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Abstract

Objective—Pain and functional decline are hallmarks of knee osteoarthritis (OA). Nevertheless,
longitudinal studies unexpectedly reveal stable or improved physical function. The aim of this
study was to impute missing and pre—total knee replacement (TKR) values to describe physical
function over time among people with symptomatic knee OA.

Methods—We included participants from the Multicenter Osteoarthritis Study (MOST) and the
Osteoarthritis Initiative (OAI) with incident symptomatic knee OA, observed during the first 30
months in MOST and 36 months in OAI. Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) physical function (WOMAC-PF), the 5-times sit-to-stand test, and
the 20-meter-walk test were assessed at 4 and 5 years in MOST and at 6 years in OAI. We used a
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multiple imputation method for missing visits, and estimated pre-TKR values close to the time of
TKR, using a fitted local regression smoothing curve. In mixed-effect models, we investigated the
physical function change over time, using data before and after imputation and calculation of pre-
TKR values.

Results—In MOST, 225 (8%) had incident knee OA, with corresponding 577 (12.7%) in OAL.
After adjusting for pre-TKR values and imputing missing values, we found that WOMAC-PF
values remained stable or slightly declined over time, and the 20-meter-walk test results changed
from stable in nonimputed analyses to worsening using imputed data.

Conclusion—Data from MOST and OAI showed stable to worsening physical function over
time in people with incident symptomatic knee OA after imputing missing values and adjusting
pre-TKR values.

INTRODUCTION

Pain and functional limitations are important clinical manifestations of symptomatic knee
osteoarthritis (OA) (1,2). Since knee OA is a chronic and progressive disease, we often see
in the clinics a worsening of physical function over time, and a rising number of people end
up with a total knee replacement (TKR) (3). In contrast, longitudinal studies have found that
physical function, on average, is stable and sometimes improves in people at risk or with
knee OA (4-8). Currently, we do not know whether the average physical function values
observed in longitudinal studies are true or a reflection of bias.

In this regard, there are at least 2 challenges that need to be addressed. First, people in such
studies are often included because they are in a painful phase of their disease. The natural
history of OA involves fluctuation of symptoms, and these people may well have lower pain
values on reassessment in the absence of an intervention, introducing regression to the mean
(9). In addition, people entering a study in a painful phase of their disease have been shown
to have more missing visits in longitudinal cohort studies (10). The second issue with
published longitudinal functional values in people with knee OA is that people lost to
followup have been shown to be older and have poorer function than those without missing
visits (11,12). Since including subjects with complete followup data only may leave a study
sample of people with the best physical function in the studies (11), imputation techniques to
address the missing data have been introduced. However, assumptions for using multiple
imputation may be hard to test and fulfill in longitudinal studies on people at risk or with
knee OA. Missing data may be missing completely at random (13), indicating that subjects
with knee OA who do not attend the study visit have reasons for not attending that are
unrelated to their physical function or knee pain. However, longitudinal studies of knee OA
have found that people not attending the followup visits were often older, had a lower
education level, had longer duration of symptoms, and had lower muscle strength (4,11). In
such cases, the missing data are suggested to be missing at random (MAR) (14), where the
attendance can be calculated by subject factors other than the unobserved values for physical
function and pain at the missing visit. Challenges appear if the data are missing not at
random (MNAR), which means that the visit attendance does depend on the participant’s
unobserved physical function or pain status.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 May 25.
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Additionally, excluding those subjects who undergo TKR, as seen in previous studies
(15,16), may further bias the study sample. Those undergoing TKR may have the worst
physical function at baseline and decline more over time than those without TKR. Thus,
excluding this group will result in describing a course of physical function among subjects
who are doing relatively well over time. Including those undergoing TKR will better
represent the whole population with symptomatic knee OA, but the longitudinal pre-surgical
data often do not include functional status as close as possible to the time of TKR.

Newer studies (e.g., the Cohort Hip and Cohort Knee [CHECK] study) have addressed the
issue of loss to followup by using multiple imputation techniques and included pre-TKR
values in the analyses (11,17), but the pre-TKR values may have been measured a relatively
long time before TKR. We know little about the longitudinal course of physical function,
including approaches to account for missing data and those with the poorest function who
end up with TKR, using data from larger longitudinal cohorts.

