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Background  
The rate of retear after primary rotator cuff failure remains unacceptably high (up to 36% 
for small- to medium-sized tears). Augmentation of the repair with an interpositional 
scaffold has been reported to improve healing. 

Purpose  
To compare the short-term radiographic and clinical outcomes of arthroscopic rotator 
cuff repair with and without augmentation with an interpositional nanofiber scaffold. 

Methods  
We prospectively enrolled patients with full thickness rotator cuff tears into a 
multicenter study with institutional review board approval. All patients had a minimum 
of one year clinical and radiographic follow-up. A single fellowship trained shoulder 
surgeon performed all procedures. Patients were blinded and randomized at the time of 
surgery into either a treatment group consisting of double row rotator cuff repair 
augmented with an interpositional nanofiber scaffold or a control group in which a 
standard double-row repair without augmentation was performed. Range of motion, 
muscle dynamometer strength testing (Lafayette Instruments), and clinical outcomes 
according to visual analog scale pain, American Shoulder and Elbow Surgeons (ASES), 
and Simple Shoulder Test (SST) scores were assessed preoperatively and at routine 
follow-up intervals. Magnetic resonance imaging (MRI) was obtained at a minimum of 4 
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months (range 4.5-14) on all patients and assessed according to the Sugaya classification 
with failure noted as grade 4 or higher. Patients without initial failure were then assessed 
at a minimum of one year (range 12-24 months) by ultrasound examination or MRI to 
assess for late failure of the repair and clinical outcomes. 

Results  
Thirty patients with a mean age of 64.6 years were statistically analyzed. Fourteen 
patients were treated with the nanofiber scaffold and 16 patients were non-augmented 
and made up the control. At an average of 6.8 months, all patients underwent MRI and 
early failure occurred in 7.1% of the nanofiber scaffold patients compared to 18.8% in the 
control group (p=.602). At an average time of 17 months postoperatively, all remaining 
patients with intact repairs underwent MRI (2) or ultrasound (28) and 9 more patients 
demonstrated Sugaya tear progression with five progressing to failure. All late failures 
and Sugaya tear progressions occurred in the control group. Cumulative treatment failure 
occurred significantly less often in patients who received the nanofiber scaffold (7.1%) 
compared to those who did not receive the bioresorbable scaffold (50%) (p=.017). 

Conclusion  
The present prospective study demonstrates a statistically significant difference in 
rotator cuff healing with use of an interpositional nanofiber scaffold. While future studies 
and larger series are warranted, the current data is promising in further advancing the 
outcomes of rotator cuff repairs. 

INTRODUCTION 

Rotator cuff tears are one of the most common surgical 
conditions affecting the shoulder, with greater than 
460,000 surgeries performed annually. While many patients 
do well, there is still a significant portion of patients who 
experience either failure of repair or re-tearing of their ro
tator cuff, with rates ranging from 3.9-26.8% in those with 
small or medium sized tears, up to as high as 94% in pa
tients with large or massive tears (Longo et al. 2021; Flurin 
et al. 2013; H. M. Kim et al. 2014; Galatz et al. 2004; In
agaki et al. 2023; Wang et al. 2023). One solution to ad
dress this problem has been the development of scaffolds. 
These have been primarily developed to lie over the rotator 
cuff and provide a framework for the new tendon to grow 
along (Gillespie, Knapik, and Akkus 2016; Cobb et al. 2022; 
Ricchetti et al. 2012). Early synthetic patches had differ
ent biomechanics than native tissue, presenting the con
cern that they may lead to stress shielding thereby pre
venting physiologic loads from reaching the tissue (Cobb et 
al. 2022). Newer nano-scaffolds, which more closely mimic 
the native extracellular matrix (ECM) structure, have been 
shown to support cellular infiltration and migration and fa
cilitate improved tissue regeneration at the enthesis (W. 
Kim et al. 2020). In addition, the regenerative potential of 
the scaffold can be further supported thru its degradative 
process by promoting growth factors that enhance the pro-
healing stimulus and lessen the fibrotic scar response (W. 
Kim et al. 2020; Sensini et al. 2018). Several studies have 
demonstrated an improvement in collagen thickness and 
organization, but clinical studies are currently lacking 
(Beason et al. 2012; Zhao et al. 2015). In addition, many of 
the original scaffolds were designed to be placed over the 
bursal side of the repair and, therefore, not beneficial at the 
enthesis where the healing actually occurs 

