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Abstract
In patients who underwent revision TKA from 1993–2005 and responded to follow-up
questionnaires 2- or 5-years post-revision TKA, we studied whether body mass index (BMI),
comorbidity (measured by validated Deyo-Charlson index), gender and age predict activity
limitation 2- and 5-years after Revision TKA. Overall moderate-severe activity limitation was
defined as ≥2 activities (walking, stairs, rising chair) with moderate-severe limitation.
Multivariable logistic regressions also adjusted for income, diagnosis, distance from medical
center and American Society of Anesthesiologists Physical Status (ASA) score. The prevalence of
overall moderate-severe activity limitation was high: 46.5% (677/1,456) at 2-years and 50.5%
(420/832) at 5-years post-revision TKA. At both 2- and 5-year follow-up, BMI≥40, higher Deyo-
Charlson score, female gender and age>80, each significantly predicted higher odds of moderate-
severe overall activity limitation.
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INTRODUCTION
Revision Total Knee Arthroplasty (TKAR) is a common procedure –38,000 procedures were
performed in 2003 in the U.S. (1), projected to increase 6-times to 268,000 by 2030 (1).
TKAR is a far more expensive surgery than the primary TKA, with average charge of
$73,696 per procedure (2, 3) and is associated with less predictable outcomes (4, 5). In a
meta-analysis of 42 TKAR studies comprising 1,515 patients, 22% reported functional
outcomes that were only satisfactory or poor (6). These suboptimal TKAR outcomes can
have a significant impact on patient satisfaction, medical costs and health care utilization.
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The 2003 National Institutes of Health’s consensus statement on TKA concluded that more
research was needed to examine the impact of patient-level factors on TKA outcomes (7). A
better understanding of prognostic factors for poor TKAR outcomes can inform patients and
surgeons and help us target modifiable risk factors to improve TKAR outcomes. Most
studies examining predictors of patient-reported outcomes have been performed in patients
with primary TKA, with a paucity of studies in patients with TKAR. It is possible that
predictors of outcomes may be different for TKAR compared to those for primary TKA. For
example, while pre-operative function predicts function in patients with primary TKA (8–
11), it was found not to be related to function in a meta-analysis of TKAR studies (6).

Very few studies assessing outcomes after TKAR have been published. As reported above,
preoperative function is not associated with post-operative function after TKAR (6). Gender
was not associated with function outcome in 67 TKARs at 2-year follow-up (12). Other
TKAR studies did not report the predictors of outcomes (13, 14). Thus, very few published
studies have examined predictors after TKAR. Most previous studies had small sample sizes
and therefore limited power to examine predictors of poor functional outcomes. In this
study, we examined the impact of Body Mass Index (BMI), comorbidity, gender and age on
functional outcomes 2- and 5-years after TKAR.

METHODS
Data Sources and Study Population

The Mayo Clinic Total Joint registry has prospectively captured pain and function data from
every patient who has undergone knee or hip arthroplasty at the Mayo Clinic since 1993. A
validated Mayo Knee questionnaire (15) is mailed, administered during the clinic visit or by
telephone at 2- and 5-year time-points to patients after the TKAR. The study cohort
consisted of patients with TKAR between 1993 and 2005 (to allow for a 2-year follow-up)
that responded to at least one of the questionnaires at 2- or 5-year follow-up.

Predictor Variables of Interest
The four predictors of interest in our study were BMI, comorbidity, gender and age. BMI
was categorized into <25, 25–29.9, 30–34.9, 35–39.9, ≥40 (16). Due to small numbers in
<18.5 category, <18.5 and 18.5–24.9 were collapsed into single category. Comorbidity was
assessed using Deyo-Charlson index, a validated measure of comorbidity that has been used
extensively in both medical and surgical populations (17). The Deyo-Charlson index
consists of a weighted scale of 17 comorbidities (including cardiac, pulmonary, renal,
hepatic disease, diabetes, cancer, HIV etc.), expressed as a summative score (18, 19). We
categorized age into four categories based on an a priori clinical decision by an experienced
orthopedic surgeon (D.L.), (≤60, 61–70, 71–80, >80), similar to previous studies (20, 21).
The reference categories for our variables of interest were, BMI <25, male gender and age
≤60, respectively. Deyo-Charlson index was treated as a continuous measure.