The aim of this study was to estimate the longitudinal course of physical function in people
with incident symptomatic knee OA, accounting for missing visits and pre-TKR values. We
imputed missing data and included calculated pre-TKR physical function values for those
with TKR as close as possible to the time of surgery. We hypothesized that physical function
would worsen significantly over time in people with symptomatic knee OA after imputing
missing data and including calculated pre-TKR values of physical function (adjusted data).

MATERIALS AND METHODS

We used data from the Multicenter Osteoarthritis Study (MOST) and the Osteoarthritis
Initiative (OAI). Both cohorts included community-dwelling participants at risk of
developing or with established knee OA. In MOST, study participants were enrolled if they
were overweight or obese, had knee symptoms, or had a history of knee injury or surgery. In
OAl, additional inclusion criteria included a family history of TKR, the presence of
Heberden’s nodes, or a history of repetitive knee bending. People with rheumatoid arthritis,
inflammatory arthritis, or end-stage disease at baseline were excluded from both studies (2).

MOST included 3,026 people ages 50-79 years from Birmingham, Alabama, and lowa City,
lowa, and it was ongoing for 84 months, including 4 visits (at baseline, and at 30, 60, and 84
months) (18). OAI included 4,796 people ages 45-79 years at 4 clinical sites: Baltimore,
Maryland; Pittsburgh, Pennsylvania; Pawtucket, Rhode Island; and Columbus, Ohio.
Followup visits were conducted annually for 7 years (www.oai.ucsf.edu) (19). The study
participants provided informed consent before the first clinic visit in both cohorts.

We excluded people who had TKR at baseline (MOST, n = 78; OAI, n = 63) and people who
underwent hip replacement at any time point (MOST, n = 140; OAI, n = 190), because
physical function in these groups was probably also influenced by disease other than knee
OA. After the exclusions, MOST comprised 2,808 study participants, and OAl comprised
4,543. Among these, we included subjects with incident symptomatic knee OA. We defined
subjects as having this condition if they had no symptomatic OA in both knees at baseline

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 May 25.
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but developed new disease in either knee during the 30-month followup in MOST or during
the 36-month followup in OAL.

Radiographic examination

We used data from standing posterior—anterior radiographs using a SynaFlexer frame for
standardized positioning (Synarc). The radiographs were read and scored by a
musculoskeletal radiologist and a rheumatologist at Boston University, blinded to clinical
data. An adjudication panel resolved discrepancies between the readers. For this study, we
included people with incident symptomatic knee OA on the basis of radiographic
examination of the tibiofemoral joint (Kellgren/Lawrence [K/L] scale grade =2) (20) and
having pain in that knee on most days of the previous month. We classified the subjects
based on their worst knee in terms of symptomatic knee OA.

Outcome measurements

The followup of the included subjects started from the visit when incident symptomatic knee
OA was observed. Self-reported physical function was measured at all visits in MOST (at
baseline, and at 30, 60, and 84 months) and OAI (annually from 0 to 84 months), using the
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) physical
function subscale (WOMAC-PF) (21). We used the 5-point Likert scale version (where 0 =
no problems and 4 = extreme functional problems) for the physical function subscale (range
0-68).

Performance-based measures included the 5-times sit-to-stand test (22) and the 20-meter-
walk test (23). These were measured at all visits in MOST and annually for 84 months in
OAl, except for the 60- and 84-month visits. For the 5-times sit-to-stand test, the participants
stood from a chair 5 times as quickly as they could, keeping their arms folded across their
chest. The participants were told to come to a full standing position each time, and when
they sat down, they were told to sit all the way down each time. We recorded total time in
seconds using a stopwatch from start to finish of the test. In the 20-meter-walk test, the study
participants were told to walk at their usual walking pace from the starting point to the end.
We measured total time in seconds. For both performance-based tests, we used the mean
time of 2 trials.

