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Background: Movement toward a value-based health-care system necessitates the development of performance
measures to compare physicians, hospitals, and health-care systems. Patient-reported outcomes (PROs) are a potential
metric. However, valid use of PROs hinges on the ability to risk-adjust for baseline patient differences across a surgeon’s
panel of patients. The purpose of this study was to propose an approach for baseline risk adjustment and evaluate the
importance of risk adjustment when comparing surgeons’ performance of rotator cuff repair.
Methods: Patients (n = 995) treated with arthroscopic rotator cuff repair by 34 surgeons from 2010 to 2017 were
identiﬁed from a large sports medicine clinical data registry. A linear regression model was used to adjust for baseline
PROs, patient demographics, and clinical characteristics to predict American Shoulder and Elbow Surgeons (ASES)
change scores for each surgeon. A risk-adjusted performance measure was calculated as the difference between the
average unadjusted ASES change scores and the risk-adjusted predicted ASES change scores across all patients treated
by a surgeon.
Results: The differences between unadjusted and risk-adjusted performance scores varied widely across surgeons
(range, 213.8 to 10.3 ASES points). Use of the risk-adjusted performance scores resulted in a dramatic change in the
relative ranking of surgeons, compared with the ranking based on the observed ASES change scores, with 31 of the 34
surgeons’ rank changing following risk adjustment. On average, the observed ASES scores improved from 49.5 ± 17.5 at
baseline to 78.0 ± 22.5 at 6 months across all surgeons. In the risk-adjustment model (R2 = 0.44), male sex, Workers’
Compensation status, higher scores on the Veterans RAND 12-item Health Survey (VR-12), lower baseline ASES scores,
fair and poor tendon quality, and night pain all had a signiﬁcant effect on the predicted ASES change scores (p < 0.05).
Conclusions: Our results show wide variation of nearly 25 points in the risk-adjusted 6-month ASES performance
difference from the highest to the lowest-performing surgeons. Additionally, 91% of surgeons’ rank changed following risk
adjustment. This suggests that performance measurement that does not account for baseline patient characteristics
would likely result in incorrect conclusions about a surgeon’s relative performance based on PROs.
Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

H

ealth-care systems are moving from a volume-based,
fee-for-service model to one that pays providers on
the basis of the quality of care provided1. This transition is apparent in the Centers for Medicare & Medicaid
Services (CMS) stated goal that 50% of payments to providers
be through an alternative payment model by the end of 20182.
These models provide payment adjustments based on practicespeciﬁc quality data and must include 1 patient outcome

measure3. Six sports medicine surgical measures have been
approved for use by the CMS across common knee and shoulder
conditions4,5.
Patient-reported outcomes (PROs) have been long touted
as the “ultimate validators of the effectiveness and quality of
medical care” and are thought to best reﬂect a patient’s health
status or health status change following medical care6. While
orthopaedic-speciﬁc PROs have been validated for body
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Fig. 1.

Flowchart displaying excluded patients and surgeons from original sample.

regions and diagnoses, until recently there were few data
sources with a sufﬁciently large sample to allow the use
of PROs for assessment of surgeons’ performance7-9. Thus,

there are no standardized benchmarks for expected PROs by
which surgical outcomes can be assessed to compare surgeon
performance.

TABLE I Risk Factors Used in Outcome Risk-Adjustment Models
AAOS AUC Indications

Available SOS Variables Matched to AAOS Indication

Symptom severity

Baseline ASES score, shoulder pain at night

ASA status

Baseline VR-12 physical component summary score,
baseline VR-12 mental component summary score

Identiﬁable factors that negatively affect
healing

Presence of diabetes, BMI, elevated age, current smoker,
tendon quality

Identiﬁable factors that negatively affect
outcome

Workers’ Compensation status, sex

Tear size and retraction

Snyder classiﬁcation, no. of tendons torn

Atrophy/fatty inﬁltration

Not available

Added Clinical Variables

Presence of biceps tear, presence of
glenohumeral osteoarthritis, narcotic
use prior to surgery
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TABLE II Characteristics of Patient Sample (N = 995) Used
for SOS Analysis of Surgeons’ Performance of
Rotator Cuff Repair
No. (%)*
Symptom severity
Baseline ASES score†

