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Purpose: The aim of the study reported here was to examine health care resource utilization,
costs, and risk of rehospitalization for total knee replacement (TKR) patients with and without
muscle atrophy/weakness (MAW).
Patients and methods: Individuals aged 50–64 years with commercial insurance or 65+ years
with Medicare Supplemental Insurance (Medicare) who had a hospitalization for TKR between
January 1, 2006 and September 30, 2009 were identified from a large US claims database. First
hospitalization for TKR was defined as the index stay. All patients were classified into three
cohorts according to when MAW was diagnosed relative to TKR: pre-MAW, post-MAW, and
no MAW. The association between MAW and health care costs over the 12-month post-index
period and the probability of rehospitalization were assessed via multivariate regressions.
Results: The study sample included 53,696 Medicare and 46,058 commercial insurance TKR
patients. Controlling for cross-cohort differences, both the pre- and post-MAW cohorts had
significantly higher total health care costs (Medicare US$4,201 and US$9,404 higher, commercial insurance US$2,737 and US$6,640 higher, respectively) than the no MAW cohort (all
P , 0.05). The post-MAW cohort in both populations was also more likely to have any all-cause
or replacement-related rehospitalization compared with the no MAW cohort.
Conclusion: Among US patients undergoing TKR, those with MAW had higher health care
utilization and costs than patients without MAW.
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Total knee replacement (TKR) is one of the most common orthopedic surgeries performed in the USA.1 Most commonly, TKRs are performed as a result of the pain and
decreased quality of life associated with osteoarthritis.2 As the US population ages and
becomes more obese,3 it is expected that osteoarthritis rates, hence TKR rates, will continue to rise. TKRs have increased from 31.2 per 100,000 person-years in 1971–1975 to
220.9 in 2005–2008.4 The demand for primary TKR is projected to grow by sixfold to
3.48 million in 2030.5 The high and rising incidence and prevalence of the TKR procedure in the USA indicates a large societal burden, especially for the Medicare program,
since it has been estimated that 75% of all TKR cases in the USA are performed on
Medicare beneficiaries.6 Knee replacements represented the most rapidly increasing
hospital inpatient costs for all payers from 2002 to 2004, with a mean cost of US$13,200
per admission and an aggregate cost of US$6.3 billion during 2004.7
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While improvement of functioning is a goal of TKR,2
quadriceps muscle atrophy/weakness (MAW) is a common
problem for TKR patients.8–13 MAW among these patients
is typically the result of either muscle atrophy or the failure
of voluntary muscle activation due to neurological impairment,8,9,11,13 and it has been shown to be associated with
poorer functioning up to 2 years after the TKR.14 Previous
studies have indicated that MAW exists among some TKR
patients even before the TKR surgery8,9 and that patients are
likely to have profound quadriceps MAW from 1 month8 to
12 months10 after the TKR procedure. However, as far as we
are aware, no previous research has attempted to quantify the
differences in health care resource use, costs, or other medical
outcomes between TKR patients with and without MAW.
The retrospective, naturalistic study described here was
designed to begin to quantify the burden of MAW among
TKR patients. To this end, the main study objective was to
examine differences of direct health care related costs and
utilization in TKR patients between those with and without
a diagnosis of MAW. The timing of the first MAW diagnosis
recorded before or after the TKR surgery was also explored
to assess its association with patient demographic, clinical,
and economic characteristics.