Statistical analysis

The crude outcome data included participants with complete visits only, including the TKR
group with original pre-TKR values. We used 2 methods to generate the adjusted outcome
data. First, because many of the subjects who underwent TKR in MOST and OAI had their
last clinic visit many months before TKR, we wanted to add calculated pre-TKR outcome
values (WOMAC-PF, 5-times sit-to-stand test, and 20-meter-walk test) as close as possible
to the time of TKR. Using data from those who underwent TKR, we constructed loess
curves (24) to estimate fitted curves for the outcome variables at the last visit before TKR
and the months from last visit to TKR (Figure 1, using MOST WOMAC-PF data). We then
used the fitted curves to calculate a subject’s WOMAC-PF value at the time of TKR.
Removing outliers did not alter these curves substantively.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 May 25.
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We used the loess curves to calculate the average outcome values just before TKR and then
adjusted this value for each subject by adding in the difference between the subject’s
measured value and the height of the loess curve at the time of measurement. For the
WOMAC-PF in MOST, this average value just before TKR was 32.1 (Figure 1). Thus for
each subject, the new calculated WOMAC-PF value was calculated as WOMAC-PF = 32.1
+/- the subject’s deviation from the curve. For the 5-times sit-to-stand test, the equation was
calculated as 5-times sit-to-stand test = 13.4 +/- deviation from the fitted curve, and for the
20-meter-walk test was calculated as 20-meter-walk test = 20.7 +/- deviation from the fitted
curve. In OAl, the corresponding equations were WOMAC-PF = 28.6 +/- deviation from the
fitted curve, 5-times sit-to-stand test = 13.4 +/- deviation from the fitted curve, and 20-
meter-walk test = 18.4 +/- deviation from the fitted curve. We assigned these new calculated
outcome values to the data as an additional pre-TKR visit.

As a second way to generate adjusted outcome data, values for missing visits for the 3
outcome variables during the followup period were filled in using the multiple imputation
method (25), with the independent variables age, sex, and body mass index (BMI). The
missing pattern for WOMAC-PF in MOST, considering the visits prior to TKR or death,
showed that 79% of subjects had no missing visits, and 21% had some missing visits
(including 1 participant [0.4%] with all visits missing). The numbers were similar for the 5-
times sit-to-stand test (76% had no missing visits), and the 20-meter-walk test (82% had no
missing visits). Corresponding numbers for no missing visits in OAI were 83%, 68%, and
79%, respectively, with no subjects missing all WOMAC-PF visits. Among subjects who
underwent TKR, 2% had some missing visits in MOST, and none were missing all visits for
WOMAC-PF and the 20-meter-walk test, but 4 had missing visits on the 5-times sit-to-stand
test. In OAl, 13 (18.6% of the TKR group) had some missing visits. Only 1% of subjects
undergoing TKR had all missing pre-TKR WOMAC-PF values.

In MOST, we found no statistical significant differences in age, sex, BMI, or functional
outcomes at the incident visit between individuals with missing WOMAC-PF data prior to
TKR or death (n = 48) and those with complete data (n = 177). In OAl, those with missing
functional values at any visit prior to TKR or death had poorer WOMAC-PF and
performance-based functional values.

As no differences were found between those with and without missing values in MOST, the
pattern was probably not MNAR. We may, however, speculate that the baseline function is
highly correlated with the followup function, and this correlation suggests that the missing
pattern in MOST is at least MAR. In OAI, those with missing functional data had poorer
function at any visit prior to TKR or death, but we were not able to test the assumption of
MAR.

When WOMAC-PF was missing, other elements of WOMAC were missing also, preventing
us from using other similar measures for imputing missing data. Therefore, we generated 5
imputed data sets, including the 3 outcome variables in conditioning on age, sex, and BMI,
and the 3 outcome variables using SAS software. The effect estimates for the 5 data sets
were pooled together across imputed data sets, along with adjusted variance and taking into
account the uncertainty introduced by the imputation, as previously described by our group

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 May 25.
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(26). The pooled results are shown in the adjusted results in the tables and figures. Post-TKR
values were set to missing. We used mixed models to investigate the effect of time on
physical function outcomes separately for crude and adjusted data for those subjects with
incident symptomatic knee OA.