49.5 ± 17.5

Reports shoulder pain at night

918 (92.3)

Baseline VR-12†
Mental
Physical
Identiﬁable factors that negatively affect healing
Diabetes

52.3 ± 11.0
36.0 ± 8.2
99 (9.9)

BMI† (kg/m2)

29.5 ± 5.7

Age† (yr)

58.9 ± 10.3

Current smoker

99 (9.9)

Tendon quality
Excellent
Good
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78 (7.8)
510 (51.3)

Fair

304 (30.6)

Poor

103 (10.4)

Identiﬁable factors that negatively affect
outcome
Workers’ Compensation

92 (9.2)

Diagnosis of biceps tear

525 (52.8)

Diagnosis of glenohumeral osteoarthritis

113 (11.4)

Reported narcotic use before surgery

199 (20.0)

Male

575 (57.8)

Tear size and retraction
Snyder class
Level 1

15 (1.5)

Level 2

154 (15.5)

Level 3

299 (30.1)

Level 4

527 (53.0)

No. of tendons torn
1

463 (46.5)

2

382 (38.4)

‡3

150 (15.1)

*Unless otherwise indicated. †The values are given as the mean
and standard deviation.

A simple comparison of unadjusted change scores (postoperative minus preoperative) for PROs across multiple surgeons’ panels of patients may be biased as it does not take into
consideration the baseline patient-speciﬁc factors associated
with outcomes that are not modiﬁable by the surgeon. Thus,
evaluations of raw change scores that do not adjust for these
baseline factors may result in incorrect inferences about high or
low-quality providers. To accurately measure relative surgeon
performance using PROs, it is necessary to develop an analytical approach that controls for differences in patient baseline
characteristics6,10-19.

We are not aware of any studies demonstrating this riskadjustment process to evaluate surgeon quality using an approach
based on PROs. The purpose of this study was to propose an
approach for baseline risk adjustment and evaluate the importance of risk adjustment when comparing surgeons’ performance of rotator cuff repair. We hypothesized that, by using
baseline patient characteristics, we would be able to estimate
surgeon performance measures that differentiated surgeons on
the basis of their panel of patients. We describe our approach to
implement a development model, present preliminary results,
and discuss next steps for model reﬁnement.
Materials and Methods
Data Source
ata on 3,526 patients who were treated with primary,
unilateral, arthroscopic rotator cuff repair by a total of 148
surgeons from 2010 to 2017 were extracted from the Surgical
Outcomes System (SOS; Arthrex). The SOS database is an
orthopaedic and sports medicine certiﬁed clinical data registry
that was developed for surgeons to easily collect and analyze
patient outcomes at baseline and 3, 6, 12, and 24 months after
surgery. The ﬁnal analytic sample included 34 surgeons with ‡5
complete patient observations, providing a panel of 995 unique
patients that we used to evaluate surgeon performance (Fig. 1).
This project was approved by the University of South Carolina/
Greenville Health System institutional review board and adheres
to the RECORD (REporting of studies Conducted using Observational Routinely-collected Data) guidelines, which highlight the
determination of the sample.

D

Approach
To develop a risk-adjusted surgeon-level PRO measure following primary, unilateral, arthroscopic rotator cuff repair, we
followed the steps below.
Step 1: Selection of a Disease-Specific PRO Measure
The initial step involved selecting a disease-speciﬁc PRO measure
that is sensitive to changes following rotator cuff repair. We chose
the American Shoulder and Elbow Surgeons (ASES) score as
the primary outcome of interest as it was selected by the
American Academy of Orthopaedic Surgeons (AAOS) Quality
Outcomes Data Work Group in 201520, is the most commonly
used PRO measure for the shoulder, and has shown good
psychometrics following rotator cuff repair7,8. We chose a 6month follow-up window to match the CMS requirement for
value-based reporting within a calendar year and because this is
a common ﬁnal follow-up interval for many patients who have
undergone rotator cuff repair. Additionally, recent work has
shown that patients achieve >88% of their pain relief and
functional improvement in the ﬁrst 6 months following
repair21.
Step 2: Baseline Risk-Adjustment Factors
The AAOS Appropriate Use Criteria (AUC) for Optimizing the
Management of Full-Thickness Rotator Cuff Tears22 were used
as a conceptual framework for identifying baseline patient
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Fig. 2.

