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Background: Currently, appropriateness criteria evaluating when to perform total shoulder arthroplasty (TSA) is lacking. In the absence
of society guidelines and limited quality evidence, the RAND/University California in Los Angeles (UCLA) method provides a suitable
alternative to evaluate appropriateness and assist in clinical decision making. Given the rise in utilization, appropriateness criteria for
TSA have the potential to be an extremely powerful tool for improving quality of care and controlling costs. Thus, the goal of this study
was to test explicit criteria to assess the appropriateness of TSA decision making using the RAND/UCLA appropriateness method.

Methods: A review of recent scientific literature to gather available evidence about the use, effectiveness, efficiency, and the risks
involved in surgical intervention was performed by a shoulder/elbow fellowship trained physician. Based on pertinent variables
including age, rotator cuff status, previous surgical management, mobility, symptomatology, and imaging classifications, 186 clinical
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scenarios were created. Appropriateness criteria for TSA were developed using a modified Delphi method with a panel consisting of
American Shoulder and Elbow Surgeons (ASES) members. A second panel of ASES members rated the same scenarios, with reliability
testing performed to compare groups.

Results: Panel members reached agreement in 40 (64%) indications. TSA was appropriate in 15 (24%) of indications. For patients with
severe symptomatology, TSA was often appropriate for patients aged <75 years and inconclusive or inappropriate for patients aged >75
years. Among patients aged <65 years, TSA varied between appropriate and inconclusive, often dependent on Walch classification. For
patients with moderate symptomatology, TSA was inappropriate or inconclusive for patients aged <65 or >75 years. When compared to
the second panel’s results, moderate agreement was obtained with a weighted kappa statistic of 0.56.

Conclusions: Using the RAND/UCLA method, ASES members created an appropriateness decision tree for pertinent patient variables.
This presents the data in a manner that streamlines the clinical decision-making process and allows for rapid and more reliable deter-
mination of appropriateness for practitioners. The decision tree is based on a combination of clinical experience from high-volume
ASES-member surgeons and a comprehensive review of current evidence. This tool can be used as part of a broader set of factors,
including individual patient characteristics, prior studies, and expert opinion, to inform clinical decision making, improve quality of
care, and control costs.

Level of evidence: Survey Study using Experts; Delphi Method

© 2022 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.
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Over the past decade, there has been a dramatic rise in
the number of anatomic total shoulder arthroplasties
(TSAs) performed, with approximately 41,000 completed
each year.’” Although TSA is a cost-effective operation,
there is high variability in the way patients may present,
and some TSA-eligible patients may be better nonoperative
candidates or more suitable for other procedures such as
reverse shoulder arthroplasty (RSA).? 145 There is limited
quality evidence regarding efficacy to justify appropriate-
ness of surgical interventions for TSA and a dearth of
guidelines providing clear criteria for appropriateness of
TSA.

Any determination of the extent to which TSA surgery
is appropriate requires the use of valid appropriateness
criteria. Researchers from the RAND Corporation and
the University California in Los Angeles (UCLA)
developed a modified Delphi method that combines
available scientific evidence with expert opinion.” This
has been widely used to assess the appropriateness of
other orthopedic interventions, including hip replace-
ment, knee replacement, lumbar laminectomy, lower
back pain, and lumbar disc herniation,'!:20:32:33,35.38
Currently, appropriateness criteria evaluating when to
perform TSA surgery is lacking.'® In the absence of
society guidelines and limited quality evidence, the
RAND/UCLA method provides a suitable alternative to
evaluate appropriateness and assist in clinical decision
making.””

Given the rise in utilization, appropriateness criteria for
TSA have the potential to be an extremely powerful tool for
improving quality of care and controlling costs. Thus, the
goal of this study was to test explicit criteria to assess the
appropriateness of TSA decision making using the RAND/
UCLA appropriateness method.

Materials and methods

Overview of the RAND/UCLA method

This is a study determining appropriateness of total shoulder
arthroplasty across various indications using the RAND/UCLA
method. The basic methodology of the RAND/UCLA method has
been described by Fitch et al'” in the RAND/UCLA Appropriate-
ness Method User’s Manual. First, a detailed literature review is
performed to synthesize the latest evidence on the procedure to be
rated. A list of clinical scenarios that categorize patients based on
relevant clinical factors (eg, symptoms, imaging) are generated. A
panel of experts on the specific procedure is formed. Panelists are
provided with the literature review and the list of indications and
will rate the benefit-to-harm ratio of the procedure on a scale of 1-
9, with 1 indicating the harms outweigh the benefits and 9 indi-
cating the benefits outweigh the risk.