Methods
This study utilized data between January 1, 2005 through
September 30, 2010 from the Thomson Reuters MarketScan®
Commercial Claims and Encounters (hereafter referred to as
“Commercial”) Database and the Medicare Supplemental
Insurance (Medicare) Database. The databases include eligibility records and administrative claims from 33 million
enrollees, 3 million of which are Medicare eligible, covered
by approximately 100 self-insured payers. The databases
contain information on enrollment status, health plan type,
and demographic characteristics such as age, sex, and region
of residence. Information captured on pharmacy claims
includes National Drug Code, dispense date, quantity, days
supplied, and plan- and patient-paid amounts. On the medical
service claims, details of health service encounters such as
date and place of service, provider type, plan- and patientpaid amounts, and International Classification of Diseases,
9th Revision, Clinical Modification (ICD-9-CM) diagnosis
and procedure codes were recorded across all settings. These
administrative claims databases are fully compliant with
the Health Insurance Portability and Accountability Act of
1996 privacy requirements and can be used to track health
care utilization and costs longitudinally using encrypted
identifiers.
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To be included in the study, a patient was required to
have an inpatient stay with an associated procedure code
of TKR (ICD-9-CM procedure code of 81.54 or Current
Procedural Terminology code 27447) between January 1,
2006 and September 30, 2009. The admission date of the
first such inpatient stay was denoted the index date. Patients
who received a prior procedure of TKR during the period
from 365 through 7 days prior to the index date were
excluded. Patients were also required to have continuous
insurance coverage from the 12 months before the index
date (the pre-index period) through the 12 months after
the discharge date recorded on the index hospital stay (the
post-index period). Individuals in the Commercial database
were required to be 50–64 years old at the index date, while
those in the Medicare database were required to be at least
65 years old as of the index date. Patients in the Commercial
and Medicare databases were analyzed separately, and each
of these two populations was further subdivided into three
distinct cohorts: those with no diagnosis of MAW (no MAW;
ICD-9-CM 335.1x, 335.21, 359.xx, 728.2x, or 728.87) over
the pre- and post-index periods, those diagnosed with MAW
before TKR (pre-MAW), and those diagnosed with MAW
during or after TKR (post-MAW).
The following study variables were examined:
• patient characteristics: age, sex, region of residence,
type of insurance coverage, and comorbid osteoarthritis,
rheumatoid arthritis, and osteoporosis
• overall burden of chronic disease, as assessed by the
Charlson comorbidity index (CCI), which measures
23 different categories of comorbidities with a score that
is used to predict health care costs15,16
• outcomes of interest related to the index hospitalization:
length and cost of inpatient stay and discharge status
(ie, discharge to a skilled nursing facility [SNF], home,
inpatient rehabilitation facility, short-term hospital, other
facility, and other alive status)
• health care resource use assessments: hospitalizations,
physician office visits, outpatient hospital visits, emergency room (ER) visits, and the use of an SNF, inpatient rehabilitation facility, home health care, physical
therapy, or occupational therapy.
Costs were calculated as total direct medical costs as
well as inpatient, outpatient, and pharmacy costs. All costs
were adjusted to 2011 US dollars using the medical care
component of the Consumer Price Index (CPI).17
Descriptive analyses of the study variables were performed between the no MAW (as reference), pre-MAW,
and post-MAW cohorts. Chi-square statistics were used to
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test differences for categorical variables (eg, sex, region of
residence, health plan type, comorbidities, discharge status
of index stay, and proportion with resource use). Student’s
t-test was utilized for between-group age differences, while
nonparametric Wilcoxon rank-sum tests were utilized for
CCI, length of index hospital stay, and pre-index and postindex health care resource utilization, and health care costs.
Specific resource utilization variables assessed included total
days in hospital, number of physician office visits, outpatient
hospital visits, and ER visits.
Controlling for age, sex, region of residence, health plan
type, comorbid osteoarthritis, rheumatoid arthritis, osteoporosis, CCI, pre-period resource use (any hospitalization,
ER, or outpatient hospital visit), and discharge status from
the index hospitalization, multivariate generalized linear
regression models with log-link and gamma distribution
were applied to assess the association between MAW and
health care costs. The adjusted difference in health care
costs for pre-MAW and post-MAW cohorts when compared
with the no MAW cohort were estimated by calculating the
expected mean change of health care costs as of a change
in the MAW cohort variables while keeping all the other
covariates constant.18 Two-part models were estimated to
generate the adjusted differences in health care costs associated with MAW19 when at least 10% of the patients had zero
costs. The probability of utilizing the service of interest was
first estimated; in the second part, costs among those who
utilized the service were estimated. The estimated costs
were calculated as the predicted probability from the logistic
regression (generated from the first part) multiplied by the
expected cost conditional on having positive costs (from the
second part). The adjusted difference in health care costs of
pre- and post-MAW cohorts compared with the no MAW
cohort was calculated as the mean difference among all individuals when their cohort variable was alternatively coded as
“0” and “1.” A 95% confidence interval (CI) was estimated
using the 2.5 and 97.5 percentiles of the 1,000 estimated
adjusted difference estimates by bootstrapping the two-part
model with 1,000 iterations.20 The difference was considered
significant when the 95% CI did not include zero.
Logistic regressions were employed to examine the
impact of MAW on the probability of having an all-cause
or replacement-related rehospitalization in the post-index
period. The explanatory variables included MAW cohorts,
age, sex, region of residence, health plan type, CCI, comorbid
osteoarthritis, rheumatoid arthritis, osteoporosis, discharge
status from the index hospitalization, and pre-index any
hospitalization, ER, or outpatient hospital visit. Both the
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odds ratios (ORs) and the 95% CI were reported. All analyses
were performed using SAS (v 9.1; SAS Institute Inc, Cary,
NC, USA) and P-values ,0.05 were considered, a priori,
statistically significant.

