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Osteoarthritis (OA) of the knee is more likely to lead to
disability than OA in any other joint1,2. Total knee arthro-
plasty (TKA) is a frequently utilized treatment option that

can improve pain, function, and the quality of life3-7.
Although good to excellent results have been reported in
more than 90% of individuals after knee replacement,
roughly 1% require revision arthroplasty per year6-12. The
escalating rate of primary TKA, coupled with the increase in
longevity, will most likely lead to a greater number of revi-
sion procedures in the future.

Few studies have examined risk factors for prosthetic
failure. Factors such as male sex, younger age, greater
height and weight, longer length of hospital stay, and a
higher number of surgical complications have been associ-
ated with an increased risk of revision arthroplasty10,13-15.
Physical activity has been suggested as a possible risk factor
for prosthetic failure, through aseptic loosening or polyeth-
ylene wear of the primary prosthesis as a result of high-
impact activities, or wear of the weight-bearing surfaces due
to repetitive mechanical loading of the prosthetic knee
joint10,16-18. Understanding the relationship between physical
activity and prosthetic failure is necessary because
improving activity levels is an important patient expectation
after TKA19.

Most surgeons recommend avoiding intense and/or high-
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ABSTRACT. Objective. To determine if physical activity was a risk factor for revision arthroplasty after primary
total knee arthroplasty (TKA) due to osteoarthritis (OA) within the previous 15 years.
Methods. This was a matched case-control study. The cases had primary TKA followed by revision
arthroplasty. Controls had primary TKA and no revision arthroplasty. Cases and controls were
matched for age, sex, number of knees replaced, and date of primary TKA. Standardized telephone
interviews were conducted to assess historical leisure activity, occupational activity, and instru-
mental activities of daily living after primary TKA in metabolic equivalent (MET)-hours per week.
Conditional logistic regression was performed to identify the variables that predicted the need for
revision arthroplasty.
Results. Seventeen female and 9 male pairs, aged 47 to 85 years, participated. Most of the reported
activity was of low impact and low or moderate intensity. Cases reported a median of 44.5 (range 0
to 137) MET-hours of total historical physical activity per week compared with controls’ 55.1 (range
0 to 278) MET-hours. Total historical physical activity was not associated with the risk of revision
arthroplasty (OR 0.99, 95% CI 0.99–1.01). Participants with primary TKA (controls) consistently
reported more MET-hours of leisure and occupational activity than those with revision arthroplasty
(cases) regardless of the number of knees replaced or whether or not walking was accounted for.
Conclusion. This study quantified and described patterns of physical activity in a population with
TKA. Physical activity did not appear to be a risk factor for revision arthroplasty. Our results suggest
that individuals undergoing primary TKA should be encouraged to remain active after surgery. (J
Rheumatol 2004;31:1384–90)
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impact activities after TKA; however, little evidence is
available to support such advice17,20. Several studies recom-
mend certain leisure/sports activities after TKA, or report
the frequency with which people returned to such activities
after surgery17,20,21. Another study reported an increased risk
of polyethylene failure in individuals who were more active,
based on their occupation or retirement status10. Physical
activity was not a risk factor for revision arthroplasty in a
longterm study of younger individuals (aged 55 yrs or less)
with primary TKA who were followed for an average of 8
years6.

Although physical activity comprises a spectrum of
components that includes leisure activities, sports, occupa-
tional activities, and activities of daily living (basic and
instrumental), previous studies assessed only limited
components of physical activity after TKA (such as walking
or sports activities)18,21-24. Other studies classified activity
after TKA with ordinal rating scales that combined the
various components of physical activity, without providing
information on the frequency, duration, and intensity of
activity6,10.

Our purpose was to determine if physical activity was a
risk factor for revision arthroplasty after primary TKA due
to OA. Specifically, we quantified the frequency, duration,
and intensity of physical activity after TKA across the entire
activity spectrum. A matched case-control study design was
used to test the hypothesis that individuals with higher phys-
ical activity levels after primary TKA have a greater risk of
revision arthroplasty than individuals with lower physical
activity levels.

