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Mean BMI of Overweight and Obese Patients
Does Not Decrease After Successful
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Background: End-stage arthritis may be associated with increased body mass index (BMI). Overweight patients with
ankle arthritis often request surgery in the hope that this will allow them to initiate a weight loss program.
Methods: One hundred and forty-five overweight (BMI = 25.1 to 29.9 kg/m2) or obese (BMI > 30 kg/m2) patients who
had successful ankle replacement or ankle fusion, as defined by the absence of revision ankle surgery and a postoperative
improvement in the Ankle Osteoarthritis Scale (AOS) score, were identified in a retrospective cohort ankle database. Their
BMIs at six months and one, two, and five years postoperatively were compared with their preoperative BMI as the primary
outcome measure. Linear regression analysis was used to correlate the outcome scores against BMI with time.
Results: No significant change in the mean BMI, compared with the preoperative BMI, was found at six months or one, two,
or five years postoperatively, despite significant improvement in the AOS and Short Form-36 (SF-36) Physical Component
Summary scores at all time points. The factor that most strongly correlated with postoperative BMI was preoperative BMI.
Conclusions: Pain and disability are significantly reduced in overweight and obese patients after successful ankle
replacement or fusion. Despite this, the mean BMI remains unchanged after the surgery, indicating that weight loss does
not commonly occur following successful ankle reconstruction in this patient population. Obesity is likely attributable to
factors other than limited mobility caused by ankle arthritis.
Level of Evidence: Prognostic Level IV. See Instructions for Authors for a complete description of levels of evidence.
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n the past twenty years, there has been an increase in the
prevalence of overweight and obese individuals in the
United States1 and Canada2,3. A corresponding increase in
diabetes mellitus has been documented4. Healthy weight standards are exceeded by 54.4% of American adults and 48%
of Canadian adults1,5. Osteoarthritis of the knee is a welldocumented musculoskeletal sequela of obesity6, suggesting
that symptomatic osteoarthritis elsewhere in the lower extremity, including the ankle joint, may also be correlated to obesity.
The physical disability and reduction in quality of life
caused by end-stage ankle arthritis are severe7. Patients with endstage ankle arthritis have severe pain, diminished health-related
quality of life, and limited physical function that are at least as

severe as findings in patients with end-stage hip arthritis8. Patients with ankle arthritis frequently identify their increased
weight as an indicator of the decline in their quality of life.
Weight loss is often advised for these patients, with the
expectation that symptoms will be reduced, function will improve, and the need for surgical intervention will be delayed or
avoided. However, overweight and obese patients commonly
assert that such weight loss is impossible in the face of disabling
ankle pain. They often cite restricted mobility and pain as the
primary factors limiting their ability to stay fit and lose weight.
Patients commonly assume that weight loss will naturally
follow successful ankle replacement or ankle fusion. Indeed,
it is common for patients to believe that weight loss will be
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possible only after they undergo one of these procedures. However, such assumptions are questionable, since patients typically
do not lose weight after total knee arthroplasty9,10 or after total
hip arthroplasty11, despite improvements in function and decreased pain. Furthermore, it has been demonstrated that,
despite successful lumbar decompression surgery12, the majority of overweight and obese patients maintain or increase
their body weight and body mass index (BMI).
The objective of this study was to determine if overweight
and obese patients with successful ankle reconstructive surgery
had weight loss at the time of early and midterm follow-up.
Materials and Methods
Patient Inclusion Criteria

P

atient data for this study were collected from a retrospective cohort that
included all patients who had undergone ankle fusion or ankle replacement
at our institution between 2003 and 2010.
Patients were included in this study if all of the following criteria were
met:
 primary ankle replacement or fusion and a duration of follow-up
of at least one year
 successful ankle surgery, with the Ankle Osteoarthritis Scale
(AOS) score improved (lower) at all follow-up points compared
with the preoperative score
 overweight or obesity prior to surgery according to BMI standards
(overweight = 25.1 to 29.9 kg/m2, obese = 30.0 to 34.9 kg/m2, and
morbidly obese = ‡35.0).
Patients were excluded from the study if they had at least one of the
following:
 a BMI of <25 kg/m2
 diabetes mellitus and neuropathy or Charcot arthropathy
 a need for revision of the ankle fusion or replacement
 no improvement in the AOS score after surgery
 less than one year of follow-up
 a major medical comorbidity that could limit function (major
cardiopulmonary disease, a stroke-induced neurologic deficit,
neuromuscular impairment, cognitive or severe psychiatric disease, or debilitating hip or knee arthritis)
 unable to communicate in English or unable to follow the study
protocol.