A synthetic nanofiber scaffold consisting of a bioab
sorbable biphasic polyglycolic acid (PGA) and poly-L-lac
tide-co-ε-caprolactone (PLCL) polymer (Rotium, Atreon 
Orthopedics) was developed to be placed at the bone-ten
don interface prior to cuff repair so that the cuff itself holds 
the scaffold in place. In placing the scaffold at the jux
taposition of the tendon and bone it was postulated that 
this would improve tendon healing and help promote a 
more natural tendon reattachment at the enthesis. This 
was proven in a recently published animal study, where his
tological analysis after rotator cuff repair in a sheep model 
treated with and without an interpositional scaffold re
sulted in the formation of Sharpey-like fibers at 12 weeks 
in those treated with the scaffold compared to no Sharpey-
like fibers in those treated without (Romeo et al. 2022). In 
addition, repairs treated with the scaffold had higher ulti
mate failure load and stress at 6 to 12 weeks post-opera
tively compared to those treated with repair alone. 
Recent data assessing the use of this interpositional 

scaffold in human subjects has shown only a 9% failure 
rate at 3 months, with no additional complications noted 
(Seetharam et al. 2022). However until this time, compar
ative data has been lacking. We currently present a single 
practitioner’s data pulled from a multicenter randomized 
prospective registry comparing double row rotator cuff re
pair in patients greater than 55 years treated with and with
out an interpositional scaffold 
Prior to study initiation, this study received institutional 

review board approval at all enrolling sites and was enrolled 
at ClinicalTrials.gov (NCT04325789). Patients with full 
thickness superior rotator cuff tears as determined on pre
operative magnetic resonance imaging (MRI) scans and 
confirmed intraoperatively were screened to see if they met 
inclusion and exclusion criteria. Inclusion criteria were: (1) 
Age > 55 years with full thickness superior rotator cuff tear; 
(2) minimum one year clinical and radiographic follow-up; 
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and (3) post-operative MRI obtained minimum 4 months 
post-operatively to assess for healing. Exclusion criteria in
cluded revision rotator cuff surgery, partial rotator cuff re
pairs, current tobacco use, presence of massive rotator cuff 
tears, and those patients lacking insufficient follow-up. Pa
tients who met eligibility criteria and agreed to partici
pate were randomized at the time of surgery into either a 
treatment group consisting of double row rotator cuff re
pair augmented with an interpositional nanofiber scaffold 
(scaffold group) or a control group where a standard dou
ble-row repair without augmentation (control group) was 
performed. Randomization was performed by pulling an en
velope at the time of surgery where graft or no graft was de
termined. Patients were blinded throughout the study. 
The implant is a bioabsorbable biphasic polyglycolic acid 

(PGA) and poly-L-lactide-co-ε-caprolactone (PLCL) poly
mer (Rotium, Atreon Orthopedics, Columbus, OH). Implant 
resorption occurs by 3-6 months. 

TECHNIQUE 

All procedures were performed by a single fellowship-
trained surgeon. All patients underwent general anesthesia 
and were positioned in the beach chair position. Diagnostic 
arthroscopy of the glenohumeral joint and subacromial 
space was performed from the posterior portal. All addi
tional procedures performed at the discretion of the treat
ing surgeon were recorded (biceps tenotomy, tenodesis, 
subacromial decompression, etc.). Full thickness rotator 
cuff rear was confirmed arthroscopically. The greater 
tuberosity footprint was cleared of soft tissue and bleeding 
bone created with a burr or shaver. One or two medial row 
anchors were inserted depending on the size of the tear at 
the articular margin. If the patient was randomized to the 
scaffold group, the sutures from one of the medial row an
chors were passed through the center of the scaffold out
side the shoulder. The scaffold was then shuttled through 
the lateral cannula over the sutures to lie directly on the 
greater tuberosity just over the anchor. The medial row su
tures were then passed in both groups through the rotator 
cuff and a standard double row knotless rotator cuff repair 
was performed. Patients were placed into a shoulder immo
bilizer at the end of the procedure. 
The intraoperative times were documented from proce

