
BASIC SCIENCE

Establishing clinically significant outcome after
arthroscopic rotator cuff repair

Gregory L. Cvetanovich, MDa, Anirudh K. Gowd, BSb, Joseph N. Liu, MDc,
Benedict U. Nwachukwu, MDb, Brandon C. Cabarcas, BSb, Brian J. Cole, MD, MBAb,
Brian Forsythe, MDb, Anthony A. Romeo, MDd, Nikhil N. Verma, MDb,*

aDepartment of Orthopedic Surgery, The Ohio State University, Columbus, OH, USA
bDepartment of Orthopedic Surgery, Rush University Medical Center, Chicago, IL, USA
cDepartment of Orthopaedic Surgery, Loma Linda University Medical Center, Loma Linda, CA, USA
dDepartment of Orthopedic Surgery, The Rothman Institute, New York, NY, USA

Background: Outcomes reporting in rotator cuff repair (RCR) literature has been variable. The minimal
clinical important difference (MCID), substantial clinical benefit (SCB), and patient acceptable symptom-
atic state (PASS) bridge the gap between statistical significance and clinical relevance.
Methods: The American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form (ASES),
Single Assessment Numeric Evaluation (SANE), and Constant-Murley (Constant) scores were collected
preoperatively and 1 year postoperatively for patients undergoing RCR between 2014 and 2017. An anchor-
based approach was used to calculate the MCID, SCB change, and PASS for the ASES questionnaire.
Results: The study included 288 patients who underwent RCR. The MCID, SCB, and PASS were, re-
spectively, 11.1, 17.5, and 86.7 for ASES, 4.6, 5.5, and 23.3 for the Constant score, and 16.9, 29.8, and
82.5 for the SANE score. Factors associated with reduced odds of achieving MCID were current smoking
for ASES (odds ratio, 0.056) and single-row repair for the Constant score (odds ratio, 0.310). Workers’
compensation patients had reduced odds of achieving ASES SCB (odds ratio, 0.267) and were associated
with reduced odds of achieving PASS by ASES (odds ratio, 0.244), SANE (OR, 0.452), and Constant (odds
ratio, 0.313). Lower preoperative scores were associated with achieving MCID and SCB and higher pre-
operative Constant scores associated with PASS (P < .001).
Conclusion: This study establishes MCID, SCB, and PASS for ASES, Constant, and SANE scores in pa-
tients undergoing RCR. Factors associated with failing to achieve clinically significant values included
current smoking, single-row repairs, high body mass index, and workers’ compensation status.
Level of evidence: Basic Science Study; Development or Validation of Outcomes Instrument
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Outcome reporting in rotator cuff repair (RCR) is heavily
reliant on patient-reported outcome measures (PROMs), and
therefore, there is an increased need to establish clinical rel-
evance within these measures.8 Arthroscopic RCR leads to
robust improvements in PROMs for most patients, with
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significant changes occurring up to 1 year postoperatively.22,33

Nevertheless, considerable variability exists in outcomes re-
porting for clinical studies of RCR, with a systematic review
finding only 63% of studies documented range of motion mea-
surements, 65% documented tendon integrity with imaging,
and more than 20 functional outcome scores being reported.16

Such variability makes establishment of practice guidelines
from clinical studies difficult.

Clinically significant measures include the minimal clin-
ically important difference (MCID), substantial clinical benefit
(SCB), and patient acceptable symptom state (PASS). These
established measures are able to reflect patient benefit and
satisfaction after surgery.11 The MCID establishes the change
in outcome score that results in the smallest, appreciable clin-
ical improvement after surgery, the SCB demonstrates further
improvement that a patient finds to be considerable,20 and the
PASS represents the level of postoperative outcome score re-
quired to reflect patient satisfaction. These metrics represent
tiers of health states, where achieving MCID represents
minimal improvement from preoperative health, achieving SCB
represents substantial improvement from preoperative health,
and PASS represents satisfactory health status.6,9,26

These measures may be calculated through the distribu-
tion and anchor-based methods. The anchor-based method
specifies patient perception of improvement based off of cat-
egories of pain or function. Questions that gauge patient feeling
of improvement are tethered to PROM scores and analyzed
to establish the change in score that best differentiates levels
of improvement among patients. In doing so, this method may
be more robust in determining clinical significance, because
PROMs are “anchored” to a subjective patient evaluation of
their improvement in pain.7 These clinical measures are val-
uable to further research in regard to the rotator cuff so that
we may find clinically significant evidence to support guide-
lines on operative technique and indications for management
of rotator cuff pathology.21

This study was conducted to establish the MCID, SCB,
and PASS for RCR with respect to 3 shoulder PROMS and
to determine variables associated with achieving these values.
The hypothesis of this study was that specific differences
between preoperative and postoperative scores would be able
to accurately predict patient perception of improvement and
satisfaction as reflected by anchor-based questions.