The panelists rate each of the indications twice, in a 2-round
“modified Delphi” process. In the first round, panelists rate the
indications individually. In the second round, panelists meet in
a group alongside a moderator to discuss their individual rat-
ings, focusing on areas of disagreement, and are given the
opportunity to modify the original list of indications. Finally,
each indication is classified as “‘appropriate,” ‘‘inconclusive,"
or ‘“‘inappropriate’” for the procedure under review in accor-
dance with the panelists’ median score and the level of
disagreement among the panelists. Indications with median
scores of 1-3 are classified as inappropriate, 4-6 as inconclu-
sive, and 7-9 as appropriate. All indications rated ‘‘with
disagreement,” irrespective of the median value, are classified
as inconclusive. “Disagreement’” indicates a lack of consensus,
often due to group polarization (eg, half of the panel rating as
“inappropriate”’ whereas the other half rates as ‘‘appro-
priate’’). Various methods of identifying ‘‘disagreement’ have
been cited in prior literature, are study-specific, and depend on
the composition of the panel.''-*
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Table I  Complete bibliography provided to panelists
First author Date  Journal Title Key takeaways

Concern for age, RTC tear/complications post TSA and outcomes vs. RSA
Polisetty™® 2021 JBJS Value Analysis of Anatomic and Reverse
Shoulder Arthroplasty for
Glenohumeral Osteoarthritis with an
Intact Rotator Cuff

Young*® 2012 JBJS Secondary Rotator Cuff Dysfunction
Following Total Shoulder
Arthroplasty for Primary
Glenohumeral Osteoarthritis: Results
of a Multicenter Study With More

Than Five yr of Follow-up

Wright* 2020 JAAOS Comparison of Clinical Outcomes After
Anatomic Total Shoulder Arthroplasty
and Reverse Shoulder Arthroplasty in
Patients 70 yr and Older With
Glenohumeral Osteoarthritis and an

Intact Rotator Cuff

oondla 1 natomic and Reverse Shoulder

Poondla®' 2021 JSES A ic and R Should
Arthroplasty in Patients 70 yr of Age
and Older: A Comparison Cohort at

Early to Midterm Follow-up

Shah®’ 2021 Orthopedics The Comparative Effect of Age on
Clinical Outcomes Following
Anatomic Total Shoulder Arthroplasty
and Reverse Total Shoulder

Arthroplasty

Brewley” 2020 JSES Defining the Younger Patient: Age as a
Predictive Factor for Outcomes in

Shoulder Arthroplasty

Simovitch®® 2017 JBJS Rate of Improvement in Clinical
Outcomes With Anatomic and

Reverse Total Shoulder Arthroplasty

Levy?? 2014 JSES Speed of Recovery After Shoulder
Arthroplasty: A Comparison of
Reverse and Anatomic Total Shoulder

Arthroplasty

e Minimum 2-yr f/u comparison of 252 TSAs vs.

63 RSAs

Total hospitalization costs, charges, and re-
imbursements along with outcome improve-
ments in units of MCIDs and patient
satisfaction did not differ between groups
16.8% of patients had secondary cuff
dysfunction at an average 8.6-yr follow-up
and exhibit worse clinical and radiographic
outcomes compared to those with a normal
functioning rotator cuff

Survivorship free of secondary cuff dysfunc-
tion was 100% at 5 yr, 84% at 10 yr

No difference in PROMs (ASES or Western
Ontario Osteoarthritis of the Shoulder)
comparing TSA to RSA in patients with OA
aged >70 yr

Self-reported to be underpowered

e Compared mean values with high standard

deviations for the PROMs, thus leaving the
comparison vulnerable to only a small per-
centage of outcome events needed to change
the study’s statistical significance

Final ASES scores and improvement from
preoperative ASES score between the age
groups were not significantly different (TSA
P =.520; RSA P =.065).

Given satisfactory results following TSA in
patients aged >70 yr, the authors do not
routinely perform reverse total shoulder
arthroplasty for primary osteoarthritis with
an intact rotator cuff solely based on age.
In patients aged >75 yr, the percentage of
patients achieving MCID were similar; how-
ever, a higher percentage of TSA patients
achieved Substantial Clinical Benefit vs. RSA
(90.5% vs. 76.9%; P = .01).

“This study highlights the importance of in-
dications and a shared decision-making
model to ensure patient satisfaction”

In patients aged <65 yr, TSA was associated
with a 3.4-fold increased risk of revision

e TSA (n = 518; mean age, 68.1 yr)
e TSA more reliably improves range of motion
e RSA had significantly less improvement in

active and passive external rotation

TSA can anticipate more consistent and
effective recovery of pain, function, and
shoulder rotation

e RSA can expect a variable length of recovery

(continued on next page)
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Table I  Complete bibliography provided to panelists (continued)
First author Date  Journal Title Key takeaways
Raiss™* 2012  JBJS Results of Cemented Total Shoulder e Survivorship of glenoid was 100% after 13 yr
Replacement With a Minimum with revision as end point
Follow-up of 10 yr
Schoch?® 2019 JSES Glenoid Component Lucencies Are e Peri-implant glenoid lucencies following TSA
Associated With Poorer Patient- are associated with lower forward elevation
Reported Outcomes Following and PROs
Anatomic Shoulder Arthroplasty e Lucencies >grade 2 associated with clini-
cally important losses in overhead motion
Neyton?® 2019 JSES Mid- to Long-Term Follow-up of e TSA resulted in significantly better func-
Shoulder Arthroplasty for Primary tional and subjective outcomes with no sig-
Glenohumeral Osteoarthritis in nificant difference in survivorship compared
Patients Aged 60 or Under with patients treated with HA
Leschinger’® 2017  AOTS Predictors of Medium-term Clinical e Higher Walch classification is a negative