MATERIALS AND METHODS
Participants were recruited for the study between October 1999 and
September 2000 at one community hospital and 3 tertiary hospitals after
approval by the respective institutional review boards. Eligible participants
were identified from the medical records of 12 orthopedic surgeons at 4
group practices. Recruitment materials and a consent form were mailed to
all eligible participants. All participants provided written informed consent
before enrolling in the study.

The cases and controls were aged 25 years or older. The cases had had
primary TKA within the past 2 to 15 years and had also undergone revision
arthroplasty. The controls had had primary TKA within the same time and
no history of revision arthroplasty. Primary TKA was defined as at least one
bicompartmental or tricompartmental knee replacement due to OA. Both
cases and controls had primary TKA at least 2 years prior to study entry to
allow one year for recovery and one year to assess physical activity at a
stable level. Cases and controls were matched on 4 criteria: age (within 5
yrs), sex, number of knees replaced (unilateral vs bilateral), and the date of
primary TKA (within 3 yrs).

Revision arthroplasty was defined as revision of at least the tibial or
femoral component due to aseptic loosening or mechanical failure within
the past 5 years, with a minimum of 2 years between primary and revision
surgery. The indications for revision arthroplasty were classified based on
a review of surgical and radiographic reports. Individuals who experienced
prosthetic failure within 2 years after primary TKA were excluded from the
study in order to eliminate those who required early revision arthroplasty
due to serious postoperative complications. In order to minimize recall bias
in the cases due to pain or recent surgery, the cases must have had revision
surgery at least 3 months prior to enrolling in the study. Individuals with a

history of knee infection, resection arthroplasty, lower extremity
arthrodesis, lower extremity amputation, or more than one revision arthro-
plasty were excluded from the study.

Surgical data related to primary TKA were obtained by a retrospective
review of medical records. Information was collected on the number of
knee compartments replaced, the method of prosthetic fixation for each
component (cemented vs cementless), the anatomic class of prosthesis
(based on the posterior cruciate ligament), thickness of the tibial polyeth-
ylene spacer, and number of postoperative complications. Inpatient medical
records were reviewed to determine the presence or absence of 16 potential
postoperative complications according to Heck, et al25. The number of
complications was summed to provide the total number of complications
during the hospitalization for primary TKA.

Each participant completed a structured telephone interview to obtain
information on sociodemographic, clinical, functional, and physical
activity variables. The interviewers were blinded to the participants’
case/control status. Self-reported height and weight were used to calculate
body mass index26. The presence of comorbid conditions was determined
using the comorbidity index of the Lower Limb Questionnaire from the
American Academy of Orthopaedic Surgeons’ Lower Limb Outcomes Data
Collection Questionnaires27,28. The comorbidity index has shown satisfac-
tory reproducibility and validity for predicting health status29,30. The
comorbidity index can range from a score of 0 (no comorbidities) to 100
(highest level of comorbidities)28. Separate questions were used to assess
the history of knee injury or knee surgery prior to primary TKA based on
participant self-report.

Ambulation was categorized according to whether or not a participant
required assistance (an assistive device or assistance from at least one
person) to ambulate on level surfaces and stairs. Participants were also
asked if their usual physical activity level 2 years after primary TKA was
more, less, or the same as it was 2 years before surgery in order to assess
the change in activity between pre- and postoperative primary TKA. Two
years was chosen as the timeframe because there were differences among
the matched pairs in the length of time from primary to revision arthro-
plasty, and 2 years after primary TKA was a common point in time for all
pairs.

The measurement of historical leisure (including sports) and occupa-
tional activity in the cases included activity from the second year after
primary TKA through either the fifteenth year after primary TKA or the
time of revision surgery, whichever occurred first. For the matched control,
leisure and occupational activity were assessed from the second year after
primary TKA until the time of revision surgery in the matched case.

The leisure activity section of the Modifiable Activity Questionnaire
(MAQ) was used to measure historically the average number of hours per
week of participation in 39 leisure and sports activities22. The MAQ has
been shown to be reliable in adults and adolescents through field testing
and comparison with activity monitors (leisure activity r = 0.69–0.85; occu-
pational activity r = 0.88)31,32. To weight each activity by its relative inten-
sity, the average number of hours per week for each activity was multiplied
by the activity’s metabolic equivalent (MET) and summed across all activ-
ities to provide the average number of MET-hours per week of historical
leisure activity22,33-36.

