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Background: Limited knowledge exists regarding prognostic factors after rotator cuff repair.

Purpose: To identify pre- and perioperative predictors for functional outcomes after arthroscopic rotator cuff repair.

Study Design: Case-control study; Level of evidence, 3.

Methods: This study included patients who underwent arthroscopic rotator cuff repair between January 2013 and April 2019 and
who had preoperative magnetic resonance imaging scans. The procedures were performed by 4 shoulder surgeons at a single
institution. Excluded were patients who had previous surgeries, those who underwent open surgery, and those without 12- and
24-month follow-up clinical data. Patient-reported outcomes (American Shoulder and Elbow Surgeons [ASES] Standardized
Shoulder Assessment Form and University of California, Los Angeles [UCLA] Shoulder Rating Scale scores) were assessed
preoperatively and at 6, 12, and 24 months postoperatively. Using multiple linear regression analysis, the authors evaluated the
influence of 29 variables relating to patient, lesion, and procedure characteristics on postoperative outcomes, with the 24-month
ASES score as the dependent variable.

Results: The study sample consisted of 474 patients (500 shoulders). The median ASES score increased from 41.6 preoperatively
to 88.3 at 24 months (P < .001), and the median UCLA score increased from 14 preoperatively to 32 in the same period (P < .001).
The following variables were found to be independent predictors for higher 24-month postoperative ASES score: male sex,
absence of rheumatologic disease, older age, lower degree of supraspinatus muscle fatty degeneration, acromioplasty, and a
higher preoperative ASES score.

Conclusion: The prognostic factors for better clinical results at 24 months after arthroscopic rotator cuff repair were male sex,
absence of rheumatologic disease, older age, lower degree of fatty degeneration of the supraspinatus muscle, concomitant
acromioplasty, and higher preoperative ASES score.
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Rotator cuff syndrome is a major cause of shoulder pain.25

There has been an increasing trend in the performance
of rotator cuff repairs,5,20,24 generating a high economic
burden.20 However, the functional results and the retear
rate are still far from ideal.26 Thus, it is important to deter-
mine prognostic factors for unsatisfactory results after
rotator cuff repair, enabling the adoption of specific strate-
gies for a subgroup of patients.

Randomized clinical trials are considered the gold stan-
dard in evidence-based medicine, making it possible to
determine superiority between different treatments.

However, there are limitations when extrapolating the
results of a clinical trial to the general population.18 Obser-
vational studies, although designed to predict risk, can lead
to biases arising from differences between exposed and
unexposed populations.14 Thus, studies with multivariate
prognostic models represent important tools in assessing
the probability of occurrence of some outcome after an indi-
vidual’s treatment.28

Few studies have assessed prognostic factors for clinical
outcomes after rotator cuff repair using a multivariate
model,k and only 2 so far did so with a sample of a few
hundred patients undergoing arthroscopic treatment.10,17
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The aim of this study was to determine pre- and perio-
perative prognostic factors for clinical outcomes at
24 months after arthroscopic rotator cuff repair.

METHODS

Study Design

We conducted a multivariate prognostic model for clinical
outcome after arthroscopic rotator cuff repair, based on a
retrospective cohort with prospectively collected data. The
study was approved by the ethics committee of our
institution.

Patients and Setting

Patients who underwent arthroscopic rotator cuff repair
between January 2013 and April 2019 were included in the
study. Surgery was indicated in symptomatic patients with
partial tears with >50% of the tendon thickness or with
full-thickness tears that did not improve with physical
therapy for �3 months. The physical therapy treatment
consisted of the Jackins program.16 Corticosteroid injection
was not routinely performed, being used only in patients
with severe pain.

The surgical procedures were performed by 4 shoulder
and elbow surgeons from the same institution (E.A.M.,
J.H.A., M.E.C.G. and F.B.A.-S.), all of whom had �6 years
of experience performing the procedures. Inclusion criteria
were primary arthroscopic rotator cuff repair (partial or
complete); having undergone standardized pre-, peri-, and
postoperative data collection; and having preoperative
magnetic resonance imaging (MRI) scans. Debridement
without rotator cuff repair, open or mini-incision surgeries,
and patients who had undergone previous surgery in the
same shoulder were not included. Patients who did not
have clinical evaluation at both 12 and 24 months after
surgery were also excluded.

Surgery and Rehabilitation

The surgery was performed in the beach-chair or lateral
decubitus position, depending on the surgeon’s preference,
under general anesthesia associated with brachial plexus
block. Bursectomy was routinely performed. Acromioplasty
was sometimes performed according to the surgeon’s
preference. Patients with symptomatic arthrosis in
the acromioclavicular joint underwent distal resection.
Symptomatic acromioclavicular arthrosis was defined

as pain on local palpation with MRI findings, such as cap-
suloligamentous thickening and osteophytosis. The long
head of the biceps was treated when it presented instability
(subluxation or dislocation) or partial lesions >25%, or was
in the presence of type 2, 3, or 4 superior labral anterior-
posterior lesions.41 Tenotomy was performed in patients
aged �60 years, and tenodesis was performed on younger
patients and on athletes or those with a body mass index
<25, regardless of age.