Materials and methods

Study design

This was a retrospective analysis of shoulder PROMs. A longitu-
dinally maintained institutional rotator cuff registry was queried for
all patients undergoing RCRs between 2014 and 2017. PROMs were
captured preoperatively and 1 year postoperatively by an electron-
ic data collection service (Outcome Based Electronic Research
Database; Universal Research Solutions, Columbia, MO, USA). On
the day of surgery, trained research staff were present on-site to ad-
minister each outcome score for all included patients in the

preoperative bay. At the 1-year follow-up, patients were contacted
by e-mail every 5 days, for 1 month. After 1 month of reminders,
the survey expired to not reflect improvement at a different time point.
The 1-year follow-up was selected to measure improvement because
recent evidence would suggest that little to no change occurs after
the 1-year period,33 and included patients were generally coun-
seled to have reached improvement by 1 year. Extending follow-
up beyond this point increases the likelihood of confounding variables
and mechanisms related to repeat injury.

Outcome measures

All patients received shoulder-specific questionnaires: American
Shoulder and Elbow Surgeons Standardized Shoulder Assessment
Form (ASES),18 subjective Constant-Murley (Constant) Score,2 and
Single Assessment Numeric Evaluation (SANE).30 Patient-reported
outcomes were collected preoperatively and at 1 year postoperatively.

Anchor questions

Patients received anchor questions once they were 1 year from their
operation. These questions were used as anchors to determine clin-
ically meaningful change in outcomes.7 The satisfaction anchor
question was phrased, “Taking into account all activities you have
done during your daily life, your level of pain, and also your func-
tional impairment, do you consider that your current state is
satisfactory?” Responses were binary. The anchor question for change
in pain was phrased, “Since your surgery, has there been any change
in the pain in your shoulder?” Responses were based on the pre-
viously used 15-point global scale that ranged from –7 (“a very great
deal worse”) to +7 (“a very great deal better”).9,10

Patients who responded “almost the same, hardly any worse,”
“no change,” or “almost the same, hardly any better” corre-
sponded to a score of −1 to +1 and represented the no change group.
Those responding “a little better,” “somewhat better,” and “moder-
ately better” corresponded to a score of +2 to +4 and represented
the minimal improvement group. Patients who responded “a good
deal better,” “a great deal better,” and “a very great deal better” cor-
responded to a score of +5 to +7 and represented the substantial
improvement group.

Differences between the no change (−1 to +1) and minimal change
group (+2 to +4) were used to calculate the MCID using receiver
operating characteristic (ROC)curve/area under the curve (AUC) anal-
ysis, and differences between the group with no change (−1 to +1)
and substantial change (+5 to +7) were used to calculate the SCB
change. The SCB was calculated only as a difference between pre-
operative and postoperative scores for ease of comparison with the
MCID (Fig. 1, A). Differences in postoperative scores at 1 year after
operation between satisfied and unsatisfied patients were used to cal-
culate the PASS (Fig. 1, B). The distribution method was also used
to calculate the MCID.7

Patient selection

After assessing the registry, an initial patient population of 355 was
available that responded to all questionnaires. Patients lost to follow-
up were compared with included patients to assess for any differences
in age, sex, and baseline patient-reported outcomes that could produce
selection bias. Available medical records were retrospectively
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reviewed to exclude patients who had undergone previous ipsilat-
eral RCR or received any augmentation of repair with dermal allograft
patch, platelet-rich plasma, or bone marrow aspirate concentrate.

Additional variables were retrospectively collected, such as de-
mographics (age, sex, weight, body mass index [BMI]), medical
history (smoking, comorbidities), tear characteristics (size, tendon
involvement), and operative details (concomitant procedures, size
of tear, single vs. double row, retraction). Tear size was considered
small if between 0 and 1 cm, medium if between 1 and 3 cm, large
if between 3 and 5 cm, and massive if >5 cm by any dimension. Tear
size was not routinely measured during surgery. The Sports Med-
icine and Shoulder Service at our institution (Rush University Medical
Center) consists of 6 surgeons, all of whom contributed to this registry.

