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Abstract

Background Young patients with severe glenohumeral

arthritis pose a challenging management problem for

shoulder surgeons. Two controversial treatment options are

total shoulder arthroplasty (TSA) and hemiarthroplasty.

This study aims to characterize costs, as expressed by

reimbursements for episodes of acute care, and outcomes

associated with each treatment.

Questions/purposes We asked: for patients 30 to 50 years

old with severe end-stage glenohumeral arthritis refractory

to conservative management, (1) are more years of patient-

derived satisfactory outcome by the Neer criteria and

quality-adjusted life-years (QALYs) achieved using a TSA

or a hemiarthroplasty; (2) does a TSA or a hemiarthro-

plasty result in a greater number of revision procedures;

and (3) does a TSA or a hemiarthroplasty result in greater

associated costs to society?

Methods The incidence of glenohumeral arthritis among

30- to 50-year-old patients, outcomes, reoperation proba-

bilities, and associated costs from TSA and

hemiarthroplasty were derived from the literature. A

Markov chain decision tree model was developed from

these estimates with number of revisions, cost of man-

agement for patients to 70 years old as defined by

reimbursement for acute-care episodes, years with ‘‘satis-

factory’’ or ‘‘excellent’’ outcome by the modified Neer

criteria, and QALYs gained as principle outcome mea-

sures. A Monte Carlo simulation was conducted with a

cohort representing the at-risk population for shoulder

arthritis between 30 and 50 years old in the United States.

Results During the lifetime of a cohort of 5279 patients,

hemiarthroplasty as the initial treatment resulted in 59,574

patient years of satisfactory or excellent results (11.29 per

patient) and average QALYs gained of 6.55, whereas TSA as

the initial treatment resulted in 85,969 patient years of satis-

factory or excellent results (16.29 per patient) and average

QALYs gained of 7.96. During the lifetime of a cohort of 5279

patients, a hemiarthroplasty as the initial treatment led to 2090

lifetime revisions (0.4 per patient), whereas a TSA as the initial

treatment led to1605 lifetime revisions (0.3perpatient).During

the lifetime of a cohort of 5279 patients, a hemiarthroplasty as

initial treatment resulted in USD 132,500,000 associated direct

reimbursements (USD 25,000 per patient), whereas a TSA as

initial treatment resulted in USD 125,500,000 associated direct

reimbursements (USD 23,700 per patient).

Conclusions Treatment of end-stage glenohumeral

arthritis refractory to conservative treatment in patients 30

to 50 years old in the United States with TSA, instead of

hemiarthroplasty, would result in greater cost savings,

avoid a substantial number of revision procedures, and

result in greater years of satisfactory or excellent patient

outcomes and greater QALYs gained. On a population
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level, TSA is the cost-effective treatment for glenohumeral

arthritis in patients 30 to 50 years old.

Level of Evidence Level II, economic and decision

analysis study.

Introduction

There is an increasing demand for shoulder arthroplasty in

the United States population [11, 21]. According to

Padegimas et al. [29], the Nationwide Inpatient Sample

(NIS) showed an increase in the incidence of shoulder

arthroplasty from 2002 through 2011 of 267%. With ever-

increasing expenditures and the rising economic burden of

health care, value-based reimbursement has entered the

forefront of clinical decision-making [1, 6, 28, 31].

The young patient, between 30 to 50 years old, with end-

stage shoulder arthritis presents a unique treatment challenge

given increased activity levels, higher expectations, and

longer life expectancy. Owing to concern for glenoid loos-

ening, hemiarthroplasty traditionally has been used in young

patients, despite data to suggest that reoperation rates may be

inferior to those of total shoulder arthroplasty (TSA),

attributable to glenoid-sided wear and persistent pain

[5, 14, 33, 37]. With reports of improved patient-specific

satisfaction and shoulder function scores, increased long-

evity of implants, and widespread training, indications for

shoulder arthroplasty have expanded to include younger and

more-active patients. In a recent study, Padegimas et al. [29]

projected an 8% yearly increase in the use of shoulder

arthroplasties in patients younger than 55 years and a

reduction in the relative proportion of hemiarthroplasties

from 34% in 2011 to 24% of all arthroplasties by 2030.

