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Abstract

Background Revision THA and TKA are growing and

important clinical and economic challenges. Healthcare

systems tend to combine revision joint replacement pro-

cedures into a single service line, and differences between

revision THA and revision TKA remain incompletely

characterized. These differences carry implications for

guiding care and resource allocation. We therefore evalu-

ated epidemiologic trends associated with revision THAs

and TKAs.

Questions/purposes We sought to determine differences

in (1) the number of patients undergoing revision TKA and

THA and respective demographic trends; (2) differences in

the indications for and types of revision TKA and THA; (3)

differences in patient severity of illness scoring between

THA and TKA; and (4) differences in resource utilization

(including cost and length of stay [LOS]) between revision

THA and TKA.

Methods The Nationwide Inpatient Sample (NIS) was

used to evaluate 235,857 revision THAs and 301,718

revision TKAs between October 1, 2005 and December 31,

2010. Patient characteristics, procedure information, and

resource utilization were compared across revision THAs

and TKAs. A revision burden (ratio of number of revisions

to total number of revision and primary surgeries) was

calculated for hip and knee procedures. Severity of illness

scoring and cost calculations were derived from the NIS.

As our study was principally descriptive, statistical analy-

ses generally were not performed; however, owing to the

large sample size available to us through this NIS analysis,

even small observed differences presented are likely to be

highly statistically significant.
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Results Revision TKAs increased by 39% (revision bur-

den, 9.1%–9.6%) and THAs increased by 23% (revision

burden, 15.4%–14.6%). Revision THAs were performed

more often in older patients compared with revision TKAs.

Periprosthetic joint infection (25%) and mechanical loos-

ening (19%) were the most common reasons for revision

TKA compared with dislocation (22%) and mechanical

loosening (20%) for revision THA. Full (all-component)

revision was more common in revision THAs (43%) than

in TKAs (37%). Patients who underwent revision THA

generally were sicker ([ 50% major severity of illness

score) than patients who underwent revision TKA (65%

moderate severity of illness score). Mean LOS was longer

for revision THAs than for TKAs. Mean hospitalization

costs were slightly higher for revision THA (USD

24,697 +/� USD 40,489 [SD]) than revision TKA (USD

23,130 +/� USD 36,643 [SD]). Periprosthetic joint

infection and periprosthetic fracture were associated with

the greatest LOS and costs for revision THAs and TKAs.

Conclusions These data could prove important for

healthcare systems to appropriately allocate resources to

hip and knee procedures: the revision burden for THA is

52% greater than for TKA, but revision TKAs are

increasing at a faster rate. Likewise, the treating clinician

should understand that while both revision THAs and

TKAs bear significant clinical and economic costs, patients

undergoing revision THA tend to be older, sicker, and have

greater costs of care.

Introduction

Primary THA and TKA remain cost-effective interventions

[12, 31, 32]. However, despite the clinical success of THAs

and TKAs, the number of revision THAs [4, 38] and TKAs

[4, 21, 34, 35] performed in the United States has increased

with time. The revision THA and TKA caseload per ortho-

paedic surgeon also has increased [28]. The etiology of the

increase in the number of revision procedures is multifac-

torial. The increasing absolute number of primary

arthroplasties [21, 44, 53, 58], expansion of the indications to

include younger and more active individuals [11, 18, 19, 23,

29, 30, 34, 42, 44, 46, 49], and certain patient factors such as

obesity [55, 60], all likely contribute to overall revision rates.

Projections based on population studies point to continued

increases in the prevalence of revision procedures [22].

Healthcare systems tend to combine joint replacement

procedures into one service line, and differences between

primary total joint arthroplasties and revision THAs and

TKAs remain incompletely characterized. These differences

carry implications for guiding care and resource allocation.

New approaches to capturing the diagnoses and procedures

that physicians and hospitals code as part of the billing

process, such as the those used by the Nationwide Inpatients

Sample (NIS), allow for larger-scale evaluations of the epi-

demiology of revision total joint arthroplasties than

previously could be performed [13, 14, 17, 37, 51, 56]. Prior

studies [7, 8] have been done that investigated the revised

coding scheme in a national sample [1] to more clearly

identify the indications for revision, procedure frequencies,

and degree of adoption of the new diagnosis and procedure

codes. While subset analyses were performed regarding

payer status, patient demographics, and cost metrics, previ-

ous studies presented only the early experience during the

first 15 months after revised ICD-9-CM coding changes [5,

6] were introduced. Since then, an additional 4 years of data

have beenmade available with themore granular ICD-9-CM

codes, which can now be used to provide better under-

standing of the epidemiology of revision THAs and TKAs.