Statistical analysis

Statistical analysis was performed using RStudio 1.0.143 software
(Integrated Development for R; RStudio, Inc., Boston, MA, USA).
Cutoff values for distribution method MCID were one-half of the
standard deviation of all reported scores. Nonparametric ROC curves
and AUC analysis were used to evaluate each outcome score to predict
MCID, SCB change, and PASS based on the above anchor method
calculation. The degree of association was acceptable if the AUC
was greater than 0.7, and excellent if the AUC was greater than 0.8.1

The Youden index was used to identify the optimal cutoff that maxi-
mizes sensitivity and specificity for each outcome score. These
threshold scores were used to review all patient-reported scores to

determine which achieved MCID, which achieved SCB change, and
which achieved PASS.

Univariate analysis was performed with respect to each vari-
able using χ2 or the Student t test for categorical and continuous
variables, respectively. Multivariate logistical regression analysis was
performed on variables that achieved a P value of <.15 during uni-
variate analysis. Variables were considered significant if the final
P was <.05. Odds ratios were calculated for each variable with respect
to achieving MCID, SCB, and PASS.

Results

Demographics

During the study period, 1,158 RCRs were performed, and
355 patients (229 men and 126 women) answered the anchor
question at the 1-year postoperative assessment. The cohort
was a mean age of 56.2 ± 10.1 years. The baseline ASES score
was 44.7 ± 23.1, baseline SANE was 33.6 ± 20.4, and base-
line subjective Constant was 12.2 ± 6.7. Patients who
completed the anchor questions were not statistically differ-
ent than those that did not based on age, sex, and baseline
preoperative shoulder-specific outcome measures (Table I).
Tear size was reported to be small in 30 shoulders, medium
in 76, large in 32, massive in 60, and unmeasured in 90.

Figure 1 Anchor-based calculation of (A) minimally clinically important difference (MCID), substantial clinical benefit (SCP), and (B)
patient acceptable symptom state (PASS).
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Establishing MCID, SCB, PASS

We excluded 67 patients because they received revision repair,
superior capsular reconstruction, biologics in addition to repair,
or graft augmentation, leaving 288 patients for analysis. From
anchor-based questionnaire queries on patient improvement
in pain, 18 patients reported “no change,” 41 reported “minimal
improvement,” and 158 reported “substantial improve-
ment.” There were 71 patients that reported worse outcomes
and could not be used to calculate MCID or SCB change. A
further 218 patients reported the procedure was satisfacto-
ry, and 70 reported the procedures was unsatisfactory. The
MCID calculated using the anchor method was 11.1 for ASES,
29.4 for SANE, and 5.5 for subjective Constant. ASES and
subjective Constant had an acceptable AUC range of 76.2 and
71.0, respectively. The MCID calculated using the distribu-
tion method was 11.7 for ASES, 16.9 for SANE, and 4.6 for
subjective Constant (Table II).

The calculated SCB change was 17.5 for ASES, 29.8 for
SANE, and 5.5 for subjective Constant. ASES and subjec-
tive Constant had excellent an AUC range of 83.2 and 82.4,
respectively. The SCB change calculation for SANE was not
acceptable (Table II). PASS, calculated from satisfaction
anchors and 1-year patient-reported outcomes, was 86.7 for
ASES, 82.5 for SANE, and 23.3 for subjective Constant. The
AUC was excellent for ASES, SANE, and subjective Con-
stant at 87.5, 83.8, and 75.6, respectively (Table II). Using
clinical thresholds for ASES, 86.0% achieved MCID, 80.6%
achieved SCB, and 52.1% achieved PASS. With thresholds
for SANE, 80.6% achieved MCID, 66.0% achieved SCB, and
51.9% achieved PASS. With thresholds for Constant, 75.8%
achieved MCID, 75.8% achieved SCB, and 60.5% achieved
PASS (Table III). From the pairwise comparison, a signifi-
cant proportion of patients achieved SCB by ASES, but not

Table I Demographic characteristics

Variable Completed
anchors

Incomplete
anchors

P value

(n = 355) (n = 802)