Risk-adjusted ASES performance differences yielded different ranks of surgeon performance compared with the unadjusted ASES change scores.

demographic and clinical factors that may affect patient outcomes following rotator cuff repair but are not modiﬁable by
the surgeon. Indications outlined in the AAOS document
include symptom severity, American Society of Anesthesiologists (ASA) physical status classiﬁcation, identiﬁable factors
that negatively affect healing, identiﬁable factors that negatively
affect outcome, rotator cuff tear size and retraction, and atrophy/fatty inﬁltration. Available SOS variables were mapped to
each AUC indication category and included in the risk-adjusted
model (Table I).
Symptom severity was measured with the baseline ASES
score and the report of shoulder pain at night. The AUC recommends use of ASA status to reﬂect general patient health,
but ASA status was not available in the SOS data set. Instead,
the Veterans RAND 12-Item Health Survey (VR-12) mental
and physical component summary scores were used to control
for baseline patient health. The VR-12 is a common health

status questionnaire that is widely used and has validated
normative values representing patients’ mental and physical
health status23,24. The presence of diabetes, a body mass index
(BMI) of >30 kg/m2, advanced age, and smoking status are
classiﬁed by AAOS as risk factors known to affect healing, and
all were captured in the SOS, as was Workers’ Compensation
status and sex21,25-29.
The AUC recommends the use of the Snyder classiﬁcation to quantify tendon tear characteristics, but the Snyder
classiﬁcation was not directly captured in the SOS database.
Instead, several common measures of rotator cuff tear size and
retraction were available, including the Coﬁeld classiﬁcation of
tear size, retraction stage, and dimensions; tendon tear size
(measured medial to lateral and anterior to posterior) and
severity (partial or fully torn tendons); and number of torn
tendons (1, 2, or ‡3). These variables were used to assign a
Snyder classiﬁcation for each patient based on the patient’s
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Fig. 3.

Difference between observed and adjusted performance scores according to surgeon rank. The dots represent the median score for each surgeon with the
95% CI. The 3 surgeons who demonstrated signiﬁcantly higher performance scores and the 2 who had signiﬁcantly worse scores than the remaining sample
are indicated in blue.

highest (worst) classiﬁcation (see Appendix). The number of
torn tendons was also included as a separate variable in the
model.
The AUC recommends considering rotator cuff atrophy
and fatty inﬁltration as factors that inﬂuence outcomes following rotator cuff repair. However, these were not adequately
captured within the SOS. Tendon quality was captured;
speciﬁed as excellent, good, fair, or poor on the basis of the
degree of tendinosis observed on magnetic resonance imaging
(MRI) or during surgery; and included in our analysis30. In
addition to the patient factors outlined in the AAOS AUC
document, we consulted the literature and with clinical
experts (R.J.H., J.M.T., and M.J.K.) to identify other potential
factors. This led us to include glenohumeral osteoarthritis,

