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Background: There is an ever-increasing demand for widespread implementation of patient-reported outcomes. However, adop-
tion is slow owing to limitations in clinical infrastructure and resources within busy orthopaedic practices. Prior studies showed
the single alpha-numeric evaluation (SANE) score to correlate at a single point in time with the American Shoulder and Elbow
Surgeons (ASES) score. However, no study has validated the SANE in terms of test-retest reliability, responsiveness, or clinical
utility.

Purpose: To validate SANE with the ASES across a sample of patients with common orthopaedic shoulder diagnoses.

Study Design: Cohort study (diagnosis); Level of evidence, 2.

Methods: Patients undergoing rotator cuff repair (n = 77), total shoulder replacement (n = 55), or physical therapy (n = 80) for
signs and symptoms of subacromial impingement syndrome (n = 61) or adhesive capsulitis (n = 19) were administered the
SANE and ASES at baseline and again at their 3-month follow-up from initial care or surgery (N = 212, mean 6 SD age = 52.6
6 1.2 years, n = 145 women). Interclass correlation coefficient (ICC2,1) and standard error of the measurement (SEm) were
used to evaluate the test-retest reliability of the SANE and the validity between the SANE and ASES scores. Analysis of variance
(treatment group3 time) was used to evaluate the responsiveness to treatment, and a receiver operating characteristic curve was
used to establish the minimal clinically important difference (MCID) for the SANE as compared with the ASES (a = .05). Floor and
ceiling effects were evaluated as the percentage of patients who scored the highest or lowest score on each tool.

Results: The SANE demonstrated good pretreatment reliability (ICC2,1 = 0.84, SEM = 3.8), similar to the ASES (ICC2,1 = 0.82, SEM
= 3.4). The SANE also showed good agreement with the ASES before and after treatment across all treatment groups (rotator cuff
repair, ICC2,1 = 0.85, SEM = 3.4; total shoulder replacement, ICC2,1 = 0.72, SEM = 5.2; physical therapy: ICC2,1 = 0.82, SEM =
2.9). The SANE and ASES displayed similar responsiveness after treatment, with similar mean change and SD within each treat-
ment group. The receiver operating characteristic curve revealed an area under the curve of 0.79 (SE, 0.62; P\ .001) and a cutoff
of 15% on the SANE, with a sensitivity of 85% to establish the MCID. Acceptable and similar floor and ceiling effects were
observed for the ASES (4%) and SANE (9%).

Conclusion: The study demonstrates that the SANE is valid for a range of common shoulder diagnoses to assess patient out-
comes across operative and nonoperative treatment for shoulder complaints. The MCID of 15% is similar to that of the ASES
(11%), suggesting that the SANE is a simple and efficient tool to assess treatment effects for shoulder disorders. Future studies
are warranted to confirm these results and compare across other body parts and diagnoses.
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Patient-oriented outcomes (PROs) have traditionally been

used as research tools to evaluate treatment effectiveness.

As patient-centered models of care have emerged, PROs

can also be used to guide treatment decisions, determine

prognosis, and evaluate treatment response.20,23,24

However, emergence of value-based payment models,

such as those put forth by the Centers for Medicare and

Medicaid Services, may use PROs as performance meas-

ures and indicators of quality of health care delivery.17

However, most PROs were developed for research and for

specific patient populations and were validated for the pur-

pose of assessing treatment effectiveness.3

There are 11 well-studied region-specific shoulder-

related outcome scores that have reliability and validity

measures reported.14 However, like most PROs, the

The American Journal of Sports Medicine
1–6
DOI: 10.1177/0363546518807924
� 2018 The Author(s)