Age, mean (SD), yr 56.2 (10.1) 56.1 (9.6) .133
Sex .379

Male, No. (%) 229 (64.5) 507 (63.2)
Female, No 126 295

Baseline scores
ASES, mean (SD) 44.7 (23.1) 42.5 (20.3) .129
SANE, mean (SD) 33.6 (20.4) 35.1 (24.3) .322
Constant, mean (SD) 12.2 (6.7) 11.8 (6.8) .379

SD, standard deviation; ASES, American Shoulder and Elbow Surgeons
Standardized Shoulder Assessment Form Score; SANE, Single American
Numeric Evaluation; Constant, subjective Constant–Murley Score.

Table II Minimally clinically important difference, substantial clinical benefit, and patient acceptable symptom state at 1 year after
rotator cuff repair

Assessment MCID (anchor) Specificity (%) Sensitivity (%) AUC (%) MCID (distribution)

ASES 11.1 70.0 87.5 76.2 11.7
SANE 29.4 82.5 53.1 48.4 16.9
Constant 5.5 77.8 62.5 71.0 4.6

SCB (anchor) Specificity (%) Sensitivity (%) AUC (%)

ASES 17.5 80.0 86.6 83.2
SANE 29.8 62.5 71.6 65.4
Constant 5.5 77.8 85.1 82.4

PASS (anchor) Specificity (%) Sensitivity (%) AUC (%)

ASES 86.7 94.8 69.6 87.5
SANE 82.5 92.9 66.2 83.8
Constant 23.3 84.5 77.8 86.8

MCID, minimally clinically important difference; AUC, area under curve; ASES, American Shoulder and Elbow Surgeons Standardized Shoulder Assessment
Form Score; SANE, Single Assessment Numeric Evaluation; Constant, subjective Constant-Murley Score; SCB, substantial clinical benefit; PASS, patient
acceptable symptom state.

Table III Percentage of patients achieving clinically signif-
icant outcomes by score

Assessment Achieved

MCID SCB PASS

(%) (%) (%)

ASES 86.0* 80.6† 52.1†

SANE 80.6 66.0‡ 51.9†

Constant 75.8* 75.8† 60.5†

MCID, minimally clinically important difference; SCB, substantial clin-
ical benefit; PASS, patient acceptable symptom state; ASES, American
Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form
Score; SANE, Single Assessment Numeric Evaluation; Constant, subjec-
tive Constant-Murley Score.

† Found to have excellent area under the curve (AUC) from the receiv-
er operating characteristic (ROC) curve/AUC analysis.
* Found to have acceptable AUC from ROC curve/AUC analysis.
‡ Found to have poor AUC from ROC curve/AUC analysis.
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from SANE (P = .001), and a significantly greater propor-
tion achieved SCB by Constant score than from SANE
(P = .027). An equivalent proportion of patients achieved PASS
from all scores (P > .05), and an equivalent proportion achieved
MCID from all scores (P > .05).

Variables associated with clinical significance

Logistical regression analysis to determine patient and sur-
gical factors associated with clinical significance was
performed using the anchor-based calculated scores for ASES
and subjective Constant. The distribution-based scores were
used for SANE because the ROC curve/AUC analysis sug-
gested the anchor-based score was not reliable (Table IV).
Univariate and subsequent multivariate analysis demon-
strated that current smokers had significantly reduced odds
of achieving MCID for the ASES score (odds ratio, 0.056;
95% confidence interval [CI], 0.005-0.697; P = .025). Single-
row repair was associated with significantly reduced odds of
achieving MCID for the Constant score (odds ratio, 0.011;
95% CI, 0.123-0.740; P = .008). Higher preoperative scores
were also associated with reduced odds of achieving MCID
for ASES (odds ratio, 0.950; 95% CI, 0.926-0.973; P ≤ .001),
Constant (odds ratio, 0.881; 95% CI, 0.832-0.933; P < .001),
and SANE (odds ratio, 0.946; 95% CI, 0.900-0.993; P < .001).