The purpose of our study was to evaluate the causes and

epidemiology of revision THAs and TKAs with respect to

patient, hospital, geographic, and payer characteristics. We

sought to determine differences in (1) the number of patients

undergoing revision TKAs and THAs and respective demo-

graphic trends; (2) differences in the indications for and types

of revisionTKAsandTHAs; (3) differences in patient severity

of illness scoring between THA and TKA; and (4) differences

in resource utilization (including cost and length of stay

[LOS]) between revision THA and TKA. As epidemiology is

a dynamic process, we sought to define the changing patterns

and to understand the mechanisms of failure in revision joint

arthroplasties during a 5-year period.

Patients and Methods

The NIS [1] was used to evaluate 235,857 revision THAs

and 301,718 revision TKAs between October 1, 2005 and

December 31, 2010. The NIS dataset is widely used to

examine the prevalence and epidemiology of various dis-

eases and surgical procedures [1]. It is the largest

nationally representative inpatient dataset in the United

States [1]. In the latest year of data used for our study

(2010), the NIS contained discharge data from 1051 hos-

pitals in 45 states, including approximately 8,000,000

discharge records. For 2010, the 45 states in the database
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comprised more than 96% of the US population. Com-

munity hospitals sampled by the NIS are stratified, using

five hospital characteristics: ownership/control, bed size,

teaching status, urban/rural location, and US region.

Stratified probability samples of hospitals, with sampling

probabilities proportional to the number of US community

hospitals in each stratum, are used to approximate a 20%

sample of all hospital discharges in the United Stated,

regardless of patient demographics or payer. Statistical

weights are provided to calculate national estimates,

extrapolating from the 20% sample. The NIS is adminis-

tered by the Healthcare Cost and Utilization Project

(HCUP) through the Agency for Healthcare Research and

Quality [1].

Inpatient stay records in the NIS include clinical and

resource-use information typically available from dis-

charge abstracts. Each record includes details regarding

patient demographics, diagnosis, and procedure performed

at the hospital based on ICD-9-CM codes, diagnosis-rela-

ted group (DRG) information, payer information, and

various risk-stratification metrics (including All Patient

Refined-DRG severity of illness). Severity of illness scores

are based on the number and severity of patient comorbid

conditions and are stratified as minor, moderate, major, or

extreme.

Based on ICD-9-CM codes for revision THA (00.70–

00.73, 80.05, 81.53) and revision TKA (00.80–00.84,

80.06, 81.55), we extracted all records pertaining to revi-

sion THAs and TKAs. The data were analyzed based on the

specific type of procedure and diagnosis associated with

the revision surgery. Revision burden was determined by

the ratio of the number of revision procedures to total

number of revision and primary procedures. Patient char-

acteristics and procedure information were compared

across revision THAs and TKAs.

Other resource utilization data included in the NIS are

hospital charges, LOS, and various hospital characteristics.

Hospitalization costs were calculated by converting the

charges using charge-to-cost ratios provided in the NIS

dataset. As our study principally was descriptive, statistical

analyses generally were not performed; however, owing to

the large sample size available through this NIS analysis,

even small observed differences are likely to be highly

statistically significant.

The NIS contains hospital charge data, which represents

the amount that hospitals billed for services but does not

reflect how much hospital services actually cost or the

specific amounts that hospitals received in payment. The

HCUP uses cost information obtained from the hospital

accounting reports collected by the Centers for Medicare &

Medicaid Services to provide hospital-specific cost-to-

charge ratios, to allow researchers to convert the hospital

charges to costs.