The MAQ was also used to assess historical occupational activity
based on the physical demands and work schedule of each job22.
Occupations such as student, homemaker, and volunteer, or being retired,
disabled, or unemployed, were also included. The energy demands of each
job were categorized as light, moderate, or hard. The number of hours per
week in each category was weighted by its relative intensity (i.e., 1.5 MET
for light, 4 MET for moderate, and 7 MET for hard) and summed to
provide the average number of MET-hours per week of historical occupa-
tional activity.

The work, yard work, and caretaking sections of the YALE Physical
Activity Survey were used to assess retrospectively the number of hours per
week spent performing 15 instrumental activities of daily living (IADL)
during the past month22. The 2-week reproducibility of the instrument has
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been reported (r = 0.42–0.65)37. The number of hours spent on each activity
was multiplied by an intensity code and summed over all of the activities
to provide the total number of kilocalories per week, which were then
converted to MET-hours per week.

Statistical methods. Descriptive statistics were calculated for all variables.
The median and range were also calculated for the physical activity vari-
ables due to the non-normal distribution of the data.

Univariate analyses for matched data were conducted between the
outcome variable (revision/no revision) and each potential predictor vari-
able using paired t tests and signed-rank tests where appropriate. Ordinal
and nominal data were analyzed with either the McNemar test or the
Bowker test of symmetry. Because the time spent walking for exercise has
been found to be unreliable in many populations, the historical leisure
activity variable was analyzed both with and without the inclusion of any
time spent walking22. All results include walking as a leisure activity except
where noted.

The leisure activities were also categorized according to the level of
impact at the knee based on the literature to determine if there were differ-
ences in the amount of high-impact leisure activity between the cases and
controls17,38,39. The activities were classified as no (e.g., swimming),
low/moderate (e.g., walking), or high-impact (e.g., jogging). In addition,
the leisure and occupational activities were stratified based on intensity
level to examine if the amount of high-intensity activity differed between
cases and controls. Activities that required ≥ 6 MET in energy expenditure
were classified as high-intensity activities31,40,41.

Odds ratios (OR, based on a one MET-hour change in physical activity
per week) and 95% confidence intervals (CI) were calculated for the
leisure, occupational, and IADL variables. The physical activity variables
were analyzed separately, as well as with leisure and occupational activity
combined as a total historical physical activity variable. The total historical
physical activity variable was analyzed as both discrete and continuous
data. For discrete data, the total historical physical activity variable was
stratified into high and low activity groups based on the sex-specific
median of the distribution (men 51.9 MET-hours, women 49.8 MET-hours)
to determine if high versus low physical activity was associated with the
need for revision arthroplasty.

After the predictor variables were identified, a stepwise conditional
logistic regression analysis for matched data was performed to identify the
variables that predicted the need for revision arthroplasty. To avoid
excluding any potentially important predictor variables, variables that had
a univariate significance level (p) ≤ 0.15, were clinically meaningful, or
had non-missing data were entered into the model42. The total historical
physical activity variable was forced to remain in the model. A significance
level (p) of 0.10 was used as the entry and stay criteria in the stepwise
model42. The hypotheses for all of the statistical tests were 2-tailed except
for the physical activity analyses. All statistical tests were conducted with
a Type I error rate of 0.05 using the SAS software package (version 8.0;
SAS Institute, Cary, NC, USA).

RESULTS
One hundred eighty-nine patients met the eligibility criteria,
of whom 64 (34%) were identified as cases and 125 (66%)
as controls. Thirty-eight of the eligible cases (59%) and 52
of the eligible controls (42%) enrolled in the study. Reasons
for nonenrollment included: failure to respond to the mail-
ings (cases 16%, controls 30%), declined participation in the
study (cases 19%, controls 15%), no available forwarding
address (cases 3%, controls 8%), and deceased (cases 3%,
controls 5%). Enrolled and nonenrolled cases and controls
were similar with respect to sex, number of knees replaced,
number of months since primary TKA, and mean age,
except that enrolled controls were significantly younger

than the nonenrolled controls [enrolled 71 (SD 7.4) yrs; not
enrolled 75 (SD 8.1) yrs; p = 0.001].