Patients insured by workers’ compensation had reduced
odds of achieving SCB change for the ASES score (odds ratio,

0.267; 95% CI, 0.108-0.661; P = .004; Table V). Single-
row repairs had reduced odds of achieving SCB change for
the Constant score (odds ratio, 0.310; 95% CI, 0.15-0.768;
P = .011). Multivariate analysis was not performed for SANE
because this score was not found to be appropriately predic-
tive of SCB change. Higher preoperative scores were associated
with reduced odds of achieving SCB change for the
ASES (odds ratio, 0.937; 95% CI, 0.916-0.959; P ≤ 0.001)
and Constant scores (odds ratio, 0.883; 95% CI, 0.834-
0.934; P < .001).

Patients insured by workers’ compensation were associ-
ated with reduced odds of achieving PASS by ASES (odds
ratio, 0.244; 95% CI, 0.073-0.813; P = .022), SANE (odds
ratio, 0.452; 95% CI, 0.221-0.924; P = .030), and Constant
scores (odds ratio, 0.313; 95% CI, 0.139-0.703; P = .005).
Patients with greater BMIs were also associated with reduced
odds of achieving PASS by the Constant score (odds ratio,
0.947; 95% CI, 0.899-0.997; P = .038). Only a greater pre-
operative Constant score was associated with reduced odds
of achieving PASS (odds ratio, 0.828; 95% CI, 0.777-
0.882; P ≤ .001; Table VI).

Preoperative scores were predictive of achieving MCID
and SCB for all respective scores, but not PASS. Patients with
a preoperative score of less than 58.3 for ASES
(AUC = 72.1%), 51.6 for SANE (AUC = 76.7%), and 11.5
for Constant (AUC = 71.9%) had greater propensity to achieve
MCID. Patients with a preoperative score of less than 46.6
for ASES (AUC = 75.3%), 50.1 for SANE (AUC = 81.8%),

Table IV Logistical regression of variables associated with achieving the minimally clinically important difference

Variable Univariate regression
(P value)

Multivariate regression
(P value)

Odds ratio (95% CI)

ASES
Pre-op ASES .001 <.001 0.950 (0.926-0.973)
Smoking .026 Current: .025 Current: 0.056 (0.005-0.697)

Former: .979 Former: 0.965 (0.066-1.41)
Never: .154 Never: 0.193 (0.020-1.86)

Biceps .038 .119 0.432 (0.150-1.24)
Single-row repair .134 .147 0.407 (0.121-1.37)
Age .032 .154 0.968 (0.925-1.01)

Constant
Pre-op Constant <.001 <.001 0.881 (0.832-0.933)
Biceps .076 .278 0.670 (0.325-1.38)
Single-row repair .011 .008 0.302 (0.123-0.740)
Age .091 .088 0.969 (0.934-1.00)

SANE
Pre-op SANE <.001 .024 0.946 (0.900-0.993)
Dominant side .169 .155 0.177 (0.016-1.92)
DCE .088 .995 N/A
Massive tear .016 .753 1.46 (0.140-15.20)
Mobilization .168 .236 0.150 (0.007-3.45)

CI, confidence interval; ASES, American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form Score; Constant, subjective Constant-
Murley Score; SANE, Single Assessment Numeric Evaluation; DCE, distal clavicle excision; N/A, not applicable.
Bold values are statistically significant (P < .05).
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and 11.5 for Constant (AUC = 71.9%) had greater propen-
sity to achieve SCB (Table VII).

Discussion

This study established values for the MCID, SCB change, and
PASS for patients undergoing RCR with respect to the ASES,
Constant, and SANE scores. We also found several factors
associated with failing to achieve these clinically significant

outcomes after RCR, including current smoking, single-
row repairs, high BMI, and workers’ compensation status. In
addition, patient preoperative scores were highly predictive
of achieving clinically significant outcomes because pa-
tients with lower preoperative scores were more likely to
achieve MCID and SCB change, whereas those with higher
preoperative Constant were more likely to reach PASS. These
threshold values for metrics of clinically significant improve-
ment and acceptable final outcome state after RCR for 3
commonly used outcome scores can be used to ensure that

Table V Logistical regression of variables associated with achieving substantial clinical benefit on American Shoulder and Elbow Sur-
geons and Constant scores

Variable Univariate regression
(P value)

Multivariate regression
(P value)

Odds ratio (95% CI)

ASES
Pre-op ASES <.001 <.001 0.937 (0.916-0.959)
WC .091 .004 0.267 (0.108-0.661))
Biceps .041 .175 0.556 (0.238-1.30)
Single-row repair .068 .082 0.397 (0.140-1.12)
Age .057 .288 0.978 (0.939-1.02)

Constant
Pre-op Constant <.001 <.001 0.883 (0.834-0.934)
Diabetes .172 .597 0.886 (0.271-2.90)
Biceps .080 .280 0.671 (0.325-1.38)
Single-row repair 0012 .011 0.310 (0.125-0.768)
Age .091 .109 0.971 (0.936-1.01)

CI, confidence interval; ASES, American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form Score; WC, workers’ compensation; Con-
stant, subjective Constant-Murley Score.
Bold values are statistically significant (P < .05).

