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Background: The purpose of this study was to introduce the procedure value index (PVI) and apply this
value instrument to shoulder arthroplasty. The PVI uses the value equation in units of minimal clinically
important difference (MCID) to provide an objective system of quantifying value-driven care. Secondari-
ly, we describe the PVI for both primary anatomic total shoulder arthroplasty (TSA) and reverse shoulder
arthroplasty (RSA) to highlight value differences between these patient populations.

Methods: Patients undergoing primary shoulder arthroplasty with minimum 2-year follow-up were iden-
tified retrospectively. MCIDs were determined for the Simple Shoulder Test (SST) score, American Shoulder
and Elbow Surgeons (ASES) score, visual analog scale (VAS) score for pain, and Single Assessment Numeric
Evaluation (SANE) score. Cost data were reported as total hospitalization costs, total charges, and total
reimbursements. The PVI was calculated as the ratio of outcome improvement in units of MCID over the
cost of care. Mean PVIs for TSA and RSA were compared.

Results: Five hundred thirty-four patients met the inclusion criteria. MCIDs for the SST, ASES, VAS pain,
and SANE scores were 3.61, 29.49, 3.28, and 37.05, respectively. With the exception of the ASES score,
improvements in units of MCID were not different between TSA and RSA. However, total hospitaliza-
tion costs and charges were significantly higher for RSA (P <.001). PVIs based on total hospitalization
costs and total charges for the SST, ASES, and VAS pain scores were significantly greater for TSA (P < .05).
No other PVI was significantly different.

Conclusions: The PVI was greater for TSA when total hospitalization costs and total charges were con-
sidered. The PVI helps highlight value differences in shoulder arthroplasty.
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Modern health care continues to emphasize improvement
in patient outcomes with concomitant cost reduction.! However,
recent emphasis on quality has focused on process-of-care mea-
surements rather than clinical outcomes.” Nonetheless, numerous
resources, technological advancements, and provider models
are aimed at the achievement of better clinical outcomes. The
rising costs of health services have ignited discussion on the
importance of minimizing health care-related expenditures in
an attempt to increase affordability for beneficiaries. Experts
have warned against cost cutting without regard to conse-
quences posed to the quality of care.®’ It has thus become
important to weigh both patient outcomes and cost when de-
termining the value of a given health care intervention. A “value
equation” has been proposed by Porter’ that defines value as
“outcomes achieved per dollar spent.” Nwachukwu et al® have
taken this concept further and proposed several guidelines for
developing a useful value equation for the field of orthopedic
surgery. They acknowledged the importance of using disease-
specific patient-reported outcomes as well as the complexity
of measuring cost variables when calculating this value equation.

Patient-reported outcome measures (PROMs) have become
the benchmark by which many high-level orthopedic studies
have quantified results of various surgical interventions. For
shoulder arthroplasty patients, several studies have deter-
mined the minimal clinically important differences (MCIDs)
in PROMs that are required to achieve a meaningful
improvement.*!'*'>!5 However, MCIDs tend to vary among
patient populations and are not always consistent.>*!%!>13 [t
is therefore of interest to calculate new MCIDs for each patient
population. MCIDs also do not take into account the mon-
etary costs associated with achieving these results.

Although MCIDs have been shown to be similar for both
anatomic total shoulder arthroplasty (TSA) and reverse shoul-
der arthroplasty (RSA),'"" the pathology being treated and
patient populations often differ significantly.' It is unclear,
however, whether the value of these 2 procedures differs. By
integrating the MCID into the value equation, it is possible
to understand value differences relative to meaningful im-
provements in clinical outcomes. The purpose of this study
was to introduce the procedure value index (PVI) and examine

value differences between TSA and RSA. Our hypothesis was
that the PVI would be different between TSA and RSA.

Materials and methods

Data set

A retrospective query of our institutional shoulder and elbow sur-
gical repository was used to identify patients treated with primary
shoulder arthroplasty. The indication for surgery was noted by the
operating surgeon and recorded in the database. PROMs including
the Simple Shoulder Test (SST) score, American Shoulder and Elbow
Surgeons (ASES) score, visual analog scale (VAS) score for pain,
and Single Assessment Numeric Evaluation (SANE) score were col-
lected for each patient preoperatively and at each postoperative
appointment as part of the standard repository protocol. Patient sat-
isfaction with surgery was reported as excellent, good, satisfactory,
or unsatisfactory at postoperative intervals.

