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Abstract
INTRODUCTION: The authors sought to evaluate cost differences 
between shoulder arthroplasties and lower-extremity joint 
replacements in the outpatient and inpatient setting within a large 
health-maintenance organization.

METHODS: A cross-sectional study of 100 total hip arthroplasties 
(THA), 100 total knee arthroplasties (TKA), and 100 shoulder 
arthroplasties (50 anatomical total shoulder arthroplasties and 
50 reverse shoulder arthroplasties [RTSA]) was performed at a 
single regional health care center within an integrated health care 
maintenance organization. A time-driven activity-based costing 
methodology was used to obtain total cost of each episode for 
outpatient (vs) inpatient surgery. Results are presented by procedure 
type.

RESULTS: Compared to their respective inpatient procedure, 
outpatient surgery was less expensive by 20% for RTSA, 22% for total 
shoulder arthroplasties, 29% for THA, and 30% for TKA. The cost of 
implants was the highest proportion of cost for all joint procedures 
across inpatient and outpatient settings, ranging from 28% of the total 
cost for inpatient THA to 63% of the cost for outpatient RTSA.

DISCUSSION: Although many factors influence the total cost for 
arthroplasty surgery, including rate of hospitalization, duration of 
stay, operative time, complexity of cases, patient factors, equipment, 
and resource utilization, the implant cost remains the most expensive 
factor, with hospital bed admission status being the second costliest 
contribution.

CONCLUSION: Outpatient total arthroplasty substantially reduced 
procedure expenses in a managed-care setting by 20%–30%, although 
savings for outpatient shoulder arthroplasty was lower than savings 
for THA or TKA. Implant costs remain the largest portion of shoulder 
arthroplasty procedure expenses.
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Introduction
Value-based health care is increasingly important 
in the era of cost containment. A driving force 
behind recent trends toward outpatient surgery 
is a new focus on rising health care costs in the 
United States. Orthopedic surgery has seen a 
dramatic trend toward outpatient surgery from 
the inpatient setting in an effort to provide better 
value.

Total hip and knee joint arthroplasty have success-
fully made the transition to outpatient surgery, 
with several studies showing sustained quality 
when compared to inpatient surgery.1,2 Studies 
have also reported cost savings in outpatient total 
hip and knee arthroplasty when compared to inpa-
tient surgery.3–5 With improvements in surgical 
techniques, implants, and pain-control modali-
ties, outpatient shoulder arthroplasty has gained 
momentum. Implants have trended to smaller and 
less invasive designs on the humeral side, and 
expansion of regional anesthesia and multimodal 
pain control have reduced the need for inpatient 
hospitalization.

The value of outpatient shoulder arthroplasty 
remains to be proven. Quality of outpatient 
shoulder arthroplasty is similar to inpatient 
episodes across many outcome measures, 
including adverse events, complications, emer-
gency room (ER) visits, readmissions, reopera-
tions, and mortality.6–14 Prior studies have found 
outcomes following outpatient shoulder arthro-
plasty match the outcomes of inpatient episodes.15 
Cost studies comparing this transition from inpa-
tient to outpatient arthroplasty are few and limited 
to national database or retrospective studies with 
little granularity.8,16,17 In fact, a recent system-
atic review argued that cost analysis through a 
comparative time-driven activity-based costing 
(TdABC) study is needed.18

The purpose of this study was to evaluate cost 
differences between hip, knee, and shoulder 
arthroplasty in the outpatient and inpatient setting 
within a large health-maintenance organization. 
Factors driving the cost of arthroplasty surgery 
and the most expensive proportions of cost in 
an arthroplasty episode were determined. Our 
hypothesis was that although outpatient arthro-
plasty leads to notable cost savings, implant costs 
remained the leading financial burden to the care 
episode.

Methods
A cross-sectional study of primary elective joint 
arthroplasties performed at a single regional health 
care center in California within an integrated health 
care maintenance organization was conducted. 
All consecutive elective arthroplasty procedures 
were identified until 100 total hip arthroplasties 
(THA), 100 total knee arthroplasties (TKA), and 100 
shoulder arthroplasties (including 50 anatomical 
total shoulder arthroplasties [TSR] and 50 reverse 
shoulder arthroplasties [RTSA]) were performed for 
a total sample size of 300 joint arthroplasty proce-
dures (September 1, 2019 through June 30, 2021).