The majority of the posterosuperior tears and all the sub-
scapularis tears were repaired using the single-row tech-
nique. Postoperative immobilization with a sling was
maintained for a total of 4 to 6 weeks. Movements with the
elbow, wrist, and fingers were allowed from the first day
after surgery. After the end of the third week, passive exer-
cises were started. Active assisted and free active exercises
were started after the sling was removed. Muscle strength-
ening was performed only after a significant gain in move-
ment, around the 12th week. Patients were released for
sports activities at 6 months, as long as the range of motion
and strength were reestablished.

Magnetic Resonance Imaging

All the preoperative imaging was performed using MRI
scanners with magnet strengths of at least 1.5 T. Axial,
oblique coronal, and oblique sagittal fat-suppressed
intermediate-weighted images and oblique coronal and
oblique sagittal T1-weighted images were used. In most
cases, intra-articular or intravenous paramagnetic contrast
was not used.

Outcome Measures

The primary outcome measure was the American Shoulder
and Elbow Surgeons (ASES) Standardized Shoulder
Assessment Form score.37 Scoring by the modified Univer-
sity of California, Los Angeles (UCLA) Shoulder Rating
Scale6 was a secondary outcome. The scales were applied
1 week before surgery and after 6, 12, and 24 months by a
research assistant.

Prognostic Factors

We evaluated the influence of 29 prognostic factors relating
to patient, lesion, and procedure characteristics, with the
24-month postoperative ASES score acting as the depen-
dent variable.
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Factors Related to the Patient. The patient characteris-
tics that we evaluated were age, sex, dominant side
affected, diabetes, rheumatologic disease, smoking status,
previous trauma to the shoulder, workers’ compensation
status, previous injection in the shoulder, and preoperative
function according to the ASES score. Data were obtained
through an interview with the patient, which was carried
out by the same research assistant 1 week before surgery.

Factors Related to the Lesion. Variables related to
supraspinatus tear were tendon thickness (partial or full-
thickness tear), retraction at the coronal plane (<3cm or
�3cm), anteroposterior extension (affects part of the tendon
or the entire extension affected), and tear of the anterior
portion. Infraspinatus tear was evaluated according to ten-
don thickness (intact, partial tear, or full-thickness tear),
retraction (<3cm or �3cm), and anteroposterior extension
(intact, superior portion, or the entire tendon). A subscap-
ularis tear was categorized as an intact, partial tear of the
upper third; a full-thickness tear of the upper third; or a
tear involving the upper two-thirds or the entire tendon.
Fatty degeneration of the supraspinatus, infraspinatus,
and subscapularis was classified as grades 1 to 3 according
to Fuchs et al.11 The long head of the biceps was evaluated
for tear (absent, partial tear, or complete tear) and insta-
bility (located, subluxated, or dislocated depending on its
position in the biceps sulcus, or not applicable in cases of
complete tear). We also evaluated arthrosis of the gleno-
humeral joint (absent or present). Data were obtained
when the MRI was analyzed by the surgeon responsible for
the surgical procedure, together with the radiological
report. In all cases, imaging occurred within 12 months of
the surgical procedure.

Factors Related to the Surgical Procedure. Intraopera-
tive factors included acromioplasty, distal clavicle resec-
tion, procedure performed on the long head of the biceps
(none, tenotomy, tenodesis, or not applicable [in cases of
complete rupture]), repair technique for the posterosuper-
ior lesion (single or double row), and whether complete
repair was performed.

Missing Data

For the variables studied as prognostic factors, no imputa-
tion technique was used. Regarding the outcomes (ASES
and UCLA scores), the strategy of the final observation
carried forward was adopted. Patients who did not have the
results referring to 24 months, although they had already
completed �2 years of the procedure, had the 12-month
data imputed as the final result. When the 24-month result
was present but the preoperative or 6- or 12-month result
was missing, these were imputed by the mean. Patients
whose scores at both 12 and 24 months were not registered
were excluded.

Statistical Analysis

Continuous variables were evaluated for normality using
the Kolmogorov-Smirnov test and for homogeneity using
the Levene test. Continuous variables showed nonparamet-
ric distribution, so the general characteristics of the sample

were calculated as means with standard deviations and/or
medians with interquartile ranges. Categorical variables
were reported as absolute values and percentages.

We compared differences in scores across assessment
times (preoperatively and at 6-month, 12-month, and
24-month follow-ups) separately for the ASES and the
UCLA using the Friedman test, with post hoc analysis
using the Wilcoxon signed-rank test.

Multiple linear regression analysis was used to test the
influence of predictor variables on the dependent variable
(ASES score at 24 months). We used the following assump-
tions for this analysis: independence of residues; linearity
between dependent and independent variables, collectively
and individually, verified through graphical analysis;
homoscedasticity of data; multicollinearity between vari-
ables; analysis of outliers; influential and leverage points;
and normality of waste. All these assumptions were
checked for the possible need to adjust the data. We initially
chose to include all the variables in the database that had
presuppositions of biological plausibility and/or clinical sig-
nificance. Later, to analyze how well-adjusted the model
was, statistical criteria were used, excluding all indepen-
dent variables that presented P � .1. The model with the
best correlation coefficient (r) and total explained variation
(R2 adjusted) was used. The level of significance was 5%.
Statistical analysis was performed using SPSS Version 21.0
for Mac (IBM).

