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Abstract

An increasing number of total knee arthroplasties (TKAs) are performed on obese patients. It is 

imperative to remain up to date on the effect of obesity on surgical outcomes and reimbursement 

trends. The purpose of this study was to evaluate the impact different severities of obesity have on 

primary and revision TKA, specifically: (1) incidence and trends over time; (2) annual growth rate; 

and (3) admission costs from 2010 to 2014. A retrospective review of a large commercial private 

payer database within the PearlDiver Supercomputer application (Warsaw, IN) of TKA procedures 

was conducted. Patients who underwent TKA and subsequent revision were identified by Current 

Procedural Terminology (CPT) and ninth revision International Classification of Disease (ICD-9) 

codes. The index procedure was linked with ICD-9 codes for body mass indexes (BMIs) from <19 

to >70. Statistical analysis was primarily descriptive to demonstrate the revision incidence and 

reimbursement deviations due to BMI. Compound annual growth rate (CAGR) was also 

calculated. Our query returned a total of 87,607 TKA patients within the study BMI ranges. The 

majority of patients had a BMI of 40 to 44.9 (12.2%) and least in the BMI >70 (0.2%) range. BMI 

of 40 to 44.9 had the highest overall 5-year mean reimbursement of $11,521 and the highest 

overall mean 5-year deviation from normal BMI (19–24) patients of $3,300. The incidence and 

burden of TKA revision was highest in patients with a BMI of 60 to 69.9 (21 and 17.3%, 

respectively). Average 5-year revision reimbursement and deviation from normal BMI (19–24) 

was highest in patients with a BMI of 40 to 44.9 ($13,883 and $4,030, respectively). The number 

of obese patients receiving TKA is steadily rising. The cost of treating obese patients rises as BMI 
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deviates from normal, as does the incidence of revision surgery. Therefore, surgeons must be 

active in counseling patients on weight optimization as part of preoperative standard of care.
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Obesity is a significant concern among the United States population, a concern that is 

estimated to have reached a prevalence of 32% in men and 36% in women.1 Obesity is 

defined as a body mass index (BMI) of >30 and has been directly correlated to the 

development of osteoarthritis of the knee.2 A recent study examining the national trends of 

obesity in total knee arthroplasty (TKA) among the Medicare/Medicaid patient population 

found that from 2002 to 2009, the number of patients who received TKA and were obese 

rose from 11 to 20%.3 The effects of obesity in TKA has implications in both economic 

burden and clinical outcomes. A recent study looked at the economic effects of obesity, 

determining that with every five-unit increase in BMI beyond 30 kg/m2 had an associated 

increase of $250 to $300 in costs with primary TKA and a $600 to $650 increase of costs in 

revision TKA.4 In addition, a literature review performed by a workgroup of total joint 

arthroplasty surgeons from the American Association of Hip and Knee Surgeons (AAHKS) 

found that TKA patients who had a BMI ≥40 was the threshold for which the majority of 

perioperative complications, including infection and revision rates, appear to increase 

substantially.5 Current literature consists of studies that examine data from previous years 

and have not been updated to reflect new trends.

Therefore, the purpose of this study was to evaluate the impact different severities of obesity 

have on primary and revision TKA, specifically: (1) incidence and trends over time; (2) 

annual growth rate; and (3) admission costs from 2010 to 2014.

Methods

A retrospective review of a large, comprehensive private payer database within the 

PearlDiver Supercomputer application (http://www.pearldiverinc.com/; Warsaw, IN) of the 

index procedure TKA was conducted. The PearlDiver database is a publicly available, 

Health Insurance Portability and Accountability Act (HIPAA)-compliant national database 

compiled from the Humana insurance claims. This database contains Current Procedural 

Terminology (CPT) and International Classification of Diseases, Ninth Revision (ICD-9) 

codes from 2007 to 2014.

All patients who underwent TKA between 2010 and 2014 were identified by CPT-27447 and 

ICD-9 code 81.54. Revision TKA patients were identified with CPT- 27486, 27487 and 

ICD-9 codes 00.80 to 00.84. Primary and revision TKA cohorts were stratified into 10 

groups based upon BMI utilizing ICD-9 codes V85.0(BMI < 19kg/m2),V85.1 (19–24kg/

m2),V85.21 toV85.25 (25–29.9 kg/m2), V85.30 to V85.34 (30–34.9 kg/m2), V85.35 to 

V85.39 (35–39.9 kg/m2), V85.41(40–44.9 kg/m2), V85.42 (45–49.9 kg/m2), V85.43(50–

59.9 kg/m2), V85.44 (60–69.9 kg/m2), and V85.45 (> 70kg/m2). Average yearly 
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reimbursements were used as a marker for cost during the surgical admission period for each 

BMI cohort in both primary and revision TKA.