dure start to procedure end as measured in minutes. 
All patients in both groups underwent the same stan

dardized post-operative rehabilitation protocol. Patients 

were immobilized in a sling for 6 weeks with progression to 
active range of motion and strengthening by 10 weeks post
operatively. 
MRI: MRI was performed on each patient at a minimum 

of 4 months post-operatively at a single imaging center. 
T2 coronal and sagittal views were independently reviewed 
by a musculoskeletal radiologist. Failure of repair was the 
primary outcome variable, and was defined as those with 
a Sugaya class of 4 or higher (minor discontinuity in the 
tendon or major discontinuity in the tendon (Muniandy et 
al. 2021; Sugaya et al. 2005). Patients without early failure 
were assessed again at 12 months for late failure via ultra
sound. 
Follow-up visits were completed at 3, 6, 12, and 24 

months (if reached). Missing data at time points were ex
cluded from analysis. At each of these visits as well as the 
pre-operative visit, range of motion, muscle strength, and 
clinical outcomes were measured. 
Range of motion was measured by an investigator not 

blinded to the patients’ treatment arm with the use of a go
niometer for active forward flexion, external rotation with 
the arm at the side, abduction, and both external and in
ternal rotation at a 90-degree abduction angle. Isometric 
strength was measured with a muscle dynamometer 
(Lafayette Instruments) for forward flexion, external ro
tation with adducted arm, and internal rotation with ad
ducted arm. The American Shoulder and Elbow Surgeons 
(ASES) score, Visual Analog Scale (VAS) Pain, and Single 
Assessment Numeric Evaluation (SANE) were administered 
on an iPad at each appointment or via email prior to the 
appointment. Minimal clinically important differences 
(MCID) were considered as 21.0, 1.5, and 13.0 respectively 
(D. M. Kim et al. 2020). 
This study evaluates a single practitioner’s subset of pa

tients pulled from a prospective randomized control trial, 
which will follow 240 patients for a minimum of 24 months. 
This initial data is being presented so that surgeons/col
leagues may be aware and consider this data in their own 
practice. 
Statistics: Data were checked for normality and appro

priate descriptive statistics were computed for all variables. 
Chi-square tests and independent t-tests were used to com
pare patient outcomes based on treatment group and fail
ure of rotator cuff repair. Multivariate regression analysis 
accounting for the use of intraoperative scaffold and tear 
size, as well as any variables that were statistically different 
between failure and non-failure groups were included to 
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Table 1. Preoperative Comparison of Patients by Treatment Group (N=30)         

Scaffold 
(N=14) 

No Scaffold 
(N=16) P† 

Age (years) 63.0 ± 5.5 65.9 ± 7.3 .228 

BMI 32.3 ± 5.3 29.4 ± 5.6 .154 

Tear Size 
Large 
Medium 
Small 

1 (6.7) 
12 (80) 
2 (13.3) 

2 (12.5) 
14 (87.5) 

0 (0) 