biceps tear, and narcotic use prior to surgery in the second
model speciﬁcation.
Step 3: Model Selection and Assessment
We predicted the 6-month ASES change score by employing
linear regression using ordinary least squares because the
outcome variable was continuous and the sample size was
large. Two linear predictive models were speciﬁed. The ﬁrst was
speciﬁed using only variables outlined in the AAOS AUC, and
the second model included additional clinical variables. The
reference groups for the categorical variables were deﬁned as
female, non-smoker, non-diabetic, no Workers’ Compensation
claim, Snyder classiﬁcation level C1, no biceps tear, no glenohumeral osteoarthritis, no night pain, no narcotic use, 1 tendon
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torn, and excellent tendon quality. The adjusted R2 and residual
standard error (SE) were used to assess the explanatory power
and accuracy of each model. Coefﬁcients for each risk factor
were examined to determine their impact on the ASES change
score.
Step 4: Surgeon Performance Scores
The predicted 6-month ASES change scores were then estimated, following which the risk-adjusted predicted change
scores and the observed ASES change scores were averaged
across all patients for each surgeon. Individual surgeons’ performance scores were then calculated as the difference between the risk-adjusted predicted and observed ASES change
scores.
Efron’s bootstrap method was used to estimate performance scores and 95% conﬁdence intervals (CIs) surrounding
each surgeon’s performance score by taking a random sample
with replacement from each surgeon’s sample to create a new
sample equal to the original31. This process was repeated 2,000
times to generate a median performance score with 95% CIs.
Results
he sample included 995 patients who underwent primary,
unilateral, arthroscopic rotator cuff repair (Table II). The
mean baseline ASES score (and standard deviation) was 49.5 ±
17.5, with 92.3% of the sample experiencing shoulder pain at
night. In the entire sample, 57.8% were male, 10% were diabetic, 10% were current smokers, and 9.2% had Workers’
Compensation status. The mean observed 6-month ASES
score was 78.0 ± 22.5, resulting in a mean change score of 30
(range, 6.0 to 45.6).
The initial model using only the AAOS AUC indications
explained 43% (SE = 15.3) of the variance. The additional
clinical variables in the second model slightly improved the
adjusted R2 (0.44; SE = 15.2). Of note, night pain had a signiﬁcant negative effect on the 6-month ASES change scores.
Bootstrapped results resulted in similar observed and predicted
ASES change scores (26.9 [range, 7.3 to 43.7] and 27.1 [range,
19.5 to 33.8], respectively).
The ﬁnal regression model showed that patients with
higher baseline ASES scores displayed lower 6-month ASES
change scores. Patients with higher baseline VR-12 physical and
mental component summary scores had greater 6-month ASES
change scores. Patients with poor tendon quality had signiﬁcantly less improvement in 6-month outcomes compared with
patients with excellent tendon quality. Patients with Workers’
Compensation status and females displayed signiﬁcantly lower
6-month ASES changes scores.

T

Influence of Risk-Adjusted Surgeon Performance Scores
The differences between unadjusted and risk-adjusted performance scores varied widely across surgeons (range, 213.8 to
10.3 ASES points) (Fig. 2). Evaluation of the 95% CIs indicated
that 3 surgeons demonstrated signiﬁcantly higher performance
scores and 2 had signiﬁcantly worse scores than the remaining
sample (Fig. 3). We could not make conclusive statements

about the remaining surgeons, as the 95% CIs for their performance scores crossed 0. The unadjusted and risk-adjusted
approaches yielded different ranks of surgeon performance
(Fig. 2).
Discussion
ur results demonstrate a striking, wide variation across
surgeon performances of rotator cuff repair when they
were ranked on the basis of their risk-adjusted ASES performance difference, with a nearly 25-point difference between the
smallest and largest difference between the actual and adjusted
risk scores. Furthermore, using unadjusted ASES scores without
risk adjustment resulted in an inaccurate comparison of surgeon
performance. We studied a representative national sample of
patients who underwent arthroscopic rotator cuff repair spanning hospital-based and private practices as well as urban and
rural orthopaedic sports practices. The preliminary results of
the use of risk-adjusted performance scores demonstrate their
ability to accurately differentiate high and low-performing surgeons for arthroscopic rotator cuff repair. For example, when we
accounted for baseline patient factors and clinical characteristics, the improvement in the ASES scores of the highestperforming surgeons was 24 points greater than that of the
lowest-performing surgeons. This is similar to the change
needed for substantial clinical beneﬁt in patients with shoulder
disorders32,33. The performance differences of 50% of the surgeons were >13 points between the highest and lowest surgeons. This spread is greater than the minimal clinically
important difference of the ASES score, suggesting that there is
a meaningful, distinguishable difference in patient outcomes
between surgeons with the highest and lowest performance
scores7,8.
The baseline patient factors in the risk adjustment model
accounted for 43% of the variation in ASES change scores,
suggesting that the AAOS AUC variables explained a large
proportion of the patient improvements. Higher baseline VR12 mental and physical component summary scores and male
sex had a signiﬁcant, positive effect on 6-month change scores,
whereas higher baseline ASES scores, poor tendon quality, and
Workers’ Compensation status had a signiﬁcant, negative effect
on 6-month change scores. Higher VR-12 scores reﬂect better
overall physical function and mental well-being, which is consistent with other reports in orthopaedic surgery27,29,34,35. Male
patients tended to display better postoperative ASES scores,
which is consistent with recent reports of the results following
rotator cuff repair and reverse total shoulder arthroplasty25,28.
Not surprisingly, patients with Workers’ Compensation claims
displayed 10% lower average outcomes, which is consistent
with studies showing ceiling effects for these patients26,36. Finally,
the average ASES scores for patients classiﬁed with poor tendon
quality were lower than those of patients with excellent tendon
quality, which was consistent with recent reports suggesting that
tendon quality has an independent effect on patient outcomes at
6 months30. This is in contrast to recent studies that showed no
effect of macroscopic tendon changes on patient outcomes following rotator cuff repair37. Research should continue to enable