Functional Outcomes
The main outcome of interest in our study was moderate-severe limitation of overall
activity. Overall activity limitation was defined as moderate/severe, if a patient had ≥2 key
activities of daily living (walking, stairs, rising chair) with moderate or severe limitation
(reference, <2 limitations), to allow an easier interpretation of the study findings. In
addition, we studied limitations of each of the three activities including distance walked,
stair climbing and rising from chair and dependence of walking-aids. The limitations were
classified a priori as follows: (1) Distance walked: ‘Unlimited’ or ‘> 10 blocks’ = None; ‘5–
10 blocks ‘ = Mild; ‘< 5 blocks ‘=Moderate; ‘Housebound’, ‘Indoors only’ or ‘Unable’ =
Severe; (2) Stairs: ‘Normal Up and Down’=None; ‘‘Normal Up, Down with Rail’ = Mild;
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‘Up and Down with Rail’ = Moderate; ‘Up with Rail, Down Unable’ OR ‘Unable ‘ =
Severe; and (3) Rise from Chair: ‘Able, no arms’ = None; ‘Able, with Arms’ = Mild; ‘Able
with difficulty’ = Moderate; ‘ Unable ‘ = Severe.

The use of walking aids was categorized clinically as follows: ‘no aid’, ‘cane occasionally’
= no dependence; ‘cane full time’ = some dependence; ‘crutch’ ‘2 canes’, ‘2 crutches’,
‘walker’ or ‘unable to walk’ = complete dependence/unable.

We examined the association of predictors of interest with presence of moderate-severe
limitation in overall activity, walking, climbing stairs, rising from chair and with some
dependence on walking-aids or with complete dependence/unable (reference, no dependence
for both).

Covariates/confounders
We obtained the underlying operative diagnosis from the Total Joint Registry and
categorized as loosening/wear/osteolysis, dislocation/bone or prosthesis fracture/instability/
non-union or failed prior arthroplasty with components removed/infection for TKAR. We
used other institutional research databases to obtain additional variables of interest, that were
included in the multivariable regression analyses: (1) demographic: median annual
household income (≤$35K, >$35K–$45K or >$45 K (reference category)) determined based
on zip code and the median household income for geographical area using the census data
for the respective year of survey; (2) American Society of Anesthesiologists Physical Status
(ASA) score, a validated measure of peri- and post-operative outcomes, categorized as class
I–II vs. III–IV (22, 23); and (3) distance from medical center (0–100 miles, >100–500 miles,
>500 miles).

Statistical Analyses
Summary statistics (mean, standard deviation and percents) were calculated for cohort
demographic and clinical characteristics. We performed all univariate and multivariable
analyses using logistic regression with a generalized estimating equations (GEE) approach
to adjust the standard errors for the correlation between observations on the same subject
due to replacement of both knees and/or multiple operations on the same knee. The
multivariable-adjusted regression analyses included the primary variables of interest (BMI,
comorbidity, gender and age) and confounders (distance from medical center, income,
underlying diagnosis and ASA score). Outcomes were moderate-severe limitation in overall
activity and the three activities separately (walking, climbing, and rising from a chair).

We examined the association of BMI, comorbidity, age and gender with dependence on
walking-aids at 2- and 5-years post-TKAR (some vs. no dependence and complete vs. no
dependence) by using univariate and multivariable-adjusted polychotomous logistic
regression analyses, using the same variables listed above. Odds ratios with 95% confidence
intervals are presented. A p≤0.05 was considered significant.