1



surveys require patient understanding and completion, fol-

lowed by clinician scoring and interpretation, thus result-

ing in efficiency challenges for a busy orthopaedic

clinic.11 While these measures are valid and have many

strengths, implementation at a population level has sev-

eral barriers, including the lack of appropriate infrastruc-

ture or resources, loss of clinician and patient time, and

complexity/interpretation of multiquestion forms.2 The

ideal outcome score should be simple and valid and should

entail limited resources and time. The single alpha-

numeric evaluation (SANE) score is an alternative method

for assessing patient self-reported function by asking,

‘‘How would you rate your shoulder today as a percentage

of normal (0% to 100% scale with 100% being normal)?’’25

The SANE score was validated in comparison with the

International Knee Documentation Committee (IKDC) score

for knee disorders19,26 and was recently shown to be associ-

ated with postoperative American Shoulder and Elbow Sur-

geons (ASES) score in the setting of rotator cuff repair, SLAP

repair (superior labral anterior and posterior), and total

shoulder arthroplasty.5,18,25 Although the SANE score was

shown to correlate with the ASES score at a single point in

time, this only establishes construct validity and does not

address all necessary components of a measurement tool.

In addition to validity, other psychometric properties of

a tool should be established, including the test-retest reli-

ability, responsiveness, error estimates for clinical utility,

and floor and ceiling effects across the population of patients

likely to be sampled.6 Test-retest reliability establishes the

consistency of the measure and the likelihood that it will

yield a similar result when a patient’s condition is stable.

Error estimates, including the minimal detectable change

(MDC) and the minimal clinically important difference

(MCID), should be determined to aid in interpretation of

statistically and clinically meaningful changes. Finally,

a tool should display adequate responsiveness to the popula-

tion of interest to detect if clinical change has occurred. To

our knowledge, no study has evaluated the SANE in terms

of test-retest reliability, responsiveness, and clinical utility

error estimates, including floor and ceiling effects, across

the most common orthopaedic shoulder cases. Therefore,

the purpose of this study was to validate the SANE as com-

pared with the ASES across a sample of patients with the

most common orthopaedic shoulder diagnoses by examining

test-retest reliability, responsiveness, and clinical utility in

terms of MCID as well as floor and ceiling effects.

METHODS

A total of 212 consecutive patients undergoing shoulder

treatment were recruited (mean 6 SD age, 52.6 6 1.2

years; n = 145 women): primary arthroscopic rotator cuff

repair (n = 77), total shoulder replacement (n = 55) for gle-

nohumeral osteoarthritis, or physical therapy (n = 80) for

signs and symptoms of subacromial impingement syn-

drome (n = 61) or adhesive capsulitis (n = 19). All patients

were administered the SANE and ASES at baseline and at

their 3-month follow-up from initial care or surgery

(Figure 1). Patients receiving physical therapy were diag-

nosed per McClure and Michener12 and followed a stan-

dardized treatment approach.21 The self-report portion of

the ASES score was used and is a condition-specific shoul-

der scale intended to measure the functional limitations

and pain of the shoulder.16 This portion of the ASES takes

approximately 5 to 7 minutes to complete 2 dimensions:

a pain scale and 10 questions quantifying activities of daily

living (eg, carrying or lifting above shoulder level). The

composite ASES score was used in this study: 50% pain

Figure 1. All patients completed the SANE and ASES at
baseline and 12 weeks. Patients completed the test-retest
reliability within 2 weeks of their surgical date or initial physi-
cian visit (for nonoperative cases). ASES, American Shoulder
and Elbow Surgeons; cap, capsulitis; f/u, follow-up; SAIS,
subacromial impingement syndrome; SANE, single alpha-
numeric evaluation; TSA, total shoulder arthroplasty.
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and 50% daily function.10,15 The SANE has been widely