Evaluating treatment options for end-stage gleno-

humeral arthritis in younger patients poses unique

challenges. As the patient population has a substantial

remaining lifespan, conducting long-term prospective

studies with adequate followup to capture postoperative

events is challenging. Furthermore, capturing a large

enough cohort to produce generalizable results often is not

feasible with low-incidence conditions. Finally, traditional

clinical studies often are lacking in their ability to incor-

porate and evaluate economic endpoints in conjunction

with clinical ones during a long study period. Our approach

in this study to attempt to contend with these issues was to

use a Markov chain cohort decision model based on out-

comes and provide transition probabilities obtained from a

systematic review of the literature. This type of model

allows the investigator to follow a theoretical cohort or

single patient through different states of health during fixed

intervals, where the patient either may stay in a given

health state or transition to another one, accruing outcomes

at each interval [12, 26]. The decision model can be

designed by synthesizing varied data sources, including

existing clinical studies, national databases, economic data,

and presenting results in a manner that combines clinical

and economic elements. Decision and Markov modeling

have been used increasingly in orthopaedics and have

gained acceptance as a means of guiding clinical care and

policy [17, 23–25, 36, 38]. Applying these methods here

proves to be an effective way of exploring and under-

standing a challenging clinical scenario.

Specifically, we asked, for young patients with severe

end-stage glenohumeral arthritis, (1) are more years with a

subjective, patient-specific satisfactory outcome by the

Neer criteria and quality-adjusted life-years (QALYs)

achieved using a TSA or a hemiarthroplasty; (2) does a

TSA or a hemiarthroplasty result in a greater number of

revision procedures; and (3) does a TSA or a hemiarthro-

plasty result in higher associated costs, as expressed by

physician and facility reimbursement during surgical epi-

sodes of care?

Materials and Methods

Model Design

Our decision analysis was conducted with Monte Carlo

simulation with a cycle length of 1 year for a cohort rep-

resentative of the US population distribution using

TreeAge Pro (TreeAge Pro 2013; TreeAge Software Inc,

Williamstown, MA, USA). Monte Carlo simulations, or

stochastic simulations, rely on repeat sampling of proba-

bilities to obtain distributions of outcomes. Using this

method with a Markov chain decision model allows sim-

ulation of individual patients across the model,

incorporating variability at each point of probability and

providing representative cohort-wide outcomes [22].

A population cohort between 30 to 50 years 6ld was

chosen based on incidence rates for TSA and hemiarthro-

plasty derived from the NIS [20].

Our decision model consisted of two primary treatment

arms. Patients with glenohumeral arthritis could undergo

either primary TSA (humeral head replacement and all-

polyethylene glenoid resurfacing) or hemiarthroplasty

(humeral head replacement only). At every annual cycle in

the model, there was an age-specific risk of mortality based

on United States life tables [39]. Intraoperative and peri-

operative mortality were assumed to be similar and

negligible for the two procedures and so were not included.

Patients who initially had a TSA and were alive at each

interval of the model remained in their current state (TSA),

underwent a revision TSA, or underwent a
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hemiarthroplasty. Patients with a revision TSA either

remained in that state (revision TSA) or underwent a

hemiarthroplasty or a second revision TSA. Patients with a

revision hemiarthroplasty remained in that state (revision

hemiarthroplasty) or underwent a revision TSA. Patients

initially treated with hemiarthroplasty who remained alive

at each interval of the model either remained in that state

(hemiarthroplasty) or underwent revision TSA. If they had

revision surgery, they remained in that state (revision TSA)

or had a second revision TSA or revision hemiarthroplasty

(Fig. 1).