RESULTS

Participants

During the period evaluated, 651 surgeries were performed
for rotator cuff repair. A total of 84 open procedures, 10
debridement procedures, 26 cases with previous shoulder
surgery, 12 patients without postoperative clinical evalua-
tion, and 19 patients with incomplete pre- or perioperative
evaluation data were excluded. The analyzed sample con-
sisted of 474 patients (500 shoulders) (Figure 1). Data
imputation was necessary in the functional assessment in

Figure 1. Flowchart of participant enrollment.
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31 cases (6.2%) at 6 months, 39 cases (7.8%) at 12 months,
and 76 cases (15.2%) at 24 months.

Patient, Lesion, and Surgery Characteristics

The study sample predominantly comprised female
patients with a median age of 57 years, with most injuries
involving the dominant side (Table 1).

The supraspinatus tendon was involved in all cases, with
full-thickness tear in 85.6% of the cases, and in 67.8% of the
shoulders the retraction was <3cm (Table 2). Full-
thickness tear of the infraspinatus occurred in 20.2% and
of the subscapularis in 16.2%. The muscle bellies were
mostly classified as Fuchs grade 1, with minimal or no fatty
degeneration (Table 3). Most patients had the long head of
the biceps intact and had no glenohumeral arthrosis
(Table 4).

Acromioplasty was performed in 73% of cases, and com-
plete repair of the rotator cuff was possible in 91.4% of cases
(Table 5). In the posterosuperior tears (supraspinatus and
infraspinatus), the repair was performed with 1 anchor in
143 cases, 2 anchors in 279 cases, 3 anchors in 61 cases, and

TABLE 1
Variables Related to Patientsa

Variable Value

Age, y, median [IQR] 57 [51-63]
Sex

Female 270 (54.0)
Male 230 (46.0)

Dominant side affected
Yes 360 (72.0)
No 140 (28.0)

Diabetes
Yes 75 (15.0)
No 425 (85.0)

Rheumatologic disease
Yes 28 (5.6)
No 472 (94.4)

Smoker
Yes 53 (10.6)
Former smoker 79 (15.8)
No 368 (73.6)

Previous trauma
Yes 71 (14.2)
No 429 (85.8)

Workers’ compensation
Yes 64 (12.8)
No 436 (87.2)

Previous injection
Yes 71 (14.2)
No 429 (85.8)

aData are reported as n (%) unless otherwise indicated.
IQR, interquartile range.

TABLE 2
Variables Related to Supraspinatus Tear

Variable n (%)

Tear type
Partial tear 72 (14.4)
Full-thickness tear 428 (85.6)

Retraction
<3 cm 339 (67.8)
�3 cm 161 (32.2)

Entire extension affected
Yes 224 (44.8)
No 276 (55.2)

Anterior portion affected
Yes 409 (81.8)
No 91 (18.2)

Fatty degeneration
Grade 1 394 (78.8)
Grade 2 77 (15.4)
Grade 3 29 (5.8)

TABLE 3
Variables Related to Infraspinatus and Subscapularis Tear

Variable n (%)

Infraspinatus: tear type
Intact 363 (72.6)
Partial tear 36 (7.2)
Full-thickness tear 101 (20.2)

Infraspinatus: retraction
<3 cm 452 (90.4)
�3 cm 48 (9.6)

Infraspinatus: extension
Intact 363 (72.6)
Superior portion 115 (23.0)
Entire tendon 22 (4.4)

Infraspinatus: fatty degeneration
Grade 1 423 (84.6)
Grade 2 53 (10.6)
Grade 3 24 (4.8)

Subscapularis: extension
Intact 260 (52.0)
Partial tear of the upper third 159 (31.8)
Full-thickness tear of the upper third 51 (10.2)
Full-thickness tear of the upper two-thirds or more 30 (6.0)

Subscapularis: fatty degeneration
Grade 1 403 (80.6)
Grade 2 66 (13.2)
Grade 3 31 (6.2)

TABLE 4
Variables Related to Biceps and Glenohumeral Arthrosis

Variable n (%)

Long head of the biceps: lesion
Intact 403 (80.6)
Partial tear 66 (13.2)
Complete tear 31 (6.2)

Long head of the biceps: instability
Topical 358 (71.6)
Subluxated 71 (14.2)
Dislocated 40 (8.0)
Not applicable (complete tear) 31 (6.2)

Glenohumeral arthrosis
Yes 39 (7.8)
No 461 (92.2)

4 Malavolta et al The Orthopaedic Journal of Sports Medicine



4 anchors in 17 cases. In the subscapularis tears, 176 cases
used 1 anchor and 30 cases used 2 anchors. In 294 cases,
there was no repair.

Clinical Outcomes

Significant postoperative improvement was seen accord-
ing to both clinical scores. The ASES score improved from
a median of 41.6 preoperatively to 88.3 at 24 months
(P < .001), and the UCLA score improved from a median
of 14 to 32 (P < .001) (Table 6).

Prognostic Factors: Multiple Linear Regression
Analysis

We observed that the independent factors for higher
24-month ASES scores were male sex, absence of rheuma-
tologic disease, older age, lower degree of supraspinatus
fatty degeneration, concomitant acromioplasty, and higher
preoperative ASES score (Table 7). The exclusion of the
independent variables with P � .1 did not improve the
model, and the independent variables that showed predic-
tion remained the same. Thus, we chose to consider the
model with the best correlation coefficient (r) and total
explained variation (R2 adjusted), which was the one with
all the independent variables included. The r value
obtained was 0.384, R2 was 0.147, and the adjusted R2

was 0.093.