Table VI Logistical regression of variables associated with achieving the patient acceptable symptom state on outcome measures

Variable Univariate regression
(P value)

Multivariate regression
(P value)

Odds ratio (95% CI)

ASES
Pre-op ASES .125 .784 0.996 (0.968-1.030)
WC .006 .022 0.244 (0.073-0.813)
Comorbid HTN .127 .574 0.465 (0.032-6.700)
Dominant Side .051 .639 0.779 (0.274-2.210)
Age .014 .361 0.967 (0.900-1.040)
Body mass index .007 .483 0.968 (0.884-1.060)

SANE
WC .003 .030 0.452 (0.221-0.924)
Labral débridement .036 .114 0.598 (0.317-1.130)
Body mass Inex .090 .491 0.983 (0.938-1.030)

Constant
Pre-op Constant <.001 <.001 0.828 (0.777-0.882)
WC <.001 .005 0.313 (0.139-0.703)
Bicep .112 .184 0.638 (0.329-1.240)
DCE .037 .950 1.030 (0.393-2.710)
Massive tear .172 .675 1.160 (0.571-2.370)
Age .135 .420 0.986 (0.952-1.020)
Body mass index .018 .038 0.947 (0.899-0.997)

CI, confidence interval; ASES, American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form Score; WC, workers’ compensation; HTN,
hypertension; SANE, Single Assessment Numeric Evaluation; Constant, subjective Constant-Murley Score; DCE, distal clavicle excision.
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significant improvements after surgery meet levels of im-
provement and final patient state that are significant and
acceptable to the patient, beyond simple statistical signifi-
cance. Moreover, factors associated with failing to achieve
clinically significant improvements can be considered in pre-
operative counseling and surgical planning.

The literature contains several prior reports of clinically
significant values for rotator cuff pathology, although gen-
erally for heterogeneous patient groups with a variety of
diagnoses and mixture of operative and nonoperative treat-
ments, as well as some reports with suboptimal methodology.
For the Western Ontario Rotator Cuff Index (WORC), an early
study reported a MCID of 245.26 points based on an anchor-
based approach for a sample of 44 patients with diagnosis
of chronic rotator cuff tendinosis without tear undergoing
nonoperative treatment with subacromial cortisone injec-
tion with only 3 months of follow-up.13 Another study of
subacromial cortisone injections in 121 patients with rotator
cuff disease (without specifying the percentage who had tear)
undergoing subacromial cortisone treatment found a WORC
MCID of 275 at 6 weeks of follow-up.4

The MCID for ASES and SST were evaluated by Tashjian
et al25 with an anchor-based approach in 81 patients with rotator
cuff tendonitis or tear undergoing nonoperative treatment with
6 weeks of follow-up. This study found an MCID value of
2 for SST and 12 to 17 for ASES. Another study calculated
the MCID using a distribution-based approach for ASES at
6.4 points in 63 patients with various causes of “shoulder dys-
function” treated with 4 weeks of physical therapy.18

It is difficult to compare the present study of patients un-
dergoing RCR for rotator cuff tear with 1-year follow-up to
these prior studies of patients with heterogenous shoulder pa-
thology undergoing nonoperative treatment with 4 weeks to
3 months of follow-up. Clinically significant outcomes at 1
year are representative of maximal medical outcome, and there-
fore, establishing clinical improvement values for this time
point holds greater relevance.33

The literature to date contains few studies evaluating MCID
for patients with the specific diagnosis of rotator cuff tear un-
dergoing RCR or nonoperative treatment. Kukkonen et al14

reported the MCID for the Constant score using anchor-
based and distribution-based methods with a 2-level question
at 1 year after RCR in 781 patients. MCID estimates with
various methods yielded an MCID estimate of 10.4 (range,
2 to 16).