Outcomes After Total Shoulder
Arthroplasty

Radiographic parameters in shoulder osteoarthritis

Kircher® 2010 Int Orthop

Glenoid bone loss

Walker*? 2018 JBJS
Donohue'® 2018 JBJS
Aleem’ 2019 JBJS

How Much Are Radiological Parameters
Related to Clinical Symptoms and

Function in Osteoarthritis of the
Shoulder?

Progression of Glenoid Morphology in

Glenohumeral Osteoarthritis

The Association Between Rotator Cuff
Muscle Fatty Infiltration and Glenoid

Morphology in Glenohumeral
Osteoarthritis

Association Between Rotator Cuff

Muscle Size and Glenoid Deformity in
Primary Glenohumeral Osteoarthritis

predictor for postoperative clinical function
“Emphasizes the importance of the preoper-
ative evaluation of humeral head subluxation
and glenoid erosion”

Joint space narrowing and development of
osteophytes are reliable but independent
parameters of primary shoulder arthrosis
Size of the caudal humeral osteophyte is a
predictive factor for function

Samilson classification can be meaningful
supplemented with measurements of joint
space width and the size of osteophytes

“In our opinion, patients should be carefully
informed about possible disadvantages in
postponing such an operation when in
advanced stages of osteoarthritis.”

Primary clinical feature, pain, as the main
indication for surgery is not related to
radiologic parameters

Asymmetric bone loss rarely develops in Al
glenoids, whereas initial posterior trans-
lation of the humeral head (B1 glenoids) may
be associated with subsequent development
and progression of posterior glenoid bone
loss over time

Significant difference in the Goutallier score
for the supraspinatus, infraspinatus, and
teres minor muscles between Walch subtypes
Higher fatty infiltration of the infraspinatus,
teres minor, and combined posterior rotator
cuff muscles was associated with increasing
glenoid retroversion

Asymmetric glenoid wear and humeral-head
subluxation in osteoarthritis are associated
with asymmetric atrophy within the rotator
cuff transverse plane.

(continued on next page)
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Table I  Complete bibliography provided to panelists (continued)
First author Date  Journal Title Key takeaways

Updated Walch classification
Bercik® 2016  JSES

A modification to the Walch
classification of the glenoid in
primary glenohumeral osteoarthritis
using three-dimensional imaging

e Increased posterior rotator cuff muscle area
compared with anterior rotator cuff muscle
area is associated with greater posterior
glenoid wear and subluxation.

e Al—centered humeral head, minor erosion

e A2—centered humeral head, major central
glenoid erosion

e Bl—posterior subluxated head, no bony
erosion

e B2—posterior subluxated head, posterior
erosion with biconcavity of the glenoid

e B3—glenoid as monoconcave and posteriorly
worn, with at least 15° of retroversion or at
least 70% posterior humeral head subluxa-
tion, or both. (B3 glenoid with posterior
subluxation without significant retroversion
differs from the B1 by the presence of pos-
terior wear.)

e C—dysplastic glenoid with at least 25° of
retroversion regardless of erosion

e D—any level of glenoid anteversion or with
humeral head subluxation of less than 40%
(ie, anterior subluxation)

RTC, rotator cuff; TSA, total shoulder arthroplasty; RSA, reverse shoulder arthroplasty; JBJS, Journal of Bone and Joint Surgery; MCIDs, minimal clinically
important differences; JAAOS, Journal of the American Academy of Orthopaedic Surgeons; PROMs, patient-reported outcome measures; ASES, American
Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form; JSES, Journal of Shoulder and Elbow Surgery; HA, hemiarthroplasty; AOTS, Archives

of Orthopaedic and Trauma Surgery; Int Orthop, International Orthopaedics.

Following the 2-round modified Delphi process, authors may
use patient data to apply appropriateness criteria retrospectively
and measure procedure overuse, or apply necessity criteria to
measure underuse.'”*> Of note, neither add-on approach was
performed in this study and are ongoing in a follow-on study.
Instead, the authors opted to include a second panel, which per-
formed a single-round individual rating that was used to evaluate
inter-rater reliability.'"*

Bibliography review

A comprehensive review of recent literature from 2010 to
2020 was performed by a board-certified ASES fellowship
director and Shoulder and Elbow Fellowship—trained physician
to gather available evidence about the use, effectiveness, effi-
ciency, and risks involved in surgical intervention. The search
terms used were fotal shoulder arthroplasty, complications, and
patient-reported outcomes. The purpose of the summarized
review was to provide the panel members with an updated and
uniform source of information that would assist in rating the
scenarios and supplement the panelists’ extensive clinical
experience. Please see Table I for the complete bibliography
provided to panelists.