reported and simply asks, ‘‘How would you rate your shoul-

der today as a percentage of normal (0% to 100% scale with

100% being normal)?’’25

Reliability and Validity

The SANE score’s test-retest reliability—that is, the stabil-

ity of the measure during a time when it should not have

changed6—was assessed with the interclass correlation

coefficient (ICC2,1) and standard error of the measure

(SEM) between 2 baseline measures of the SANE and

ASES. A subsample of patients (n = 78) completed the

SANE and ASES at baseline and within 14 days (9.4 6 3

days) to assess test-retest reliability (Figure 1). Construct

validity of the SANE was assessed by comparison with

the relative gold standard of the ASES, which has well-

established psychometrics with ICC2,k. The ASES score is

also the most commonly used shoulder outcome measure

in North America and was suggested as the regional out-

come measure of choice by the American Academy of

Orthopaedic Surgeons and the American Shoulder and

Elbow Surgeons.1,7 We also assessed the criterion validity

by evaluating the precision of the SANE by calculating

the SEM and MDC, which is the smallest amount of

change statistically likely to be real change in the score.6,8

Clinical Utility

Responsiveness and MCID were calculated for the SANE

to clarify its clinical application to evaluate patients’

reported function over time.6,8 Responsiveness is the abil-

ity of an instrument to accurately detect change as com-

pared with an external criterion indicative of clinically

meaningful change, which is most often quantified as the

MCID and can be calculated via anchor- or distribution-

based methodologies.9 We chose a distribution-based

approach to define the MCID for the ASES and SANE

across all patients and then for each treatment group.

Additionally, a mixed-model analysis of variance (treat-

ment group 3 time) was used to evaluate the responsive-

ness to treatment, and a receiver operating characteristic

curve was used to establish the MCID for the SANE com-

parison with the ASES (a = .05). Effect sizes were calcu-

lated across all patients and then individually for rotator

cuff repair, total shoulder replacement, and physical ther-

apy with nonspecific shoulder pain. To provide a measure

of responsiveness, effect sizes were interpreted as follows:

0.2, a small effect; 0.5, a moderate effect; and �0.8, a large

effect.4

Floor or ceiling effects were evaluated and considered

present if .15% of patients achieved the lowest or highest

possible score at baseline or follow-up.13,22 The presence of

floor or ceiling effects suggests that items at the extreme

have limited content validity. This would result in the

inability to differentiate 2 scores from each other at the

lowest or highest ranges; thus, reliability is reduced. This

would also limit the responsiveness because changes can-

not be measured for these patients. A sample size of at

least 50 patients was suggested to adequately evaluate

floor and ceiling effects.22

RESULTS

Reliability and Validity

The SANE demonstrated good pretreatment reliability

(ICC2,1 = 0.84, SEM = 3.4) similar to the ASES (ICC2,1 =

0.82, SEM = 3.4) (Table 1). The ASES and SANE scores

between baseline and the test-retest measure did not

change, with score differences ranging from 0% to 8.8%

across all patients. The SANE demonstrated good agree-

ment with the ASES across all treatment groups before

and after treatment (Table 1). The MDC ranged from 7%

to 9%, depending on the timing and treatment group.

This means that differences\9% are likely variability in

TABLE 1

Descriptive Statistics and Psychometric Properties of the SANE Score

for Operative and Nonoperative Patients With SAIS or Adhesive Capsulitisa

Time: Treatment Mean SD ICC2,1 MDC, % MCID, %

Baseline

Rotator cuff 46.6 12.4 0.84 6.7 11.8

TSA 39.3 17.5 0.80 8.1 16.8

SAIS 64.5 16.5 0.88 7.7 16.0

Adhesive capsulitis 58.5 13.5 0.90 7.1 14.7

Total 52.3 15.5 0.84 7.5 14.9

Follow-up, 12 wk

Rotator cuff 65.1 13.7 0.83 7.2 13.1

TSA 66.4 18.7 0.81 8.6 18.1

SAIS 84.8 14.6 0.86 7.6 14.0

Adhesive capsulitis 76.8 18.2 0.88 8.4 17.5

Total 70.8 15.7 0.83 7.8 15.0

aICC, interclass correlation coefficient; MCID, minimal clinically important difference; MDC, minimal detectable change; SAIS, subacro-

mial impingement syndrome; SANE, single alpha-numeric evaluation; TSA, total shoulder arthroplasty.
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reporting and not reflective of real change. The MCID

ranged from 11.8% to 18%, depending on the diagnosis

and time of assessment.