Data Collection
Overweight and obese patients were selected on the basis of their BMI. Height and
weight were measured in the preoperative assessment clinic by a registered nurse.
At follow-up visits at six months, one year, two years, and five years, postoperative
weight was recorded on the basis of the patient’s self-reported weight or the
clinical nurse’s measurement if the patient was not certain about his or her weight.
2
BMI was calculated with the formula: weight (kg)/(height [m]) . Patients were selected if they were classified as overweight or obese as defined by a
13,14
BMI of >25
.
The functional patient outcome was assessed with both a diseasespecific and a general outcome instrument. The disease-specific instrument
was the Ankle Osteoarthritis Scale (AOS), a simple, reliable, and validated
15
outcome measure for the clinical assessment of ankle osteoarthritis . Improvement in the overall AOS score was required for a patient to be considered
to have had a successful outcome and to be included in the study.
The general outcome was assessed with the Short Form-36 (SF-36)
functional health and well-being score, comprised of a Physical Component
Summary (PCS) score and a Mental Component Summary (MCS) score. It is
16
the most frequently used health-status measure in the United States and is a
17
valid measure of the health status of a wide range of patients . Change in the
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TABLE I Average AOS Score Preoperatively and Over the
Five-Year Follow-up Period

No.

Minimum

Maximum

Mean

Std.
Dev.

Preop.

145

18.52

100.00

60.99

16.17

6 mo

118

0.00

100.00

32.68

22.54

1 yr

124

0.00

95.06

24.55

21.10

2 yr

111

0.00

88.27

24.36

20.86

5 yr

53

0.00

76.54

28.62

18.24

SF-36 score was measured along with change in BMI, both to determine if the
outcome after ankle surgery was successful in a broader sense than on the basis
of AOS scores alone and to determine if BMI outcomes might have been
confounded by persisting reductions in the PCS or MCS score.

Statistical Methods and Analysis
A paired Student t test was performed to analyze differences between the
preoperative and postoperative AOS scores, SF-36 MCS and PCS scores, and
BMIs. A linear regression analysis was utilized to compare the preoperative BMI
with the follow-up BMIs at two and five years. Also, a linear regression analysis
was utilized to assess whether the extent of improvement in the AOS score was
associated with the change in the BMI of each patient. A p value of <0.05 was
considered to be significant.

Source of Funding
There was no external source of funding for this study.

Results
Demographics
eview of our database identified 371 patients who had
undergone primary ankle replacement or ankle fusion. Of
these 371 patients, 276 (74%) had a preoperative BMI of >25
kg/m2; 178 of the 276 had more than one year of follow-up,
with 152 of the 178 reporting improvement in their AOS score.
Seven patients were excluded because of the presence of several
medical comorbidities that limited their activity. This left 145
patients who met our inclusion and exclusion criteria. There
were eighty-seven men (60%) and fifty-eight women (40%).
The average age at the time of ankle surgery was 61.5 years
(range, thirty-eight to eighty-nine years). The average BMI was
29.2 kg/m2 (range, 25 to 39.9 kg/m2).

R

TABLE II Average SF-36 PCS Preoperatively and Over the
Five-Year Follow-up Period

No.

Minimum

Maximum

Mean

Std.
Dev.

Preop.

135

14.32

46.81

29.90

7.18

6 mo

118

16.59

59.01

38.55

9.84

1 yr

124

11.35

57.39

40.89

9.95

2 yr

107

18.70

58.05

40.38

10.45

5 yr

57

10.80

60.15

38.94

12.00
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TABLE III Average SF-36 MCS Preoperatively and Over the
Five-Year Follow-up Period

No.

Minimum

Maximum

Mean

Std.
Dev.

Preop.