Only the multivariable-adjusted results are discussed in results; detailed univariate and
multivariable-adjusted associations are presented in the appendix for the interested readers.
Responder bias was examined with logistic regression, assessing the associations of
demographic and clinical characteristics with completion of a follow-up questionnaire at 2-
and 5-years post-TKA.
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RESULTS
Cohort Characteristics and Non-response Bias

Table 1 summarizes the baseline demographic and clinical characteristics of the TKAR
cohort. The study population consisted of 1,533 TKARs at 2-years and 881 at 5-years after
surgery. The cohorts had a mean age of 69 years and consisted of nearly equal proportions
of men and women. Loosening, wear or osteolysis were the most common underlying
indications for TKAR. The majority of patients (>85%) were overweight or obese, i.e., had
BMI >25; 51% were above 70 years of age. The prevalence of overall moderate-severe
overall activity limitation was high: 46.5% at 2-years and 50.5% at 5-years post-TKAR.

Of the 2,695 eligible TKAR patients, 1,533 (57%) completed a 2-year questionnaire. There
were 1,842 patients eligible for 5-year follow-up and 881 (48%) completed a 5-year
questionnaire. Non-responders were more likely than responders to have underlying
diagnoses of failed arthroplasty with components removed or infection, had slightly higher
comorbidity and were younger; other characteristics including gender, BMI, income
category and distance from medical center were similar to the responders (Appendix 1).

Functional Outcomes 2-years after Revision TKA
In multivariable analyses, the significant predictors of moderate-severe overall activity
limitation and limitations in all three key activities (walking, stairs and rising from a chair)
were: female gender and age >80 (relative to ≤60) (Figure 1A).

A higher comorbidity (Deyo-Charlson index) and BMI ≥40 (relative to <25) were associated
with a moderate-severe limitation in walking, climbing stairs and overall activity, but not
rising from a chair (Figure 1A). Age 71–80 (relative to ≤60) was associated with a
moderate-severe limitation in walking, but not associated with moderate-severe limitation in
climbing stairs, rising from a chair or in overall moderate-severe limitation. BMI 30–34.9
and 35–39.9 (each relative to BMI<25) were each associated with a moderate-severe
limitation in climbing stairs only (Figure 1A).

Functional Outcomes 5-years after Revision TKA
BMI ≥40 (relative to <25), age 71–80 and female gender were each associated with
significantly higher odds of moderate-severe limitation in walking, stairs and overall
activity, but not in chair-transfer (Figure 1B). Age >80 was associated with significantly
higher odds of moderate-severe limitation in walking, stairs, chair-transfer and overall
activity. Appendix 2–3 present univariate and multivariable odds ratios for all the results
discussed above.

Use of Walking Aids
At 2-years and 5-years, respectively, the significant predictors of complete dependence
(reference, no dependence) on walking aids were: BMI, 25–29.9 (relative to <25), odd ratios
(95% CI), 0.5 (0.3,0.9) at 2-years and 0.5 (0.2, 0.96) at 5-years; higher Deyo-Charlson score,
1.7 (1.0,2.7) and 2.3 (1.1,4.9); female gender, 2.5 (1.7,3.9) and 2.3 (1.4,3.7); age>80, 5.3
(2.7,10.5) and 4.7 (2.1,10.8). BMI≥40, age 61–70 and 71–80 were associated with
significantly higher odd ratios (95% CI) of some dependence at 2-years, 2.8 (1.1, 6.8), 2.6
(1.1,5.8) and 3.5 (1.6,7.7), respectively, but not with complete dependence (Appendix 4).

DISCUSSION
Our study found that BMI, female gender and older age significantly impact activity
outcomes after TKAR at 2-years. BMI, female gender, older age and comorbidity impact 5-
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year activity outcomes and dependence on walking-aids 2- and 5-years after TKAR. Almost
half of the TKAR patients reported moderate-severe activity limitation (limitation of ≥2 key
activities).