Twenty-six case-control pairs were identified and
included 17 female (65%) and 9 male (35%) pairs with a
mean age of 70.5 (SD 8.9) years (range 47–85 yrs). Twelve
(46%) of the pairs had both knees replaced. Primary TKA in
the cases and controls was performed an average of 6.4 (SD
2.3) years previously (range 2–11 yrs). The mean time to
prosthetic failure from primary to revision arthroplasty in
the cases was 5 (SD 2.3) years (range 2–11 yrs). The indi-
cations for revision arthroplasty were polyethylene failure
(42%), component loosening (38%), patellar instability
(12%), arthrofibrosis (4%), and oversize components (4%).
Revision arthroplasty in the cases was performed a mean of
2.6 (SD 1.5) years prior to study entry (range 4 mo to 5 yrs).

The sociodemographic, clinical, surgical, and functional
characteristics of the case-control pairs are presented in
Table 1. Cases reported a history of knee surgery prior to
TKA 3 times more frequently than the controls (p = 0.02).
Cementless femoral components were implanted during
primary TKA more often in the cases than the controls (p =
0.01). After primary TKA, there were no statistically signif-
icant differences between the cases and controls in ambula-
tion on level surfaces; however, the cases were more likely
than controls to need assistance to ascend and descend stairs
(p = 0.02). There was a tendency for the cases to report a
reduction in their usual physical activity level after primary
TKA more often than the controls, although the differences
were not statistically significant (p = 0.07).

Physical activity was assessed historically over an
average period of 4 (SD 2.0) years in the matched cases and
controls (range 1–10 yrs). The most frequently reported
leisure activity was walking in the cases (65%) and
gardening/yardwork in the controls (77%). No case and only
2 controls (8%) engaged in high-impact leisure activities,
therefore analyses examining the influence of activity type
(high vs low-impact) on risk of revision arthroplasty were
not conducted. Retirement was the most frequently reported
occupational activity (cases 42%, controls 54%) followed
by serving as a homemaker (cases 39%, controls 23%).

The controls reported more median MET-hours per week
of historical leisure and occupational activity than the cases,
and similar median MET-hours of high-intensity leisure and
occupational activity (Table 2). There was no association,
however, between leisure or occupational activity (historical
or high-intensity) and the risk of revision arthroplasty. At the
lower-intensity end of the activity spectrum, the controls
again reported more median MET-hours per week of IADL
than the cases (Table 2). Participation in IADL was not a
risk factor for revision arthroplasty.

The controls reported more MET-hours of total historical
physical activity per week than the cases (Table 2). Total
historical physical activity was not associated with the risk
of revision arthroplasty. Similar results were obtained when
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walking was excluded from the leisure activity component
of total activity.

The controls reported more median MET-hours of total
historical physical activity than the cases regardless of
whether one knee [cases 48.9 (range 13.9–125.2), controls
60.8 (range 0–194.4)] or both knees [cases 27.2 (range
0–137), controls 32.8 (range 10.2–278)] were replaced
during primary TKA. In addition, men reported more
median MET-hours of total historical physical activity per
week than women [men 51.9 (range 0–278), women 49.8
(range 0–125.2)]. The risk of revision arthroplasty in partic-
ipants with high levels of total historical physical activity
was 33% lower than in those with low levels of total
activity; however, this finding was not statistically signifi-
cant (OR 0.67, 95% CI 0.67–1.93).

The following variables were entered into the multi-
variate model along with the total historical physical activity
variable: history of knee surgery before primary TKA, fixa-
tion of femoral component, ambulation on stairs, ambula-
tion on level surfaces, and change in usual physical activity.
In the final model (Table 3), total historical physical activity
was not associated with the risk of revision arthroplasty
after adjusting for the other 2 variables in the model. The
risk of revision arthroplasty was significantly increased in
participants who reported a history of knee surgery before
undergoing primary TKA and in those who experienced a
reduction in usual activity level after surgery.

DISCUSSION
The purpose of this matched case-control study was to test

Table 1. Sociodemographic, clinical, surgical, and functional characteristics.