Given the age of our cohort, a maximum of two revi-

sions was allowed before the patient was assumed to drop

out of the model or undergo a salvage procedure (reverse

shoulder arthroplasty, resection arthroplasty, or fusion).

Given limited data regarding the probability of conversion

of hemiarthroplasty or TSA to reverse arthroplasty, resec-

tion arthroplasty, or fusion, these procedures were not

included in the model and 70 years was selected as the

upper age limit of the model.

Reimbursement as a Proxy for Episode of Care Costs

Estimated reimbursement for hemiarthroplasty was calcu-

lated using maximum Medicare reimbursement of

Diagnosis Related Group (DRG) code 508 (Major Shoulder

or Elbow Joint Procedures W/O CC/MCC) for hospital

fees, Current Procedural Terminology (CPT) code 23470

(hemiarthroplasty) for surgeon fees, and CPT code 1638

(Anesthesia for TSA) with 10 base units and four time units

for anesthesia (Table 1). Estimated reimbursement for TSA

was calculated using estimated maximum Medicare reim-

bursement of DRG code 508 for hospital fees, CPT code

23472 (TSA) for surgeon fees, and CPT code 1638 with 10

base units and six time units for anesthesia fees. Facility

reimbursements were calculated using Inpatient Medicare

Price and average Medicare physician reimbursements

obtained from the 2014 Centers for Medicare & Medicaid

Services (CMS) Physician Fee Schedule using the CMS

Physician Fee Schedule Search [8]. All Medicare reim-

bursement figures for the initial episode of care and

Fig. 1 A schematic of the Markov decision model is shown. TSA = total shoulder arthroplasty.
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subsequent revisions were converted to estimates of private

reimbursement rates with a conversion factor of 1.39,

based on the average conversion factor from a national

survey, a figure used in prior economic analyses [19, 23].

The differences in implant costs are not reflected in this

analysis as we took the economic perspective of society

and payers, and variability in implant costs are absorbed by

hospitals as part of operating costs and not directly seen by

patients, insurance companies, or the CMS.

Survivorship and Outcomes

Survivorship rates for TSA and hemiarthroplasty among

patients younger than 50 years with end-stage glenohumeral

arthritis were obtained from the literature (Table 2)

[2–4, 7, 9, 13, 15, 37]. For each procedure, the survivorship

rate was calculated by performing a systematic review fol-

lowing PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-Analyses) guidelines. PubMed and Sco-