.496 

ASES 50.8 ± 12.8 48.5 ± 15.3 .648 

SANE 52.9 ± 19.3 53.1 ± 21.7 .978 

VAS Pain 5.3 ± 1.2 6.3 ± 1.7 .092 

External Rotation Strength 11.9 ± 3.8 12.2 ± 6.7 .874 

Internal Rotation Strength 16.3 ± 5.3 15.6 ± 6.8 .765 

Supraspinatus Strength 7.7 ± 2.4 8.1 ± 3.1 .712 

Forward Flexion ROM (°) 129.1 ± 35.5 131.3 ± 22.6 .846 

Abduction ROM (°) 107.6 ± 42.9 109.8 ± 28.7 .870 

External Rotation ROM (°) 56.0 ± 14.3 56.5 ± 15.5 .928 

Apley’s External Rotation 60.9 ± 21.3 71.9 ± 14.4 .107 

Apley’s Internal Rotation 47.0 ± 20.8 48.8 ± 15.9 .796 

†Independent t-test, Pearson’s χ2, or Fisher’s Exact test to compare between groups. Mean ± SD or n (%). 
*Indicates statistical significance (p<0.05). 
BMI – body mass index, ASES – American Shoulder and Elbow Surgeons score, SANE – Single Assessment Numeric Evaluation score, VAS – visual analog scale 

determine independent association with failure at final fol
low-up. Data were analyzed using SPSS Version 27 (IBM 
Corp., Armonk, NY, USA). All tests were two-tailed and a p-
value of less than 0.05 was used to determine significance. 
Analysis was performed on an intent to treat basis; No pa
tients underwent a treatment that they were not initially 
randomized to. 

RESULTS 

30 patients were randomized thus far and have greater than 
one year follow-up. All patients had supraspinatus tears. 
Two patients in the control group also had associated infra
spinatus tears, one medium and one large. Forty-seven per
cent of patients in the control group underwent biceps ten
odesis and 36% in the scaffold group (p=0.5). There were no 
demographic differences between groups (Table 1). There 
was no significant difference in duration of surgery between 
the control and scaffold groups (53±18 vs 59±16 minutes, 
p=0.4). 
There were improvements in ASES, SANE, and VAS pain 

scores in both treatment arms at all time points compared 
to pre-operatively (Figure 1). In patients treated with scaf

Figure 1. Postoperative Patient Reported Outcomes by      
Treatment Group   
All patients demonstrated an increase in ASES and SANE scores post-operatively, reach
ing a plateau at 12 months. No difference between treatment groups was noted. 

folds, ASES scores improved by 39.0±12.5, SANE by 
39.0±20.8, and VAS pain scores by 4.1±1.7. In patients 
treated without scaffolds, ASES scores improved by 
39.0±15.2, SANE by 41.6±20.4, and VAS pain scores by 
4.9±1.7. There were no differences between treatment 
groups at any time points. 
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MOTION: There were significant improvements in mo
tion appreciated at 12 months in both groups with the ex
ception of adducted external rotation (Figure 2). Greater 
mean abduction (155.3 ± 14.7 vs 126.3 ± 25.5) and forward 
flexion (158.1 ± 8.6 vs 144.8 ± 16.6) were reached in the 
scaffold group at 12 months; however, this difference re
solved by 24 months (Table 2). Apley’s external rotation at 
three months was noted to be higher in the scaffold group 
as well, with this difference resolving by the next follow-up. 
STRENGTH: There were improvements in both treat

ment arms at all time points compared to pre-operatively 
(Figure 3). The sole difference between treatment arms is 
that greater internal rotation was reached in the scaffold 
group at 12 months (26.2 ± 8.1 vs 18.1 ± 8.2) which resolved 
by 24 months (Table 2). 

IMAGING/FAILURES 

There were four early failures in the cohort, three of which 
were in the control group. By one year, there were a total of 
nine failures in the cohort, 8 of which were in the control 
group. The sole failure in the scaffold group was the patient 
who sustained an early failure. All scaffolds demonstrated 
complete resorption by the first MRI scan. 
Six of the failures were classified as Sugaya 4 and three 

as 5, including the patient in the scaffold group who expe
rienced failure. Patients who sustained a failure of repair 
had decreased preoperative external rotation (9.6±3.0 ver
sus 13.1±6.0, p=0.04) (Table 3). 
When accounting for statistically and clinically impor

tant differences, only the use of a scaffold was predictive of 
failure ( β=0.70, 95%CI 0.53-0.92). 
There were no differences in patient reported outcomes 

at any time points between those whose repairs failed and 
those whose did not (Table 4). Patients without a repair 
failure achieved greater forward flexion at 12 months, ab
duction at 12 months, and external rotation at 6 months 
(Table 5). No differences in rotation were noted at other 
time points, and no difference in strength at any time point 
was noted. 