In MOST, 225 participants (8%) had incident symptomatic knee OA during the first 30
months of followup. The corresponding number in OAI was 577 (12.7%) during the first 36
months of followup. Of these, 43 subjects (19%) in MOST and 70 subjects (12.1%) in OAI
had TKR after their diagnosis of knee OA. Characteristics of study participants are shown in
Table 1. Of those with incident symptomatic OA, 66.7% in MOST and 62.1% in OAI were
women. The mean = SD age in MOST at 30 months was 66.5 * 8.2 years, with a mean £ SD
BMI of 30.9 + 5.7, and in OAI at 12 months, 63.6 + 8.6 years with a BMI of 29.7 + 4.8. At
the MOST visit where we found participants with symptomatic knee OA, 90 (46.2%) had
K/L grade 2, 88 (39.1%) K/L grade 3, and 33 (14.7%) K/L grade 4. In OAl, 293 (50.8%)
had K/L grade 2, 208 (36%) K/L grade 3, and 76 (13.2%) K/L grade 4.

In Figures 2 and 3, we show the crude and adjusted curves for physical function over time in
MOST and OAl, respectively, for the TKR group only, and for crude and adjusted values for
all those subjects with incident symptomatic knee OA. The adjusted values for the TKR
group show substantial worsening of knee function.

Physical function in subjects with knee OA

In MOST, in crude data, we found overall improvement in WOMAC-PF over time (Table 2).
In the adjusted data, no significant change over time was found. Figure 2 shows poor
WOMAC-PF results over time for the pre-TKR group, and it shows slightly better function
for the crude curve than for the adjusted curve for all MOST participants. For the 5-times sit-
to-stand test and the 20-meter-walk test, significant worsening was found over time for the
crude (the 5-times sit-to-stand test only) and adjusted data (Table 2). After adjustment, the 5-
times sit-to-stand test results and the 20-meter-walk test results increased by 1.5 seconds
from the first to the last visit (£ < 0.003). In OAI, worsening within adjusted WOMAC-PF
values was seen over time (Table 3). We also found significantly worsening values for the
crude and adjusted 20-meter-walk test data in OAI.

DISCUSSION

Among people with incident knee OA, we found physical function generally worsened over
time after imputing for missing data and calculating pre-TKR physical function values of
subjects as close as possible to the time of TKR. We found a significantly worse
performance-based physical function over time in MOST. In OAI, we found a decline in
self-reported physical function after incorporating calculated pre-TKR values and data for
missing visits. Overall, subjects with incident knee OA in MOST and OAI reported stable or
slightly lower physical function values from the time of diagnosis to the last clinic visit, in
line with others (27). For crude results in which we did not impute missing values or pre-
TKR physical function status, the trajectory of physical function was more favorable.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 May 25.
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Other longitudinal studies from The Netherlands (5,11), including the CHECK cohort (4),
and the Health and Retirement Study (6,28) showed improvement or stable physical function
over time. Pisters et al (11) reported 5-year data on a cohort of 288 knee OA patients from
rehabilitation centers and hospitals. The researchers imputed values for loss to followup for
both self-reported (WOMAC-PF) and performance-based (10-meter-walk) outcomes. They
found significantly improved WOMAC-PF results and stable 10-meter-walk results. The
improvement in WOMAC-PF was 2.7 points (9%), which the authors stated was not
clinically relevant according to other literature (29,30). In contrast to our study, to our
knowledge, no subjects had TKR during the 5 years of followup, and those who died were
excluded. In addition, the study participants had either knee or hip OA. These differences
may explain the different results between the studies.

Crude data from MOST and OAI showed improvement in WOMAC-PF over time, but much
of the improvement may be based on regression to the mean between the first and second
visit. After imputing missing values and calculating pre-TKR values, although the initial
regression to the mean persisted (see Figures), we found a later decline in function, and
some of this phenomenon in the MOST data disappeared (Table 2). This finding was true,
although to a lesser degree, in the OAI cohort (Table 3). We believe regression to the mean
between baseline and the first followup was apparent both in the MOST cohort and OAI
(5,11).