Gagnier et al5 recently reported 222 patients with full-
thickness rotator cuff tear diagnosed by magnetic resonance
imaging or ultrasound imaging and used both anchor-based
and distribution-based methods to calculate the MCID for
WORC and ASES. Operative RCR and nonoperative treat-
ments were both included, and follow-up was 64 weeks. The
MCID for ASES was 21.9 and 26.9 for anchor-based and
distribution-based methods, respectively, and for WORC was
–588.7 and –392.5, respectively. They found that the patient
sex, age, Functional Comorbidity Index, and Charlson
Comorbidity Index did not predict the MCID. Their study was
limited by sample size, with only 18 patients total and only
5 patients who underwent surgical treatment with RCR re-
porting ASES and responding to anchor questions at 64 weeks
of follow-up.

Our MCID for ASES (11.1 for anchor-based and 11.7 for
distribution-based methods) was more similar to Kukkonen
et al14 than Gagnier et al,5 which may reflect that both studies
analyzed only patients undergoing operative treatment with
RCR for patients with diagnosis of rotator cuff tear and had
the same 1-year follow-up time point. In addition, the SANE
score, as a single question survey, was not found to be an ap-
propriate surrogate for lengthier questionnaires based on
unacceptable AUC values (<70%) in predicting MCID and
SCB. This discrepancy is in contrast to previous studies re-
garding the anterior cruciate ligament.24,31 However, this
questionnaire achieved high prediction of the PASS, which
reflects its value in differentiating satisfactory and unsatis-
factory results in patients.

Strengths of our study are that it expands upon this
existing work by defining the MCID for the ASES, Con-
stant, and SANE scores in a large series of patients with
rotator cuff tears undergoing surgical treatment with RCR.
We had significantly larger sample size with similar follow-
up compared with Gagnier et al5 (1 year vs. 64 weeks) and
similarly used both anchor-based and distribution-based
methods to calculate the MCID for the ASES. Kukkonen
et al14 had a larger series of patients undergoing RCR with
similar 1-year follow-up, but they defined MCID only for
the Constant score and used a 2-stage anchor question. The

Table VII Predictive value of preoperative scores toward achiev-
ing minimally clinically important difference, substantial clinical
benefit, and patient acceptable symptom state for respective
patient-reported outcome measures

Variable Threshold Sensitivity Specificity AUC

(%) (%)

MCID
ASES 58.3 62.1 79.2 72.1
SANE 51.6 57.5 87.3 76.7
Constant 11.5 78.8 60.1 71.9

SCB
ASES 46.6 77.8 65.4 75.3
SANE 50.1 65.7 88.2 81.8
Constant 11.5 78.8 60.1 71.9

PASS
ASES 35.7 48.7 73.6 61.9
SANE 17.4 77.7 25.9 47.7
Constant 8.3 75.3 32.3 49.1

AUC, area under the curve; MCID, minimally clinically important differ-
ence; ASES, American Shoulder and Elbow Surgeons Standardized Shoulder
Assessment Form Score; SANE, Single Assessment Numeric Evaluation;
Constant, subjective Constant-Murley Score; SCB, substantial clinical
benefit; PASS, patient acceptable symptom state.
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use of a 2-stage question leaves no neutral zone for “un-
changed,” and our anchor question using a 15-item scale is
a more robust method to account for nuanced outcomes
with no or slight improvement.

Ours study is the first, to our knowledge, to report MCID,
PASS, or SCB for the SANE score. Unlike prior studies to
date, our study defines additional metrics of clinically sig-
nificant results beyond MCID, namely SCB and PASS. These
additional threshold values provide a spectrum of clinically
meaningful outcomes that may be used to gauge operative
value.20 Providing these stratified levels of outcomes allows
us to better support evidence for treatment guidelines in
RCR.

Furthermore, we went beyond prior studies by detailed mul-
tivariate analysis of factors associated with failure to achieve
clinically significant outcomes of RCR, finding that failure
to achieve clinically significant outcomes was associated with
current smokers, single-row repairs, workers’ compensa-
tion patients, and high BMI. Previous systematic reviews and
clinical studies have identified these factors as being asso-
ciated with statistically inferior clinical outcomes and higher
retear rates after RCR, although prior studies have not evalu-
ated clinically significant outcomes.12,17,19,23,28,32 For instance,
in a cohort of 187 patients who had recurrent rotator cuff tears,
workers’ compensation was an independent predictor of poorer
satisfaction and a lower ASES score,12 which is directly cor-
roborated by the association of workers’ compensation to
multiple inferior outcomes in the present study.