DISCUSSION 

In this study we found an early failure rate of 7% (1/14) 
without additional late failures in the scaffold group, as 
compared to 19% (3/16) early failures rising to a total late 
failure rate of 50% (8/16) in the control group. Despite this, 
patient reported outcomes and strength were similar be
tween groups. Greater improvements in range of motion 
were noted in the scaffold group in the first year, but this 
difference disappeared by year two. 
Rates of failure after rotator cuff repair in the literature 

range widely (Longo et al. 2021; Flurin et al. 2013; H. M. 
Kim et al. 2014; Galatz et al. 2004). Our cohort sustained a 
30% retear rate, with 50% in those treated with a scaffold 
and 7% in those without. Our data is comparable to that 
in other studies that focused primarily on medium to large 
sized tears, ranging from 21-94% (Longo et al. 2021; Flurin 
et al. 2013; H. M. Kim et al. 2014; Galatz et al. 2004; Koh 

et al. 2011). Koh et al found a 47% retear rate at over two 
years in patients undergoing arthroscopic single or double 
row repair for 2-4 cm rotator cuff tears, demonstrating a 
slightly higher rate at a similar time point for similar tear 
sizes (Koh et al. 2011). 
Bushnell et al evaluated the retear rate after rotator cuff 

repair with the use of a bovine collagen implant for medium 
and large tears (Bushnell et al. 2022). They reported a retear 
rate of 20.8% noted on MRI, as well as two possible im
plant-related complications. Another study of forty-four 
patients undergoing double-row repair of medium- to mas
sive- rotator cuff tears with porcine patch augmentation 
had a failure rate of 15.9%, which was associated with 
larger tears (Consigliere et al. 2021). Patients treated with a 
poly-propylene patch to augment rotator cuff repair had a 
one year re-tear rate of 17% compared to 41% in a control 
group treated without augmentation (Ciampi et al. 2014). 
It has been well described that despite development of a 

radiographic tear postoperatively, patients still report bet
ter pain and functional outcomes compared to preoper
atively, and frequently with outcomes similar to patients 
who did not develop a tear (Bushnell et al. 2022; Consigliere 
et al. 2021; K. C. Kim, Shin, and Lee 2012). Our patients 
noted significant improvements in pain and outcomes at all 
times points, exceeding the MCID for the ASES, SANE, and 
VAS pain scores. Similar results have been reported in pa
tients treated with scaffolds. In Bushnell et al’s cohort, over 
90% of patients, regardless of repair failure, reported im
provements in ASES and Constant-Murley shoulder scores 
greater than the MCID (Bushnell et al. 2022), while patients 
treated with porcine patch augmentation reported im
provements in functional outcomes regardless of tear size 
or failure (Consigliere et al. 2021). One study however did 
report that patients treated with polypropylene patch aug
mentation reported higher UCLA scores at three year fol
low-up (24.6 vs 14.9) (Ciampi et al. 2014). However, there 
is a concern that over time, re-tears are associated with 
worse pain, decreased function, and progression of arthritis 
(Jeong et al. 2022). 
Our cohort noted improvements in motion in those 

treated with scaffolds relative to those treated without at 
one year, which resolved by two. This could potentially be 
due to an earlier reorganization of fibers at the tendon-
bone interface. Ciampi et al’s patients treated with patch 
augmentation reported significantly improved forward flex
ion (174.7 degrees versus 140.7) than those without at three 
years (Ciampi et al. 2014). Consigliere et al noted improve
ments in forward flexion and external rotation after treat
ment with patch augmentation as well as minimal improve
ments in external rotation (8 degrees), although there was 
no control group to compare to (Consigliere et al. 2021). 
Studies addressing strength after rotator cuff repair with 
patch augmentation is scarce, however one group noted im
provements in abduction strength with the use of a poly
ethylene patch, whereas our patients noted a relatively 
greater internal rotation strength post-operatively (Ciampi 
et al. 2014). 
The randomization protocol limited selection bias of the 