Inclusion criteria

Patients were included in the analysis if they underwent a primary
TSA, as indicated by Current Procedural Terminology code 23472,
from 2007 to 2015. No revision cases were included. Further-
more, patients were only included if they had preoperative PROM
data, follow-up PROMs for a minimum of 2 years, and all 3 ele-
ments of cost data. Third-party payers included both Medicare and
private payers. The clinical indications for shoulder arthroplasty were
queried from the repository (Table I). Patients with acute proximal
humeral fractures were excluded.

Calculation of MCID

MCIDs for this study population were calculated using a previ-
ously defined, anchor-based method."” This was performed for the
SST, ASES, VAS pain, and SANE outcome scores. Mean preoper-
ative to postoperative improvement for each outcome score was
calculated for patients reporting good, satisfactory, or unsatisfac-
tory results. The MCID for each PROM was calculated as the
difference in mean improvement between the satisfactory-good sat-
isfaction group and the unsatisfactory group. Patients with excellent

Table I  Indications for surgery in patients undergoing anatomic TSA or RSA
TSA RSA
Indication No. of patients (315 total % No. of patients (206 total %
with indication data)* with indication data)*
Osteoarthritis without cuff tear 302 95.9 28 13.6
Osteoarthritis with cuff tear 4 1.3 181 87.9
Inflammatory arthritis 8 2.5 7 3.4
Avascular necrosis 4 1.3 8 3.9
Malunion or nonunion 0 0.0 19 9.2
Locked anterior dislocation 0 0.0 5 2.4
Massive rotator cuff tear with pseudoparalysis 0 0.0 5 2.4

TSA; total shoulder arthroplasty; RSA, reverse shoulder arthroplasty.

* Some patients had more than 1 surgical indication listed and were thus included in multiple categories.
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satisfaction were excluded from MCID analysis as these patients
were said to be beyond minimal change. '’

The following equation was used for calculation of the MCID
for each PROM (MCIDprom): MCIDprom = Mean preoperative to post-
operative improvement in PROM for satisfactory-good group — Mean
preoperative to postoperative improvement in PROM for unsatis-
factory group.

Costs

Cost-related data for hospitalization were obtained via complete hos-
pital financial records and imported into the repository. Three different
economic cost perspectives were evaluated to better characterize dif-
ferent stakeholders’ perspectives. “Total hospitalization cost” was
calculated as the sum of all itemized costs accrued during each pa-
tient’s hospital stay during the time of surgery. “Total charges” referred
to charges directly billed to each patient by the hospital. “Total re-
imbursement” was defined as the amount paid to the hospital by the
respective patient’s insurance provider. Multiple different payers were
included in this analysis.

Calculation of PVI

The PVI was calculated as the ratio of PROM improvement in units
of MCID over the mean cost of care; the resultant value was then
multiplied by 10* to yield a normalized integer: PVIpromicost measure-
ment = (Mean AMCIDprom X 10¥)/Mean costcost measurement-

PVI analysis was performed for the 4 PROMs for which MCIDs
were calculated (SST, ASES, VAS pain, and SANE scores) and the
3 cost measurements reported in this study (total hospitalization cost,
total charges, and total reimbursement). This yielded a total of 12
different PVI calculations for each patient. This approach allowed
a better estimation of different perspectives, that is, payer, patient,
and hospital system.

PVI comparison between anatomic TSA and RSA

The study patients were separated into 2 groups based on whether
they underwent TSA or RSA. Mean PVIs for the SST, ASES, VAS
pain, and SANE scores with total hospitalization costs, total charges,
and total reimbursements were compared between the study groups
by independent-samples ¢ tests (SPSS software, version 24; IBM,
Armonk, NY, USA), with significance set at P <.05. The same
MCIDs for each PROM were used when calculating PVIs for both
TSA and RSA patients, as MCIDs have not been found to vary based

on arthroplasty type.'” To determine potential contributing factors
to any PVI differences, PROM improvements in units of MCID, as
well as cost measurements, were individually compared between the
TSA and RSA cohorts.

Results

Our query of the shoulder and elbow repository identified 624
patients treated with primary TSA or RSA with complete hos-
pitalization cost data. Of these patients, 534 met the inclusion
criteria, with a mean follow-up period of 47 months (range,
24-124 months). Of these, 319 underwent TSA and 215 un-
derwent RSA. The surgical indications were quite different,
as 95.87% of patients undergoing TSA had a primary surgi-
cal indication of osteoarthritis without rotator cuff tear whereas
87.9% of RSA patients were treated for osteoarthritis with
rotator cuff tear. The surgical indications for patients in-
cluded in the study are shown in Table I. Demographic data
are presented in Table II.