Statistical analysis of this study was primarily descriptive, utilizing frequency tables and 

means where appropriate. The compound annual growth rate (CAGR) was calculated to 

determine overall growth or decline over the 5-year study period for each BMI subgroup. A 

normal BMI of 19 to 24 kg/m2 served as the control group to determine which BMI 

subgroup had the most pronounced deviation from normal.

Results

Our search returned a total of 87,607 primary TKA patients within the 2010 to 2014 study 

period. The majority of patients receiving primary TKA had a BMI of 40 to 44.9 kg/m2 

(12.2%) and the least had a BMI >70 kg/m2 (0.2%). Patients with BMI of 40 to 44.9 kg/m2 

also had the highest CAGR (41.9%), while the lowest CAGR was in the BMI of <19 kg/m2 

range (11.4%). However, there is a growing trend in primary TKA rates across all BMI 

ranges (►Table 1).

In the primary TKA cohort, a BMI of 40 to 44.9 kg/m2 had the highest overall 5-year 

average reimbursement of $11,521 and also had the highest overall average 5-year deviation 

from normal BMI (19–24 kg/m2) patients of $3,300. Our results show a decline in 

reimbursements for primary TKA across all BMI ranges, but interestingly, patients in the 

normal BMI range (19–24 kg/m2) had the greatest decline in reimbursements at a CAGR of 

−29.1%. ►Tables 2 and 3 detail all studied BMI ranges in reimbursements and deviation 

from normal BMI reimbursements, respectively.

The incidence and burden of TKA revision was highest in patients who had a BMI of 60 to 

69.9 kg/m2 (21 and 17.3%, respectively). However, with exception for the BMI of 25 to 29.9 

kg/m2 range, deviation above and below the normal BMI (19–24 kg/m2) resulted in 

increased revision incidence (►Table 4). Average 5-year revision reimbursement and 

deviation from normal BMI (19–24 kg/m2) was highest in patients with a BMI of 40 to 44.9 

kg/m2 ($13,883 and $4,030, respectively) (►Tables 5 and 6).

Discussion

Understanding the impact obesity has on economic burden and clinical outcomes in the 

utilization of TKA allows for improved management of this patient population. The primary 

purpose of our study was to help better characterize trends in the effect of BMI on TKA 

revision rates and cost within the Humana patient population. The primary results of this 

study demonstrate an upward trend in CAGR from 2010 to 2014 across all BMI ranges.

Obese patients represented 30% of our study’s population, showing a substantial increase 

from a previous study in 2002 to 2009 of Medicare/Medicaid population where 15% of the 

TKA population was obese.3 Obesity has a strong correlation to osteoarthritis.2 With 

prevalence of obesity in patients over 60 years old as high as 42% in women and 37% in 

men,1 it can be expected to see a proportional increase in TKA.
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It is important to recognize that despite the growing trend in utilization of TKA among 

obese patients, there is an overall decline in the reimbursement across all BMI ranges. 

However, compared with normal BMI patients the cost of treating obese patients is directly 

proportional to increases in BMI. In a retrospective review of lower extremity arthroplasty, a 

five-point increase in BMI resulted in a 15% increase in length of stay and a 7-minute 

increase in operating room time.6 Hospital length of stay, operating room time, and 

prosthesis account for the top three expenditures during primary and revision TKA cases,7 

highlighting associated increases in costs for obese patients.