patients. Patients remained blinded throughout, limiting 
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Figure 2. Significant improvements in motion were appreciated at 12 months in both groups with the exception of external rotation.                   
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reporting bias in the patient reported outcomes. Another 
unique aspect of this study is the imaging at two time 
points allowing for the differentiation between early and 
late failures. While Ianotti et al found that the majority 
of retears occurred within the first six months postopera
tively after a rotator cuff repair, in this study 38% (5/13) 
of patients in the control group who did not have a tear at 
the first MRI demonstrated late progression of their tears 
(Iannotti et al. 2013). This supports continued late assess
ment of tear progression in studies evaluating the benefits 
of scaffold use. 
There are, however, several limitations to this study. The 

investigators assessing patient strength and motion were 
not blinded to the treatment group; this was partially mit
igated by the use of a dynamometer and electronic go
niometer to decrease the subjectivity of the measurements. 
This multicenter study is powered, but the data presented 
represents a single practitioner’s contribution to the data
base, thus a larger sample of patients may have revealed 
different outcomes regarding overall health and patient 
function. Furthermore, both ultrasound and MRI were used 
to assess late term healing. The primary investigator has 
used in-office ultrasound for over a decade, but MRI is still 
considered the gold standard healing integrity and interob
server variability could be greater with ultrasound interpre
tation of Sugaya classification. Finally, a longer-term fol
low-up in this study may also have demonstrated further 
failures over time in both groups. However as rotator cuff 
repair failures tend to occur within the first year postoper
atively, we feel that two year data captures the majority of 
the potential differences between the groups, particularly 
since the scaffold has resorbed by six months (Chona et al. 
2017). 
In conclusion, patients with an interpositional nanofiber 

scaffold placed at the time of rotator cuff repair demon
strated a significantly lower radiographic failure rate than 
patients undergoing rotator cuff repair alone within the 
first two years. Despite radiographic failures, there were no 
differences in patient reported outcomes and clinical exam
ination findings at two years between both groups. 

SOURCE OF FUNDING 

Post-operative MRI’s and implanted scaffolds were paid for 
by Atreon. 
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Table 2. Postoperative Functional Outcomes by Treatment Group (N=30)        

n 
Scaffold 
(N=14) n 

No Scaffold 
(N=16) P† 

External Rotation Strength 

3mo 12 13.3 ± 3.2 15 13.5 ± 3.5 0.862 

6mo 12 18.2 ± 4.5 15 17.9 ± 4.9 0.869 

12mo 12 22.1 ± 6 11 17.4 ± 7.1 0.101 

24mo 10 22.1 ± 6 11 21.4 ± 5.7 0.798 

Internal Rotation Strength 

3mo 12 17.7 ± 6.3 15 16.9 ± 5.1 0.732 

6mo 12 23.2 ± 7.2 15 19.3 ± 5.6 0.122 

12mo 12 26.2 ± 8.1 11 18.1 ± 8.2 0.028* 

24mo 10 26.9 ± 10 11 25.5 ± 9.1 0.745 

Supraspinatus Strength 

3mo 12 7.4 ± 2.4 15 7.3 ± 1.5 0.859 

6mo 12 9.8 ± 2.5 15 10.3 ± 3.1 0.650 

12mo 12 9.8 ± 2.2 11 10.5 ± 5.3 0.658 

24mo 10 10.5 ± 1.8 11 11.4 ± 6.1 0.634 

Forward Flexion ROM (°) 

3mo 12 132.8 ± 21.9 16 138 ± 18.1 0.501 

6mo 12 149.8 ± 12.5 14 145.8 ± 11.5 0.408 

12mo 12 158.1 ± 8.6 13 144.8 ± 16.6 0.020* 

24mo 10 150.9 ± 9.7 12 143.2 ± 18.9 0.257 

Abduction ROM (°) 

3mo 12 114.7 ± 22.4 16 120.2 ± 21.1 0.511 

6mo 12 144.3 ± 17 14 139.1 ± 15.3 0.421 

12mo 12 155.3 ± 14.7 13 126.3 ± 25.5 0.002* 

24mo 10 152.4 ± 16.8 12 136.3 ± 26.1 0.108 

External Rotation ROM (°) 