Results

Analysis of the number of patients undergoing revision

TKAs and THAs highlights important differences and

Table 1. Number of primary and revision TKAs and THAs by year

Procedure Year

2006 2007 2008 2009 2010

Revision TKA 48,260 52,244 62,086 59,494 67,534

Primary TKA 482,699 533,629 592,352 597,592 632,862

Revision TKA

burden

9.1% 8.9% 9.5% 9.1% 9.6%

Revision THA 40,555 42,930 46,846 44,992 49,857

Primary THA 222,239 245,013 266,602 274,818 291,994

Revision THA

burden

15.4% 14.9% 14.9% 14.1% 14.6%

Table 2. Patient demographics

Factor Revision TKA

n (%)

Revision THA

n (%)

Age (years)

\ 45 2430 (4) 13,877 (6)

45–54 9821 (15) 31,274 (13)

55–64 19,966 (30) 48,680 (21)

65–74 20,049 (30) 58,449 (25)

75–84 12,728 (19) 61,795 (26)

85+ 2540 (4) 21,781 (9)

Sex

Men 28,233 (42) 100,053 (42)

Women 39,301 (58) 135,804 (58)

Ethnicity

White 67,534 (84) 202,038 (86)

Black 56,504 (11) 19,829 (8)

Hispanic 7062 (4) 10,041 (4)

Asian 2971 (0.6) 2633 (1)

Native American 405 (0.9) 1315 (0.6)

Payer status

Medicare 37,887 (56) 149,660 (64)

Private 22,982 (34) 66,497 (28)

Other 3740 (6) 9432 (4)

Medicaid 2924 (4) 10,268 (4)

US region

South 111,999 (37) 18,296 (37)

Midwest 80,320 (27) 13,565 (27)

West 55,506 (18) 8194 (16)

Northeast 53,892 (18) 9801 (20)
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demographic trends between the two procedures. Revision

TKAs increased by 39%, from 48,260 in 2006 to 67,534 in

2010 (revision burden, 9.1%–9.6%); revision THAs

increased by 23%, from 40,555 in 2006 to 49,857 in 2010

(revision burden, 15.4%–14.6%) (Table 1). The peak fre-

quency of revision THAs occurred in older patients (75–

84 years old) compared with revision TKAs (65–74 years

old). The highest percentage of revision THAs and TKAs

were performed in white women who were Medicare

patients in large, urban hospitals in the South and Midwest

United States (Table 2). Women accounted for 78% of

revision TKAs and 65% of revision THAs associated with

periprosthetic fractures. Similarly, women accounted for

65% of revision TKAs and 65% of revision THAs asso-

ciated with instability/dislocation (Table 3).

Differences were found in the indications for and types

of revision TKA and THA. Periprosthetic joint infections

accounted for 25% of the TKA revisions, and mechanical

loosening (19%) were the most common reasons for revi-

sion TKAs, while dislocation (22%) and mechanical

loosening (20%) were the most common reasons for revi-

sion THAs (Table 4). Among the various reasons for

revision, periprosthetic fracture (996.44) and dislocation

(996.42) were much more prevalent among women com-

pared with men. All-component revision was greater in

revision THAs (43%) than in revision TKAs (37%)

(Table 5).

In general, patients who underwent revision THA had

more medical comorbidities than did patients undergoing

revision TKA. Patients who had revision THAs were

more likely to have a major severity of revision score

(53%) compared with patients who had revision TKAs

(15%).

Resource utilization was greater for patients who had

revision THAs than TKAs with respect to LOS and

hospitalization costs. The mean LOS was longer for

patients who had revision THA (mean ± SD,

5.8 days ± 14.0 days) than for patients who had TKA

(mean ± SD, 4.8 days ± 10.5 days). The mean hospi-

talization costs were greater for revision THA

(mean ± SD, USD 24,697 ± USD 40,489) than revision

Table 3. Reasons for revision TKAs and THAs stratified by sex

Factor

(ICD-9 code)

Men

n (%)

Women

n (%)

Overall

number

Revision TKA

Mechanical loosening

(996.41)

20,751 (41) 30,067 (60) 50,818

Dislocation (996.42) 7018 (35) 13,177 (65) 20,195

Implant failure (996.43) 11,306 (41) 16,007 (60) 27,313

Periprosthetic fracture

(996.44)

821 (22) 2840 (78) 3661

Periprosthetic osteolysis

(996.45)

1797 (50) 1822 (50) 3619

Bearing surface wear

(996.46)

4078 (42) 5693 (58) 9771

Other mechanical

problems (996.47)

10,992 (37) 18,727 (63) 29,719

Other mechanical

complications (996.49)

5667 (41) 8032 (59) 13,699

Infection (996.66) 36,884 (50) 36,994 (50) 73,878

Total 128,310 (43) 173,408 (58) 301,718

Revision THA

Mechanical loosening

(996.41)