Clinical Utility

There was a significant group 3 time interaction effect on

SANE score change among treatment groups (P \ .05).

According to post hoc testing, the nonoperative and total

shoulder replacement groups showed different responsive-

ness over the course of care measured, whereas they were

similar to rotator cuff repair. There were large effect sizes

across groups, ranging from 1.3 to 1.5, meaning that the

SANE change relative to the variation in SANE change

was important beyond statistical significance alone. The

SANE and ASES displayed similar responsiveness after

treatment, with similar mean change and SD within each

treatment group (Figure 2).

The receiver operating characteristic curve for the

SANE on ASES response group for 12-week measures

revealed an area under the curve of 0.79 (SE, 0.62; P \

.001) and a cutoff of 15%, with a sensitivity of 85% and

a specificity of 31% to establish the MCID for postoperative

measures. The MCIDs varied by 5% to �10% across treat-

ment groups, suggesting that population-specific meaning-

ful changes in function, as measured by the SANE and

ASES, appear to exist (Table 1).

Baseline and 3-month follow-up scores were evaluated

for floor and ceiling effects by observing the frequency of

scores that reached the lowest and highest scores at each

time point. When all scores were evaluated, \3% of

ASES scores and\8% of SANE scores represented the low-

est and highest possible scores. The distribution was not

different between baseline and follow-up scores between

instruments, with no patients reporting 0 on either scale

(lowest scores: 8 and 9, respectively). The maximum

SANE and ASES scores were distributed evenly across

the postoperative and nonoperative patient subgroups.

This suggests that the SANE has lower ceiling effects as

compared with the ASES but is well below the accepted

cutoff of 15%.13,22

DISCUSSION

Our results show that the SANE is reliable, has acceptable

precision, and can monitor patients’ functional changes

after rotator cuff repair, total shoulder arthroplasty, and

nonoperative care for common shoulder conditions. The

SANE showed pretreatment reliability similar to that of

the ASES score; it also displayed similar responsiveness

after treatment. Moreover, the MCID was 15%, similar to

prior reports for the ASES.10,15 Finally, the SANE demon-

strated acceptable floor and ceiling effects, with rates

\10% across all observations, suggesting that it is not lim-

ited by the lowest or highest scores for most patients.

Our study demonstrated that the SANE score correlates

well with the ASES score, which is in agreement with pre-

vious studies. Williams et al25 evaluated the SANE score

and its correlation with the Rowe score and the ASES score

in the setting of various shoulder surgical procedures. The

authors reported good correlation between the SANE and

other scores. Cunningham et al5 compared the SANE score

with the ASES score after rotator cuff repair, rotator cuff

revision, and SLAP repair, demonstrating good correlation

with postoperative outcome scores. Beyond shoulder

pathology, the SANE score correlates well with the

Lysholm score in the setting of anterior cruciate ligament

reconstruction,26 the modified Cincinnati Knee Rating Sys-

tem and IKDC in the setting of anterior cruciate ligament

reconstruction or knee arthroscopy,19 and the IKDC in the

setting of a knee injury.27

Furthermore, the SANE has acceptable floor and ceiling

effects, with\15% of the observations reaching the lowest

or highest possible scores. This indicates that the SANE is

an acceptable outcome measure for short-term follow-up

for the majority of patients undergoing shoulder treat-

ment. Our results agree and are in contrast to recent

work evaluating the responsiveness and internal validity

of the SANE score as compared with the Constant score,

Western Ontario Osteoarthritis of the Shoulder (WOOS)

index, and ASES score in the setting of total shoulder

arthroplasty.18 In contrast, Sciascia et al18 demonstrated

that the SANE score was the least responsive with the low-

est effect sizes, lower than the ASES score and WOOS

index. However, differences among the WOOS, ASES,

and SANE were not beyond the MDC of these measures,

which suggests that these measures were statistically

equivalent. In addition, marked postoperative ceiling

effects were seen with the SANE score and the ASES score.