Results
This study included 53,696 patients aged 50–64 years in the
Commercial population and 46,058 patients aged 65 or older
in the Medicare population (Table 1). In the Commercial population, the prevalence of MAW prior to the TKR (pre-MAW)
was 0.9% and during or after the TKR (post-MAW) was 4.6%.
MAW was found to be present in approximately the same
proportion in the Medicare population, with 1.1% of individuals in the pre-MAW and 4.2% in the post-MAW cohorts.
The mean age was approximately 58 years for the Commercial population and 75 years for the Medicare population.
Approximately 63% of the study population was female.
The majority of the patients in the Commercial population
lived in the South region, and were members of a preferred
provider organization health plan. In contrast, the majority
of the Medicare population lived in the Midwest region and
belonged to a comprehensive health plan. Prevalence of
osteoarthritis was high, with over 95% of the study population affected, and this is likely to be the main reason for
TKR. The average length of stay of the index hospitalization
ranged from 3.5 to 4.0 days across cohorts. However, total
costs associated with the index hospitalization were higher
for the Commercial population than for the Medicare population (∼US$28,000 vs ∼US$20,000). A higher proportion of
patients from the Commercial population was discharged to
home than from the Medicare population (∼80% vs ∼65%).
Several cross-cohort differences were observed. In the Medicare population, pre- and post-MAW cohorts were significantly older, had a higher CCI score, and were more likely
to have comorbid osteoarthritis; they also had higher index
hospitalization costs and a longer index hospital stay than
the no MAW cohort. The pre- and post-MAW cohorts in the
Commercial population were more likely to be female and to
have comorbid osteoporosis, and a higher CCI score.
Table 2 summarizes the health care utilization during the
pre- and post-index periods. For both insurance populations
(Commercial and Medicare), patients in the pre- or postMAW cohorts in general had significantly higher health care
utilization, including more visits to the physician office and
ER and a significantly greater likelihood of an outpatient
hospital or an ER visit in both the pre- and post-index periods
than the no MAW cohort. The post-MAW cohort also had a
higher rate of hospitalization in both the pre- and post-index
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Table 1 Patient characteristics
Commercial
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Pre-MAW
N, %
470 (0.9)
Demographics
Age in years, mean (SD)
58.5 (3.8)
Sex, %
*
Male
31.9
Female
68.1
Region, %
*
Northeast
5.3
Midwest
38.1
South
48.1
West
8.1
Unknown
0.4
Health plan, %
*
PPO
64.9
Comprehensive
14.5
HMO
8.5
Other
11.3
Missing
0.9
Pre-index period comorbidities
Charlson score, mean (SD)
5.9* (4.3)
Osteoarthritis, %
98.1
Osteoporosis, %
20.4*
Rheumatoid arthritis, %
7.2*
Index hospitalization
Length of stay (days), mean (SD) 3.7 (2.2)
Cost of inpatient stay in US$,
28,027 (15,336)
mean (SD)
Discharge status, %
*
Home
75.3
Skilled nursing facility
8.3
 Inpatient rehabilitation facility 7.0
Short-term hospital
2.8
Other facility
0.9
Other alive status
5.7