18,727 (45) 23,302 (55) 42,029

Dislocation/instability

(996.42)

17,141 (36) 31,076 (65) 48,217

Infection (996.66) 16,135 (49) 17,154 (52) 33,289

Implant failure (996.43) 9327 (45) 11,630 (56) 20,957

Other mechanical

problems (996.47)

7594 (42) 10,409 (58) 18,003

Periprosthetic fracture

(996.44)

4165 (35) 7840 (65) 12,005

Other mechanical

complications (996.49)

4480 (40) 6706 (60) 11,186

Bearing surface wear

(996.46)

4241 (45) 5091 (55) 9333

Periprosthetic osteolysis

(996.45)

3912 (52) 3550 (48) 7462

Total 100,053 (42) 135,804 (58) 235,857

Table 4. Reasons for revision TKAs and THAs

Reasons for revision procedure (ICD-9 code) Number (%)

TKA

Infection (996.66) 75,513 (25)

Mechanical loosening (996.41) 55,807 (19)

Other mechanical problems (996.47) 31,017 (10)

Implant failure (996.43) 28,817 (10)

Dislocation/instability (996.42) 22,068 (7)

Other mechanical complications (996.49) 14,605 (5)

Bearing surface wear (996.46) 12,567 (4)

Periprosthetic osteolysis (996.45) 8663 (3)

Periprosthetic fracture (996.44) 4742 (2)

THA

Dislocation/instability (996.42) 52,236 (22)

Mechanical loosening (996.41) 47,933 (20)

Infection (996.66) 36,265 (15)

Implant failure (996.43) 23,339 (10)

Other mechanical problems (996.47) 19,653 (8)

Periprosthetic osteolysis (996.45) 16,819 (7)

Periprosthetic fracture (996.44) 15,045 (6)

Bearing surface wear (996.46) 13,150 (6)

Other mechanical complications (996.49) 12,299 (5)
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TKA (mean ± SD, USD 23,130 ± USD 36,643 (Table 6).

Periprosthetic joint infection and periprosthetic fracture

were associated with the greatest LOS and costs for revi-

sion THAs and TKAs.

Discussion

Rates of revision THAs and TKAs continue to increase [21,

39] despite changes in implant design and surgical tech-

nique. Therefore, it is important to understand and define

the epidemiology of failure of these procedures. Using

administrative data, referencing more clinically descriptive

ICD-9-CM diagnosis and procedure codes introduced in

October 2005, we can better discern trends in causes and

types of reverse joint arthroplasties. Healthcare systems

tend to combine joint replacement procedures in one ser-

vice line, and differences between primary and revision

THAs and TKAs are often incompletely characterized.

These differences carry implications for guiding care and

resource allocation. We therefore sought to determine

differences in (1) the number of patients undergoing revi-

sion TKAs and THAs and respective demographic trends;

(2) differences in the indications for and types of revision

TKAs and THAs; (3) differences in severity of illness

scoring for patients between THAs and TKAs; and (4)

differences in resource utilization (including cost and LOS)

between revision THAs and TKAs.

Limitations exist with the use of administratively coded

data. The value of administrative codes in determining how

total joint arthroplasties fail, and the procedures used to

revise failing implants, depend largely on the adoption of

diagnosis and procedure codes, and their definitions and

use. Accuracy of revision total joint arthroplasty procedure

codes may depend on interpretation of clinical documen-

tation by coding staff, and completeness of diagnosis

descriptions may be surgeon-dependent. Confounding

factors, when comparing revision THA with revision TKA,

include changing design factors and particular implant

failures (eg, early failure of certain designs like metal-on-

metal implants for THA). Although administrative datasets

and improved ICD-9-CM diagnosis and procedure coding

are not a substitute for a formal national arthroplasty reg-

istry [34, 57], a large, nationally representative, and

generalizable study population provides increased external

validity, and administrative datasets are used by public

reporting and governmental agencies. While the NIS con-

tains hospital charge data (ie, how much the hospitals

billed for particular services), the cost data in our study

derived from the NIS does not reflect how much hospital

services actually cost or the specific amounts that hospitals

received in payment. In addition, as this study principally

was descriptive, statistical analyses were not performed.

However, owing to the large sample size in the NIS dataset,

even small observed differences are likely to be highly

statistically significant and unlikely to be a consequence of

chance. Therefore, one should focus on the effect size in

terms of absolute differences in the changes.