O
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us to understand the impact of tendon quality and healing on
patient outcomes following rotator cuff repair.
We also evaluated a second model, which included an
expanded set of clinical factors beyond the AUC; these additional factors were biceps tear, glenohumeral arthritis, narcotic
use, and night pain prior to surgery. However, the expanded
clinical model did not improve the explained variation or the
ability to differentiate between surgeons. This suggests that
these clinical factors do not explain recovery following rotator
cuff repair above what is explained by the AAOS AUC variables.
Interestingly, night pain was a signiﬁcant negative factor,
decreasing the ASES change score 3 points for every 1 point of
baseline night pain. This warrants further study to understand
this ﬁnding.
Our results provide an initial risk adjustment approach
to accurately compare surgeons who provide care to the sickest
patients with the most difﬁcult problems with surgeons with
the healthiest patient panels. The use of a risk-adjusted
approach signiﬁcantly altered surgeon ranking results (Fig.
2), changing the rank of 91% of the surgeons. This ﬁnding
underpins the importance of risk-adjustment approaches to
accurately report surgeon performance as a quality measure
aimed to determine the most effective care. The bootstrapping
approach that we used increases our conﬁdence surrounding
the performance scores for each surgeon. However, given the
wide conﬁdence intervals for some physicians, it is likely that
there is a minimum patient sample necessary to achieve precise
estimates for surgeons. In order to achieve this sample size,
surgeons, health-care systems, and payers will need to prioritize
the collection of data on all patients to calculate reliable performance estimates along with other unmeasured variables that
today limit the exploration of various outcome measures17. The
approach that we described in this report shows promise as
applied to rotator cuff repair and may be applicable to other
sports medicine surgery.
This initial approach and its results should be interpreted
in the context of the limitations of this initial attempt to develop
a risk-adjusted performance measures for sports medicine surgery. We acknowledge that other clinically relevant baseline
factors that may affect outcomes and are outside surgeon control
were not included in our model. In particular, Goutallier
classiﬁcations and muscle atrophy measurements, which were
not available for our study, are important clinical variables and
should be considered in future rotator cuff performance measure
models38-41. Clear classiﬁcation of tear size and other physiological
measures may prove important. In spite of this limitation, this
approach allows an iterative process of model reﬁnement, where
emerging risk factors can be added to the model to improve
overall performance prediction.
Models are only as good as the data that are available.
While our sample started with 3,526 patients, complete patient
demographic and clinical variables needed for analysis were
available for less than one-third of them. If orthopaedic surgeons are to be evaluated on the basis of these measures, there
must be organizational commitment to implementing best data
collection practices42. As data collection efforts are improved,

model accuracy can be improved by the addition of patient and
clinical variables and can be evaluated using this same
approach. Even with these limitations, the SOS clinical registry
provided information beyond what is typically available in
administrative databases and is required for performance development. This initial linear regression model and measure
reporting may be improved with more complex functional
forms that may improve predictive model ﬁt and accuracy.
Finally, the psychometrics of using PROs have not been assessed,
and future study is warranted to deﬁne clinically important
changes as well as ﬂoor and ceiling effects that will improve the
ability to assess surgeon performance accurately.
In conclusion, our preliminary results demonstrate the
value of our proposed risk-adjustment approach. Our ﬁndings
suggest that performance measurement that does not account
for baseline patient characteristics would likely result in incorrect conclusions about a surgeon’s relative performance
based on PROs. Future studies should elucidate the best
baseline patient factors and statistical approach with which to
accurately evaluate surgeons’ performance in caring for their
patients.
Appendix
A ﬁgure showing the factors used to determine the Snyder
classiﬁcation is available with the online version of this
article as a data supplement at jbjs.org (http://links.lww.com/
JBJS/E966). n
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