The health care organization’s integrated electronic 
health record was the primary data source. Patient 
characteristics at the time of the procedure included 
age (in years), body mass index (in kg/m2), and the 
American Society of Anesthesiologist’s (ASA) classi-
fication (≥ 3 vs < 3). Information on inhospital length 
of stay (LOS, in days), 30 day readmission, and 
30 day ER visit was also obtained.

Outpatient (vs) inpatient stay was the exposure of 
interest. Outpatient THA and TKA were performed 
in a hospital operating room (OR) setting, and 
patients were recovered in the hospital postanes-
thesia care unit (PACU). Outpatient TSR and RTSA 
were performed in an outpatient surgery center and 
recovered in the outpatient PACU.

Total cost of the episode was determined for proce-
dures included. For each procedure, the EHR was 
manually reviewed by clinical coauthors for exact 
time spent in the OR (in minutes), recovery room 
(RR, in minutes), and inpatient floor to allow for 
precise calculations of cost per resource per unit 
time. As many aspects of care were included for 
cost calculation as possible (Table 1). Resources 
included circulating registered nurse (RN), scrub 
technician, anesthesia personnel, OR cost, and RR 
RN. Other standard costs also included preoperative 
workup, supplies, regional anesthesia, assistants, 
imaging, implants, inpatient bed, pharmaceutical, 
physical therapy, and home health care costs. Costs 
of standard supplies, medications, and services 
were obtained through the organization’s internal 
system. Payroll expenses were obtained for certain 
cost factors (e.g., anesthesia block, fluoroscopy 
technician). The cost of time-based personnel was 
calculated based on the average hourly salary of 
the position multiplied by the time the patient 
spent in the OR or RR. OR cost was an average cost 
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per procedure type based on estimates within the 
organization from 2019, increased 3% for inflation. 
Inpatient bed cost was calculated by subtracting all 
other factors from the internal diagnostic-related 
group for each type of case.

STATISTICAL ANALYSIS
Frequencies, proportions, means, standard devi-
ations (SD), medians, and ranges were used to 
describe the sample. A TdABC methodology for 
cost analysis was performed for each procedure 
type to obtain the total cost of each episode.19 
Proportion of each cost component of the total 
cost was calculated, as was the percent difference 
between outpatient and inpatient surgery and 
procedure type. Results are stratified procedure 
type.

Results
Of the 100 THA and 100 TKA, 73% and 67% were 
outpatient procedures, respectively. Fifty percent of 

the 50 TSR and 40% of the 50 RTSA were included 
were outpatient procedures. Table 2 presents char-
acteristics of patients included in the study sample 
by outpatient/inpatient status and procedure type. 
Mean OR time following THA and TKA ranged from 
141.2 to 150 minutes. Although consistent across 
TSR and RTSA, OR time was longer than THA and 
TKA, ranging from 161.3 to 168.3 minutes. Mean RR 
time for outpatient and inpatient procedures was 
similar for THA (280.4 and 272.2 minutes) and TKA 
(253.3 and 246.7 minutes). However, RR time was 
shorter for inpatient RTSA (191.3 minutes) and TSR 
(196.2 minutes) than it was for outpatient RTSA 
(219.6 minutes) and TSR (219.3 minutes). Readmis-
sions and ER visits within 30 days were infrequent 
across procedures (Table 2).

Compared to their respective inpatient proce-
dure, outpatient surgery was 20% less expensive 
for RTSA, 22% less expensive for TSR, 29% less 
expensive for THA, and 30% less expensive for TKA 
(Table 3). RTSA carried the largest overall procedure 
cost for both inpatient and outpatient surgery, and 
inpatient RTSA was the most expensive procedure 
(Figure 1). Relative to this, THA was the least expen-
sive outpatient (−52%) and inpatient (−27%) arthro-
plasty procedure.

The cost of implants was the highest proportion of 
cost for all joint procedures across both inpatient 
and outpatient settings. Implants made up 63% of 
the cost for outpatient RTSA and 54% of the costs 
for outpatient TSR. Hospitalization costs made up of 
20% of the costs for inpatient RTSA and 21% overall 
costs for inpatient TSR (Figure 2).

Discussion
When considering the cost for an episode of care 
according to outpatient and inpatient shoulder 
arthroplasty of care within a regional health-
maintenance organization, a cost savings of 20% 
for outpatient RTSA and 22% for TSR relative to 
inpatient episodes was found. Outpatient to inpa-
tient THA and TKA had slightly higher cost savings 
at 29% and 30%, respectively. Arthroplasty implants 
were the largest proportion of cost in either outpa-
tient or inpatient setting, as high as 63% for outpa-
tient RTSA.

