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Does Clinically Important Change in Function After
Knee Replacement Guarantee Good Absolute
Function? The Multicenter Osteoarthritis Study
Jessica L. Maxwell, David T. Felson, Jingbo Niu, Barton Wise, Michael C. Nevitt, 
Jasvinder A. Singh, Laura Frey-Law, and Tuhina Neogi 

ABSTRACT. Objective. Poor functional outcomes post–knee replacement are common, but estimates of its preva-
lence vary, likely in part because of differences in methods used to assess function. The agreement
between improvement in function and absolute good levels of function after knee replacement has
not been evaluated. We evaluated the attainment of improvement in function and absolute good
function after total knee replacement (TKR) and the agreement between these measures. 
Methods. Using data from The Multicenter Osteoarthritis (MOST) Study, we determined the preva-
lence of achieving a minimal clinically important improvement (MCII, ≥ 14.2/68 point
improvement) and Patient Acceptable Symptom State (PASS, ≤ 22/68 post-TKR score) on the
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) Physical Function
subscale at least 6 months after knee replacement. We also assessed the frequency of co-occurrence
of the 2 outcomes, and the prevalence according to pre-knee replacement functional status. 
Results. We included 228 subjects who had a knee replacement during followup (mean age 65 yrs,
mean body mass index 33.4, 73% female). Seventy-one percent attained the PASS for function after
knee replacement, while only 44% attained the MCII. Of the subjects who met the MCII, 93% also
attained the PASS; however, of subjects who did not meet the MCII, 54% still achieved a PASS.
Baseline functional status was associated with attainment of each MCII and PASS. 
Conclusion. There was only partial overlap between attainment of a good level of function and
actually improving by an acceptable amount. Subjects were more likely to attain an acceptable level
of function than to achieve a clinically important amount of improvement post–knee replacement. 
(First Release Dec 1 2013; J Rheumatol 2014;41:60–4; doi:10.3899/jrheum.130313)
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Post–total knee replacement (TKR) functional limitations
such as difficulties with stair-climbing or walking occur in
about 10% to 30% of patients1,2. While this may represent

only a minority of persons undergoing TKR, the absolute
number affected by functional limitations post-TKR is large
given the volume of procedures performed. As the numbers
undergoing TKR continue to rise, with an estimated 3.5
million TKR predicted to be performed annually in the
United States by 2030, an increase of > 600% compared
with 20053, the number of patients with poor functional
outcomes will also likely rise. One difficulty in studying the
effect of poor functional outcomes post-TKR is that
presently no clear consensus exists as to how best to define
a successful functional outcome4.

Successful functional outcomes post-TKR may be
defined by either the degree of improvement or the absolute
level, or status, of function post-TKR. Relative improve-
ment from baseline to followup following specific interven-
tions is often reported in terms of a minimal clinically
important improvement (MCII). MCII is often determined
using an anchor question on improvement, such as
“somewhat better”; with MCII thresholds defined by how
much improvement on a scale corresponds to “somewhat
better” in a certain percentage of patients. 

On the other hand, the absolute level, or current status, of
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function may be defined using a Patient Acceptable
Symptom State (PASS). The PASS is determined using an
anchor question about satisfaction with current symptoms or
performance5, then determining the score at which a
particular percentage of subjects report meeting that
benchmark. MCII and PASS values are specific to the
outcome measurement tool under study and any subscales
existing within the tool. The 2 systems also have different
values depending on the patient population and intervention
received even when using the same outcome measure [e.g.,
MCII values for knee osteoarthritis (OA) and knee
replacement will differ]5,6. There is recent evidence that
MCII and PASS thresholds for pain after nonsteroidal drug
use may be similar to those of several rheumatic diseases7;
however, it is possible that these may differ from those for a
major intervention such as surgery. 

It is currently unknown whether achievement of a
particular absolute level of function post-TKR is indicative
of a minimal clinically important improvement, or how
frequently achieving a meaningful relative improvement in
function translates into an acceptable level of absolute
function after surgery. While a recent study determined
MCII and PASS values for persons after TKR in different
patient populations8, to our knowledge there have not been
studies comparing these 2 measurements in a single clinical
population. Understanding the relationship between the 2
constructs will provide guidance for future research
regarding the optimal definition of good functional
outcomes in a TKR population. 

The goals of our study were (1) to determine the preva-
lence of an MCII in function, and an acceptable level of
absolute function post-TKR, and (2) to determine the
overlap between the two and examine the prevalence of
these outcomes according to pre-TKR (baseline) function in
a large multicenter cohort study.

MATERIALS AND METHODS
Study sample. The Multicenter Osteoarthritis (MOST) study is a U.S.
National Institutes of Health-funded longitudinal prospective cohort study
of 3026 people with or at high risk of knee OA and aged 50 to 79 years at
baseline, recruited from Birmingham, Alabama, and Iowa City, Iowa. Study
design and subject eligibility have been described elsewhere9. The MOST
study was approved by the institutional review boards at the University of
Iowa; the University of Alabama, Birmingham; the University of
California, San Francisco; and Boston University Medical Center. 