Cases, n = 26 Controls, n = 26

Self-reported race: white, n (%) 26 (100) 23 (88)
Marital status, n (%)

Married 19 (73) 19 (73)
Other* 7 (27) 7 (27)

Annual income†, n (%)
< $20,000 9 (45) 6 (30)
$20,000–40,000 5 (25) 8 (40)
> $40,000 6 (30) 6 (30)

Highest level of education, n (%)
High school or less 13 (50) 11 (42)
College experience or degree 13 (50) 15 (58)

Body mass index, kg/m2, mean (SD) 30.3 (6.4) 30.3 (8.4)
Comorbidity index (0–100), mean (SD)‡ 16.9 (9.0) 14.9 (9.0)
History of knee injury, n (%) 7 (27) 9 (35)
History of knee surgery, n (%)§ 13 (50) 4 (15)
Compartments replaced: tricompartmental, n (%) 24 (92) 26 (100)
Component fixation: cemented, n (%)

Femoral§ 6 (23) 18 (69)
Tibial 15 (58) 26 (100)
Patellar 19 (73) 26 (100)

Anatomic class of prosthesis, n (%)¶

PCL-retaining 20 (80) 13 (52)
PCL-sacrificing 1 (4) 0 (0)
PCL-substitution (posterior stabilized) 4 (16) 9 (36)
Constrained 0 (0) 3 (12)

Thickness of tibial polyethylene, mm, mean (SD) 11.3 (2.8) 11.1 (2.4)
Number of postoperative complications, n (%)#

0 5 (21) 5 (21)
1 11 (46) 13 (54)
> 2 8 (33) 6 (25)

Required assistance, n (%)
Ambulate on level surface 11 (42) 5 (19)
Ascend/descend stairs§ 21 (81) 13 (50)

Usual physical activity level, n (%)**
More 4 (15) 10 (39)
Same 9 (35) 10 (39)
Less 13 (50) 6 (23)

* Included single (never married), separated, divorced, or widowed. † n = 20 pairs. ‡ 0 = no comorbidities. 
§ Comparison significant at p < 0.05. PCL: posterior cruciate ligament. ¶ n = 25 pairs. # n = 24 pairs. ** Usual
physical activity level 2 years after primary TKA compared to 2 years before TKA.
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the hypothesis that physical activity was a risk factor for
revision arthroplasty after primary TKA due to OA. Our
results showed that participants who reported a higher
number of MET-hours per week of leisure activity, occupa-
tional activity, or IADL after primary TKA did not have an
increased risk of revision arthroplasty. In addition, men
reported more total historical physical activity than women
in a pattern consistent with previous studies24,43,44.

To our knowledge, this is the first study that quantified
activity across the physical activity spectrum in a population
with total knee replacement. Our study took the physical
activity assessment one step further by quantifying the
frequency, duration, and intensity of participation in a wide
range of activities. Further, we were able to match the cases
and controls on 4 important characteristics (age, sex,
number of knees replaced, and date of primary TKA) that
could potentially confound the relationship between phys-
ical activity and revision arthroplasty. Although surgeon and
hospital characteristics have been reported to influence

outcomes after TKA25,45, we chose not to match on these
factors because they have not been linked to physical
activity levels.

While physical activity was not related to revision arthro-
plasty, 2 other variables emerged as potential risk factors for
revision surgery. Participants who reported a history of
surgery in their knee before primary TKA were more likely
to undergo revision arthroplasty than those who did not.
Thus, prior surgery (e.g., arthrotomy or arthroscopy) may
increase the risk of revision; however, this relationship is a
complex issue and requires further study.

Participants who reported a reduction in their usual phys-
ical activity level after primary TKA were also more likely
to undergo revision arthroplasty than those who reported
that their activity levels were unchanged or had improved.
Activity levels after knee replacement may have been
related to the success of the surgery in restoring function46.
The cases may have curtailed their activity levels after
primary TKA due to symptoms or functional limitations

The Journal of Rheumatology 2004; 31:71388

Table 2. Components of physical activity.