The majority of patient’s treated with TKA was morbidly obese (BMI 40–44.9, 12%; BMI 

45–49.9, 6%) and also represented the highest rate of growth. Patients with a BMI of 40 to 

44.9 represented the highest overall 5-year average reimbursement for both primary and 

revision TKA ($11,521 and $13,883, respectively). For primary TKA patients with BMI of 

40 to 44.9, there was a reimbursement deviation of $3,300 from normal BMI, while revision 

patients were $4,030 deviated from normal. The increased costs are likely due to the 

amplified risk and comorbidities associated with patients having a BMI of >40 with 

occurrence of perioperative complications.8 A BMI of >40 is associated with greater rates of 

reoperation and superficial infection.8 A single-center study of direct cost for primary and 

revision TKA showed revisions for infections, as well as bone/prosthesis fractures to be 25% 

more costly than revisions due to component loosening.7 Furthermore, a recent literature 

review showed a 22% complication rate with morbidly obese patients resulting in significant 

lower implants survivorship.9

The incidence of TKA revision surgeries increased as BMI increased, with exception of 

overweight patients (BMI 25–25.9), which represented the lowest incidence of revision 

surgery. Obesity is a modifiable risk factor and postoperative weight gain has been shown to 

have negative impacts on outcomes.10 Weight loss via dietary intervention has been proven 

to improve outcome postoperatively11 and preserves bone quality.12 Developing 

osteoarthritis and thus increasing probability for TKA can be reduced by a two-point 

reduction in BMI.13 Surgeons should incorporate weight management into their pre- and 

postoperative care routine for obese patients in attempt to decrease implant failure, improve 

clinical outcomes, and favor patient well-being.

Our study is not without limitations; the PearlDiver database is contingent on accurate CPT 

or ICD coding, which may lead to a potential reporting bias. Our data may not fully embody 

the entire United States’ trends as data within our study is primarily represented by a single 

private payer organization (Humana). Lastly, a selection bias may be present as patients 

enter or exit the database as a natural manifestation.

Conclusion

The number of obese patients receiving TKA is steadily rising. The cost of treating obese 

patients rises as BMI deviates from normal, as does the incidence of revision surgery. 

Therefore, surgeons must be active in counseling patients on weight optimization as part of 

preoperative standard of care.

Roche et al. Page 4

J Knee Surg. Author manuscript; available in PMC 2019 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

1. Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trends in the distribution of 
body mass index among US adults, 1999–2010. JAMA 2012;307(05):491–497 [PubMed: 
22253363] 

2. Muthuri SG, Hui M, Doherty M, Zhang W. What if we prevent obesity? Risk reduction in knee 
osteoarthritis estimated through a meta-analysis of observational studies. Arthritis Care Res 
(Hoboken) 2011; 63(07):982–990 [PubMed: 21425246] 

3. Odum SM, Springer BD, Dennos AC, Fehring TK. National obesity trends in total knee arthroplasty. 
J Arthroplasty 2013;28 (8, Suppl):148–151 [PubMed: 23953395] 

4. Kremers HM, Visscher SL, Kremers WK, Naessens JM, Lewallen DG. The effect of obesity on 
direct medical costs in total knee arthroplasty. J Bone Joint Surg Am 2014;96(09):718–724 
[PubMed: 24806008] 

5. [Anonymous] Workgroup of the American Association of Hip and Knee Surgeons Evidence Based 
Committee. Obesity and total joint arthroplasty: a literature based review. J Arthroplasty 2013;28 
(05):714–721 [PubMed: 23518425] 

6. Bradley BM, Griffiths SN, Stewart KJ, Higgins GA, Hockings M, Isaac DL. The effect of obesity 
and increasing age on operative time and length of stay in primary hip and knee arthroplasty. J 
Arthroplasty 2014;29(10):1906–1910 [PubMed: 25081514] 

7. Maradit Kremers H, Visscher SL, Moriarty JP, et al. Determinants of direct medical costs in primary 
and revision total knee arthroplasty. Clin Orthop Relat Res 2013;471(01):206–214 [PubMed: 
22864619] 

8. Ward DT, Metz LN, Horst PK, Kim HT, Kuo AC. Complications of morbid obesity in total joint 
arthroplasty: risk stratification based on BMI. J Arthroplasty 2015;30(9, Suppl):42–46 [PubMed: 
26117070] 

9. McElroy MJ, Pivec R, Issa K, Harwin SF, Mont MA. The effects of obesity and morbid obesity on 
outcomes in TKA. J Knee Surg 2013; 26(02):83–88 [PubMed: 23479424] 

10. Mackie A, Muthumayandi K, Shirley M, Deehan D, Gerrand C. Association between body mass 
index change and outcome in the first year after total knee arthroplasty. J Arthroplasty 2015;30 
(02):206–209 [PubMed: 25311165] 