Explicit  appropriateness  criteria  scenario

development

A list of clinically relevant variables were identified from the
literature review (Table II) and used to write an extensive and
mutually exclusive set of 62 clinical indications based on the
number of variables for TSA. Variables included age, rotator cuff
(RTC) status, previous surgical interventions, joint mobility,
symptomology, and imaging classifications (Samilson & Prieto,
Walch).

Age was separated into 3 groups (<65 years, 65-75 years, >75
years) based on recent literature evaluating outcomes of shoulder
arthroplasty according to age.**” RTC status/prior open surgery
was included given prior literature demonstrating diminished
functional improvements in patients with previous ipsilateral
shoulder surgery, but was only applicable to 2 scenarios exploring
patients with full-thickness RTC tears or prior RTC repair/open
Bankart repairs. Walch classification was included given glenoid
morphology has been associated with the progression of symp-
toms and outcomes following TSA.>'®'>*! Although SP classi-
fication has been shown not to correlate with symptomatology, it
was included for completeness and historical use in informing
TSA."™" The full list of criteria can be found in Table II.
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Three clinically equivalent scenarios were generated per indi-
cation, for a total of 186 scenarios. Three scenarios per indication
were used to calculate intrarater reliability. Several example sce-
narios have been provided in Figure 1.

Panelist rating

Following development of the clinical scenarios, a national panel
of 5 American Shoulder and Elbow Surgeons (ASES) candidate
level or above members was convened (panel 1). The panel con-
sisted of 2 shoulder fellowship directors, a chief of shoulder sur-
gery at a high-volume urban center, and 2 shoulder specialists
performing a high volume of TSA at urban academic centers.
Panelists were provided with a synopsis of the literature review
(Table I), the list of all the variables, and the list of 186 patient
scenarios consisting of all variables. Then, each panelist individ-
ually rated each of the 186 scenarios for the appropriateness of
TSA. In accordance with prior literature, appropriateness was
defined as a situation in which the expected health benefit exceeds
the expected negative consequences by a sufficiently wide margin
to make TSA worth performing.*

Appropriateness ratings were scored on a 9-point scale. The
use of TSA for a specific indication was considered appropriate if
the panel’s mean score (rounded to the nearest whole number) was
between 7 and 9 without disagreement, inconclusive if the panel’s
mean score was between 4 and 6 or any mean with disagreement,
and inappropriate if the mean rating was between 1 and 3 without
disagreement. Additionally, agreement was established if 4 pan-
elists scored in the same category, or fewer than 3 panelists scored
outside the category of the mean value. Disagreement was
considered when 2 or more panelists scored an indication between
1 and 3 and at least another 2 rated it between 7 and 9. An
agreement rating of “Indeterminate” encompassed all other situ-
ations (Fig. 2).

The scenario ratings took place in 2 rounds using a modified
Delphi method. The first round was performed confidentially prior
to the primary panel meeting, with each of the 5 panel members
rating all 186 scenarios. Ratings were collected via an online
survey. In the second round, the results of the first round were
presented to the panelists at a 1-day meeting in order to establish
the level of agreement among the panelists. Prior to the meeting,
each panelist received a comprehensive package that included the
literature review summary, unblinded ratings from the 5 panelists,
and the average rating for each scenario. Panelists discussed 19
scenarios where disagreement occurred. After extensive discus-
sion, the 5 panelists revised a total of 25 of 930 scenario ratings to
align with the aforementioned definition of ““appropriateness.” A
total of 6 scenarios changed appropriateness rating following the
revision.

Then, a second national panel of 7 ASES candidate level or
above members was convened (panel 2), with the purpose of using
the results to compare with those from the primary panel for the
reliability analysis. Panel 2 consisted of 1 director of orthopedic
research at a high-volume institution, 1 shoulder fellowship di-
rector, an internationally trained shoulder specialist, and 4 sur-
geons practicing at high-volume urban centers. A nearly identical
process was followed for the second panel with the exception of a
follow-up meeting.''~** As a result, an additional 2 members were
included in the second panel. Scenarios were scored on a 9-point

scale for appropriateness. Appropriateness was determined if 5 of
7 panelists were in agreement of the category. Agreement was
established when 5 of 7 panelists scored in the same category or
fewer than 4 panelists scored outside the category of the mean
value. Disagreement was considered when 3 or more panelists
scored an indication between 1 and 3 and at least another 3 rated it
between 7 and 9. An agreement rating of ‘“Indeterminate”
encompassed all other situations.