Medicare
Post-MAW

No MAW

Pre-MAW

Post-MAW

No MAW

2,742 (4.6)

50,484 (94.0)

508 (1.1)

1,939 (4.2)

43,611 (94.7)

58.2 (3.9)
*
35.4
64.6
*
5.1
31.5
53.1
9.8
0.5
*
67.3
10.5
9.9
10.8
1.4

58.3 (3.8)

76.2* (6.0)

76.0* (6.1)

74.9 (5.7)

37.3
62.8

33.9
66.1

36.0
64.0

37.8
62.2

8.1
33.1
45.1
13.2
0.5

8.6
41.2
32.7
16.9
0.7
*
31.5
59.6
5.6
1.5
1.8

8.6
41.0
31.2
18.3
0.9

59.3
11.7
14.1
13.3
1.6

6.1
45.9
29.9
17.1
1.0
*
33.5
59.1
4.3
1.6
1.6

5.0* (3.8)
97.1
12.1*
4. 7

4.6 (3.7)
96.8
10.7
4.3

6.8* (4.2)
98.8*
22.8*
5.5*

5.8* (3.8)
96.9*
17.9
3.6

5.2 (3.7)
95.1
14.0
3.1

3.6* (2.1)
29,386* (15,192)

3.5 (1.9)
28,209 (15,304)

3.9* (2.6)
22,533* (20,431)

4.0* (3.9)
22,350* (20,089)

3.6 (2.0)
20,365 (26,120)

*
77.0
9.8
4.3
2.7
1.3
4.9

79.8
6.4
3.5
1.6
1.5
7.2

*
54.1
22.8
5.7
9.8
2.2
5.3

*
50.8
22.6
6.2
14.0
2.1
4.3

65.6
14.4
4.9
8.4
1.2
5.5

Note: *P , 0.05 compared with the no MAW cohort.
Abbreviations: HMO, health maintenance organization; MAW, muscle atrophy/weakness; PPO, preferred provider organization; SD, standard deviation.

periods, while a higher rate of hospitalization was only
observed in the pre-index period for the pre-MAW cohort
when compared with the no MAW cohort. In addition, relative to the no MAW cohort, the pre- and post-MAW cohorts
were more likely to have used an SNF or to have received
an occupational therapy in the post-period.
The unadjusted health care costs in the pre- and postindex periods for each cohort are summarized in Table 3.
In both the Commercial and Medicare populations, the preand post-MAW cohorts had higher costs than the no MAW
cohort, except for the post-MAW cohort in the Commercial
population. Nearly half of the costs resulted from outpatient
services. In the post-index period, both the pre- and postMAW patients had significantly higher total health care costs
than the no MAW patients (Commercial, US$26,965 pre-
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27.9
60.6
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MAW and US$27,521 post-MAW vs US$19,814 no MAW;
Medicare, US$24,081 pre-MAW and US$27,663 post-MAW
vs US$16,539 no MAW; all P , 0.05). Total costs increased
from the pre- to the post-index period the most for the postMAW cohort, followed by the no MAW cohort but remained
similar for the pre-MAW cohort.
The impact of MAW on direct health care costs, controlling for cross-cohort differences, is presented in Figure 1.
Among the Commercial patients, those in the pre- and
post-MAW cohorts had significantly higher adjusted total
costs than the no MAW cohort (cost difference, US$2,737
pre-MAW and US$6,640 post-MAW; both P , 0.05). Similarly, the Medicare patients in the pre-MAW and post-MAW
cohorts had significantly higher total adjusted costs than
the no MAW cohort (US$4,201 pre-MAW and US$9,404