pus computerized literature databases were searched through

July 2015. Articles were identified by searches using relevant

keywords (‘‘shoulder hemiarthroplasty’’, ‘‘total shoulder

arthroplasty’’, ‘‘glenohumeral hemiarthroplasty’’, ‘‘gleno-

humeral total shoulder arthroplasty’’). For primary

arthroplasty in young patients, studies were included if they

were (1) written in English, (2) contained a minimum of 50

patients at baseline, (3) included only patients younger than

50 years, and (4) reported survivorship at 10 years of fol-

lowup. One study by Sperling et al. [37] qualified for

inclusion, and annual incremental failure rates for primary

hemiarthroplasty and TSA were derived from 10-year esti-

mates in patients 50 years or younger, which vary from an

annual failure rate of 0.008 to 0.0125 based on time from

surgery. The probability of subsequent revision surgery was

determined by performing systematic reviews of the litera-

ture for each procedure. PubMed and Scopus computerized

literature databases were searched through July 2015 using

relevant keywords (‘‘revision shoulder hemiarthroplasty’’,

‘‘revision total shoulder arthroplasty’’, ‘‘revision gleno-

humeral hemiarthroplasty’’, ‘‘revision glenohumeral total

shoulder arthroplasty’’). Articles were identified by searches

using relevant keywords (Table 2). Studies were included if

they were (1) written in English, (2) contained a minimum of

10 patients at baseline, (3) reported rates of revision and

described the type of revision performed, and (4) included a

minimum of 2 years of clinical followup. Based on these

criteria and using pooled statistics, the probability of revision

to either hemiarthroplasty or revision TSA after TSA failure

was derived from four case series describing the respective

revision procedures [2, 9, 13, 15]. Subsequent probability of

revision of a revision hemiarthroplasty was derived from

these same studies [2, 9, 13, 15]. Probability of revision of a

revision TSA was derived from six retrospective case series

[2, 4, 7, 9, 13, 15]. The years with a ‘‘satisfactory’’ or ‘‘ex-

cellent’’ result for each procedure were derived from studies

that reported the modified Neer rating [2, 7, 9, 37]. For the

modified Neer rating, to be considered as having an excellent

result, patients had to be satisfied with the procedure and

have at least 45� external rotation, active abduction of at least
140�, and no or slight pain [10, 27, 37]. Patients were con-

sidered to have a satisfactory result if they were satisfied with

the procedure and had no, slight, or moderate pain only with

vigorous activities; at least 20� external rotation; and active

abduction of at least 90�. The result was unsatisfactory if any
of the criteria were not met.

Table 1. Costs

Category TSA/revision TSA Hemiarthroplasty/revision HA

DRG 508 508

Facility reimbursement USD 11,307.89 USD 11,307.89

CPT code 23472 23470

Surgeon reimbursement USD 1499.18 USD 1235.89

Anesthesia CPT code 1638 1638

Anesthesia base units 10 10

Anesthesia time units 6 4

Anesthesia reimbursement USD 351.04 USD 307.16

Total Medicare reimbursement USD 13,158.11 USD 12,850.94

Estimated private reimbursement USD 18,289.77 (Sensitivity analysis range,

USD 16,461–USD 20,119)

USD 17,892.81 (Sensitivity analysis range,

USD 16,104–USD 19,682)

TSA = total shoulder arthroplasty; HA = hemiarthroplasty; DRG = Diagnosis Related Group; CPT = Current Procedural Terminology.
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Utilities

Health-related quality-of-life measures are traditionally a

component of a cost-effectiveness analysis and are esti-

mates that attempt to capture the relative health experience

of a patient compared with a state of normal health. Util-

ities used to calculate QALYs are theoretical estimates

derived from health questionnaires and opinion. A utility of

0 represents the value of being dead, while a utility of 1

represents perfect health and function. In disease processes

or treatments without accurate quality-of-life assessments,

calculating utilities is particularly challenging. A prior

cost-effectiveness study evaluating TSA and hemiarthro-

plasty for glenohumeral arthritis was used as precedent for

utilities in this study, which derived utilities from prefer-

ence-based patient measure of other arthritic conditions

[24]. A value of 0.6 was used as the baseline for gleno-

humeral arthritis. Utility values of 0.9 for TSA and 0.85 for

hemiarthroplasty were used, and 0.8 was used for a revi-

sion hemiarthroplasty or TSA from a primary TSA and

0.82 was used for revision TSA from a primary hemi-

arthroplasty. Revision procedures were assigned a one-time

disutility of �0.02. We approximated incremental QALYs

from the years spent in each state in the Markov model and

respective utilities, and calculated the incremental cost-

effectiveness ratio (ICER) for both treatments. Utilities

subsequently were varied in the sensitivity analysis to

evaluate robustness over a range of utility scores.

Statistical Analysis

The annual cohort size of patients 30 to 50 years old with

early glenohumeral arthritis requiring surgery was esti-

mated from the NIS to be 5279 patients. Individual

simulations were run with 5279 iterations, which ade-

quately achieves a stable estimate of the central tendency,

however simulations for each set of conditions were

repeated 10 times and the results averaged to capture the

occurrence of rare events without artificially inflating the

sample size [20, 30]. Results are presented with 95% CIs to

reflect and characterize stochastic variability in model

simulations and uncertainty in differences in comparative

estimates between cohorts; these do not necessarily reflect

parameter uncertainties, which were further characterized

with a sensitivity analysis.