135

18.47

72.21

50.90

12.83

6 mo

118

19.41

71.01

52.07

10.50

1 yr

124

12.31

71.76

52.39

11.17

2 yr

107

23.42

70.32

54.12

8.79

5 yr

57

37.20

73.55

55.97

6.96

Preoperatively, ninety-nine (68%) of the 145 patients
were classified as overweight (BMI of 25.1 to 29.9 kg/m2),
thirty-five (24%) were obese (BMI of 30.0 to 34.9 kg/m2), and
eleven (8%) were morbidly obese (BMI of ‡35.0).
Ninety patients (62%) were treated with ankle replacement, and fifty-five (38%) were treated with ankle fusion. The indication for surgery in all cases was end-stage
ankle arthritis. The average duration of follow-up (and
standard deviation) was 37.1 ± 19.8 months (range, twelve to
ninety months).
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Outcome Scores
AOS: As shown in Table I, the mean AOS score improved
considerably after ankle reconstruction. The average improvement (and standard deviation) was 36.1 ± 19.2 points
(95% confidence interval [CI], 32.5 to 40.0; p < 0.05) at two
years and 34.1 ± 17.8 points (95% CI, 29.1 to 39.0; p < 0.05) at
five years. Both the ankle fusion and the ankle replacement
group showed significant improvement in AOS scores, and
the difference between these groups was not significant at five
years.
SF-36: The mean SF-36 PCS score improved significantly at both two years (10.4 ± 10.6 points; 95% CI, 8.3 to
12.4; p < 0.05) and five years (9.2 ± 11.8 points; 95% CI, 6.0 to
12.3; p < 0.05) postoperatively. The improvement was significant in both the ankle fusion (9.6 ± 11.9 points; 95% CI,
3.4 to 15.7; p < 0.05) and the ankle replacement (9.0 ± 11.8
points; 95% CI, 5.2 to 12.7; p < 0.05) group, although no
significant difference was noted between these groups at five
years (Table II).
A significant improvement in the mean SF-36 MCS score
was observed at two years (2.6 ± 11.6 points; 95% CI, 0.37 to
4.8; p < 0.05) and five years (4.7 ± 12.1 points; 95% CI, 1.5 to
7.9; p < 0.05) postoperatively (Table III).

Fig. 1

Linear regression analysis of BMI before and two years after successful ankle surgery (y = 1.76 1 0.935 X) (r2 = 0.66, p < 0.05).
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TABLE IV Average BMI Preoperatively and Over the Five-Year
Follow-up Period

No.

Minimum

Maximum

Mean

Std.
Dev.

Preop.

145

25.00

39.85

29.23

3.56

6 mo

117

20.80

40.74

28.84

3.85

1 yr

121

22.59

41.62

29.28

3.92

2 yr

113

20.34

41.96

29.27

4.28

5 yr

63

23.01

39.90

29.35

4.58

BMI Change
There was no significant difference between the mean preoperative BMI and the BMI at one year (20.1 ± 1.9 kg/m2; 95%
CI, 20.45 to 0.24; p = 0.5), at two years (10.14 ± 2.5 kg/m2;
95% CI, 20.3 to 0.6; p = 0.6), or at five years (20.07 ± 2.9 kg/
m2; 95% CI, 20.8 to 0.7; p = 0.8) postoperatively in the whole
study population (Table IV). Similarly, with the number of
patients studied, no significant changes were seen when these
same comparisons were carried out for the overweight, obese,
and morbidly obese subcategories separately.

M E A N BM I O F O V E RW E I G H T A N D O B E S E P AT I E N T S D O E S N O T
DECR EAS E AFTER SUCCESSFUL ANKLE RECONSTRUCTION