Interestingly, the authors also noted that many patients

may have inadvertently inversed the SANE score, as com-

pared with the standard measures. Our patients wrote

a number down as opposed to marking a visual analog

scale, so we did not see this in our data. The differences
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Figure 2. The SANE demonstrated similar responsiveness in
the assessment of operative and nonoperative shoulder con-
ditions. Values are presented as mean 6 SD. ASES, Ameri-
can Shoulder and Elbow Surgeons; POST, postoperative;
PRE, preoperative; SANE, single alpha-numeric evaluation;
TSA, total shoulder arthroplasty.
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in observed floor and ceiling effects may be due to the dif-

ferences in follow-up (2 years vs 3 months) and may reflect

higher levels of function in their study. This may also

explain why we did not observe consistent floor and ceiling

effects in our sample. We did not have a significant portion

of high-functioning patients across this sample, and future

studies are warranted to understand the SANE’s applica-

tion in higher-functioning populations. Beyond the short

follow-up of 3 months, our sample included no patients

\25 years old and no competitive athletes, thereby limiting

the population to which our results can be generalized.

This is an important feature that should be evaluated in

future studies.

Our results indicate that the MCID for the SANE score

is, on average, 15% across a variety of shoulder conditions.

This MCID is similar to that shown for the ASES score

(11%).15 Only 1 previous study evaluated an MCID for

the SANE after knee surgery, and it was 7% at 6-month

follow-up and 19% at 12-month follow-up, similar to our

results.27 Interestingly, these results suggest that the

MCID varies over time as recovery of a population begins

to diverge across conditions (12% for rotator cuff vs 18%

for total shoulder replacement). This is similar to our

results, where the precision and responsiveness across con-

dition varied at baseline and 3 months. Future studies

should evaluate the stability of the SANE over time and

emphasize the importance of population-specific MCIDs

or other measures of recovery for interpretations of clinical

outcomes. While the SANE provides similar precision and

‘‘percentage function’’ as compared with the ASES, classi-

fying a patient as improved or failed when in reality one

may report no change should be carefully considered.

Patient function is a multidimensional construct and is

not likely captured by a single outcome measure.28 There-

fore, future studies should evaluate how the SANE com-

pares with other measures, such as the ASES, in

assessing patient recovery and response to treatments.

However, even in light of these limitations, our results sug-

gest that, similar to the ASES, the SANE score is a simple

and time-efficient PRO that can be used to track patients

over time within a busy orthopaedic practice.

Our results should be interpreted within the context of

our sample, which included a range of patients with vary-

ing degrees of shoulder pathology and treatment proce-

dures, as well as a limited time frame. Therefore, the

specific MCIDs are population and time specific and should

be interpreted as such. Our sample is representative of the

average patient presenting for shoulder care but does not

include patients with shoulder instability or the athletic

shoulder, which may not yield the same results. Addition-

ally, we compared the SANE score with only the ASES

score. We did not use other more specific tools, such as

the Penn Shoulder Score, Western Ontario Rotator Cuff

Index, and Western Ontario and McMaster Universities

Osteoarthritis Index as these may provide different

results, in particular within a specific disease. However,

our goal was to evaluate clinical utility, and all of these

measures have �25 questions, thereby representing a chal-

lenge to the common orthopaedic practice. Finally, the

SANE and ASES did not perfectly agree, which suggests

that the SANE may reflect other constructs not measured

by pain and functional ability, including a patient’s expec-

tation of what ‘‘normal’’ is for his or her shoulder. This is

a limitation when applied among populations but

a strength for comparing individual patients over time.

CONCLUSION

Our study demonstrates that the SANE is valid for a range

of common shoulder diagnoses to assess patient outcomes

across operative and nonoperative treatment of shoulder

complaints. The MCID of 15% is similar to that of the

ASES (11%), suggesting that the SANE is a simple and

efficient tool to assess treatment effects for shoulder disor-

ders. Future studies are warranted to confirm these results

and compare across other body parts, diagnoses, and time

frames.
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