Of the patients, 379 (70.97%) reported excellent satisfac-
tion with surgery, 131 (24.53%) reported good or satisfactory
results, and 21 (3.93%) reported unsatisfactory results. Sat-
isfaction data were not available for 3 patients (0.56%). Mean
improvements in the SST, ASES, VAS pain, and SANE scores
for patients reporting satisfaction as excellent, good or sat-
isfactory, and unsatisfactory are shown in Table III. MCID
for the SST score was 3.61. MCID for the ASES score was
29.49. The MCID for the VAS pain score was 3.28. The MCID
for the SANE score was 37.05 (Table III).

Mean PVIs for patients undergoing TSA and RSA based
on each PROM and cost measurement are shown in Table I'V.
All PVIs were significantly greater for TSA (P < .05) except
those calculated using the SANE score or reimbursement data
(Table IV).

Analysis of the components of the PVI showed that im-
provements in all PROMs (in units of MCID), with the
exception of the ASES score (1.72 vs 1.49, P =.010), were
not significantly different between TSA and RSA (Table V).
For patients undergoing RSA, mean total hospitalization costs
were $1263.78 greater (P < .001) and mean total charges were
$6168.00 greater (P < .001) than those for patients undergoing
TSA. TSA had mean reimbursement that was $1256.62 greater
than that for RSA (P =.011, Table V).

Table I  Demographic data for primary shoulder arthroplasty patients
Overall Anatomic TSA RSA P value
No. of patients 534 319 215
Mean follow-up (range), mo 47 (24-124) 49 (24-113) 44 (24-124)
Gender distribution, n .005
Male 238 (44.6%) 158 (49.5%) 80 (37.2%)
Female 296 (55.4%) 161 (50.5%) 135 (62.8%)
Mean age (range), yr 71.9 (45.4-88.9) 69.9 (45.4-88.9) 75.0 (46.2-88.3) < .001

TSA; total shoulder arthroplasty; RSA, reverse shoulder arthroplasty.
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Table III

Calculated MCIDs for various patient-reported outcome measures

SST score

ASES score

VAS pain score SANE score

Mean improvement n

Mean improvement n

Mean improvement n Mean improvement n

Satisfaction with surgery

Excellent 6.50 £ 3.06 320 52.86 * 24.45

Good or satisfactory 4.25 £+ 3.53 104 39.10 £ 26.13

Unsatisfactory 0.64 £ 3.15 14 9.62 + 20.33
MCID 3.61 29.49

328 5.76 £2.99 329 47.31+35.31 282

103 4.35+3.33 104 33.13 £36.91 99

15 1.07 £3.23 15 -3.92 £22.63 12
3.28 37.05

MCID, minimal clinically important difference; SST, Simple Shoulder Test; ASES, American Shoulder and Elbow Surgeons; VAS, visual analog scale; SANE,

Single Assessment Numeric Evaluation.

Table IV Mean PVIs for primary anatomic TSA and RSA based
on patient-reported outcome measures and cost measurements

PVI TSA RSA P value
SST score
Total costs* 1.63+£1.00 1.43+0.98 .039
Total charges' 2.44+1.45 2.13+1.36 .022
Total reimbursements* 1.28 £ 0.98 1.20+0.75 .338
ASES score
Total costs* 1.73+£0.96 1.41+1.05 .001
Total charges' 2.56 £1.33 2.08 £1.45 <.001
Total reimbursements* 1.34 +£1.19 1.17 £0.77 .067
VAS pain score
Total costs* 1.68 £ 1.04 1.40t1.12 .006
Total charges' 2.48 + 1.44 2.08+1.57 .006
Total reimbursements* 1.32 + 1.38 1.20 £ 0.88 .233
SANE score
Total costs* 1.06 +£ 1.08 1.16 £0.94 .379
Total charges' 1.60 +1.57 1.73+1.32 .420
Total reimbursements* 0.84 +0.90 0.96 = 0.72 .164

PVI, procedure value index; TSA; total shoulder arthroplasty; RSA, reverse
shoulder arthroplasty; SST, Simple Shoulder Test; ASES, American Shoul-
der and Elbow Surgeons; VAS, visual analog scale; SANE, Single Assessment
Numeric Evaluation.

* Original values multiplied by 10* to yield normalized integer.

t Original values multiplied by 10° to yield normalized integer.

Discussion

The purpose of this study was to highlight differences in value
between TSA and RSA using an index of value that takes into
account the minimal improvement necessary to achieve patient
satisfaction—PVI. The PVI can be easily replicated and used
to study the value impact of improvements in health care de-
livery as well as differences in value among treatments or
procedures. By use of the PVI, our results showed signifi-
cant differences between TSA and RSA. In addition to having
completely different indications, patients undergoing TSA were
generally found to have greater value achievement than pa-
tients undergoing RSA. Given that the cost of RSA was
significantly higher and improvements in PROMs were quite
similar, the results of this study suggest that the value dif-
ferences between TSA and RSA relate to the higher costs
associated with managing patients with rotator cuff insuffi-
ciency requiring RSA.