DISCUSSION

Our results showed that male sex, the absence of rheuma-
tologic disease, older age, lower degree of supraspinatus
fatty degeneration, concomitant acromioplasty, and higher
preoperative ASES score are independent prognostic fac-
tors for better functional results after rotator cuff repair.

Previous studies with univariate9,32 and multivariate10

analysis demonstrate that male sex is related to higher
postoperative scores, in agreement with our finding.
Jenssen et al17 and Pécora et al,34 however, did not find a
correlation between sex and functional results. We believe
that the use in other studies of scales with a more objective
assessment of strength, such as the Constant-Murley and
UCLA scores, or those with more specific questions about
physical activity, such as the Western Ontario Rotator Cuff
Index (WORC), can partially explain this difference com-
pared with our results, which were based on the ASES
scale. Our institution applies the ASES and UCLA scores
in postoperative rotator cuff evaluations. These are the sec-
ond and third most used scales in the main scientific pub-
lications.23 The ASES scale is highly correlated with the
WORC and has less responder and administrator burden,2

which at least partially supports the scale used as the main
outcome in our study.

Our finding regarding the negative influence of rheuma-
tologic diseases contrasts with the data from Jenssen
et al,17 who did not find a correlation using the WORC.
We believe that the small sample of rheumatologic patients
in both series (5.6%) may justify these variations. Further-
more, the severity of the disease and the medications used
are not specified in the studies, where the variable is trea-
ted in a binary way. With the effective treatment for rheu-
matologic diseases becoming more available, perhaps the
influence of these comorbidities on rotator cuff repair out-
comes may not be as great in the future.

Regarding age, Jenssen et al17 observed the same pat-
tern found by us, showing a direct correlation between age
and clinical results. Frangiamore et al,10 in turn, did not
observe a correlation between age and the ASES score.
Several studies using univariate analysis9,32,33,35,38 have
observed that increasing age is correlated with worse

TABLE 5
Variables Related to Surgical Procedure

Variable n (%)

Acromioplasty
Yes 365 (73.0)
No 135 (27.0)

Distal clavicle resection
Yes 14 (2.8)
No 486 (97.2)

Long head of the biceps procedure
None 194 (38.8)
Tenotomy 118 (23.6)
Tenodesis 160 (32.0)
Not applicable (complete tear) 28 (5.6)

Repair technique (supraspinatus and infraspinatus)
Single row 476 (95.2)
Double row 24 (4.8)

Complete repair
Yes 457 (91.4)
No 43 (8.6)

TABLE 6
Comparison of ASES and UCLA Scores by Evaluation

Timea

Mean ± SD Median [IQR] P

ASES score <.001b

Preoperatively 41.6 ± 19.2 41.6 [28.0-53.3]
6 mo 73.6 ± 19.3 73.6 [63.3-88.3]
12 mo 79.4 ± 20.0 85.8 [66.7-96.3]
24 mo 81.0 ± 21.4 88.3 [69.5-99.0]

UCLA score <.001c

Preoperatively 14.7 ± 5.1 14.0 [11.0-18.0]
6 mo 26.7 ± 5.5 28.0 [25.0-32.0]
12 mo 29.5 ± 5.7 31.0 [26.0-34.0]
24 mo 29.8 ± 6.1 32.0 [27.0-35.0]

aASES, American Shoulder and Elbow Surgeons standardized
shoulder assessment form; IQR, interquartile range; UCLA, Uni-
versity of California, Los Angeles shoulder rating scale.

bStatistically significant difference in all comparisons (P < .05,
Wilcoxon signed-rank test).

cStatistically significant difference in all comparisons (P < .05,
Wilcoxon signed-rank test) except between 12 and 24 months
(P ¼ .078).
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clinical outcomes. However, this is possibly caused by con-
founding factors, since elderly patients may have larger
lesions, greater fatty degeneration, and other changes that
may negatively influence the clinical outcome. Raman
et al,36 in a meta-analysis of prognostic studies, observed
that age did not influence clinical outcomes. However, this
article, published in 2017, did not assess data from the most
recent articles,10,17 which are precisely the ones with the
largest samples. We believe that possible explanations for a
clinical improvement with age are a lower functional
demand of the elderly and the fact that the scales used in
our study do not specifically assess muscle strength.

Fatty degeneration of the supraspinatus muscle was
shown to be an independent factor for worse functional
results in our study. Other studies, involving univariate9,33

and multivariate8,19 analysis, reach the same result. How-
ever, for more recent studies and with a larger sample,10,17

this variable did not prove to be an independent factor for
the functional results. Jenssen et al17 observed that infra-
spinatus atrophy correlates with worse clinical results, a
variable that we did not assess. Similarly to Frangiamore
et al,10 we emphasize that patients with advanced fatty
degeneration are often not ideal candidates for rotator cuff

repair and may undergo muscle transfers or arthroplasties.
Thus, there is a selection bias that can reduce the impact of
this variable. It is noteworthy that only fatty degeneration
of the supraspinatus was shown to be a risk factor in our
study, without influence of subscapularis and infraspinatus
involvement. A possible explanation for this is the fre-
quency of supraspinatus full-thickness tear, which is much
higher than that of other tendons.