Deterministic and probabilistic sensitivity analyses were

conducted to determine robustness of our model and the

Table 2. Base case parameters

Parameter Probability Sensitivity analysis range

Annual failure rate of primary hemiarthroplasty 0–10 years 0.018 [37]

Annual failure rate of primary hemiarthroplasty 11–20 years 0.007 [37]

Annual failure rate of primary hemiarthroplasty 21–30 years 0.0125 [37]

Annual failure rate of primary hemiarthroplasty 31–40 years 0.0125 [37]

Annual failure rate of primary TSA 0–10 years 0.003 [37]

Annual failure rate of primary TSA 11–20 years 0.013 [37]

Annual failure rate of primary TSA 21–30 years 0.008 [37]

Annual failure rate of primary TSA 31–40 years 0.008 [37]

Proportion revised to hemiarthroplasty after primary TSA 0.482 [2, 9, 13, 15] 0.434–0.530

Proportion revised to TSA after primary TSA 0.518 [2, 9, 13, 15] 0.466–0.570

Annual rate of revision hemiarthroplasties for failed revision TSA after hemiarthroplasty 0.0116 [2, 7, 9, 13, 15] 0.010–0.013

Annual rate of revision TSAs for failed revision TSA after hemiarthroplasty 0.0124 [2, 7, 9, 13, 15] 0.011–0.014

Annual rate of revision TSAs for failed revision hemiarthroplasty after primary TSA 0.031 [2, 9, 13] 0.028–0.034

Annual rate of resection for failed revision hemiarthroplasties after primary TSA 0.0083 [2, 9, 13] 0.007–0.009

Annual rate of revision hemiarthroplasties for failed revision TSA after primary TSA 0.0103 [2, 4, 9, 13] 0.009–0.011

Annual rate of revision TSAs for failed revision TSA after primary TSA 0.0042 [2, 4, 9, 13] 0.004–0.005

Annual rate of reverse TSAs for failed revision TSA after primary TSA 0.023 [2, 4, 9, 13] 0.021–0.025

Annual probability of satisfaction after primary TSA 0.62 [37] 0.558–0.682

Annual probability of satisfaction after primary hemiarthroplasty 0.4 [37] 0.36–0.44

Annual probability of satisfaction after revision hemiarthroplasty after primary TSA 0.189 [2, 9] 0.17–0.208

Annual probability of satisfaction after revision TSA for primary hemiarthroplasty 0.533 [7] 0.480–0.586

Annual probability of satisfaction after revision TSA for primary TSA 0.381 [2, 9] 0.343–0.419

TSA = total shoulder arthroplasty.
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effect of varying key variables. To test the effect of age at

its extremes, the simulation was repeated with a cohort of

30-year-old–only patients One-way sensitivity analysis to

identify break-even thresholds were performed infinitely

varying costs of hemiarthroplasty for costs, and repeated

varying the 10-year survival rate of hemiarthroplasty for

revisions. Finally a probabilistic sensitivity analysis of all

nontime-dependent variables including point probabilities,

outcome measures, and costs was conducted across a uni-

form distribution of values (Table 2).