Once all scenarios had been rated by both panels, appropri-
ateness was determined for each indication. The median value
across each of the 3 scenarios was used to form a single appro-
priateness rating for each indication for each panelist. For
example, a panelist that provided ratings of 7, 8, and 9 for the 3
scenarios of a given indication would have an overall score of 8
for that indication. The same 9-point scale and agreement-
determination methodology as described above were used for
each panel.

Statistical analysis

Reliability studies were performed comparing the results from the
primary and second panels, with weighted kappa statistics used to
evaluate the level of agreement. Appropriateness ratings for each
indication were compared between the 2 panels. Intrarater reli-
ability was calculated to identify the accuracy with which panel-
ists rated the 3 scenarios within a single indication. A generalized
linear model was applied across the median panelists’ ratings to
determine validity. This model included a stepwise regression
process to compare the relative contribution to the panel score
variability of each indication variable taken into consideration,
using likelihood ratio > Statistics were conducted using SPSS
28.0 software (IBM Corp., Armonk, NY, USA).

A decision tree for all patients was also created to present the
data in a manner that allows for rapid determination of appro-
priateness for practitioners (Figs. 2-4). Appropriateness for each
indication was calculated using indication-level appropriateness
ratings from panel 1.

Results
Reliability analysis

Of the 62 clinically relevant indications evaluated by the
primary panel, 15 (24%) were characterized as appropriate
use of TSA. Panel members reached agreement in 40 (64%)
indications. Twenty indications were characterized as
inappropriate, with panel members reaching agreement in
18 (90%) of those indications. The remaining 27 in-
dications (44%) were inconclusive (Table IIT).

Of the 186 scenarios scored by the primary panel, 53
(28%) were characterized as appropriate use of TSA. Panel
members reached agreement in 129 (69%) of all scenarios.
Sixty-eight (37%) were characterized as inappropriate, with
panel members reaching agreement in 65 (96%) of those
scenarios. The remaining 65 scenarios (35%) remained
inconclusive (Table III).
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Table II  Variables of the algorithm

Age
<65; 65-75; >75 yr old

Rotator cuff (RTC) status/previous surgical management
Full-thickness RTC tear
Prior open or arthroscopic RTC repair/prior Bankart repair

Intact RTC/no prior management/no prior open or arthroscopic procedure for rotator cuff repair

Mobility
Preserved mobility:

Equivalent to a minimum active range of movement from 140° to 160° of forward flexion, 140° of abduction, 40° of external
rotation, and internal rotation to the L4 spinous process or higher.

Limited mobility:

Equivalent to an active range of movement of 100°-140° of forward flexion, 100°-140° of abduction, <40° of external rotation, and

internal rotation to the L5 spinous process or lower.
Symptomatology
Slight:
Sporadic in nature

Allows daily activities to be carried out (those requiring great physical effort may be limited);
Medication: aspirin, acetaminophen, nonsteroidal anti-inflammatory drugs (NSAIDs) control the pain without any side effects

Moderate:
Occasional pain
Some limitation of daily activities

Medication: aspirin, acetaminophen, NSAIDs control the pain with no/few side effects

Severe:
Pain of almost continuous nature
Daily activities are limited significantly, if not constantly

Medication: continuous use of NSAIDs or analgesic-narcotics for treatment to take effect

Radiographic presentation (Samilson and Prieto [SP] classification)

SP grade I: <3 mm
SP grade II: 3-7 mm
SP grade III: >7 mm
Computed tomography, Walch classification
Walch A1: Centered humeral head, minor erosion

Walch A2: Centered humeral head, major central glenoid erosion in which a line drawn from the anterior to posterior rims of the native

glenoid transects the humeral head

Walch B1: Posterior subluxated head, no/minimal bony erosion of the glenoid
Walch B2: Posterior subluxated head, posterior erosion with biconcavity of the glenoid
Walch B3: At least 70% posterior humeral head subluxation, and/or monoconcave and posterior glenoid wear with at least 15° of

retroversion

Walch C: Dysplastic glenoid with at least 25° of retroversion regardless of erosion
Walch D: Any level of glenoid anteversion or with humeral head subluxation of less than 40% (ie, anterior subluxation)

Intrarater reliability studies performed on the 186 sce-
narios scored by panel 1 demonstrated a high level of
reliability between scenario ratings with the same indica-
tion, with an average 77% reliability across the 5 raters in
primary panel. Following review of 19 scenarios with
disagreement, 1 scenario previously rated as inconclusive
was changed to appropriate, whereas 5 scenarios were
changed from inconclusive to inappropriate. No scenarios
changed from appropriate to inappropriate, or vice versa.

Panel 2 rated 186 scenarios, encompassing 62 in-
dications, in a single round. The inter-rater reliability study
of the indication-level ratings between the 2 panels gave a
weighted kappa value of 0.56 (Table IV). There was no
statistically significant difference in the number of in-
dications that panel 2 rated as inappropriate (12 vs. 20;

P = .10), inconclusive (34 vs. 27; P = .21), or appropriate
(16 vs. 15; P = .84) relative to panel 1. However, panel 2
did rate a significantly lower number of scenarios as
inappropriate (38 vs. 68; P < .001) and a significantly
greater number of scenarios as inconclusive (97 vs. 65;
P = .001) relative to panel 1. There was no significant
difference in the number of scenarios rated as appropriate
(51 vs. 53; P = .82).