Wesseling et al (4) studied people with early knee OA in the CHECK cohort and found
stable physical function over 4-5 years. They compared the OAI and the CHECK cohort and
found physical function to be poorer in the CHECK cohort. Consistent with our study using
crude analyses, they coded the post-TKR values as missing and included pre-TKR values but
did not calculate pre-TKR values as close as possible to the time of TKR. Inclusion of those
with poorest function, even though this inclusion might be few study participants, is
important to be able to generalize the results to the population with symptomatic knee OA.
Our loess plot showed a substantial decline in physical function just before TKR, and these
values should be visualized in all studies that evaluate the course of physical function in
subjects with symptomatic knee OA. Few studies include or describe how they have dealt
with those who go through TKR. Holla et al (17) followed 697 people in the CHECK study
with early symptomatic knee OA over 5 years. The researchers coded post-TKR values as
missing, similar to our approach, and reported overall stable WOMAC-PF values over a
period of 5 years, similar to Wesseling et al, using data from the same cohort. In these
studies, pre-TKR values were not imputed, but the number of TKRs was relatively few
compared to our cohorts.

The lack of functional decline in people with symptomatic knee OA may have different
causes. While regression to the mean may play a role, possibly study participants at a group
level truly do not get worse over time as a result of stable disease or response shift (31). A
response shift of self-reported knee function indicates that the individuals learn to cope with
their disability as time goes by. Many subjects with mild symptomatic OA do not have
symptoms all the time, and a response shift on self-reported questionnaires is likely to occur
in this group, as they know that worse periods are followed by periods with few symptoms.
This response shift may have occurred in MOST and OAl, as subjects’ self-reported function

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 May 25.
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seems better than the performance-based results. Group-based trajectory modeling has
shown that none of the pain trajectories exhibited substantial worsening over time (32), and
this may also be true for physical function outcomes.

While we included missing data in our analysis and predicted poor pre-TKR function in
those undergoing TKR, we may still have seen improvement or stability because those
undergoing TKR were excluded from the analysis once they had undergone TKR, and this
exclusion removed persons with the worst function. Data from both MOST and OAI showed
that those who underwent TKR had a considerably worse trajectory of self-reported physical
function over time than those who did not have TKR, and many of those in the TKR group
had poor function at study onset.

In this study, 2 large cohorts of people with incident symptomatic knee OA were followed
over 4.5 years (MOST) and 6 years (OAI). Imputation of missing visits and calculation of
pre-TKR values closer to the time of TKR have given us the opportunity to include study
participants who usually are left out of studies. Multiple imputation has been considered a
superior technique compared to other methods, such as last and baseline observation carried
forward, for handling missing data in OA trials (13). We were, however, not able to test the
assumption that data were MAR, but it is reasonable to believe that the missing data in
MOST were MAR on the basis of no differences in baseline characteristics between those
who had complete data and those who later had missing data. In addition, we were not able
to test the MAR assumption in OAI, which is a limitation of the present study.

We considered symptomatic knee OA subjects as one group, but recent studies have revealed
subgroups of knee OA showing different trajectories of physical function over time (16,33).
Subgrouping subjects may in some cases lead to misclassification, and the true course of
physical function may be hard to detect (34). Future studies assessing risk factors for
functional decline should probably implement attempts to control for biased outcomes by
using strategies such as imputation.

In conclusion, we found that imputing missing values and calculating pre-TKR function
reduced some of the bias seen in the unadjusted analyses, which incorrectly suggested
improvement in physical function in people with knee OA. The adjusted analyses showed
either stable or worsening physical function, which is more in line with what is observed in
the clinic.
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Significance & Innovations

e Longitudinal studies of knee osteoarthritis (OA) unexpectedly reveal stable or
improving physical function over time.

»  Study participants with missing visits and total knee replacements (TKR) are
often left out of analyses in longitudinal studies.

» Imputing missing values and calculating pre-TKR function up to as close as
possible to the time of TKR are newer methods to analyze physical function in
all persons with symptomatic knee OA.

» By imputing missing values and adding calculated pre-TKR values as close as
possible to those of TKR, trajectories of physical function changed from
improvement to stable or worsened values over time.
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Figure 1.