THA and TKA have moved to the outpatient setting, 
with data showing maintained outcomes relative 
to an inpatient stay and at a lower cost. In a review 
of the literature, Pollock et al1 reported maintained 

Component Item

Bed unit Inpatient bed

Implant Implant supplies

Medication Bupivacaine

Cefazolin (Ancef) antibiotics

Tranexamic acid

Other supplies Ice machine

Payroll—operating room Certified RN anesthetist/medical doctor 
anesthesiologist

Fluoroscopy technician

Physician assistant

Operating room RN

Operating room turnover cleaning

Orthopedic surgeon

Orthopedic technician

Scrub technician

Payroll—postoperative Home health physical therapy

Home health RN

Inpatient physical therapy

Lab technician/tests

Medical doctor anesthesiologist block

Physician rounding

Postanesthesia care unit RN

Recovery x-rays

Transport to car

Transport to hospital floor

Table 1: Components of costs considered in analysis
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patient reported outcome measures and no increase 
in readmission rates or perioperative complications 
at a minimum 3-month follow-up across 17 studies. 
Lovald et al4 showed similar rates of readmission 
between outpatient and inpatient TKA at multiple 
time intervals, including 3 months, 1 year, and 2 
years. Using average Medicare payment for Interna-
tional Classification of Diseases, 9th revision Diag-
nosis and Current Procedural Terminology codes, 
they reported a cost savings around $8500 when 
moving TKA to the outpatient setting.4 An outpa-
tient THA evaluating preoperative, intraoperative, 
and postoperative costs using hospital charges, 
found a savings of around $2500.20 Another study 
evaluating direct anterior THA moving to the outpa-
tient setting used the total charges issued to payers 
and found a cost savings of $6000.3 Discrepancies 
in the cost differences across studies may in part 
be because of the different methodologies used to 
determine cost of the episode.

Similar to THA and TKA, literature regarding 
outpatient TSR safety has also found main-
tained clinical outcomes relative to inpatient 
episodes.6–10,12–14 In a matched cohort study, Brolin 
et al7 reported a similar complication rate of 13% 
and 10% for outpatient and inpatient shoulder 

arthroplasty, respectively, with no difference in 
readmission (0% for both groups). The main-
tained outcomes have also been observed in large 
registry studies. Kramer et al12 found no difference 
in 90 day readmission or ER visits, and no differ-
ence in 1-year mortality in a study of over 6500 
shoulder arthroplasty patients. In a database study, 
Leroux et al6 found improved 30 day readmission 
rates following outpatient shoulder arthroplasty 
when compared to inpatient procedures (1.74% 
vs 2.93%), as well as improved 30 day adverse 
event rates (2.31% vs 7.89%, respectively). Finally, 
a recent meta-analysis found lower complication 
rates for outpatient (vs) inpatient shoulder arthro-
plasty with no difference in 90 day readmission, 
revision, or infection rates.15

Cost analyses focused on outpatient RTSA and 
TSR are limited. Cancienne et al8 recently evaluated 
itemized 30 day postoperative reimbursements 
provided by a mixed insurance-based database 
of Medicare and private insurance companies and 
found a $3500 (19.7%) cost savings for outpatient 
(vs) inpatient TSR. This study relied on large admin-
istrative databases, which may carry inaccuracies 
with data quality or coding accuracy.8 Using a public 
state health services database, Gregory et al16 found 
the average charge for inpatient TSR was $76,109 
compared to $22,908 for outpatient episodes, a 
savings of 70%. Further, inpatient RTSA was more 
expensive than inpatient anatomic TSR [$78,144 
(vs) $66,293].16 Lastly Ode et al21 reported that 
charges for outpatient shoulder arthroplasties were 
40% less than inpatient procedures. However, this 
study did not differentiate between types of TSR 
and also included posttraumatic arthropathies and 
nonunions.21

Characteristic

Procedure

THA TKA TSR RTSA

Outpatient Inpatient Outpatient Inpatient Outpatient Inpatient Outpatient Inpatient

N 73 27 67 33 25 25 20 30

Age in years, mean (SD) 66.1 (9.1) 70.3 (9.0) 67.7 (8.7) 71.9 (8.9) 67.6 (10.5) 62.1 (15.4) 73.0 (5.8) 74.2 (8.3)

BMI, in kg/m2, mean (SD) 28.7 (4.3) 28.5 (4.8) 29.9 (42) 30.5 (5.4) 29.8 (6.6) 30.9 (5.2) 30.1 (6.4) 29.2 (5.5)