Our finding that single-row RCRs had multiple inferior out-
comes on measurements of clinical significant results compared
with double-row RCRs runs, contrary to the highest level of
evidence, which generally suggests that double-row repairs
may result in superior structural healing but without a dif-
ference in clinical outcomes. This discrepancy could be related
to our retrospective study design and potential confounding
variables that are not fully controlled for in our multivariate
regression.

Lower preoperative scores were associated with in-
creased odds of achieving MCID and SCB, whereas a
higher preoperative Constant score was associated with
achieving PASS. This suggests, similar to prior studies, that
patients with worse preoperative function have more room
to reach clinically significant improvement metrics like
MCID and SCB but that patients with higher preoperative
function are more likely to reach a threshold measuring
acceptable state such as PASS.3 Specific thresholds of
preoperative score were found wherein lower scores had
greater propensity in achieving MCID and SCB, but the
same association was not found for PASS. This reflects the
a greater prognostic ability for patients to improve when
they subjectively feel at a lower health state, whereas the
achievement of patient satisfaction (PASS) after surgery
remains less predictable. Although not previously reported
for RCR, 2 prior groups have reported factors associated
with failure to reach ASES MCID have been reported for
shoulder arthroplasty and include higher preoperative score,

reverse as opposed to anatomic shoulder arthroplasty, dia-
betes, rotator cuff tear requiring repair at the time of
shoulder arthroplasty, previous surgery, and diagnosis of
rheumatoid arthritis.15,29

Findings of the present study are vital for clinicians to ap-
propriately set patient expectations for recovery and identify
factors that may be associated with achieving greater im-
provement. In addition, these metrics create benchmarks for
recovery to evaluate outcomes. Future research may benefit
from the use of these metrics in creating more robust power
analyses and determining which operative variables may be
associated with greater clinically significant outcomes. Future
studies may also wish to control for variables noted to be as-
sociated with achievement of these outcome measures, such
as preoperative score, single-row repair, smoking status, BMI,
and workers’ compensation.

Limitations of the present study include patient compli-
ance at the 1-year evaluation. Maintaining a single follow-
up time point was critical because patients with varying
timelines would likely reflect differences in outcome scores.
Baseline demographics and scores were compared with the
noncompliant population to ensure our cohort is representa-
tive of all patients undergoing RCR. Similar methodology has
been previously used to measure clinically significant
outcomes29; however, it is important to note that this does not
entirely account for selection bias of patients. Follow-up was
also restricted to 1 year due to recent evidence of maximal
improvement,33 however, it may be possible that 2-year out-
comes could show differing trends.

In addition, domain-specific anchor questions have been
shown to hold greater construct validity over global anchor
questions.27 For this reason, pain was the domain of choice
for constructing the MCID, SCB, and PASS and was se-
lected based on our belief that this is the most relevant change
within this population. Different anchor questions may in-
fluence the MCID, SCB, and PASS marginally.

These values are limited to only patients who underwent
RCRs. Those with rotator cuff tears who elect to pursue
nonoperative management or arthroscopic débridement are
not related to the values established by the present study. Al-
though numerous patient and surgical factors, including patient
demographics, surgical technique with single-row vs. double-
row repair, and tear characteristics, including tear size and
retraction, were analyzed, there are other potentially impor-
tant factors that were not considered, including Goutallier
classification.

Analysis of tear size was limited because measurements
were not routinely performed in all operations. Tear size may
certainly be related to achievement of significant outcomes,
but this was not found within the present study.

Finally, our retrospective analysis of collected data does
not allow us to establish causation. For instance, the associ-
ation of single-row repairs with several inferior outcomes could
be related to confounding variables such as whether single-
row repairs were preferentially performed in older patients
with larger chronic tears and associated atrophy.
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Conclusion

This study establishes the MCID, SCB, and PASS for
ASES, Constant, and SANE scores in patients undergo-
ing RCR. Factors associated with failing to achieve
clinically significant values included current smoking,
single-row repairs, high BMI, and workers’ compensa-
tion status. Lower preoperative scores were predictive
achieving MCID and SCB, whereas a higher preopera-
tive Constant score was associated with achieving PASS.
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