Loess curve of Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
physical function values in the Multicenter Osteoarthritis Study at the last visit before total
knee replacement (TKR). The time of the last visit varied from 0 to 60 months prior to TKR
surgery, as shown on the X-axis. The fitted line was used to calculate pre-TKR values at the
time point 0 (32.1 units + deviation from line).
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Figure 2.
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) physical

function (range 0-68) over 4.5 years among Multicenter Osteoarthritis Study participants
(higher WOMAC physical function values indicate worse function). For pre—total knee
replacement (TKR) values, the last visit excludes the large number of subjects who had
TKRs.
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Figure 3.
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) physical

function (range 0-68) over 6 years among Osteoarthritis Initiative participants (higher
WOMAC physical function values indicate worse function). For pre—total knee replacement
(TKR) values, the last visit excludes the large number of subjects who had TKRs.
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Table 1
Characteristics of participants”

Cohort Age, years BMI WOMAC pain
MOST (n = 225)7
30 665+8.2 30.9%57 59+34
60 69.7+82 30.8+6.1 46+34
84 71.7+83 30.7+6.0 44+35
oAl (n=577)7"
12 636+8.6 29.7+48 46+35
24 652+86 29.9%50 36+34
36 66.1+8.6 30.0+4.9 33+34
48 67.1+8.6 30.0+4.9 35+34
60 67.9+86 29.3%52 38+37
72 68.4+84 301%50 38+37
84 69.2+85 NA 3.9+38

*
Values are mean + SD. BMI = body mass index; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index; MOST =
Multicenter Osteoarthritis Study; OAI = Osteoarthritis Initiative; NA = not applicable.

fMeasured at the month indicated.

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 May 25.



1duosnuey Joyiny

DIESTAD et al. Page 16

Table 2
Physical function values within crude and adjusted data in MOST”

30 months 60 months 84 months
Outcome No. Values No. Values No. Values pt

WOMAC-PF

Crude 223 192+105 165 156+111 139 148+109 <0.0001

Adjusted 224 19.2+105 222 186+128 190 16.4=+117 0.0668
5-times sit-to-stand test?

Crude 216 11339 166 128+39 136 125+43 <0.0001

Adjusted 218 11340 216 127+38 188 128+51 <0.0001
20-meter-walk test?

Crude 224 176+40 170 173+30 143 178+3.6 0.0821

Adjusted 225 176+40 223 178+35 191 181+4.2 0.0026

*

Values are mean + SD, unless indicated otherwise, measured at the actual examinations in people with incident knee osteoarthritis, defined up to
the 30-month visit. Crude data: original values, including unadjusted pre-TKR values but no post-TKR values. Adjusted data: original values with
imputed missing values and adjusted pre-TKR values. Higher values indicate worse function. MOST = Multicenter Osteoarthritis Study; WOMAC-
PF = Western Ontario and McMaster Universities Osteoarthritis Index physical function.

fLinear trend over time from 30 to 84 months.
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Measured in seconds.
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Table 3
Physical function values within crude and adjusted data in OAI”
Outcome’ 12 24 36 48 60 72 84 pt

WOMAC-PF

No. 573 525 515 496 461 347 208

Crude 134+110 11.4+109 105+108 11.2+107 124+117 126+120 132+123  0.0816

No. 576 574 561 549 535 416 245

Adjusted 135+11.1 120+11.2 11.2+11.0 11.8+111 132+117 137+124 147+129  0.0001
5-times sit-to stand test

No. 523 472 360 292 105 169 NA

Crude 115435 11.2+32 11.2+30 11.3+38 106+31 116+48 NA 0.3636

No. 562 561 445 377 163 262 NA

Adjusted 117437 114+38 11.6+34 116+40 112+39 121+49 NA 0.4814
20-meter walk test

No. 570 499 387 305 116 184 NA

Crude 159+30 158+35 159+29 162+27 163+34 16.7+43 NA <0.0001

No. 577 575 452 384 165 265 NA

Adjusted 158+30 159+36 161+33 164+30 167+49 17.2+4.4 NA 0.0002

*

Values are the number or the mean + SD, unless indicated otherwise, at the actual examinations from the time of incident knee osteoarthritis (OA).
Crude data: original values for those with symptomatic knee OA, including unadjusted pre-TKR values but no post-TKR values. Adjusted data:
original values with imputed missing values and adjusted pre-TKR values. OAI = Osteoarthritis Initiative; WOMAC-PF = Western Ontario and
McMaster Universities Osteoarthritis Index physical function; NA = not applicable.

fMeasured from 12 to 84 months.

’tLinear trend over time from visit 1 to visit 7 (i.e., from the visit when incident symptomatic knee OA observed to 72 months after it).
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