Validity analysis

A generalized linear model (intercept-only default) was
used to confirm criterion validity and assess the role that
each clinical variable played in influencing panel 1’s final
appropriateness ratings (Table V). Age accounted for the
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Example #1
65— 75 Years
Severe Symptomatology
Limited Mobility
SP Grade I/l
Walch Bl

A 67-year-old male with no history of shoulder surgeries presents with severe chronic left shoulder pain. He reports that it
significantly limits his daily activities and has taken a toll on his mental state. He has been using analgesic-narcotics for pain
management which has been only partially successful. On physical examination, his RTC strength is 5/5. He is able to actively
forward flex to 120 degrees, abduct to 115 degrees, externally rotate to 35 degrees, and internally rotate to S1 with some pain.
Radiographs show glenohumeral osteoarthritis with a 1.5 mm inferior osteophyte. CT demonstrates a posteriorly subluxated
head, and no evidence of bony erosion of the glenoid.

Example #2

>75 Years
Moderate Symptomatology
Preserved Mobility
SP Grade II1
Walch A1

An 85-year-old female presents with intermittent left shoulder pain. She states the pain is moderate and is most noticeable
using her arm for long periods of time, like using her umbrella. Her pain has begun to interfere with some of her daily
activities, such as when cooking or retrieving heavier books from bookshelves. She uses Motrin which she states gives her
adequate pain relief. Radiographs show glenohumeral osteoarthritis with caudal osteophyte measuring 8.5 mm. With active
ROM testing, she is capable of 155 degrees of forward flexion, 145 degrees of abduction, 40 degrees of external rotation, and
can internally rotate to T12 without pain. On physical exam her rotator cuff strength is found to be 5/5. CT demonstrates minor
glenoid erosion with a centered humeral head.

Example #3

>75 Years

Slight Symptomatology
Limited Mobility
SP Grade II/IIT

A 77-year-old female presents with right shoulder pain. She has not had previous surgery on her shoulder and her rotator cuff
strength on exam is 5/5. She states that recently she has begun to experience sporadic shoulder pain, although she is unsure of
what triggers it or when exactly it started. She notes that the pain goes away if she takes aspirin, and that she is able to
complete all her daily household tasks without trouble or pain. She describes the pain as a mild aching sensation. Radiograph
is notable for glenohumeral osteoarthritis and 7 mm inferior osteophyte. On active ROM, she is capable of 130 degrees of
forward flexion and 125 degrees of abduction. Active external rotation is 30 degrees. She is able to internally rotate to LS.

Figure 1

Three example scenarios for patients with slight, moderate, and severe symptomatology. The box on the left-hand side

highlights which indication is applicable to the scenario. For example, the first scenario would be one of 3 scenarios applicable to a patient
who was 65-75 years old with severe symptomatology, limited mobility, SP grade I/II, and Walch B1. Three similar scenarios were written
for a given indication, with a total of 186 scenarios written for 62 clinically relevant indications.

most variance, followed by computed tomography, symp-
tomatology, radiographic presentation, and mobility.

Synthesis of results

Findings from panel 1 were mapped to a decision tree. For
patients with slight symptomatology, TSA was rated as
either inconclusive or inappropriate (Fig. 3). Panelists did
not perceive there to be any indications with slight
symptomatology where TSA was definitively appropriate,
reflecting that the perceived risk of harm in terms of
complications was greater than the functional benefit that
could be gained from the procedure for patients of slight
symptomatology. For these indications, panelists sug-
gested surgery may be premature and that cortisone in-
jections may  reasonably  address the  slight
symptomatology. In the same category of slight symp-
tomatology, use of TSA in patients with limited mobility
that were either SP1 or SP2-3 were considered inappro-
priate. Again, in patients with mild symptomatology but
also osteophytes, the panelists suggested trying alternative
strategies (eg, comprehensive arthroscopic management)
before TSA.

For patients with moderate symptomatology, appropri-
ateness was correlated with age (Fig. 4). Among patients
aged <65 years, use of TSA was considered either inap-
propriate or inconclusive, depending on mobility and
radiographic presentation. In patients aged 65-75 years,
use of TSA was either appropriate or inconclusive. The

panelists cited pain and function as the 2 driving forces
for surgery in this population, with an emphasis on ac-
tivities of daily living. For patients rated inconclusive, the
panelists were split between whether TSA was more
appropriate than rTSA. In these patients, panelists leaned
toward a more severe Walch classification (Walch >B2)
as a cutoff for when to use rTSA rather than TSA.
Additionally, panelists suggested that inconclusive in-
dications may benefit from a more robust evaluation of the
impact on activities of daily living to inform appropri-
ateness of TSA, with greater impact resulting in higher
appropriateness.