The performance of acromioplasty proved to be an inde-
pendent factor associated with better functional results, a
finding compatible with that presented by Jenssen et al.17

Conversely, randomized trials demonstrate that perform-
ing acromioplasty together with rotator cuff repair does not
interfere with functional results.1,12,22,27 Sun et al,43 in a
meta-analysis, did not observe differences in postoperative
scores between patients undergoing acromioplasty or not,
according to the ASES, UCLA, and visual analog scale for
pain scores. The findings obtained by studies of prognostic
factors open the possibility that acromioplasty may have a
beneficial, albeit marginal, effect on rotator cuff repair,
which is eventually only observed in large samples, not
possible in most randomized studies. Another possibility
is that the multivariate analysis does not include all

TABLE 7
Results of Multivariate Analysisa

Coefficient (95% CI) P

Constant 45.924 (29.300 to 62.548)
Age 0.386 (0.157 to 0.616) .001b

Male sex 5.386 (1.196 to 9.577) .012b

Dominant side affected 1.107 (–3.039 to 5.253) .600
Diabetes –1.289 (–6.484 to 3.907) .626
Rheumatologic disease –8.843 (–17.047 to –0.638) .035b

Smoker –0.956 (–3.7 to 1.838) .502
Previous trauma 2.098 (–3.366 to 7.562) .451
Workers’ compensation –3.295 (–8.861 to 2.270) .245
Previous injection –1.086 (–6.422 to 4.251) .689
Preoperative ASES score 0.172 (0.068 to 0.276) .001b

Supraspinatus: full thickness –2.351 (–8.088 to 3.386) .421
Supraspinatus: retraction –0.873 (–6.165 to 4.420) .746
Supraspinatus: entire extension affected 3.786 (–0.846 to 8.417) .109
Supraspinatus: anterior portion affected 0.540 (–4.849 to 5.930) .844
Supraspinatus: fatty degeneration –5.471 (–10.193 to –0.749) .023b

Infraspinatus: tear type –0.963 (–7.092 to 5.166) .758
Infraspinatus: retraction 3.994 (–4.679 to 12.666) .366
Infraspinatus: extension –0.843 (–9.839 to 8.154) .854
Infraspinatus: fatty degeneration 0.432 (–4.589 to 5.453) .866
Subscapularis: extension –1.591 (–4.073 to 0.892) .209
Subscapularis: fatty degeneration 3.991 (–2.313 to 10.294) .214
Long head of the biceps: lesion 0.149 (–4.516 to 4.813) .950
Long head of the biceps: instability 1.061 (–2.179 to 4.300) .520
Glenohumeral arthrosis –5.359 (–12.592 to 1.873) .146
Acromioplasty 6.748 (1.960 to 11.537) .006b

Long head of the biceps procedure 0.982 (–1.400 to 3.364) .418
Distal clavicle resection 0.431 (–10.745 to 11.607) .940
Repair technique (supraspinatus and infraspinatus) –0.738 (–9.398 to 7.923) .867
Complete repair 0.648 (–7.585 to 8.882) .877

aASES, American Shoulder and Elbow Surgeons standardized shoulder assessment form.
bStatistically significant (P < .05).
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confounding factors in its model, which can lead to bias in
data analysis. Also, there could have been a bias in the
indication of acromioplasty, being less performed in more
complex cases. We believe that acromioplasty facilitates
rotator cuff repair, as it improves visualization and reduces
impingement between the tendon and the acromion.

Regarding the positive correlation found between pre-
and postoperative scores, our data are compatible with
those presented by Jenssen et al,17 who used the WORC
scale. Frangiamore et al,10 in turn, did not observe the
influence of preoperative scores by the ASES scale on clin-
ical results. They note that a lower score obtained in the
12-Item Short Form Health Survey correlates with worse
postoperative results by this scale. As functional assess-
ment in shoulder surgery involves subjective measures, the
perception of results by patients may have influenced the
scores, and the responsiveness of the shoulder outcome
scales is variable and could explain the different results
found in previous studies.

In our sample, smoking was not identified as a risk factor
for worse functional results. Frangiamore et al10 did not
assess this variable, and our result contrasts with that pre-
sented by Jenssen et al.17 The literature also diverges when
analyzing comparative studies. Naimark et al,29 in a retro-
spective cohort study, observed that smoking leads to worse
functional outcomes, while Baumgarten et al3 observed
that smokers and nonsmokers showed similar improve-
ment with rotator cuff repair. A possible explanation for
this discrepancy concerns the criteria for considering a
patient as a smoker. Jenssen et al considered this variable
as present when consumption was >10 cigarettes per day,
while in our study the comparison groups were composed of
nonsmokers, former smokers, and smokers, regardless of
daily consumption and time of use. It is expected that
tobacco consumption negatively affects tendon healing
because of the toxins present in its composition. Nicotine
is a potent vasoconstrictor, which can reduce blood supply
at the tendon insertion. Carbon monoxide, in turn, reduces
the levels of oxygen available for cellular metabolism.29

Workers’ compensation status was also not shown to be a
risk factor in our sample. Jenssen et al17 did not assess this
variable, and in the study by Frangiamore et al,10 this was
an independent risk factor for worse clinical outcomes. A
previous systematic review36 demonstrated that workers’
compensation status was correlated with worse functional
results. The discrepancy between our findings and other
studies may be due to characteristics of the population of
our country, including the mean age for retirement and
percentage of manual workers, data that were not particu-
larized in the studies.