Mean, SD, Median*, Range*, OR† 95% CI
MET-hours/wk MET-hours/wk MET-hours/wk MET-hours/wk

Leisure
Historical Cases 16.6 17.7 11.2 0.0–70.4 0.99 0.99–1.02

Controls 20.0 21.5 12.6 0.0–83.6
High-intensity‡ Cases 1.7 4.9 0.0 0.0–19.4 0.96 0.88–1.05

Controls 3.6 10.1 0.0 0.0–48.8
Occupational

Historical Cases 34.2 28.3 27.7 0.0–120.0 0.99 0.99–1.01
Controls 43.2 51.2 30.9 0.0–258.5

High-intensity‡ Cases 15.7 33.7 0.0 0.0–120.0 1.00 0.99–1.01
Controls 22.1 57.1 0.0 0.0–258.5

IADL
Past month Cases 69.4 66.5 45.7 4.2–334.8 1.00 1.00–1.01

Controls 58.6 40.9 48.6 5.7–162.8
Total historical**

With walking Cases 50.8 34.6 44.5 0.0–137.0 0.99 0.99–1.01
Controls 63.2 59.2 55.1 0.0–278.0

Without walking Cases 44.5 33.8 33.4 0.0–137.0 0.99 0.99–1.00
Controls 60.2 59.2 50.6 0.0–276.8

* Median and range presented because physical activity data were not normally distributed. † Odds ratio of needing revision arthroplasty per one MET-hour
change in physical activity per week. ‡ Activities required ≥ 6 MET in energy expenditure. ** Historical leisure and occupational activity combined. IADL:
instrumental activities of daily living.

Table 3. Total historical physical activity and risk of revision arthroplasty.

OR** 95% CI

Total historical physical activity* 0.99 0.99–1.01
History of knee surgery before primary TKA† 23.7 1.11–504.10
Reduction in usual activity level after primary TKA‡ 4.5 1.02–19.93

* Historical leisure and occupational activity combined. † History of knee surgery: yes or no. ‡ Activity level:
more, less, or the same. ** Odds ratio of needing revision arthroplasty per one MET-hour change in physical
activity per week.
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associated with their knee. Because this was a retrospective
study, data were not available on the preoperative functional
status or attainment of postoperative rehabilitation mile-
stones in the participants. Self-reported preoperative pain
and functional status were not collected because patient
recall of this information postoperatively has been found to
have only poor to moderate agreement with information
reported prospectively47.

In the univariate analyses, participants with cementless
femoral components implanted during primary TKA had a
greater risk of revision arthroplasty than those with
cemented components. Cementless prostheses generally
have lower cumulative survival rates than cemented pros-
theses, and therefore have a greater risk of component loos-
ening due to failure at the bone-implant interface15,48,49.

The absence of a significant relationship between phys-
ical activity and revision arthroplasty may have been due to
limited statistical power. Nevertheless, we were able to
identify several potential risk factors for revision arthro-
plasty. More important, we were able to quantify and
describe patterns of physical activity in an older population
with total knee replacement. Participants with primary TKA
(controls) consistently reported more MET-hours of leisure
and occupational physical activity than participants with
revision arthroplasty (cases) regardless of the number of
knees replaced or whether or not walking was accounted for.
With respect to the type of physical activities that were
performed, there was not enough variability in our sample to
examine the influence of high-impact activity on the need
for revision arthroplasty.

Physical activity in this study was assessed by self-
report, instead of direct evaluation, due to the retrospective
design of the study. The physical activity estimates obtained
by the questionnaires have been found to be reliable and
valid, and allowed us to rank individuals within a group
from the least to most active22. Because this was a retro-
spective study, the historical assessment of physical activity
may have been subject to recall bias. The cases, who were
interviewed after revision arthroplasty, may have remem-
bered their past physical activity differently than the
controls, who did not undergo a second surgery. To mini-
mize any potential recall bias due to pain or recent surgery,
we waited at least 3 months after revision arthroplasty
before enrolling cases in the study. Recall of physical
activity may also have been limited in the controls because
the physical activity assessment period was framed by only
one specific event (primary TKA), compared to 2 events in
the cases (primary and revision TKA).

Based on these results, individuals undergoing primary
TKA should be encouraged to remain active after surgery,
especially women. Although there are no evidence-based
guidelines available for determining which activities are
appropriate after surgery, there is general agreement on the
recommendation for participation in lower intensity and

low-impact activities, with avoidance of high-impact activi-
ties6,17,21,50. Most of the activity reported in this study was of
low impact and low or moderate intensity.

Although physical activity was not a significant risk
factor for revision arthroplasty in this study, individuals with
primary TKA (controls) consistently reported more leisure
and occupational activity than those with revision TKA
(cases). Further research is required to confirm this observa-
tion.
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