11. Christensen R, Henriksen M, Leeds AR, et al. Effect of weight maintenance on symptoms of knee 
osteoarthritis in obese patients: a twelve-month randomized controlled trial. Arthritis Care Res 
(Hoboken) 2015;67(05):640–650 [PubMed: 25370359] 

12. Popovic N, Lemaire R, Georis P, Gillet P. Midterm results with a bipolar radial head prosthesis: 
radiographic evidence of loosening at the bone-cement interface. J Bone Joint Surg Am 2007;89 
(11):2469–2476 [PubMed: 17974891] 

13. Felson DT, Zhang Y, Anthony JM, Naimark A, Anderson JJ. Weight loss reduces the risk for 
symptomatic knee osteoarthritis in women. The Framingham Study. Ann Intern Med 
1992;116(07): 535–539 [PubMed: 1543306] 

Roche et al. Page 5

J Knee Surg. Author manuscript; available in PMC 2019 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Roche et al. Page 6

Ta
b

le
 1

B
M

I 
an

d 
T

K
A

 a
nn

ua
l n

um
be

r 
of

 p
at

ie
nt

s

Y
ea

r
B

M
I

<1
9

B
M

I
19

–2
4

B
M

I
25

–2
9.

9
B

M
I

30
–3

4.
9

B
M

I
35

–3
9.

9
B

M
I

40
–4

4.
9

B
M

I
45

–4
9.

9
B

M
I

50
–5

9.
9

B
M

I
60

–6
9.

9
B

M
I

>7
0

20
10

63
34

8
19

4
33

8
32

1
77

8
41

0
22

1
32

15

20
11

50
38

2
22

4
44

2
40

9
1,

66
3

83
4

43
7

66
19

20
12

72
53

1
33

4
68

7
60

0
2,

09
5

1,
05

5
53

7
85

44

20
13

10
7

1,
16

8
58

5
1,

15
1

94
6

2,
98

9
1,

40
8

71
0

10
3

46

20
14

97
1,

36
8

69
2

1,
30

6
1,

03
7

3,
15

1
1,

42
8

69
2

11
9

39

To
ta

l
38

9
3,

79
7

2,
02

9
3,

92
4

3,
31

3
10

,6
76

5,
13

5
2,

59
7

40
5

16
3

C
A

G
R

(%
)

11
.4

40
.8

37
.4

40
.2

34
.1

41
.9

36
.6

33
.0

38
.9

27
.0

A
bb

re
vi

at
io

ns
: B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 C

A
G

R
, c

om
po

un
d 

an
nu

al
 g

ro
w

th
 r

at
e;

 T
K

A
, t

ot
al

 k
ne

e 
ar

th
ro

pl
as

ty
.

J Knee Surg. Author manuscript; available in PMC 2019 March 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Roche et al. Page 7

Ta
b

le
 2

B
M

I 
an

d 
T

K
A

 a
ve

ra
ge

 r
ei

m
bu

rs
em

en
t

Y
ea

r
B

M
I 

<1
9

(n
 =

 3
89

)
B

M
I 

19
–2

4
(n

 =
 3

,7
97

)
B

M
I

25
–2

9.
9

(n
 =

 2
,0

29
)

B
M

I
30

–3
4.

9
(n

 =
 3

,9
24

)

B
M

I
35

–3
9.

9
(n

 =
 3

,3
13

)

B
M

I
40

–4
4.

9
(n

 =
 1

,0
67

6)

B
M

I
45

–4
9.

9
(n

 =
 5

,1
35

)

B
M

I
50

–5
9.

9
(n

 =
 2

,5
97

)

B
M

I
60

–6
9.

9
(n

 =
 4

05
)

B
M

I 
>7

0
(n

 =
 1

63
)