At one year, the mean BMI was increased by 0.12 ± 1.7
kg/m2 (95% CI, 20.5 to 0.26; p = 0.53) in overweight patients,
decreased by 0.07 ± 2.4 kg/m2 (95% CI, 20.9 to 1.0; p = 0.87)
in obese patients, and increased by 0.53 ± 1.56 kg/m2 (95% CI,
21.7 to 0.67; p = 0.34) in morbidly obese patients.
At two years, the mean BMI was increased by 0.02 ± 2.3
kg/m2 (95% CI, 20.5 to 0.55; p = 0.92) in overweight patients,
decreased by 0.5 ± 2.9 (95% CI, 20.5 to 1.4; p = 0.34) in obese
patients, and decreased by 0.71 ± 2.0 kg/m2 (95% CI, 20.8 to
2.2; p = 0.32) in morbidly obese patients.
At five years, the mean BMI was increased by 0.05 ± 2.6
kg/m2 (95% CI, 20.75 to 0.86; p = 0.89) in overweight patients, increased by 0.12 ± 3.5 kg/m2 (95% CI, 21.5 to 1.7; p =
0.88) in obese patients, and decreased by 1.12 ± 1.7 kg/m2 (95%
CI, 21.0 to 3.3; p = 0.23) in morbidly obese patients.
There was a significant and strong linear correlation
between the preoperative BMI and the BMI at two years (r2 =
0.66, p < 0.05) (Fig. 1) and five years (r2 = 0.6, p < 0.05) for
each patient (Fig. 2).
Despite the overall improvement in the AOS score, we
found no correlation with a change in the BMI at two or five
years (see Appendix). Rather, consistent improvement was
seen postoperatively in all outcome scores, while the mean

Fig. 2

Linear regression analysis of BMI before and five years after successful ankle surgery (y = 1.72 1 0.944 X) (r2 = 0.6, p < 0.05).
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Fig. 3

Fig. 4

Fig. 3 Trends over five years, with improvement in the mean AOS, SF-36 PCS, and SF-36 MCS and no change in the mean BMI, for patients with a high BMI.
Fig. 4 Trends over five years, with improvement in the mean AOS, SF-36 PCS, and SF-36 MCS and no change in the mean BMI, for patients with a normal BMI.

postoperative BMI remained constant and equivalent to the
mean preoperative BMI (Fig. 3).
For comparison, the average AOS score, SF-36 PCS score,
SF-36 MCS score, and BMI at similar time points were calculated for patients with a normal BMI who had improved AOS
scores after ankle surgery in our foot and ankle database. Figure
4 demonstrates this trend over a five-year period.
Overall, at the two-year follow-up evaluation, twentyfour patients (21%) had gained one unit of BMI or more,
twenty-seven patients (24%) had lost one unit of BMI or more,
and sixty-two patients (55%) remained within one unit of their
preoperative BMI.
At the five-year follow-up evaluation, twenty-one patients (33%) had gained one unit of BMI or more, twenty-one

(33%) had lost one unit of BMI or more, and twenty-one
patients (33%) had remained within one unit of their preoperative BMI.
Discussion
his study demonstrates that, on average, overweight and
obese patients do not lose weight despite a significant
reduction in ankle pain and disability following successful
ankle replacement or ankle fusion. Unfortunately, this finding
is contrary to the hopes often expressed by patients who are
awaiting ankle surgery. However, it is not entirely surprising,
as similar retention of obesity has been seen following successful hip and knee replacement5,9,11 and successful spine
surgery12.