Strengths and Limitations
Study strengths include analysis of a large cohort of TKARs, adjustment for multiple
covariates (socio-demographic, clinical and implant factors) and inclusion of 2- and 5-year
follow-up. Analyses were not adjusted for pre-operative function, based on findings from a
recent meta-analysis that it does not predict post-TKAR functional outcomes (6), and since
this would have reduced the generalizability of our findings due to a greater non-response
bias. There are several limitations to our study. Potential non-response bias may have
affected our estimates. For example, higher comorbidity among the non-responders would
bias our results towards null (non-significance), but the younger age of non-responders
would bias our results away from the null (make non-significant results significant).
Therefore the exact direction of bias is unclear. A prospective multi-center cohort is needed
to avoid many study limitations, including controlling for additional potential confounders
such as psychological state, social support and pre-operative function. Such a study can also
provide data on longer-term outcomes.

Many findings in this study merit further discussion. First, the association of BMI ≥40, but
not other categories (30–34.9 and 35–39.9), with more activity limitation and more
dependence on walking-aids at both 2- and 5-years is a significant finding of this study. The
increase in odds was 2.5–5 times, which is very significant clinically. In absence of any
prior studies of the relationship of these BMI categories to TKAR function outcomes,
comparisons are not possible. This finding was surprising and rejected our hypothesis that
all BMI categories above 25 would be associated with more activity limitation. Surgeons
should consider discussing weight-loss strategies with patients with BMI ≥40 before TKAR.
Studies of impact of weight-loss prior to or after TKAR in those with BMI ≥40 to post-
TKAR functional outcomes can help us determine the best strategy to improve outcomes in
TKAR patients with BMI ≥40.

Second, the association of higher comorbidity with more activity limitation at 2-years, but
not 5-years post-TKAR is very interesting. Higher comorbidity was also associated with
complete dependence on walking-aids at 2- and 5-years post-TKAR. It remains to be seen
whether an optimization of treatment of other medical conditions prior to and following
TKAR can improve the functional outcomes after TKAR.

Third, the association of older age and female gender with more activity limitation and
greater walking-aid dependence 2- and 5-years post-TKAR adds to the literature. The odds
were higher by 2–4 times in most outcomes. This implies that women and patients >80 years
should be counseled pre-operatively that their risk of moderate-severe activity limitation is
much higher than their male and younger counterparts.

In summary, we found that very high BMI, higher comorbidity, female gender and older age
each predicted more severe activity limitation and more dependence on walking-aids in
TKAR patients at 2- and 5-year follow-up. Interventions in patients with very high BMI and
higher comorbidity may improve functional and activity outcomes after TKAR.
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Figure 1.
Multivariable-adjusted Odds ratio (95% confidence interval) for Moderate-Severe
Limitations in Walking, Climbing Stairs, Rising from Chair and Moderate-Severe Overall
Activity limitation at 2-years post-Revision TKA (1A) and at 5-years post-Revision TKA
(1B)
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Table 1

Demographic and clinical characteristics of study cohort

Revision TKA

2-year (n=1,533) 5-year (n=881)

Mean Age (±Standard Deviation) 69±10 69±10

Men/Women (% 49%/51% 51%/49%

Age groups n (%)

 ≤60 yrs 20% 20%

 61–70 yrs 29% 31%

 71–80 yrs 42% 41%

 >80 yrs 9% 8%

Body Mass index (in kg/m2)

 ≤24.9 13% 14%

 25–29.9 36% 39%

 30–34.9 29% 28%

 35–39.9 15% 14%

 ≥40 7% 5%

American Society of Anesthesiologists Physical Status Score

 Class I–II 50% 53%

 Class III–IV 50% 47%

Underlying Diagnoses

 Loosening/Wear or Osteolysis 57% 61%

 Dislocation, Bone or Prosthesis Fracture, Instability, Non-Union 22% 20%

 Failed Prior Arthroplasty with Components Removed or Infection* 21% 19%

*
19% had an underlying diagnosis of failed prior arthroplasty with components removed at 2-years and 2% had the diagnosis of infection;

Simialrly, among the 5-year cohort, 19% had failed prior arthroplasty with components removed and 2% infection as their underlying diagnosis
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