In this study, MCIDs were used to calculate the PVI for
shoulder arthroplasty. For the 534 primary shoulder arthro-
plasty patients with minimum 2-year follow-up (mean, 47
months), anchor-based MCIDs were determined to be 3.61
for the SST score, 29.49 for the ASES score, 3.28 for the VAS
pain score, and 37.05 for the SANE score. Anchor-based
methods have been used in several studies to determine MCIDs
for various PROM after shoulder arthroplasty. Simovitch et al®
reported anchor-based MCIDs of 13.5 for the ASES score,
1.5 for the SST score, and 1.6 for the VAS pain score. Sim-
ilarly, Werner et al”® determined an MCID of 13.5 for the ASES
score. In addition, Tashjian et al'® determined MCIDs of 20.9
for the ASES score, 2.4 for the SST score, and 1.4 for the
VAS pain score. The MCIDs calculated in our study are some-
what higher than those previously reported, possibly because
of population-specific factors. Patient expectations related to
what constitutes a meaningful improvement may vary de-
pending on the disease treated and the treatment modality.
Furthermore, as shown earlier, MCIDs can vary consider-
ably even when calculated for similar indications and treatment
modalities. It is therefore important to determine the MCID
for the population of interest when calculating the PVI.

With the goals of incentivizing efficiency and value in the
delivery of health care services, there has been considerable
discussion regarding the bundled-payment initiative. Inher-
ent to the bundled-payment initiative are attempts at cost
savings with the hope of maintaining or enhancing quality.
With each cost-saving effort, it is important to monitor the
impact on outcome and, ultimately, value. This type of anal-
ysis will be important in determining what services to include
in each bundle, as well as the funds allocated to each bundle.
Teusink et al'! asserted that shoulder arthroplasty is an ideal
model for the bundled-payment initiative because of its re-
producible nature but that improved measures of outcome and
cost associated with these procedures are needed. The PVI
related to shoulder arthroplasty as discussed in our study pro-
vides a measurement that incorporates both meaningful clinical
improvement and cost. Use of the PVI to track changes and
improvements within the episode of care can certainly impact
the bundled-payment initiative.

As the PV is the ratio of outcome improvement to cost, it
is not to be used as a stand-alone measurement. Rather, it is
intended to be used as a tool for comparing “value” between
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Table V. Mean improvement (in units of MCID) for each PROM and mean cost measurements for anatomic TSA versus RSA
TSA RSA P value
Mean PROM improvement in units of MCID
SST score 1.65 + 0.98 1.52 £ 0.91 .159
ASES score 1.72 £ 0.86 1.49 £ 0.97 .010
VAS pain score 1.66 £ 0.94 1.50 £ 1.08 .105
SANE score 1.09 £ 1.04 1.23 £ 0.90 .150
Mean cost measurements, $
Total costs 10,599.74 + 2384.85 11,863.52 £ 3561.38 <.001
Total charges 67,872.73 £ 7363.03 74,040.73 + 12,921.70 <.001
Total reimbursements 14,629.80 = 6548.31 13,373.18 £ 4702.51 .010

MCID, minimal clinically important difference; PROM, patient-reported outcome measure; TSA; total shoulder arthroplasty; RSA, reverse shoulder arthro-
plasty; SST, Simple Shoulder Test; ASES, American Shoulder and Elbow Surgeons; VAS, visual analog scale; SANE, Single Assessment Numeric Evaluation.
NOTE. Mean costs were calculated using all patients with complete cost data and 2-year follow-up regardless of whether PROM data were reported.

different patient populations or interventions through the use
of consistent measures. Furthermore, owing to the various
methods of measuring outcome improvement and cost, there
are many ways to calculate the PVI. Using only 1 PVI calcu-
lated from a single outcome and cost measurement provides
too narrow a focus and likely prevents investigators from de-
tecting important differences. However, when analyzing value
among different patient groups, investigators must only compare
PVIs that are calculated using the same outcome scores and
cost measurements.