Results

Years of Satisfactory Outcome

By the modified Neer criteria, hemiarthroplasty as the

initial treatment resulted in 59,574 total satisfactory or

excellent patient years compared with 85,969 years for

total TSA (p\ 0.001) (Fig. 2). Use of primary TSA in all

cases of early glenohumeral arthritis would result in

26,395 more years with a satisfactory or excellent result

(95% CI, 23,529–29,260) compared with hemiarthroplasty

during the lifetime of the cohort. TSA provided average

QALYs gained of 7.96 (95% CI, 7.77–8.15) whereas

hemiarthroplasty provided average QALYs gained of 6.55

(95% CI, 6.36–6.74) during the lifetime of the cohort

against a base-case scenario of end-stage glenohumeral

arthritis. A TSA for early glenohumeral arthritis repre-

sented an incremental QALY gain of 1.41 relative to

hemiarthroplasty (95% CI, 1.37–1.679; p\ 0.001). Prob-

abilistic sensitivity analysis showed eight QALYs and

16.23 satisfied years gain per-patient in the TSA arm, and

6.66 QALYs and 11.24 satisfied years gain for hemi-

arthroplasty, with TSA remaining favorable with an

incremental QALY gain of 1.35 over hemiarthroplasty

(95% CI, 1.08–1.62; p\0.001) and an incremental gain of

five satisfied years (95% CI, 4.4–5.5; p \ 0.001), sup-

porting the robustness of the model results,

Number of Revision Procedures

Hemiarthroplasty as the initial preferred treatment resul-

ted in 2090 revisions compared with 1605 revisions when

TSA was the initial treatment choice (p\ 0.001) (Fig. 3).

A primary TSA in all cases of early glenohumeral

arthritis would avoid 486 revisions (95% CI, 363–609)

compared with hemiarthroplasty. Probabilistic sensitivity

analysis showed a lifetime per-patient revision rate of

0.31 for TSA and 0.4 for hemiarthroplasty, with a TSA

avoiding on average 0.09 revisions (95% CI, 0.07–0.11;

p\ 0.001)

Economic Analysis

During the lifetime of the cohort, total reimbursements were

USD 132,500,000 when hemiarthroplasty was selected as

the initial treatment and USD 126,500,000 when TSA was

selected (p\0.001) (Fig. 4). A primary TSA in all cases of

early glenohumeral arthritis would save USD 6,900,000

(95% CI, USD 4,600,000–USD 9,100,000) compared with

hemiarthroplasty. The ICER calculated for hemiarthroplasty

compared with a base-case scenario of glenohumeral

arthritis was USD 3832 per QALY and the ICER calculated

for TSA compared with a base-case scenario of gleno-

humeral arthritis was USD 2989 per QALY. Both showed

cost-effectiveness compared with the conservative tradi-

tional threshold of USD 50,000 per QALY, with TSA

proving to be the superior cost-effective strategy [40].

Sensitivity Analysis

Our probabilistic sensitivity analysis showed an average

ICER of USD 3795 per QALY for a hemiarthroplasty and

USD 2985 per QALY for a TSA. A scatterplot of lifetime

incremental QALYs and the associated incremental life-

time reimbursement showed that nearly all cases are

superior to an accepted cost-effectiveness threshold of

USD 50,000 per QALY, with cases with an initial TSA

distributed in a more dominant manner (toward the bottom

right of the graph) (Fig. 5). Cases are most strongly clus-

tered by the number of revisions, suggesting that this

variable is the most important driver of cost-effectiveness

in our model.

Threshold analysis showed a cohort consisting only of

30-year-old patients would continue to support the use of

TSA over hemiarthroplasty on a population level. Although

the differences in cost of reimbursement (USD 2,700,000

versus USD 6,900,000) and lifetime revisions (264 versus

486) were less substantial than those seen for the 30- to 50-

year-old cohort, there was a greater difference in the

number of years with a satisfactory or excellent result

(32,782 versus 26,395). To reach cost equivalence with a

TSA, threshold analysis of reimbursements identified that

hemiarthroplasty would have to be reimbursed at less than

USD 16,600 (compared with USD 17,900) (Fig. 6). To

achieve a similar number of lifetime revisions compared

with a TSA, the 10-year survival rate of hemiarthroplasty

would need to increase to 91% (from 82%) (Fig. 7).

Discussion

A previous cost-effectiveness analysis, using a Markov

decision analysis, suggested that TSA is more clinically
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Fig. 2 The total lifetime patient

years with a satisfactory or

excellent result are shown for

treatment of glenohumeral

arthritis in patients 30 to 50

years old with hemiarthroplasty

versus TSA, as determined

using the modified Neer criteria.

TSA = total shoulder

arthroplasty.

Fig. 3 The total lifetime revi-

sions for treatment of

glenohumeral arthritis in

patients 30 to 50 years old with

hemiarthroplasty versus TSA

are shown. TSA = total shoulder

arthroplasty.