In our study, rotator cuff tear size was not shown to be a
risk factor for worse clinical outcomes. These findings are in
agreement with those of other authors.10,17 The findings of
these 2 studies10,17 and our present study carried out with
large samples differ from those pointed out in other studies
with multivariate analysis, which involve smaller sam-
ples,4,8,19,31,44,45 where tear size19,31,44,45 and infraspinatus
retraction4 are described as independent risk factors for
worse clinical outcomes. We believe that more robust sam-
ples lead to less bias and that the repairability of the lesion

is more important than its dimension. However, it is impor-
tant to highlight that our sample has a small number of
large or massive tears and that the presence of complete
repair was not shown as a prognostic factor in our study,
different from what was pointed out by Jenssen et al.17

We did not find that tear or instability of the long head of
the biceps was an independent factor for worse clinical
results. The data regarding the influence of the biceps tear
agree with those of Jenssen et al17 and disagree with those
of studies with lower sample sizes, in which involvement of
the long head of the biceps was correlated with worse clin-
ical results.15,45 We did not find studies that assessed the
influence of biceps stability on clinical results. Regarding
the procedures performed on the long head of the biceps, we
observed that they are not a factor that influence the sur-
gical results, as reported by Saccomanno et al.40

Dominant-side injury, history of trauma to the shoulder,
and diabetes were not correlated in our study with worse
functional results. These findings are similar to those
pointed out by Jenssen et al,17 while Frangiamore et al10

did not assess those variables. As for diabetes, Lu et al,21 in
a meta-analysis, observed that the ASES and UCLA scores
did not differ in the postoperative period between patients
with diabetes and those without, while according to the
Constant-Murley scale, patients without diabetes had a
higher score, but it did not reach clinical relevance. We also
observed that the performance of previous injections in the
shoulder does not influence the clinical result. This variable
has not been analyzed by other studies of prognostic fac-
tors. We also noted that the presence of arthrosis in the
shoulder did not influence the clinical results. This variable
has not been studied by other authors.10,17 It is noteworthy
that we included in our study only patients with mild
arthrosis, and the data should not be generalized to cases
of moderate or severe arthrosis. Furthermore, this event
was present in only 7.8% of our sample, and therefore, the
finding must be viewed with caution.

In our sample, partial repair was not shown to be a factor
related to worse clinical outcomes. This finding was unex-
pected and contrasts with what was reported by Jenssen
et al.17 A possible reason for this disagreement is the low
number of partial repairs in both studies (8.6% and 4.6%,
respectively). A low frequency of events increases the pos-
sibility of bias. It is noteworthy that the structural result of
the repair does not necessarily correlate with clinical
outcomes.13

Distal clavicle resection did not influence the clinical
results in our sample, similarly to Jenssen et al.17 Simi-
larly, Wang et al,46 in a meta-analysis, did not find an
influence of distal clavicle resection on the results of rotator
cuff repair. This suggests that an excision of the distal clav-
icle in a symptomatic acromioclavicular joint does not lead
to worse results, but we cannot say whether equal results
would be obtained if the procedure were not performed. The
suture technique (single or double row) also did not influ-
ence the result in our study, which is compatible with the
meta-analysis by Sobhy et al.42 The studies by Jenssen
et al17 and Frangiamore et al10 did not assess these data,
as they performed essentially single- and double-row
repairs, respectively. It is worth emphasizing again that
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the frequency of cases with distal clavicle resection and
double-row repair is low in our study.

In the multiple linear regression analysis, the R2 value
observed by us was 0.147. This indicator demonstrates how
much of the final functional result can be explained by the
statistical model. Jenssen et al17 reported a value higher
than ours (R2 ¼ 0.360 ). Frangiamore et al,10 although
reporting the importance of this indicator, did not include
it in their results. We believe that the difficulty of prognos-
tic models in obtaining a high predictability index is
because rotator cuff syndrome is a multifactorial disease,
with several influencing factors not yet known or only par-
tially known. An advance in knowledge about risk factors,
associated with broader databases and evaluation of multi-
ple studies in meta-analyses, may lead to more robust mod-
els in the future.

There are few studies evaluating prognostic factors for
clinical outcomes after rotator cuff repair, involving multi-
variate analysis to control confounding factors and a large
sample. As highlights, we can mention Jenssen et al,17 who
analyzed 647 patients, and Frangiamore et al,10 with a
sample of 449 shoulders. Other authors, such as Flurin
et al9 and Feng et al,7 although using large samples of
patients (576 and 1067, respectively), did not perform mul-
tivariate analysis to control confounding factors for the
clinical outcome.

We chose to evaluate only arthroscopic rotator cuff
repairs, similarly to other authors.10,17 However, our sam-
ple included only previously unoperated shoulders, unlike
other studies, which account for 5% to 13% of reoperations
in their samples.10,17 In addition, we included injuries in
which at least partial repair was possible, similar to
Jenssen et al,17 but different from the study performed by
Frangiamore et al.10 The choice to include these cases was
because certainty about the repairability of the lesion is
often only possible during the surgical procedure, and we
believe that a prognostic factor that can be applied before
surgery is more useful than one during the procedure.
Another factor that brings our sample closer to that of Jens-
sen et al but departs from that of Frangiamore et al is that
we included any rotator cuff tear and not just full-thickness
tears that necessarily involved the supraspinatus. The path
adopted by us decreased the homogeneity of the sample but
increased the external validity of the study. Cases of open
surgery, revision procedures, or isolated repair of the sub-
scapularis or infraspinatus may not be adequately pre-
dicted by our model.