For patients with severe symptomatology, appropriate-
ness of TSA was often appropriate for patients aged <75
years and inconclusive or inappropriate for patients aged
>75 years (Fig. 5). Among patients aged <65 years, use of
TSA varied between appropriate and inconclusive, often
dependent on Walch classification. Inconclusive ratings
were often driven by concern over patient age, with pan-
elists suggesting a bridge to TSA (eg, comprehensive
arthroscopic management procedure, injection). In patients
aged 65-75 years, a majority of indications were deemed
appropriate. In patients aged >75 years, use of TSA
alternated between inappropriate and inconclusive. For
patients in this group with SP1-2, Walch classification >B2
was deemed inappropriate, whereas all remaining in-
dications were inconclusive, irrespective of Walch or
mobility status. In patients with SP3, Walch A1, and limited
mobility, TSA was deemed inappropriate.
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Figure 2

Flowchart demonstrating the rating methodology for each scenario, as well as the role of agreement/disagreement in deter-

mining the final indication rating. Agreement was established if 4 panelists scored in the same category, or fewer than 3 panelists scored
outside the category of the mean value. Disagreement was considered when 2 or more panelists scored an indication between 1 and 3 and at
least another 2 rated it between 7 and 9. An agreement rating of “Indeterminate” encompassed all other situations.

Discussion

Using the RAND/UCLA method, ASES members created
an appropriateness decision tree for pertinent patient vari-
ables. The decision tree was formed based primarily on
expert opinion that was further bolstered by a thorough
updated literature review. Our results demonstrate the
importance of age and Walch classification as objective
criteria that inform appropriateness of TSA in the clinical
setting, with these 2 factors being the greatest contributors
to variability among panelists. Our study presents the data
in a manner that allows for rapid and more reliable deter-
mination of appropriateness for practitioners. In the
absence of national and society guidelines, the RAND
method has been described in the past as a solution to
evaluate appropriateness.””** These results ultimately
support the use of this decision tree as an aid in informing
clinical practice guidelines for TSA, which may be a
powerful tool for improving quality of care and controlling
cost.”® Guidelines that promote interventions of proven
benefit and discourage ineffective ones have the potential to
reduce morbidity and mortality and improve quality of life,
at least for some conditions.* Guidelines can also improve
the consistency of care, as the frequency with which pro-
cedures are performed varies dramatically among
geographical regions.”

Age and symptomatology may be a dependent variable
for outcomes following TSA.*'*'>2%2%31 Among patients
aged <65 years with severe symptomatology, use of TSA
varied between appropriate and inconclusive, often

dependent on Walch classification. This indication for TSA
in what may have been previously thought of as “young”
patients may be related to recent literature supporting better
implant survival and convertibility to RSA.™”"*’ Addi-
tionally, posterior glenoid wear morphology has been
implicated in the progression of symptoms and worsened
outcomes following TSA.?' A series of studies have shown
the progression of bone loss over time and asymmetric
glenoid wear and humeral head subluxation in osteoarthritis
to be associated with asymmetric atrophy within the rotator
cuff; thus, the idea of early operative management may be
warranted."*** TSA was often inconclusive or inappropriate
for patients aged >75 years, irrespective of symptom-
atology. This may be related to current national trends that
support RSA for patients aged >75 years, despite new
evidence that suggests a higher percentage of TSA patients
achieved substantial clinical benefit vs. RSA patients at 2-
year follow-up.’’ Similarly, our results demonstrate the
importance of symptomatology as a key subjective criterion
to inform appropriateness in the clinical setting, especially
given radiographic measures may not directly correlate
with perceived pain and function.'®

Our study demonstrates the changing role of imaging in
determining appropriateness of TSA and is reflective of
current evidence. Our results demonstrate that SP classifi-
cation was not a statistically significant contributor to the
variability among panelist scores. This is consistent with
findings from Kirscher et al, which demonstrated that
whereas the size of the humeral caudal osteophyte is a
predictive factor for function, pain is the main clinical
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Figure 4 Decision tree for patients with moderate symptomatology and an intact rotator cuff.

indication for arthroplasty procedures and is not associated
with radiologic parameters.'” Additionally, Joyce et al'®
demonstrated that radiographic severity via SP classifica-
tion may not parallel the pain levels of patients. As such,
there may be a reduced clinical relevance of this classifi-
cation as an objective criterion to determine appropriate-
ness of TSA.