3mo 12 47.8 ± 8.7 16 56.6 ± 12.8 0.052 

6mo 12 60.7 ± 8.6 14 56.9 ± 11.6 0.358 

12mo 12 58.8 ± 14.8 13 63.9 ± 16.8 0.424 

24mo 10 56 ± 15.9 12 65.2 ± 11.8 0.136 

Apley’s External Rotation 

3mo 12 64.3 ± 17.3 16 76.2 ± 9.5 0.027* 

6mo 12 76 ± 10.1 14 77.6 ± 9.4 0.686 

12mo 11 77.2 ± 10.9 13 79.7 ± 6.4 0.490 

24mo 10 78.4 ± 9.6 12 84.6 ± 3.8 0.080 

Apley’s Internal Rotation 

3mo 12 50.8 ± 15.3 16 54.6 ± 13 0.475 

6mo 12 59.4 ± 11.9 14 59.9 ± 12.1 0.915 

12mo 11 61.9 ± 14.3 13 63.2 ± 10.4 0.808 

24mo 10 57.5 ± 16.9 12 66.3 ± 13.2 0.183 

†Independent t-test to compare between groups. Mean ± SD. 
*Indicates statistical significance (p<0.05). 
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Figure 3. Significant improvements in all measurements of strength were noted in both groups at 12 months                
post-operatively compared to pre-operatively.     

Click here to learn more about ConMed        
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Table 3. Preoperative Associations with Cumulative Treatment Failure (N=30)        

Failure 
(N=9) 

No Failure 
(N=21) P† 

Scaffold Use 
Yes 
No 

1 (11.1) 
8 (88.9) 

13 (61.9) 
8 (38.1) 

.017* 

Age (years) 67.1 ± 7.4 63.5 ± 6 .169 

Tear Size 
Large 
Medium 
Small 

2 (22.2) 
7 (77.8) 

0 (0) 

0 (0) 
19 (90.5) 

2 (9.5) 

.060 

ASES 45.7 ± 14.5 51.2 ± 13.8 .336 

SANE 54.6 ± 15.4 52.3 ± 22.4 .784 

VAS Pain 6.2 ± 1.2 5.6 ± 1.7 .341 

External Rotation Strength 9.6 ± 3.0 13.1 ± 6 .037* 

Internal Rotation Strength 12.8 ± 4.8 17.2 ± 6.1 .063 

Supraspinatus Strength 7.0 ± 2.6 8.3 ± 2.8 .250 

Forward Flexion ROM (°) 119.4 ± 21.0 134.9 ± 30.9 .183 

Abduction ROM (°) 94.8 ± 21.6 114.8 ± 38.8 .159 

External Rotation ROM (°) 53.4 ± 9.8 57.5 ± 16.4 .501 

Apley’s External Rotation 63.3 ± 13.7 68.2 ± 20.3 .515 

Apley’s Internal Rotation 46.1 ± 20.7 48.7 ± 17.3 .724 

†Independent t-test, Pearson’s χ2, or Fisher’s Exact test to compare between groups. Mean ± SD or n (%). 
*Indicates statistical significance (p<0.05). 
BMI – body mass index, ASES – American Shoulder and Elbow Surgeons score, SANE – Single Assessment Numeric Evaluation score, VAS – visual analog scale 

Click here to learn more about Mako Total Knee 2.           
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Table 4. Postoperative Patient Reported Outcomes by Cumulative Treatment Failure (N=30)          