Journal of Pain Research 2013:6

Dovepress

Health care association among total knee replacement surgery patients

Table 2 Health care resource utilization over the 12-month pre- and post-index periods
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Commercial
Pre-index period
Hospital stay, %
Total hospital days, mean (SD)
Physician office visits, %
Number of physician office visits,
mean (SD)
Outpatient hospital visits, %
Number of outpatient hospital
visits, mean (SD)
Emergency room visits, %
Number of emergency room
visits, mean (SD)
Post-index period
Hospital stay, %
Total hospital days, mean (SD)
Physician office visits, %
Number of physician office visits,
mean (SD)
Outpatient hospital visits, %
Number of outpatient hospital
visits, mean (SD)
Emergency room visits, %
Number of emergency room
visits, mean (SD)
Skilled nursing facility stay, %
Inpatient rehabilitation stay, %
Home health visit, %
Physical therapy, %
Occupational therapy, %

Medicare

Pre-MAW

Post-MAW

No MAW

Pre-MAW

Post-MAW

No MAW

24.9*
2.1* (6.1)
99.8
28.8* (19.3)

10.4*
0.4* (2.0)
99.6
18.2* (13.9)

9.1
0.4 (2.2)
99.6
17.1 (13.1)

35.4*
2.1* (5.2)
99.4
28.1* (16.9)

15.7*
0.7* (2.9)
99.5*
20.2* (13.4)

13.2
0.5 (2.1)
99.0
17.6 (12.3)

96.2*
7.9* (8.1)

89.1*
4.4 (5.9)

87.7
4.3 (5.4)

95.5*
8.3* (10.0)

92.0*
5.4* (6.5)

87.9
4.4 (5.8)

31.9*
0.5* (1.2)

23.7*
0.4* (1.0)

21.5
0.3 (1.0)

34.8*
0.7* (1.3)

25.7*
0.4* (1.1)

19.3
0.3 (0.8)

25.7
2.0* (6.2)
99.6
30.3* (21.5)

29.9*
2.3* (7.6)
99.8*
27.6* (19.9)

22.6
1.1 (3.8)
99.4
24.6 (18.4)

23.0
1.6 (6.2)
99.0
28.7* (19.6)

33.5*
2.7* (7.9)
99.7*
28.5* (19.1)

21.3
1.0 (3.8)
98.6
22.8 (16.7)

88.3*
8.7* (10.5)

85.5*
8.4* (11.2)

83.3
7.7 (10.5)

89.8*
8.5* (11.8)

90.8*
9.1* (12.0)

82.5
6.0 (8.6)

30.0*
0.5* (1.1)

26.6*
0.5* (1.3)

21.4
0.4 (1.1)

32.1*
0.6* (1.0)

37.1*
0.8* (1.7)

23.0
0.4 (0.9)

14.9*
7.7*
3.2
81.1
24.7*

16.5*
5.4*
3.7*
85.0*
25.2*

10.2
4.5
2.9
80.5
20.4

36.0*
0.8
1.8*
59.7*
19.1*

43.7*
1.9*
1.6*
64.1*
20.4*

23.9
0.8
0.6
53.1
14.0

Note: *P , 0.05 compared with the no MAW cohort.
Abbreviations: MAW, muscle atrophy/weakness; SD, standard deviation.

post-MAW; both P , 0.05). Outpatient costs appeared to
be the largest contributor of cost differences in the Medicare
pre-MAW, post-MAW, and Commercial pre-MAW cohorts,
while the Commercial post-MAW cohort had inpatient costs
as the major contributor.