Our analysis of the demographic trends associated with

revision TKAs and THAs showed important differences

among patients who undergo the respective procedures.

Although a 23% increase in the number of hospitaliza-

tions was seen for patients having revision THAs from

2006 to 2010, a nearly 40% increase in the number of

hospitalizations for patients having revision TKAs was

observed. Revision TKAs are increasing at a faster rate

than revision THAs, likely attributable in part to the higher

underlying rates of primary TKA [21]. This trend is mir-

rored in worldwide rates of revision TKAs [26] using

international registry data [40].

Table 5. Revision TKAs and THAs

Procedure (ICD-9 code) Number (%)

Revision TKA

All components (00.80) 110,239 (37)

Arthrotomy for removal of prosthesis (80.06) 40,478 (13)

Other, not otherwise specified (81.55) 40,578 (13)

Tibial insert (00.84) 34,719 (12)

Tibial component (00.81) 29,420 (10)

Patellar (00.83) 13,541 (5)

Femoral component (00.82) 2377 (4)

Total 301,718

Revision THA

All components (00.70) 100,900 (43)

Acetabular component (00.71) 33,518 (14)

Femoral component (00.72) 33,132 (14)

Acetabular liner and/or femoral head only (00.73) 31,049 (13)

Arthrotomy for removal of prosthesis (80.05) 21,417 (6)

Other, not otherwise specified (81.53) 1367 (0.6)

Total 235,857

Table 6. Resource utilization

Factor Revision TKA Revision THA

Severity of illness score n (%)

Minor 49,704 (16.5) 9907 (4.2)

Moderate 197,436 (65.4) 91,135 (38.6)

Major 46,556 (15.4) 124,730 (52.9)

Extreme 8002 (2.7) 10,033 (4.3)

Mean length of stay

(days) ± SD

4.8 ± 10.5 days 5.8 ± 14.0 days

Mean hospitalization

cost ± SD

USD 23,130 ± USD

36,643

USD 24,697 ± USD

40,489
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The revision TKAs were mostly attributable to

mechanical loosening and periprosthetic joint infection in

younger patients (younger than 75 years), which may

represent an emerging age shift, given that an increasing

proportion of primary TKAs are being performed in

younger patients [18, 58]. The similar patient age trends in

revision THA also may represent an emerging age shift in

the burden of revision, given that an increasing proportion

of primary THAs are being performed in younger patients

[11, 19, 23, 42, 44]. It is estimated that by 2030, patients

younger than 65 years will comprise 52% of primary THAs

being performed [23]. Nevertheless, the largest difference

across age subgroups for revision THA was for peripros-

thetic fracture, for which more than 30% of total revisions

were in patients 75 to 84 years old. Future data will show if

age-related trends prove to be important for revision THAs

and TKAs.

As reported in previous studies [7, 8], the majority of

revision THAs and TKAs were performed in women. Only

periprosthetic osteolysis was a more common revision

diagnosis for men. The greatest sex differences in diag-

noses for revision surgery were for periprosthetic fracture.

The disparity in patient sex may be compared with other

revision TKA diagnoses, such as periprosthetic osteolysis

and periprosthetic joint infection, which had a nearly even

sex distribution. For revision THAs and TKAs, white

patients accounted for more than 80% of all revisions

performed in each year. Black and Hispanic patients were

the second highest patient groups, but accounted for less

than 15% of patients undergoing total revisions.

When comparing the indications and types of proce-

dures associated with revision TKA and revision THA,

several differences were found. Our findings of indications

for revision echo previous epidemiologic studies of revi-

sion total joint arthroplasties [7, 8]; however, our findings

for revision THAs differ from prior observational cohort

studies [3, 54] and international registry reports [33, 43]

that identified aseptic loosening, bearing surface wear, and

osteolysis as primary causes of TKA failure. Likewise, our

revision TKA findings differ from those of prior reports

implicating aseptic etiologies, including polyethylene

wear, prosthetic loosening, and instability as the primary

mechanisms for failed TKA [16, 36, 37, 41, 51, 52]. Other

studies have reported that periprosthetic joint infection is a

primary indication for revision TKA [14, 56]. Population

and other regional differences might exist that may explain

differing results in international registry data. Some of the

variation in reasons reported for revision total joint

arthroplasties may be based on differences in coding

between administrative and clinical databases. For exam-

ple, there are several categories of ‘‘mechanical problems’’

in ICD-9-CM coding that may be included under different

titles (eg, aseptic loosening) in clinical databases.