ASA ≥ 3, n (%) 12 (16.4) 11 (40.7) 16(23.9) 14 (42.4) 11 (44.0) 8 (33.3) 9 (45.0) 14 (46.7)

OR time, in minutes, mean 144.8 150 141.2 143.6 162.8 168.3 163.7 161.3

RR time, in minutes, mean 280.4 272.2 253.3 246.7 219.6 191.3 219.3 196.2

LOS, in days, mean (range) 0 1.3 (1–2) 0 1.5 (1–6) 0 1.0 (1–2) 0 1.2 (1-4)

Readmission/ER visit 0 2 (0/2) 0 4 (2/2) 4 (1/3) 0 2 (1/1) 4 (0/4)

Table 2: Characteristics of 300 joint arthroplasty procedures performed at a regional health care center

ASA = American Society of Anesthesiologists;  BMI = body mass index;  ER = emergency room;  LOS = length of stay;  OR = operating room;  RR = recovery room;  RTSA = reverse 
total shoulder arthroplasty;  SD = standard deviation;  THA = total hip arthroplasty;  TKA = total knee arthroplasty;  TSR = total shoulder arthroplasty.

Procedure Difference

THA 29%

TKA 30%

TSR 20%

RTSA 22%

Table 3: Percent difference for outpatient (vs) inpatient joint arthroplasty

RTSA = reverse total shoulder arthroplasty;  THA = total hip arthroplasty;  TKA = total 
knee arthroplasty;  TSR = total shoulder arthroplasty.
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Although savings of the care episode has been 
shown, it is important to understand individual 
components of the total cost and what can be 
optimized. Kennon et al11 evaluated standardized 
costs from a single academic institution using direct 
allocated costs (eg, materials, personnel, rent) and 

found a mean standardized cost for index inpa-
tient surgical hospitalization of $14,501 for TSR and 
$17,407 for RTSA. The highest proportion of stan-
dardized cost was for the implant: 21.3% of overall 
cost for TSR and 27.5% of the total cost for RTSA. 
OR facility (24.6%), surgeon (12.6%), hospital room 

Figure 1: Proportion of outpatient and inpatient procedure costs relative to the most expensive procedure: inpatient RTSA. Inpt = inpatient; OR = operating room; Outpt = outpatient; 
PostOp = postoperative; PreOp = preoperative; RTSA = reverse total shoulder arthroplasty; THA = total hip arthroplasty; TKA = total knee arthroplasty; TSR = total shoulder arthroplas-
ty.

Figure 2: Proportion of cost for each component of the episode of care according to outpatient and inpatient surgery, by procedure type. Inpt = inpatient; OR = operating room; 
Outpt = outpatient; PostOp = postoperative; PreOp = preoperative; RTSA = reverse total shoulder arthroplasty; THA = total hip arthroplasty; TKA = total knee arthroplasty; TSR = total 
shoulder arthroplasty.
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(12.0%), and preoperative/postoperative care (6.5%) 
were the drivers of total cost following the implant.11 
Menendez et al19 used TdABC to calculate inpatient 
TSR cost in a private hospital using aggregated 
patient data and found the implant made up 57% 
of the inpatient costs (TSR 53%, RTSA 58%), and 
personnel (registration through OR) made up 20% 
of total costs (TSR 22% and 19% RTSA). Carducci et 
al22 also found implant was the most important cost 
in a single center study, accounting for 60% and 
57% of RTSA and TSR costs, respectively, compared 
to 40% for TKA and 52% for THA.22 Lastly, in a 
single surgeon cost analysis for TSR at a single large 
academic medical center, Chalmers et al23 found 
supply use (including implant) made up 82% of 
operative costs, and facility utilization (personnel) 
made up 18% of the operative costs. Similar to 
these previous studies evaluating inpatient shoulder 
arthroplasty, we found implant costs to be the 
most expensive component of total cost, up to 
50% for inpatient RTSA and 42% for inpatient TSR. 
Personnel factors made up 28% of all costs for inpa-
tient RTSA and 29% for inpatient TSR at our center.

This study differs from previous literature in that 
actual expense data from a health care maintenance 
organization with uniform system costs was used. 
Reviewing procedures from a single health care 
center allowed for more accurate representation 
regarding the actual cost within the organization 
rather than reimbursements or billed services from 
multiple centers. The TdABC analysis also allowed 
for more accurate assessment of cost to compare 
episodes of care across different arthroplasty types. 
Although actual cost numbers likely vary across 
institutions, percentages and proportions of cost in 
an episode of care are likely generalizable.