20
10

$1
2,

01
0

$1
3,

33
8

$1
4,

39
2

$1
3,

93
2

$1
3,

69
4

$1
4,

16
4

$1
4,

33
0

$1
3,

10
4

$1
0,

03
6

$1
2,

83
7

20
11

$1
2,

19
3

$1
2,

68
9

$1
1,

46
9

$1
1,

39
0

$1
3,

42
7

$1
3,

27
9

$1
3,

25
7

$1
2,

38
8

$9
,7

97
$7

,0
43

20
12

$8
,6

62
$7

,2
31

$8
,4

42
$8

,8
24

$1
1,

05
6

$1
1,

42
6

$1
0,

94
8

$1
1,

02
0

$8
,2

85
$9

,0
91

20
13

$6
,8

21
$4

,4
82

$4
,7

63
$5

,7
58

$8
,1

97
$9

,6
17

$9
,8

70
$9

,8
04

$6
,7

33
$5

,2
29

20
14

$4
,7

07
$3

,3
67

$3
,8

69
$5

,5
86

$6
,3

55
$9

,1
20

$8
,8

66
$9

,8
01

$1
0,

07
2

$7
,0

11

A
nn

ua
l

to
ta

l
$4

4,
39

3
$4

1,
10

7
$4

2,
93

5
$4

5,
49

0
$5

2,
72

9
$5

7,
60

6
$5

7,
27

1
$5

6,
11

7
$4

4,
92

3
$4

1,
21

1

A
gg

re
ga

te
(5

y)
(m

ill
io

ns
)

$1
7.

3
$1

56
.1

$8
7.

1
$1

78
.5

$1
74

.7
$6

15
.0

$2
94

.1
$1

45
.7

$1
8.

2
$6

.7

A
ve

ra
ge

(5
y)

$8
,8

79
$8

,2
21

$8
,5

87
$9

,0
98

$1
0,

54
6

$1
1,

52
1

$1
1,

45
4

$1
1,

22
3

$8
,9

85
$8

,2
42

C
A

G
R

 (
%

)
−2

0.
9

−2
9.

1
−2

8.
0

−2
0.

4
−1

7.
5

−1
0.

4
−1

1.
3

−7
.0

0.
1

−1
4.

0

A
bb

re
vi

at
io

ns
: B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 C

A
G

R
, c

om
po

un
d 

an
nu

al
 g

ro
w

th
 r

at
e;

 T
K

A
, t

ot
al

 k
ne

e 
ar

th
ro

pl
as

ty

J Knee Surg. Author manuscript; available in PMC 2019 March 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Roche et al. Page 8

Ta
b

le
 3

B
M

I 
an

d 
T

K
A

 r
ei

m
bu

rs
em

en
t d

ev
ia

tio
n 

fr
om

 n
or

m
al

 (
19

–2
4)

Y
ea

r
B

M
I 

<1
9

(n
 =

 6
18

)
B

M
I 

25
–2

9.
9

(n
 =

 2
,6

10
)

B
M

I 
30

–3
4.

9
(n

 =
 4

,9
17

)
B

M
I 

35
–3

9.
9

(n
 =

 4
,1

77
)

B
M

I 
40

–4
4.

9
(n

 =
 1

2,
84

6)
B

M
I 

45
–4

9.
9

(n
 =

 6
,1

71
)

B
M

I 
50

–5
9.

9
(n

 =
 3

,2
29

)
B

M
I 

60
–6

9.
9

(n
 =

 5
27

)
B

M
I 

>7
0

(n
 =

 1
96

)

20
10

($
1,

32
8)

$1
,0

54
$5

94
$3

56
$8

26
$9

92
($

23
4)

($
3,

30
2)

($
50

1)

20
11

($
49

6)
($

1,
22

0)
($

1,
29

9)
$7

38
$5

90
$5

68
($

30
1)

($
2,

89
2)

($
5,

64
6)

20
12

$1
,4

31
$1

,2
11

$1
,5

93
$3

,8
25

$4
,1

95
$3

,7
17

$3
,7

89
$1

,0
54

$1
,8

60

20
13

$2
,3

39
$2

81
$1

,2
76

$3
,7

15
$5

,1
35

$5
,3

88
$5

,3
22

$2
,2

51
$7

47

20
14

$1
,3

40
$5

02
$2

,2
19

$2
,9

88
$5

,7
53

$5
,4

99
$6

,4
34

$6
,7

05
$3

,6
44

A
nn

ua
l

to
ta

l
$3

,2
86

$1
,8

28
$4

,3
83

$1
1,

62
2

$1
6,

49
9

$1
6,

16
4

$1
5,

01
0

$3
,8

16
$1

04

A
gg

re
ga

te
(5

y)
(m

ill
io

ns
)

$1
.3

$3
.7

$1
7.

2
$3

8.
5

$1
76

.1
$8

3.
0

$3
9.