The procedures in our study were performed by several
surgeons, and repairs were predominantly single row, sim-
ilar to the study of Jenssen et al,17 but different from that of
Frangiamore et al,10 who analyzed a cohort operated on by
a single surgeon performing double-row repairs. Finally,
we applied the clinical scales at defined periods, with the
last assessment taking place at 24 months. Jenssen et al,
despite having a mean follow-up of 25 months, applied the
scales between 17 and 66 months after the procedure, while
Frangiamore et al used a minimum follow-up time of 2 years
but included follow-up of up to 11 years in the sample. We
consider that the evaluation at predetermined times gen-
erates greater data consistency.

Limitations

This study has some limitations. First, it was based on a
retrospective cohort, and although we collected the data
prospectively, our study may have biases inherent to this
design. Although several perioperative factors have been
evaluated, they do not represent all the variables that can
influence the clinical outcome. Most of the patients in our
sample had isolated supraspinatus tears, without major
retraction. Therefore, extrapolation of the results to mas-
sive tears with involvement of multiple tendons should be
viewed with caution. We emphasize that some variables
analyzed, such as double-row repair, distal clavicle resec-
tion, and rheumatologic disease, have a low occurrence, and
the results obtained in these findings should be viewed with
caution. Each surgeon evaluated the MRI of the surgery he
performed, which did not allow for the assessment of inter-
and intraobserver agreement. We also did not use a
disease-specific outcome measure, nor did we assess the
number of patients achieving the minimal clinically impor-
tant difference. Because of the loss to follow-up, approxi-
mately 15% of the patients had random and nonsystematic
loss and required data imputation based on the 12-month
assessment. This approach does not generate a significant
bias in our understanding, since it has been shown that the
clinical evaluations do not differ markedly between 12 and
24 months.47 Finally, the prognostic factors for the struc-
tural outcome were not evaluated in this study, since it is
not our routine to perform postoperative MRI. It is note-
worthy that retears after rotator cuff repair are frequent,
affecting approximately 27% of patients,26 and clinical
results do not correlate with structural integrity.39 We
emphasize as a favorable point of our study the use of a
wide sample, comparable with the best published articles
on the subject,10,17 evaluating a considerable number of
pre- and perioperative factors. Broad inclusion criteria and
different patterns of rotator cuff lesion allow the study to
have high external validity. We believe that the data pro-
vided in this study can be useful for both orthopaedists and
patients, collaborating with decision making on surgery for
rotator cuff repair.

CONCLUSION

The prognostic factors for better clinical results after
arthroscopic repair of the rotator cuff were male sex,
absence of rheumatologic disease, older age, lower degree
of fatty degeneration of the supraspinatus muscle, concom-
itant acromioplasty, and higher preoperative scores,
according to the ASES scale at 24 months.

REFERENCES

1. Abrams GD, Gupta AK, Hussey KE, et al. Arthroscopic repair of full-

thickness rotator cuff tears with and without acromioplasty: random-

ized prospective trial with 2-year follow-up. Am J Sports Med. 2014;

42(6):1296-1303.

2. Baumgarten KM, Barthman BJ, Chang PS. The American Shoulder

and Elbow Score is highly correlated with the Western Ontario Rotator

8 Malavolta et al The Orthopaedic Journal of Sports Medicine



Cuff Index and has less responder and administrator burden. Sports

Med Arthrosc Rehabil Ther Technol. 2021;3(6):e1637-e1643.

3. Baumgarten KM, Schweinle WE III, Chang PS. Do patients who

smoke tobacco have success with primary arthroscopic rotator cuff

repair? A comparison with nonsmokers. J Shoulder Elbow Surg.

2020;29(8):1650-1655.

4. Collin P, Colmar M, Thomazeau H, et al. Clinical and MRI outcomes

10 years after repair of massive posterosuperior rotator cuff tears.

J Bone Joint Surg Am. 2018;100(21):1854-1863.

5. Colvin AC, Egorova N, Harrison AK, Moskowitz A, Flatow EL. National

trends in rotator cuff repair. J Bone Joint Surg Am. 2012;94(3):

227-233.

6. Ellman H, Hanker G, Bayer M.Repair of the rotator cuff. End-result

study of factors influencing reconstruction. J Bone Joint Surg Am.

1986;68(8):1136-1144.

7. Feng S, Guo S, Nobuhara K, Hashimoto J, Mimori K. Prognostic indi-

cators for outcome following rotator cuff tear repair. J Orthop Surg.

2003;11(2):110-116.

8. Fermont AJ, Wolterbeek N, Wessel RN, Baeyens JP, de Bie RA. Prog-

nostic factors for recovery after arthroscopic rotator cuff repair: a

prognostic study. J Shoulder Elbow Surg. 2015;24(8):1249-1256.

9. Flurin PH, Landreau P, Gregory T, et al. Cuff integrity after arthro-

scopic rotator cuff repair: correlation with clinical results in 576 cases.

Arthroscopy. 2007;23(4):340-346.

10. Frangiamore S, Dornan GJ, Horan MP, et al. Predictive modeling to

determine functional outcomes after arthroscopic rotator cuff repair.

Am J Sports Med. 2020;48(7):1559-1567.

11. Fuchs B, Weishaupt D, Zanetti M, Hodler J, Gerber C. Fatty degen-

eration of the muscles of the rotator cuff: assessment by computed

tomography versus magnetic resonance imaging. J Shoulder Elbow

Surg. 1999;8(6):599-605.

