessment and longer follow-up 
are needed to define the role of this implant in rotator cuff 
repair. 
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