T
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Our results support the concept that obesity is a multifactorial condition with increasing prevalence3. Factors that
are correlated with obesity include the presence of a musculoskeletal disorder, age, sex, income level, employment
status, and geographic location18. Additionally, obesity is often
a longstanding problem for many patients and is associated
with established personal behaviors. As a result, it is not surprising that a decrease in ankle pain, only one of these factors,
does not commonly lead to a marked reduction in BMI.
It is also worth noting that, while the mean AOS score
improved dramatically (by more than 30 points) after surgery,
the values at two and five years postoperatively remained well
above the population average, suggesting that, despite improvement, ankle disability persisted. The persistence of some
level of disability may be a factor that inhibits postoperative
weight loss.
The cause of the persistent physical disability postoperatively is not identifiable in this study. However, the overweight
or obese status of all patients in this study may itself be a cause
of physical dysfunction. If so, the cause and effect of obesity in
our patients may be intertwined, further suggesting that improved postoperative ankle function alone is unlikely to lead to
weight loss.
A potential limitation of this study is the reliance on selfreported postoperative height and weight for the assessment of
more than half of the patients. While this has the potential to
bias the results, a previous study on 1622 adults aged eighteen
to sixty-four years demonstrated that men self-reported their
weight without significant bias, while women underreported
their weight by an average of 1.1 kg19. This implies that our
reliance on self-reported weight is reasonable, and that any bias
in our data might actually lead to underreporting of the magnitude of the BMI.
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Since postoperative weight loss cannot be expected,
weight loss prior to surgery should be strongly encouraged.
This may result in relief of ankle symptoms, as occurs with
weight loss in patients with end-stage knee arthritis20. We are
not aware of any studies on weight loss and symptom relief
in patients with foot and ankle conditions. Weight loss also
lowers the patient’s risk for cardiac disease21–23, cancer24–26, and
diabetes27,28.
In conclusion, this study suggests that overweight or
obese patients and their physicians should not anticipate that
significant weight loss will follow successful ankle replacement
or ankle fusion. The reasons for this are likely multifactorial.
Appropriate preoperative counseling is recommended to avoid
unrealistic expectations from the ankle surgery.
Appendix
Figures showing the improvement in the AOS scores and
the changes in the BMI two and five years after successful
ankle surgery are available with the online version of this article
as a data supplement at jbjs.org. n

Murray John Penner, MD, FRCSC
Alastair Younger, MB, ChB, FRSC
Kevin John Wing, MD, FRCSC
Burrard Medical Centre, 1144 Burrard Street,
Vancouver, BC V6Z 2A5, Canada
Hossein Pakzad, MD, FRCSC
Department of Orthopaedics, St. Paul’s Hospital,
Suite 339A-1081 Burrard Street,
Vancouver, BC V6Z 1Y6, Canada.
E-mail address: hpakzad@yahoo.com

References
1. Flegal KM, Carroll MD, Kuczmarski RJ, Johnson CL. Overweight and obesity in the
United States: prevalence and trends, 1960-1994. Int J Obes Relat Metab Disord.
1998;22:39-47.
2. Tremblay MS, Katzmarzyk PT, Willms JD. Temporal trends in overweight
and obesity in Canada, 1981-1996. Int J Obes Relat Metab Disord. 2002;26:
538-43.
3. Katzmarzyk PT. The Canadian obesity epidemic: an historical perspective. Obes
Res. 2002;10:666-74.
4. Lipscombe LL, Hux JE. Trends in diabetes prevalence, incidence, and mortality
in Ontario, Canada 1995-2005: a population-based study. Lancet. 2007;369:
750-6.
5. Macdonald SM, Reeder BA, Chen Y, Després JP. Obesity in Canada: a descriptive
analysis. Canadian Heart Health Surveys Research Group. CMAJ. 1997;157 Suppl
1:S3-9.
6. Felson DT, Anderson JJ, Naimark A, Walker AM, Meenan RF. Obesity and knee
osteoarthritis. The Framingham Study. Ann Intern Med. 1988;109:18-24.
7. Agel J, Coetzee JC, Sangeorzan BJ, Roberts MM, Hansen ST Jr. Functional
limitations of patients with end-stage ankle arthrosis. Foot Ankle Int. 2005;26:
537-9.
8. Glazebrook M, Daniels T, Younger A, Foote CJ, Penner M, Wing K, Lau J, Leighton
R, Dunbar M. Comparison of health-related quality of life between patients with endstage ankle and hip arthrosis. J Bone Joint Surg Am. 2008;90:499-505.
9. Woodruff MJ, Stone MH. Comparison of weight changes after total hip or knee
arthroplasty. J Arthroplasty. 2001;16:22-4.
10. Dowsey MM, Liew D, Stoney JD, Choong PF. The impact of pre-operative obesity
on weight change and outcome in total knee replacement: a prospective study of
529 consecutive patients. J Bone Joint Surg Br. 2010;92:513-20.