The increasing trend for the use of the ‘‘mechanical

loosening’’ code (ICD-9-CM 996.41) may be partly

explained by a relative increase in mechanical loosening as

a dominant mode of total joint replacement failure. The

second most common reason for revision TKA, mechanical

loosening (16.1%), may have been surpassed owing to the

coalescing of other codes for mechanical complications.

All-component revision ranks as the most common type of

revision procedure and has remained fairly constant [7, 8].

With a periprosthetic joint infection, ‘‘arthrotomy or

removal’’ accounted for more than 45% of procedures for

revision THAs and TKAs, and all-component revision was

the next most common reason.

Patient comorbidities and severity of illness proved to be

important factors in treating patients who undergo revision

arthroplasty. Analysis of severity of illness in our patient

populations found differences with respect to revision

THAs and TKAs. The revision THA diagnoses most often

associated with a major severity of illness score were

implant-related problems, followed by periprosthetic joint

infection. For a periprosthetic joint infection, the minimum

severity of illness score for patients was moderate (ie, no

patients received a minor score), which points to the

potential for comorbidities and poor overall health often

associated with a periprosthetic joint infection. Revision

TKAs for periprosthetic joint infections and fracture are the

two diagnoses most frequently seen in patients in urban,

nonteaching settings, and these diagnoses were most often

associated with a major (and/or extreme) severity of illness

score. Comorbidities have been reported to be associated

with increased risk of periprosthetic joint infection in

patients who have undergone TKA [25]. The diagnoses

most often associated with a moderate severity of illness

score were periprosthetic osteolysis, then implant-related

problems. The proportion of patients with older age

(C 65 years) undergoing revision THA affects the under-

lying frequencies of population comorbidities. Revision

THAs tend to be performed in sicker patients, and

comorbidities particularly influence the rate of revision

after primary THA [38], including the rate of early revision

in the elderly [9]. Risk-assessment tools may offer physi-

cians the opportunity to counsel elderly patients regarding

the specific risks of infection after THA [10]. Bearing

surface wear was the only diagnosis in which a moderate

severity of illness score was more common than a major

score; again, this may have been related to age or other

patient-related factors that track with bearing surface fail-

ure mechanisms. It also may have been related to younger

patients who had hip implants with conventional polyeth-

ylene during previous decades, who now more often are

undergoing revision for bearing wear.

We noted important differences in resource utilization,

including LOS and cost, between revision THAs and
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TKAs. The differences between LOS for revision THAs

and TKAs may relate to severity of illness scoring and

complexity of surgical procedures and rehabilitation issues.

Periprosthetic joint infection and periprosthetic fracture

were associated with the highest costs for revision THA

and revision TKA. Hospitalization costs contribute to the

overall economic burden of patients with an infected

arthroplasty [24, 27]. Outcomes after revision TKAs for

patients with periprosthetic joint infection are worse than

for patients with aseptic knee revision [2, 15, 20, 50, 59].

The prevalence of revision THAs and TKAs is increas-

ing. Our study highlights the comparative differences

between revision THAs and TKAs. For both procedures,

numerous epidemiologic changes, compared with prior

reports [7, 8], have been identified, and variability continues

to exist in patient characteristics, modes of failure, proce-

dure types, and resource utilization across hospitals and

different regions of the country. Identifying the mechanisms

of failure in revision joint arthroplasties is critical to guiding

efforts to improve clinical outcomes. Beyond clinical

demands associated with revisions, the increasing economic

burden of these procedures creates financial strains for

surgeons, patients, and health systems [23, 47, 48]. These

data may be important for healthcare systems to appropri-

ately allocate resources in arthroplasty service lines: The

revision burden for THA is greater than for TKA, but

revision TKAs are increasing at a faster rate. Likewise, the

treating clinician should understand that, while revision

THAs and TKAs bear significant clinical and economic

costs, patients undergoing revision THA tend to be older,

sicker, and have greater costs of care. The results of our

study should inform avenues for research, clinical care, and

cost measurements [45]. Continued analyses will further

characterize emerging trends in the provision of care to

patients undergoing revision THAs and TKAs.
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