There was a high proportion of both scenarios and in-
dications classified as inconclusive by panel 1 (35% and
44%, respectively) and panel 2 (52% and 55%, respectively);

this is higher than comparable orthopedic appropriateness
studies exploring nonshoulder procedures.''~**%3333 1p
select cases, indications that were expected to be rated
inappropriate or appropriate were rated inconclusive. This
skew toward inconclusive ratings may be driven by several
factors. First, our study methodology required that agree-
ment occur in order to achieve an appropriate rating. This
step in the methodology was not included in comparable
studies but was moderately counteracted by our definition of
agreement.' ' Additionally, descriptions of the scenarios
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Table III  Appropriateness by agreement of panel 1
Appropriate, n (%) Inconclusive, n (%) Inappropriate, n (%) Total, n (%)
Scenarios
Agreement 53 (28.5) 11 (5.9) 65 (34.9) 129 (69.4)
Indeterminate 0 (0) 49 (26.3) 3 (1.6) 52 (28)
Disagreement 0 (0) 5 (2.7) 0 (0) 5 (2.7)
Total 53 (28.5) 65 (34.9) 68 (36.6) 186 (100)
Indications
Agreement 15 (24.2) 7 (11.3) 18 (29) 40 (64.5)
Indeterminate 0 15 (24.2) 2 (3.2) 17 (27.4)
Disagreement 0 5 (8.1) 0 (0) 5 (8.1)
Total 15 (24.2) 27 (43.5) 20 (32.3) 62 (100)

* Panel 1 made up of 5 ASES candidate level or above members.

Table IV Comparison of the rating of the 2 panels”
Panel 2
Appropriate, n (%) Inconclusive, n (%) Inappropriate, n (%) Total, n (%)
Panel 1
Appropriate 10 (16.1) 5 (8.0) 0 (0) 15 (24.1)
Inconclusive 6 (9.6) 20 (35.5) 1 (1.6) 27 (43.5)
Inappropriate 0 (0) 9 (14.5) 11 (17.7) 20 (32.2)
Total 16 (25.8) 34 (54.8) 12 (19.4) 62 (100)

Weighted kappa = 0.56.

* Panel 1 was made up of 5 ASES candidate level or above members; panel 2 was made up of 7 ASES candidate level or above members.

Table V  Panel 1 validity study
Indication variables ™’ Generalized linear model (intercept-only)

Likelihood ratio 2 Difference P value
Age 36.660 <.001
Computed tomography 68.651 31.991 <.0011f'
Symptomatology 85.357 16.706 .004
Radiographic presentation 93.510 8.153 -160.
Mobility 94.367 0.857 .026"
Rotator cuff status 94.367 0.000 .150

* Evaluated the panel 1 median score as the dependent variable, with differences indicating the contribution of each indication variable to the

likelihood ratio 77 statistic.
T All cumulative effects were significant at & = 0.01.

¥ Indication variables were significant in independent univariate generalized linear model analyses with o = 0.05.

were variable based on a range (eg, age of patients for
scenarios in the >75-year age category ranged from ages 76-
89 years), which may have altered the responses for some of
the surgeons. All surgeons were supplied with the list of
variables and decision tree in an attempt to avoid discrep-
ancies. Finally, the high proportion of inconclusive ratings
may be explained by continued controversy regarding
appropriateness of TSA across a number of indications,
despite a growing body of evidence exploring outcomes

across age, symptomatology, prior surgery, and radiologic
parameters, ' *!%19-23:2420.31L.343640 - congistent  with  the
literature, panelists qualitatively discussed bridging to sur-
gery in patients with higher preoperative functioning and
lower pain and may consider injections or less aggressive
surgical interventions prior to TSA. Despite this qualitative
perspective, our study found that appropriateness of TSA in
patients with slight symptomatology and preserved mobility
was inconclusive. Despite the higher proportion of
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inconclusive ratings, our results demonstrate trends that are
consistent with current clinical practice based on the
expertise of ASES members and available scientific
evidence.

As with all studies, there are limitations. Statistical an-
alyses were not performed in the generation of the decision
tree, and results were not tested against actual patients.
Finally, the present study is subject to the inherent limita-
tions of the RAND method, including the method being
anchored in expert opinion.*”>"'"-'7?33 However, despite
these limitations, this study represents a novel use of the
RAND/UCLA method to assess the appropriateness of
TSA. The results of this study ultimately support the use of
this decision tree as an aid in informing future clinical
practice guidelines. This tool should be used as part of a
broader set of factors, including individual patient charac-
teristics, prior studies, and expert opinion, to inform clin-
ical decision making and future practice guidelines.
Ongoing research seeks to evaluate these criteria in the
setting of clinical practice, including evaluating outcomes
of patients electing to undergo TSA relative to their
respective indication in the decision tree.””

Conclusion

Using the RAND/UCLA method, ASES members
developed a decision tree to determine appropriateness
of total shoulder arthroplasty across a range of pertinent

indications. This presents the data, which are based on a
combination of clinical experience from high-volume
ASES-member surgeons and a comprehensive review of
current evidence, in a manner that streamlines the clin-
ical decision-making process and assists in rapid and
reliable determination of appropriateness for practi-
tioners. The decision tree can be used as part of the
physician toolbox, alongside individual patient factors,
current literature, and expert opinion, to inform clinical
decision making, improving quality of care and con-
trolling cost.
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