11. Middleton FR, Boardman DR. Total hip arthroplasty does not aid weight loss.
Ann R Coll Surg Engl. 2007;89:288-91.
12. Garcia RM, Messerschmitt PJ, Furey CG, Bohlman HH, Cassinelli EH. Weight
loss in overweight and obese patients following successful lumbar decompression.
J Bone Joint Surg Am. 2008;90:742-7.
13. Kuczmarski RJ, Carroll MD, Flegal KM, Troiano RP. Varying body mass index
cutoff points to describe overweight prevalence among U.S. adults: NHANES III
(1988 to 1994). Obes Res. 1997;5:542-8.
14. Berke EM, Morden NE. Medical management of obesity. Am Fam Physician.
2000;62:419-26.
15. Domsic RT, Saltzman CL. Ankle osteoarthritis scale. Foot Ankle Int. 1998;
19:466-71.
16. Martin DP, Engelberg R, Agel J, Swiontkowski MF. Comparison of the Musculoskeletal Function Assessment questionnaire with the Short Form-36, the Western
Ontario and McMaster Universities Osteoarthritis Index, and the Sickness Impact
Profile health-status measures. J Bone Joint Surg Am. 1997;79:1323-35.
17. Garratt AM, Ruta DA, Abdalla MI, Buckingham JK, Russell IT. The SF36 health
survey questionnaire: an outcome measure suitable for routine use within the NHS?
BMJ. 1993;306:1440-4.
18. Kortt M, Baldry J. The association between musculoskeletal disorders and
obesity. Aust Health Rev. 2002;25:207-14.
19. Roberts RJ. Can self-reported data accurately describe the prevalence of overweight? Public Health. 1995;109:275-84.
20. Messier SP, Loeser RF, Miller GD, Morgan TM, Rejeski WJ, Sevick MA, Ettinger
WH Jr, Pahor M, Williamson JD. Exercise and dietary weight loss in overweight and
obese older adults with knee osteoarthritis: the Arthritis, Diet, and Activity Promotion
Trial. Arthritis Rheum. 2004;50:1501-10.

e57(7)
TH E JO U R NA L O F B O N E & JO I N T SU RG E RY J B J S . O RG
V O LU M E 94 -A N U M B E R 9 M AY 2, 2 012
d

d

d

21. Weight-loss surgery improves cardiac risk factors. Lowering your blood pressure, blood sugar and cholesterol levels can lengthen your life. Health News.
2006;12:12-3.
22. Jhaveri RR, Pond KK, Hauser TH, Kissinger KV, Goepfert L, Schneider B, Jones
DB, Manning WJ. Cardiac remodeling after substantial weight loss: a prospective
cardiac magnetic resonance study after bariatric surgery. Surg Obes Relat Dis.
2009;5:648-52.
23. Batsis JA, Romero-Corral A, Collazo-Clavell ML, Sarr MG, Somers VK, Brekke L,
Lopez-Jimenez F. Effect of weight loss on predicted cardiovascular risk: change in
cardiac risk after bariatric surgery. Obesity (Silver Spring). 2007;15:772-84.
24. Stephenson GD, Rose DP. Breast cancer and obesity: an update. Nutr Cancer.
2003;45:1-16.

M E A N BM I O F O V E RW E I G H T A N D O B E S E P AT I E N T S D O E S N O T
DECR EAS E AFTER SUCCESSFUL ANKLE RECONSTRUCTION

25. Morimoto LM, White E, Chen Z, Chlebowski RT, Hays J, Kuller L, Lopez AM,
Manson J, Margolis KL, Muti PC, Stefanick ML, McTiernan A. Obesity, body size, and
risk of postmenopausal breast cancer: the Women’s Health Initiative (United
States). Cancer Causes Control. 2002;13:741-51.
26. Rodriguez C, Freedland SJ, Deka A, Jacobs EJ, McCullough ML, Patel AV, Thun MJ,
Calle EE. Body mass index, weight change, and risk of prostate cancer in the Cancer
Prevention Study II Nutrition Cohort. Cancer Epidemiol Biomarkers Prev. 2007;16:63-9.
27. Henry RR, Wallace P, Olefsky JM. Effects of weight loss on mechanisms of
hyperglycemia in obese non-insulin-dependent diabetes mellitus. Diabetes. 1986;
35:990-8.
28. Fujioka K. Benefits of moderate weight loss in patients with type 2 diabetes.
Diabetes Obes Metab. 2010;12:186-94.