Fig. 4 The total lifetime cost in

dollars for treatment of patients

30 to 50 years old with hemi-

arthroplasty versus TSA is

shown. TSA = total shoulder

arthroplasty.
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effective and less costly than hemiarthroplasty for patients

64 years or older [24]. To our knowledge, an economic-

based decision model has not been performed for young

patients with severe glenohumeral arthritis. Based on

probabilities derived from studies identified in a systematic

review, annual procedure volumes from a large national

database, and reimbursement estimates derived from

Medicare rates, our study showed that TSA provides more

satisfactory or excellent patient years, greater QALYs

gained, fewer revisions, and lower cost compared with

hemiarthroplasty in the treatment of end-stage gleno-

humeral arthritis in the young patient.

This study has several limitations. In particular, we

relied on estimates from systematic reviews for our model,

and thereby any inherent weaknesses in these referenced

studies translated to weaknesses in our cost-effectiveness

analysis. For example, revision rates may improve for TSA

or for hemiarthroplasty with improved glenoid fixation or

alternative bearing surfaces, respectively. Similarly, the

effect of morphologic features of the glenoid on revision

rates could not be adequately modeled in this study and

may represent a specific clinical scenario where hemi-

arthroplasty may be preferred. In addition, we could not

control for differences in surgeon experience on outcomes

because the failure rates and outcome measures used to

create the inputs in our analysis all come from high-volume

centers [24]. This is important to keep in mind, as our

analysis would remain true only for a skilled shoulder

surgeon who performs a high-enough volume of each

procedure to be facile in both. Given the results of our

Fig. 5 The incremental lifetime

reimbursements and incremen-

tal QALYs of TSA and

hemiarthroplasty each com-

pared with no treatment as

determined by probabilistic sen-

sitivity analysis are shown. TSA

= total shoulder arthroplasty.

Fig. 6 The one-way sensitivity

analysis with varying reim-

bursement of primary hemi

arthroplasty is shown.

Volume 474, Number 11, November 2016 TSA versus Hemiarthroplasty for Early Shoulder Arthritis 2489

123



study, we recommend glenohumeral arthritis in younger

patients be treated only by surgeons skilled in TSA and

hemiarthroplasty to provide the optimal care for these

patients. Given that a TSA is more technically demanding

than hemiarthroplasty, it is possible that survival rates,

outcomes, and the results of our analysis would be different

if performed at lower-volume centers. In terms of the

actual design of the model, utilities typically are used in

cost-effectiveness analyses as measures of quality of life

and are used to generate QALYs. Given the absence of

studies that reported measures of utilities in shoulder

osteoarthritis or arthroplasty in young patient populations,

we evaluated shoulder-specific outcome based on the

modified Neer rating in addition to utilities derived from a

study of older patients [24]. We used the QALY values

derived from the cost-effectiveness study of Mather et al.

[24], which were derived from aggregate analysis of the hip

and knee arthroplasty literature. Finally, although conver-

sion of hemiarthroplasty or TSA to reverse arthroplasty

continues to become a more common treatment for failed

primary arthroplasties, data regarding conversion rates to

reverse arthroplasty and outcomes are limited. As a result,

reverse arthroplasty was considered a salvage procedure in

this model. As further data regarding the use of reverse

arthroplasty in cases of failed hemiarthroplasty or TSA

become known, this model can be refined and made more

comprehensive. Finally, the use of reimbursement data as a

proxy for total costs of care may not reflect total costs, as it

cannot incorporate lost wages or other economic output,

medical costs outside the episode of care, or intangible and

indirect costs of disability. However, because these exter-

nal costs presumably would be equivalent or proportional

for the two treatment arms, our findings may understate the

dominance of TSA over hemiarthroplasty.