0
$1

.5
$0

.0
2

A
ve

ra
ge

(5
y)

$6
57

$3
66

$8
77

$2
,3

24
$3

,3
00

$3
,2

33
$3

,0
02

$7
63

$2
1

A
bb

re
vi

at
io

ns
: B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 T

K
A

, t
ot

al
 k

ne
e 

ar
th

ro
pl

as
ty

.

J Knee Surg. Author manuscript; available in PMC 2019 March 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Roche et al. Page 9

Ta
b

le
 4

B
M

I 
an

d 
R

ev
is

io
n 

T
K

A
 a

nn
ua

l

Y
ea

r
B

M
I

<1
9

B
M

I
19

–2
4

B
M

I
25

–2
9.

9
B

M
I

30
–3

4.
9

B
M

I
35

–3
9.

9
B

M
I

40
–4

4.
9

B
M

I
45

–4
9.

9
B

M
I

50
–5

9.
9

B
M

I
60

–6
9.

9
B

M
I

>7
0

20
10

−
1

26
15

30
32

11
5

67
44

−
1

20
11

−
1

40
−

1
48

40
27

5
12

3
90

13
–1

20
12

19
69

24
69

62
28

5
15

7
11

9
19

−
1

20
13

16
10

3
57

11
5

10
5

41
6

20
0

14
3

29
−

1

20
14

22
11

6
56

13
4

10
4

38
1

20
6

12
3

24
−

1

To
ta

l
61

35
4

15
1

39
6

34
3

1,
47

2
75

3
51

9
85

−1

R
ev

in
ci

de
nc

e 
(%

)
15

.7
9.

3
7.

4
10

.1
10

.4
13

.8
14

.7
20

.0
21

.0

R
ev

bu
rd

en
 (

%
)

13
.6

8.
5

6.
9

9.
2

9.
4

12
.1

12
.8

16
.7

17
.3

A
bb

re
vi

at
io

ns
: B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 T

K
A

, t
ot

al
 k

ne
e 

ar
th

ro
pl

as
ty

.

N
ot

e:
 −

1 
de

no
te

s 
a 

va
lu

e 
of

 <
11

.

J Knee Surg. Author manuscript; available in PMC 2019 March 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Roche et al. Page 10

Ta
b

le
 5

B
M

I 
an

d 
re

vi
si

on
 T

K
A

 a
ve

ra
ge

 r
ei

m
bu

rs
em

en
t

Y
ea

r
B

M
I 

<1
9

(n
 =

 6
1)

B
M

I
19

–2
4

(n
 =

 3
54

)

B
M

I
25

–2
9.

9
(n

 =
 1

51
)

B
M

I
30

–3
4.

9
(n

 =
 3

96
)

B
M

I
35

–3
9.

9
(n

 =
 3

43
)

B
M

I
40

–4
4.

9
(n

 =
 1

47
2)

B
M

I
45

–4
9.

9
(n

 =
 7

53
)

B
M

I
50

–5
9.

9
(n

 =
 5

19
)

B
M

I
60

–6
9.

9
(n

 =
 8

5)

B
M

I 
>7

0
(n

 =
 −

 1
)

20
10

$4
,9

59
$1

1,
92

6
$1

4,
85

6
$1

4,
40

2
$1

5,
11

3
$1

8,
97

0
$1

3,
47

9
$1

4,
03

1
$1

5,
38

4

20
11

$1
2,

17
8

$1
5,

53
3

$1
0,

68
4

$1
2,

81
0

$1
6,

12
1

$1
3,

23
7

$1
2,

91
5

$1
3,

47
4

$9
,9

63
$2

0,
93

9

20
12

$1
3,

89
8

$7
,7

16
$9

,7
32

$8
,6

68
$1

1,
79

2
$1

3,
90

7
$1

3,
81

1
$1

2,
10

1
$6

,8
78

$6
11

20
13

$1
4,

69
2

$6
,9

49
$5

,6
41

$8
,6

94
$9

,0
73

$1
1,

66
4

$1
0,

96
9

$9
,3

86
$9

,5
57

$1
2,

58
3

20
14

$1
2,

38
0

$7
,1

41
$4

,7
49

$9
,5

48
$7

,6
52

$1
1,

63
9

$1
2,

94
2

$1
1,

38
8

$1
1,

55
6

$5
,9

58

A
nn

ua
l

to
ta

l
$5

8,
10

7
$4

9,
26

5
$4

5,
66

2
$5

4,
12

2
$5

9,
75

1
$6

9,
41

7
$6

4,
11

6
$6

0,
38

0
$5

3,
33

8
$4

0,
09

1

A
gg

re
ga

te
(5

y)
(m

ill
io

ns
)

$3
.5

$1
7.