12. Gartsman GM, O’Connor DP. Arthroscopic rotator cuff repair with and

without arthroscopic subacromial decompression: a prospective,

randomized study of one-year outcomes. J Shoulder Elbow Surg.

2004;13(4):424-426.

13. Gulotta LV, Nho SJ, Dodson CC, et al. Prospective evaluation of

arthroscopic rotator cuff repairs at 5 years: part II—prognostic factors

for clinical and radiographic outcomes. J Shoulder Elbow Surg. 2011;

20(6):941-946.

14. Guyatt GH, Oxman AD, Vist G, et al. GRADE guidelines: 4. Rating the

quality of evidence—study limitations (risk of bias). J Clin Epidemiol.

2011;64(4):407-415.

15. Iannotti JP, Bernot MP, Kuhlman JR, Kelley MJ, Williams GR. Post-

operative assessment of shoulder function: a prospective study of

full-thickness rotator cuff tears. J Shoulder Elbow Surg. 1996;5(6):

449-457.

16. Jackins S. Postoperative shoulder rehabilitation. Phys Med Rehabil

Clin N Am. 2004;15(3):vi, 643-682.

17. Jenssen KK, Lundgreen K, Madsen JE, Kvakestad R, Dimmen S.

Prognostic factors for functional outcome after rotator cuff repair: a

prospective cohort study with 2-year follow-up. Am J Sports Med.

2018;46(14):3463-3470.

18. Kent DM, Hayward RA. Limitations of applying summary results of

clinical trials to individual patients: the need for risk stratification.

JAMA. 2007;298(10):1209-1212.

19. Kijowski R, Thurlow P, Blankenbaker D, et al. Preoperative MRI shoul-

der findings associated with clinical outcome 1 year after rotator cuff

repair. Radiology. 2019;291(3):722-729.

20. Longo UG, Salvatore G, Rizzello G, et al. The burden of rotator cuff

surgery in Italy: a nationwide registry study. Arch Orthop Trauma

Surg. 2017;137(2):217-224.

21. Lu X, Sun H, Xu Y, Cao X. The influence of diabetes mellitus on rotator

cuff repair: a systematic review and meta-analysis. Comb Chem High

Throughput Screen. 2021;24(7):908-920.

22. MacDonald P, McRae S, Leiter J, Mascarenhas R, Lapner P. Arthro-

scopic rotator cuff repair with and without acromioplasty in the treat-

ment of full-thickness rotator cuff tears: a multicenter, randomized

controlled trial. J Bone Joint Surg Am. 2011;93(21):1953-1960.

23. Makhni EC, Steinhaus ME, Morrow ZS, et al. Outcomes assessment

in rotator cuff pathology: what are we measuring? J Shoulder Elbow

Surg. 2015;24(12):2008-2015.

24. Malavolta EA, Assunção JH, Beraldo RA, Pinto G de MR, Gracitelli

MEC, Ferreira Neto AA. Rotator cuff repair in the Brazilian Unified

Health System: Brazilian trends from 2003 to 2015. Rev Bras Ortop.

2017;52(4):501-505.

25. Malavolta EA, Gracitelli MEC, Assunção JH, de Mello Ribeiro Pinto G,

da Silveira AZF, Neto AAF. Shoulder disorders in an outpatient clinic:

an epidemiological study. Acta Ortop Bras. 2017;25(3):78-80.

26. McElvany MD, McGoldrick E, Gee AO, Neradilek MB, Matsen FA III.

Rotator cuff repair: published evidenceon factors associated with repair

integrity and clinical outcome. Am J Sports Med. 2015;43(2):491-500.

27. Milano G, Grasso A, Salvatore M, Zarelli D, Deriu L, Fabbriciani C.

Arthroscopic rotator cuff repair with and without subacromial decom-

pression: a prospective randomized study. Arthroscopy. 2007;23(1):

81-88.

28. Moons KGM, Altman DG, Reitsma JB, et al. Transparent reporting of a

multivariable prediction model for Individual Prognosis or Diagnosis

(TRIPOD): explanation and elaboration. Ann Intern Med. 2015;162(1):

W1-W73.

29. Naimark M, Robbins CB, Gagnier JJ, et al. Impact of smoking on

patient outcomes after arthroscopic rotator cuff repair. BMJ Open

Sport Exerc Med. 2018;4(1):e000416.

30. Nakamura Y, Gotoh M, Mitsui Y, et al. Prognostic factors affecting

clinical outcomes after arthroscopic rotator cuff repair: importance of

functional recovery by 3 months after surgery. J Orthop Surg Res.

2018;13(1):310.

31. Nho SJ, Brown BS, Lyman S, Adler RS, Altchek DW, MacGillivray JD.

Prospective analysis of arthroscopic rotator cuff repair: prognostic

factors affecting clinical and ultrasound outcome. J Shoulder Elbow

Surg. 2009;18(1):13-20.

32. Oh JH, Kim SH, Ji HM, Jo KH, Bin SW, Gong HS. Prognostic factors

affecting anatomic outcome of rotator cuff repair and correlation with

functional outcome. Arthroscopy. 2009;25(1):30-39.

33. Ozbaydar MU, Tonbul M, Tekin AC, Yalaman O. Arthroscopic rotator

cuff repair: evaluation of outcomes and analysis of prognostic factors.

Acta Orthop Traumatol Turc. 2007;41(3):169-174.
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