Our model showed that a TSA for glenohumeral joint

osteoarthritis in young patients leads to greater number of

years of satisfactory or excellent outcomes. This was not

surprising given multiple studies that showed better func-

tional results and pain relief with TSA compared with

hemiarthroplasty [3, 5, 16, 33, 35]. In a Cochrane review,

Singh et al. [35] showed that patients who underwent

hemiarthroplasty compared with TSA had significantly

worse American Shoulder and Elbow Surgeon (ASES)

scores and nonsignificantly worse pain and Western

Ontario Osteoarthritis Shoulder scores. In a study of 46

TSAs and 20 hemiarthroplasties, Bartelt et al. [3] reported

significantly less pain, greater active elevation, and higher

satisfaction in patients undergoing TSA compared hemi-

arthroplasty at a mean of 7 years.

Our statistical model and simulation suggest that routine

use of TSA in young patients with glenohumeral joint

osteoarthritis would lead to greater overall years of implant

survival compared with hemiarthroplasty. Data regarding

survival of hemiarthroplasty and TSA were obtained from

a systematic review specific to young patients. Sperling

et al. [37] reviewed results of 78 hemiarthroplasties and 36

TSAs in patients younger than 50 years and reported sur-

vival rates of 82% and 97% for hemiarthroplasty and TSA

at 10 years, respectively. In a more-recent study with

mixed arthroplasty designs, Bartelt et al. [3] reported 92%

survival at 10 years for TSA and 72% for hemiarthroplasty

in patients younger than 55 years. Because this was retro-

spective nonrandomized data, it was possible that young

patients who underwent hemiarthroplasty were more-active

and higher-demand patients than those who underwent

TSA, possibly influencing survival. Although on a popu-

lation level, the TSA showed superior survival compared

with a hemiarthroplasty, case-by-case variability based on

activity, work demands, expectations, and patient compli-

ance must be considered. Additionally, it is possible that

nonprosthetic options on the glenoid side such as ream and

run [16, 18] or alternative bearing surfaces on the humeral

Fig. 7 A one-way sensitivity

analysis with varying survival

rate of primary hemiarthroplasty

is shown.
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side could result in improved survival and patient-specific

outcome with hemiarthroplasty.

In this study, we used Medicare reimbursement data to

determine the overall cost to health system payers, consistent

with the US Panel for Cost-Effectiveness in Health and

Medicine recommendation for a societal perspective in

economic analysis [24, 32, 34, 36]. This did not include

implant costs, other direct costs, or indirect costs to the

provider or hospital system.Mather et al. [24] showed that in

a cohort of patientswhowere 64 years old, a TSAwould need

to cost at least USD 2237 more than hemiarthroplasty to

become cost neutral. Similarly, we showed that in a cohort of

young patients, a TSA would need to cost at least USD 1690

more than hemiarthroplasty to achieve cost equivalence.

Even if the reimbursement for hemiarthroplasty and TSA

was equivalent, effectiveness, in terms of number of years

with a satisfactory or excellent result, would continue to

favor TSA. For every 1000 hemiarthroplasties performed for

glenohumeral osteoarthritis in patients between 30 and 50

years old, the health system would save USD 1,309,369 and

gain 5000 years with a satisfactory or excellent result if a

TSA had been performed instead. The projected differences

in reimbursement are important for physicians, policymak-

ers, healthcare payers, hospital administrators, and implant

manufacturers to consider in decision-making.

Our study showed that at the point when surgery is being

considered after exhausting nonoperative treatment

options, treating end-stage glenohumeral arthritis in

patients 30 to 50 years old in the United States with TSA

instead of hemiarthroplasty would result in greater cost

savings, avoid a substantial number of revision procedures,

result in greater years of a satisfactory or excellent patient

outcome, and greater QALYs gained. Because utility val-

ues for shoulder arthroplasty in this patient population do

not exist, and because the data on outcomes of hemi-

arthroplasty and TSA in young patients are limited to Level

III and IV studies, further research is necessary to confirm

these findings. On a population level, we conclude that the

TSA is the cost-effective surgical option for recalcitrant

operative end-stage glenohumeral arthritis in patients 30 to

50 years old.
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