4
$6

.9
$2

1.
4

$2
0.

5
$1

02
.2

$4
8.

3
$3

1.
3

$4
.5

A
ve

ra
ge

 (
5 

y)
$1

1,
62

1
$9

,8
53

$9
,1

32
$1

0,
82

4
$1

1,
95

0
$1

3,
88

3
$1

2,
82

3
$1

2,
07

6
$1

0,
66

8
$1

0,
02

3

C
A

G
R

 (
%

)
25

.7
−1

2.
0

−2
4.

8
−9

.8
−1

5.
6

−1
1.

5
−1

.0
−5

.1
−6

.9
−3

4.
2

A
bb

re
vi

at
io

ns
: B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 C

A
G

R
, c

om
po

un
d 

an
nu

al
 g

ro
w

th
 r

at
e;

 T
K

A
, t

ot
al

 k
ne

e 
ar

th
ro

pl
as

ty
.

N
ot

e:
 −

1 
de

no
te

s 
a 

va
lu

e 
of

 <
11

.

J Knee Surg. Author manuscript; available in PMC 2019 March 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Roche et al. Page 11

Ta
b

le
 6

B
M

I 
an

d 
re

vi
si

on
 r

ei
m

bu
rs

em
en

t d
ev

ia
tio

n 
fr

om
 n

or
m

al
 (

19
–2

4)

Y
ea

r
B

M
I 

<1
9

(n
 =

 6
1)

B
M

I
25

–2
9.

9
(n

 =
 1

51
)

B
M

I
30

–3
4.

9
(n

 =
 3

96
)

B
M

I
35

–3
9.

9
(n

 =
 3

43
)

B
M

I
40

–4
4.

9
(n

 =
 1

,4
72

)

B
M

I
45

–4
9.

9
(n

 =
 7

53
)

B
M

I
50

–5
9.

9
(n

 =
 5

19
)

B
M

I
60

–6
9.

9
(n

 =
 8

5)

B
M

I 
>7

0
(n

 =
 –

 1
)

20
10

($
6,

96
7)

$2
,9

30
$2

,4
76

$3
,1

87
$7

,0
44

$1
,5

53
$2

,1
05

$3
,4

58

20
11

($
3,

35
5)

($
4,

84
9)

($
2,

72
3)

$5
88

($
2,

29
6)

($
2,

61
8)

($
2,

05
9)

($
5,

57
0)

$5
,4

06

20
12

$6
,1

82
$2

,0
16

$9
52

$4
,0

76
$6

,1
91

$6
,0

95
$4

,3
85

($
83

8)
($

7,
10

5)

20
13

$7
,7

43
($

1,
30

8)
$1

,7
45

$2
,1

24
$4

,7
15

$4
,0

20
$2

,4
37

$2
,6

08
$5

,6
34

20
14

$5
,2

39
($

2,
39

2)
$2

,4
07

$5
11

$4
,4

98
$5

,8
01

$4
,2

47
$4

,4
15

($
1,

18
3)

A
nn

ua
l

to
ta

l
$8

,8
42

($
3,

60
3)

$4
,8

57
$1

0,
48

6
$2

0,
15

2
$1

4,
85

1
$1

1,
11

5
$4

,0
73

$2
,7

52

A
gg

re
ga

te
(5

 y
)

$5
39

,3
62

($
54

4,
05

3)
$1

,9
23

,3
72

$3
,5

96
,6

98
$2

9,
66

3,
74

4
$1

1,
18

2,
80

3
$5

,7
68

,6
85

$3
46

,2
05

($
2,

75
2)

A
ve

ra
ge

(5
 y

)
$1

,7
68

($
72

1)
$9

71
$2

,0
97

$4
,0

30
$2

,9
70

$2
,2

23
$8

15
$6

88

A
bb

re
vi

at
io

n:
 B

M
I,

 b
od

y 
m

as
s 

in
de

x.

J Knee Surg. Author manuscript; available in PMC 2019 March 21.


	Abstract
	Methods
	Results
	Discussion
	Conclusion
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