Post-MAW was associated with a significantly higher
likelihood of being rehospitalized during the post-index
period (Table 4). Specifically, compared with the no MAW
patients, the post-MAW patients had a 44% higher likelihood of being rehospitalized for any cause (OR = 1.44;

Table 3 Unadjusted health care costs over the 12-month pre- and post-index periods
Commercial
Pre-MAW

Medicare
Post-MAW

Pre-index period costs in US$, mean (SD)
Inpatient
8,236* (21,306)
2,114* (9,906)
Outpatient
15,702* (17,254)
8,502* (10,430)
Pharmacy
3,633* (5,911)
2,515* (4,059)
Total
27,571* (32,761)
13,131 (17,512)
Post-index period costs in US$, mean (SD)
Inpatient
8,653* (21,072)
12,097* (30,609)
Outpatient
14,553* (21,110)
12,716* (17.401)
Pharmacy
3,759* (5,643)
2,708* (4,298)
Total
26,965* (36,536)
27,521* (40,884)

No MAW

Pre-MAW

Post-MAW

No MAW

2,015 (11,016)
7,897 (10,390)
2,691 (4,356)
12,602 (17,786)

7,748* (19,686)
12,985* (15,291)
4,602* (4,464)
25,335* (30,047)

2,652* (12,764)
8,278* (11,353)
4,109* (4,539)
15,039* (21,357)

2,048 (9,255)
6,922 (15,596)
3,577 (3,666)
12,547 (19,807)

6,924 (20,198)
10,046 (12,160)
2,845 (4,939)
19,814 (27,596)

5,161 (12,109)
14,398* (17,817)
4,522* (4,514)
24,081* (24,838)

8,405* (22,723)
15,395* (19,276)
3,863* (4,291)
27,663* (34,768)

4,465 (16,078)
8,588 (12,023)
3,486 (3,716)
16,539 (23,116)

Note: *P , 0.05 compared with the no MAW cohort.
Abbreviations: MAW, muscle atrophy/weakness; SD, standard deviation.
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A

B

$10,000

$10,000

$8,000

*

$9,404

$8,000

*

$6,640
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$6,000

*

$6,000

*

$5,529

$4,877

*

$4,201

$4,000

*

*

*

$2,737

$2,487

*

$3,723

$4,000

$3,389

*

$2,159

$2,000

$2,000

*

$585

Total

Inpatient

Outpatient

$0

Pharmacy

−$2,000

$285

$165

−$68

$0

*

$616

$389

Total

Inpatient

Outpatient

Pharmacy

−$2,000
Pre-MAW vs No MAW

Post-MAW vs No MAW

Pre-MAW vs No MAW

Post-MAW vs No MAW

Figure 1 Adjusted difference in health care costs in US dollars: (A) Commercial; (B) Medicare.
Notes: Marginal differences for total, outpatient, and Medicare population pharmacy costs were calculated by generalized linear regression models, adjusting for age, sex,
region of residence, health plan type, related comorbidities, discharge status, and pre-index resource use. Marginal differences for inpatient costs in both populations and
pharmacy costs in commercial population were calculated by two-part models due to excessive zero costs. *P , 0.05 compared with the no MAW cohort.
Abbreviation: MAW, muscle atrophy/weakness.

Table 4 Factors associated with hospitalization over the 12-month post-index perioda
Commercial
All cause

MAWb
Pre-MAW
Post-MAW
Charlson scorec
1
2 or 3
4+
Select comorbidities
Osteoarthritis
Rheumatoid arthritis
Osteoporosis
Discharge statusd
Skilled nursing facility
Other facility
Other alive status
Inpatient rehabilitation facility
Pre-index utilization
Hospitalization
Outpatient service
Emergency room visit