The present study found implant cost to be the 
greatest proportion of the total cost across all 
types of upper and lower arthroplasty, in both 
inpatient and outpatient settings, and as high as 
63% of the cost of outpatient RTSA. Although 
there can be many factors associated with the 
cost of the implant, including the vendor, contract 
pricing, type of implant, region, size of the health 
care organization, volume of use, and consultant 
roles within industry organization, the prior liter-
ature and present study suggests implant cost is 
relatively immune to these factors. The implant is 
the most expensive proportion of cost across the 
literature no matter the health care setting (HMO, 
hospital employed, private practice, academic prac-
tice), surgery setting (inpatient, outpatient), or 
vendor, including within a large health-maintenance 

organization. Although many other factors influence 
the total cost for arthroplasty surgery, including rate 
of hospitalization, duration of stay, operative time, 
complexity of cases, patient factors, equipment, 
and resource utilization, implant cost remains the 
most expensive factor, with hospital bed admis-
sion status being the second costliest contribution. 
Facility personnel costs comprised 36%–44% of 
costs for outpatient shoulder arthroplasty episodes 
and 28%–36% for inpatient episodes. However, the 
OR time and RR time did not alter the cost of an 
episode of care to a large degree.

There are sparse studies identifying methods and 
pathways to reduce supply costs. Johnston et al24 
reported a 40% decrease in cost per implant for 
TKA and 18% decrease in implant cost for THA after 
implementing a 2-year contract with a 3-vendor 
system. Boylan et al25 reported initiating a single 
vendor program for primary hip and knee replace-
ments with mean costs per case decreasing by 
23% in the first year. Our organization has utilized 
an implant vendor negotiation team formed by a 
hospital contracted consultant team and surgeon 
representatives. Organizational contract savings 
have been in line with past studies, producing more 
savings for lower-extremity joint replacements 
compared to shoulder arthroplasty. Despite these 
efficiencies, implant-related costs remain the single 
most expensive factor within the arthroplasty care 
episode. Future economic studies and adoptions of 
new strategies may benefit hospitals and organiza-
tion to further increase cost savings.

The setting where outpatient surgery is performed 
will have an impact on cost. Currently in our orga-
nization, outpatient shoulder arthroplasty proce-
dures are performed in an outpatient surgery 
center that is adjacent to the hospital. THA and 
TKA cases are performed in the main hospital OR, 
and these patients recover in the main operating 
room PACU prior to home discharge. In our insti-
tution, the payroll and OR costs are the same in 
these locations, but other institutions may find cost 
savings by changing the location of surgery. Many 
organizations have transitioned to outpatient joint 
arthroplasty in a freestanding outpatient surgery 
center. Efficiencies within such a setting may allow 
faster RR discharges, payroll savings, and other cost 
reductions.26 This may be another future oppor-
tunity for cost savings for some organizations 
including our own. Conversely, the value of inpa-
tient hospital admission has not been shown in the 
literature. Accurate patient selection for the optimal 
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procedure setting will facilitate overall efficiency of 
care.

Study strengths include the evaluation of actual cost 
at a single institution using the TdABC method and 
prospective data collection. Uniform methodology 
was used across upper and lower joint arthroplasty 
procedures. Exact OR and RR times were obtained 
for each procedure to access different cost aspects 
of the episode accurately. Cost data were presented 
as percentages, which allows for more generaliz-
ability, and is more applicable to other institutions, 
compared to dollar amounts.

Limitations include the fact that negotiated 
contracts are specific only to our institution and 
staff costs are subject to pay structure, which is 
negotiated with a union and may differ between 
regions and organizations. Other differences from 
1 site to another includes the setting of outpa-
tient surgery, which may be variable depending 
on inherent efficiencies of the environment. There-
fore, these findings may not be applicable to other 
systems that rely on different reimbursement 
models or payment contracts. However, it is likely 
that trends, percentages of cost, and areas to target 
for cost savings are universal.

Conclusion
Because of decreased hospitalization expenses, 
outpatient total joint arthroplasty reduced proce-
dure expenses in a managed-care organization 
hospital setting by 20% to 30%. Cost savings asso-
ciated with outpatient RTSA (22%) and TSR (20%) 
were substantial, although lower than savings for 
THA (29%) or TKA (30%). Implant costs remain the 
largest portion of shoulder arthroplasty procedure 
expenses, nearly twice as much as hospital bed 
charges.
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