n 
Failure 
(N=9) n 

No Failure 
(N=21) P† 

ASES 

3mo 9 75.9 ± 13.1 21 73.4 ± 16 .682 

6mo 9 84.4 ± 12.0 19 86.1 ± 16.7 .797 

12mo 8 91.5 ± 11.0 21 93.6 ± 9.3 .596 

24mo 7 90.5 ± 20.9 17 90.6 ± 18.9 0.99 

SANE 

3mo 9 75.2 ± 10.8 21 70.7 ± 15.3 .430 

6mo 9 85.2 ± 6.9 19 80.2 ± 20.2 .478 

12mo 8 90.6 ± 5.1 21 92.8 ± 6.9 .435 

24mo 7 92.4 ± 10.5 17 94.2 ± 10.6 0.71 

VAS Pain 

3mo 9 2.0 ± 1.2 21 2.2 ± 1.5 .736 

6mo 9 1.8 ± 1.3 19 1.7 ± 1.9 .896 

12mo 8 0.9 ± 1.0 21 0.6 ± 1 .549 

24mo 7 1.3 ± 1.7 17 0.9 ± 1.7 0.601 

†Independent t-test to compare between groups. Mean ± SD. 
*Indicates statistical significance (p<0.05). 
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Table 5. Postoperative Functional Outcomes by Cumulative Treatment Failure (N=30)         

n 
Failure 
(N=9) n 

No Failure 
(N=21) P† 

External Rotation Strength 

3mo 9 13.1 ± 3.5 18 13.6 ± 3.3 .722 

6mo 9 17.8 ± 5.4 18 18.1 ± 4.4 .891 

12mo 7 17.2 ± 7.0 16 21 ± 6.7 .225 

24mo 5 22.4 ± 3.7 16 21.6 ± 6.3 .793 

Internal Rotation Strength 

3mo 9 15.4 ± 4.4 18 18.1 ± 6 .238 

6mo 9 19.2 ± 5.8 18 21.9 ± 6.9 .331 

12mo 7 17.2 ± 5.4 16 24.6 ± 9.4 .067 

24mo 5 25.7 ± 8.9 16 26.3 ± 9.7 .907 

Supraspinatus Strength 

3mo 9 7.1 ± 1.2 18 7.5 ± 2.2 .641 

6mo 9 10.3 ± 2.9 18 10 ± 2.9 .807 

12mo 7 9.6 ± 3.4 16 10.4 ± 4.2 .652 

24mo 5 10.1 ± 2.5 16 11.3 ± 5.0 .624 

Forward Flexion ROM (°) 

3mo 9 135.2 ± 13.7 19 136.1 ± 22.2 .919 

6mo 9 147.8 ± 10.7 17 147.5 ± 12.8 .961 

12mo 8 141.5 ± 15.5 17 155.7 ± 12.4 .044* 

24mo 5 148.0 ±6.3 17 146.3 ± 17.6 .836 

Abduction ROM (°) 

3mo 9 109.3 ± 21.2 19 121.8 ± 20.9 .153 

6mo 9 139.8 ± 18.0 17 142.5 ± 15.3 .692 

12mo 8 122.1 ± 19.8 17 148.7 ± 23.5 .011* 

24mo 5 140.2 ± 12.8 17 144.6 ± 25.9 .721 

External Rotation ROM (°) 

3mo 9 50.7 ± 13.8 19 53.8 ± 11.1 .519 

6mo 9 51.7 ± 10.2 17 62.3 ± 8.5 .009* 

12mo 8 63.0 ± 15.5 17 60.7 ± 16.3 .742 

24mo 5 62.2 ± 10.7 17 60.7 ± 15.4 .836 

Apley’s External Rotation 

3mo 9 72.7 ± 8.4 19 70.3 ± 16.7 .695 

6mo 9 76.9 ± 10.5 17 76.8 ± 9.4 .987 

12mo 8 77.8 ± 6.9 16 78.9 ± 9.6 .759 

24mo 5 83.0 ± 2.6 17 81.4 ± 8.5 .689 

Apley’s Internal Rotation 

3mo 9 53.1 ± 9.1 19 52.9 ± 15.9 .970 

6mo 9 58.7 ± 12.6 17 60.2 ± 11.6 .754 

12mo 8 62.3 ± 8.5 16 62.8 ± 13.8 .926 

24mo 5 73.8 ± 8.2 17 58.9 ± 15.3 .053 

†Independent t-test to compare between groups. Mean ± SD. 
*Indicates statistical significance (p<0.05). 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 
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