Medicare
Replacement
related

All cause

Replacement
related

OR

95% CI

OR

95% CI

OR

95% CI

OR

95% CI

1.02
1.44*

0.83–1.26
1.32–1.57

1.74*
2.10*

1.05–2.90
1.70–2.60

0.93
1.79*

0.75–1.15
1.62–1.97

1.35
2.06*

0.60–3.05
1.43–2.97

1.12*
1.33*
1.29*

1.03–1.21
1.21–1.46
1.22–1.35

1.30*
1.67*
1.21*

1.02–1.65
1.28–2.17
1.03–1.42

1.18*
1.23*
1.23*

1.08–1.29
1.12–1.35
1.15–1.30

0.89
1.27
1.18

0.58–1.36
0.84–1.92
0.90–1.56

1.11
1.28*
1.01

0.98–1.25
1.17–1.41
0.95–1.08

0.63*
1.26
1.20

0.47–0.85
0.96–1.66
0.99–1.45

1.10
1.35*
1.00

0.99–1.23
1.20–1.52
0.94–1.07

1.26
1.13
1.21

0.75–2.12
0.67–1.90
0.92–1.61

1.19*
1.41*
1.01
1.61*

1.10–1.29
1.20–1.65
0.93–1.09
1.46–1.78

1.16*
1.22
1.09
1.38*

0.91–1.48
0.73–2.03
0.86–1.40
1.03–1.86

1.17*
1.07
1.05
1.07

1.10–1.24
0.88–1.31
0.95–1.16
0.97–1.19

1.00
0.19
0.82
1.04

0.75–1.33
0.03–1.39
0.49–1.35
0.66–1.64

1.57*
1.10*
1.16*

1.47–1.68
1.03–1.18
1.11–1.22

1.53*
1.48*
1.16*

1.28–1.84
1.17–1.87
1.00–1.35

1.57*
0.98
1.16*

1.47–1.66
0.91–1.05
1.10–1.23

1.44*
0.80
1.27

1.11–1.87
0.59–1.10
1.00–1.62

Notes: aResults from logistic regressions were also adjusted for age, sex, region of residence, and health plan type; breference category, no MAW; creference category,
Charlson score = 0; dreference category, discharged to home. *P , 0.05 compared with reference.
Abbreviations: CI, confidence interval; MAW, muscle atrophy/weakness; OR, odds ratio.
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95% CI: 1.32–1.57) and a 110% higher likelihood of a
replacement-related rehospitalization (OR = 2.10; 95% CI:
1.70–2.60) among the Commercial population. Similarly,
Medicare patients in the post-MAW cohort were found to
be 1.79 times more likely to be rehospitalized for any cause
(OR = 1.79; 95% CI: 1.62–1.97) and 2.06 times more likely
to have a replacement-related rehospitalization (OR = 2.06;
95% CI: 1.43–2.97) compared with those in the no MAW
cohort. Patients in the pre-MAW cohort were associated
with a higher risk of replacement-related rehospitalization
(OR = 1.74, 95% CI: 1.05–2.90) in the Commercial population when compared with those in the no MAW cohort.
Other factors associated with a significantly higher likelihood of rehospitalization for any cause included a higher
CCI score, a diagnosis of rheumatoid arthritis, a discharge
to an SNF, or a hospitalization or ER visit during the preindex period.