To exemplify the aforementioned concepts, this study used
12 different PVI measurements for each type of shoulder ar-
throplasty: TSA or RSA. The PVI was greater for TSA with
few exceptions (the PVI for the SANE score and reimburse-
ment costs). Furthermore, the improvements in units of MCID
were not different for nearly all PROMs examined (except
the ASES score). The greater PVI for TSA was thus largely
related to significantly greater total hospitalization costs and
total charges associated with RSA procedures. As the cost of
RSA implants decreases over time, the value of RSA will likely
increase, potentially exceeding the value of TSA.

Our study found the PVI based on reimbursement costs
to be similar between TSA and RSA. This is likely due to
the fact that shoulder arthroplasty is typically performed in
patients with Medicare reimbursement, which is identical for
both TSA and RSA. As shown in this study (Table V), re-
imbursements were only marginally higher for TSA, and this
small difference was likely a result of non-Medicare reim-
bursements in younger TSA patients.

It is important to emphasize that although our study de-
termined that TSA had a higher PVI than RSA, these
procedures were performed in patients with completely dif-
ferent surgical indications (Table I). The study findings should
not be misinterpreted as suggesting that TSA be selected over
RSA for any specific patient pathology. In contrast, the dif-
ferences in value seen in the TSA and RSA patient populations
help to reinforce the opinion stressed by Nwachukwu et al®
that value analytics should be disease specific.

Few studies have focused on the value impact of shoulder
arthroplasty. While examining the risk factors for poor func-
tional improvement after RSA, Hussey et al* defined value as

ASES score improvement divided by total cost and multi-
plied by $10,000. At the same institution, Steen et al’ used this
method in a matched-cohort study involving 120 patients.
Similar to our study, they found the “value” for TSA to be
greater than for RSA (26.2 vs 15.0, P =.003), likely owing to
greater RSA costs, which were $7274 greater than TSA costs.’

There are important differences between the value mea-
surements used in the aforementioned studies and the PVI
method used in our study. By using units of MCID to define
changes in outcome (numerator of value equation) rather than
overall improvements in specific PROMs, the PVI focuses on
the minimal improvement needed to achieve a meaningful result.
Furthermore, use of multiple different PROMs helps to iden-
tify consistency in value improvement. This is evident in our
study, in which mean ASES score improvement in units of
MCID was an outlier in comparing TSA with RSA. In addition,
use of multiple different cost indicators (denominator of the
value equation) helps to further differentiate the PVI analysis
of this study. Because many elements of cost, such as implant
costs, supply costs, and non-Medicare reimbursement, relate
to hospital contract negotiations, analysis of costs using total
hospital costs, total hospital charges, and hospital reimburse-
ment helps to eliminate the bias inherent in these variations.

With the recent emphasis on value-based initiatives in health
care, there is a trend toward an emphasis on the process of
care.” Quality-based payment systems have been created using
process-of-care surveys to influence reimbursement. Yet, for
surgeons, innovations in practice management, treatment pro-
tocols, clinical guidelines, implant design, surgical techniques,
and devices remain focused on maximizing clinical out-
comes. The PVI provides a tool by which value can be tracked
with a focus on the outcome of treatment. This index may
prove useful among large health care systems interested in
understanding the differences among providers and hospi-
tals in delivering high-quality care and may provide an
alternative metric to process-of-care initiatives.

This study has several limitations. First, the percentage of
patients reporting unsatisfactory results was small for each
PROM and thus may have influenced the accuracy of anchor-
based MCID calculations. However, this percentage is consistent
with most studies reporting MCIDs for shoulder arthroplasty.®'
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Second, the denominator of the PVI was calculated using only
costs related to each patient’s inpatient hospitalization for
surgery. Nwachukwu et al® suggested that cost measure-
ments for the value equation should encompass all areas related
to the patient’s condition. However, previous studies have shown
that 80%-90% of costs for TSA and RSA are related to in-
patient hospitalization,"*'* and therefore, the impact of this
limitation is minimal. Finally, this study was conducted at a
single institution, with all procedures performed by 1 surgeon.
As previously mentioned, population-specific factors have the
potential to impact MCID and PVI calculations. For example,
high-volume centers have been shown to have lower shoul-
der arthroplasty costs than low-volume centers.® Therefore,
investigators must use caution when directly comparing PVI
calculations from other populations with those in our study.
It is important to determine new MCIDs prior to calculating
the PVI in a different population.

Conclusion

The PVI provides a useful tool for making value com-
parisons based on the outcome of care, as it incorporates
meaningful clinical improvement together with cost. By
use of the PVI, the value of primary TSA was shown to
be significantly different than that of primary RSA for
nearly all PVI metrics, likely related to the higher costs
associated with management of the rotator cuff—deficient
shoulder. We anticipate that the PVI will be used to show
how system-wide interventions or new technology intro-
ductions impact value over time.
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