Discussion
The rate of TKR in the USA is projected to increase as the
population ages and becomes more obese.5 The introduction of newer technologies that improve implant longevity
in younger and more active patients has allowed the use of
TKR in this younger and more active population. It has been
estimated that the demand for primary TKR among patients
less than 65 years old will exceed 50% by 2016.21 With the
increasing burden of TKR on both Commercial health plans
as well as the Medicare program due to an aging population,
it is thus important to understand the resource utilization and
costs associated with the procedure, and to identify the highcost patients. To the best of our knowledge, this study is the
first to compare the health care resource use, costs, and risk
of rehospitalization among TKR patients with and without
MAW and our results have confirmed our hypothesis that
MAW is associated with more health care resource utilization
and costs in patients receiving TKR.
Similar to findings from previous publications on
TKR, TKR was found to be more commonly performed in
females,22,23 over 94% of the patients had osteoarthritis,23
and close to a quarter of patients had hospitalizations after
the TKR.24 The average length of stay for TKR was shorter
in this study (∼3.5 days) than that reported in previous
studies (4.9 and 4.3 days).22,23 The shorter hospital stay
is not surprising, as post-surgery care has been shifted to
rehabilitation over time.24 Total costs associated with TKR
hospitalization have been reported between US$9,989 and
US$10,067,23 lower than the costs estimated in this study
(Commercial, US$28,268; Medicare, US$20,445). The costs
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in the Bastis et al study were adjusted to 2005 US dollars,
while costs were adjusted to 2011 US dollars in this study.
Medical cost inflation may at least partially account for the
differences.17 Additionally, the Bastis et al study examined
costs from a health care provider perspective rather than the
payer perspective as shown in the current study.
As far as we are aware, this study is the first to have investigated the burden associated with MAW among patients
undergoing TKR. Patients with MAW had higher health
care utilization and costs than those without MAW. While
early research on MAW among TKR patients is limited, the
findings of higher costs and health care resource use from the
present analysis support a small observational study indicating pre-MAW to be a predictor of poorer post-surgical functioning (greater likelihood of requiring a handrail to negotiate
stairs) 2 years after the TKR.14 It should be noted, however,
that this earlier study focused only on TKR patients with
end-stage knee osteoarthritis, while the present study includes
TKR patients with pre-index period, less severe osteoarthritis
and musculoskeletal conditions other than osteoarthritis (eg,
osteoporosis and rheumatoid arthritis). By documenting the
impact of MAW on health care costs and utilization associated with TKR, the present research provides relevant and
important information to health care providers, payers, and
TKR patients when evaluating and preparing for the surgery.
The findings from this study demonstrate that the presence
of MAW is a key cost driver in this population undergoing
TKR. Proper prevention and/or management of MAW may
result in cost saving. Future studies should aim at identifying
the patients at risk of MAW.
In addition to being costly before TKR, pre-MAW
patients remained costly after their surgery. This finding is
consistent with previous research reporting that pre-existing
MAW is likely to persist and, indeed, to worsen after
TKR.10,12 Patients developing MAW during or after TKR
had the greatest increase in health care costs, followed by
patients with no MAW, over the 12 months post-surgery.
This result is in agreement with previous clinical research
showing that the average TKR patient is likely to experience
an approximately 60% reduction in quadriceps strength after
surgery;8,9,13 such a profound decrease in strength would logically increase a patient’s use of medical resources, which, in
turn, would lead to higher direct costs. In contrast, the total
costs remained unchanged from the 12-month pre-index
period to the post-index period for patients in the pre-MAW
cohort. Further studies may need to examine why the costs
changed differently for different types of TKR patients after
the surgery, and whether there are interventions or proper
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management that can help prevent MAW during or after
TKR surgery.
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Limitations
This study has several limitations. The identification of
MAW was solely based on diagnostic codes; therefore,
MAW patients might be misclassified if the diagnosis was not
recorded on the claims. The analysis focused exclusively on
patients with medical and prescription benefit coverage, and
the findings may not be generalizable to other populations.
Similarly, since we excluded patients who had a prior knee
replacement procedure in the previous year and patients
without continuous eligibility during the 12-month pre-index
or post-index period, the findings are not generalizable to
those who had a second surgery or those who died within
a year post-surgery. Further, the use of medical claims data
precludes the assessment of quality-of-life outcomes, indirect costs, or medical services paid solely out-of-pocket.
Unobservable confounders might have biased the estimates.
As a result, the findings from this analysis can only be interpreted as association, not causation.

Conclusion
This analysis of patients with TKR showed that those with
MAW had a greater burden of health care resource use and
costs as compared with patients without MAW. Strategies
targeting these high-cost patients may be considered to
lessen the economic burden associated with this patient
population.
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