For our study, we included subjects who had at least 1 TKR since study
enrollment with a recorded date of surgery, who also had physical function
data obtained at the study visit prior to TKR and a study visit at least 6
months following TKR, to allow for sufficient surgical recovery time10.
Less than 3% of subjects had unicompartmental knee replacement and the
rest had TKR; thus we use the term TKR to describe our sample. Data
collected after revision surgeries were not included. Subjects with exposure
and outcome data at each of the assessment time points were included in
the analyses, irrespective of whether they developed conditions that could
alter function. 
Assessment of physical function. Subjects completed the self-report
Western Ontario and McMaster Universities Osteoarthritis Index Physical

Function11 subscale (WOMAC-PF) at baseline, 30-month, and 60-month
study visits. 
Assessment of TKR status. Knee replacements were self-reported at MOST
clinic visits at baseline, 30 months, or 60 months, or at a telephone
interview at 15 months, with > 95% confirmed by medical records and/or
study knee radiographs obtained postsurgery. 
Statistical methods. We used 2 measures of TKR functional outcome in this
study both calculated from the WOMAC-PF: the MCII and the PASS.

We defined the minimal clinically meaningful amount of improvement
from pre-TKR to post-TKR as an improvement of ≥ 14.2 out of 68 points.
This value was determined by transforming the published MCII for
function after knee replacement of 20.84/1006 to the raw scale of a total of
68 points for the WOMAC-PF subscale. The original authors established
this threshold using the mean score of the subjects who reported feeling
“somewhat better”6. We defined a level of “acceptable” absolute function
post-TKR as a score of ≤ 22/68 using the PASS for post-TKR function12.
This threshold was determined using the 75th percentile score of all
subjects reporting that their function was acceptable. We similarly trans-
formed this from its published value of 67.7/100 (high scores meaning
better function) to a score out of 68 with high scores meaning worse
function in accordance with the original WOMAC. While the thresholds
were established using different percentages of subjects attaining each
definition of good function, they are to date the only published MCII and
PASS values for function following knee replacement. 

We determined the proportion of subjects attaining the MCII and the
PASS. We stratified these results by quartiles of pre-TKR function given
its influence on post-TKR function13,14 and assessed between-group
differences using a chi-squared test. We assessed the frequency of
attaining the PASS for post-TKR function according to attainment of the
MCII. We excluded subjects that had a pre-TKR functional score of ≤ 14
out of 68 from all analyses, because they were unable to attain the MCII
(i.e., their pre-TKR function precluded sufficient improvement to achieve
the MCII). We did not differentiate between subjects with 1 or 2 knees
replaced in these analyses, or between those with both knees replaced
concurrently or staged. We conducted 2 sensitivity analyses. Because of
concerns that some pre-TKR subjects had their clinical visit far before
their surgery and therefore deterioration in function prior to surgery may
not have been recorded, we restricted our analyses of the proportion
attaining the MCII to those who had their pre-TKR data assessed within 6
months of their TKR. We also conducted ad hoc analyses of the number of
subjects who attained MCII after excluding those subjects who were at the
PASS level pre-TKR. Statistical analyses were completed using SAS 9.1
(SAS Software). 

RESULTS
There were 271 subjects with a TKR since baseline. We
excluded 38 subjects (14%) with function scores too low to
allow attainment of the MCII, and 5 subjects whose
post-TKR study visit was within 6 months of their surgery,
leaving 228 subjects in our study sample. Of these, 73
subjects had replacements in both knees (sequentially or
concurrently). The majority of subjects were white and
female, with a mean body mass index (BMI) in the obese
range, and mean WOMAC-PF scores demonstrating
moderate functional limitation (Table 1). Compared to a
recent study using 2617 of the 3026 MOST participants15,
the subjects in our study were older, had a higher mean
BMI, and there was a higher percentage of women. The
average time between the pre-TKR function assessment and
date of TKR was 15.5 months (1.3 yrs); the average time
between the date of TKR and first postreplacement function
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assessment was 21.6 months (1.8 yrs; any visit falling
within 6 months of surgery was excluded).

Forty-four percent of subjects achieved the MCII after
TKR, and seventy-one percent of subjects attained the PASS
for post-TKR function (Table 2). Forty-one percent of
subjects met both the MCII and PASS. Twenty-six percent
met neither outcome criterion. Only 3% met the MCII but
did not meet the PASS, while 30% did not meet the MCII,
but did meet the PASS. Twenty-six percent of subjects had
baseline (pre-TKR) function scores at or better than the
PASS for TKR function. When the analysis was repeated
after excluding these subjects, the proportion that attained
the MCII only rose by 5% to 49%. Of the subjects who met
the MCII, 93% of them also attained the PASS for post-TKR
function. However, of the subjects who did not meet the
MCII, 54% of them still achieved the PASS for post-TKR
function. 

Those with worse baseline function were more likely to
attain an MCII (p = 0.0006), but less likely to attain the
PASS for post-TKR function (p < 0.0001; Figure 1).
Subjects with the best baseline function were least likely to
attain an MCII (28%), but more likely to attain the PASS for
post-TKR function (90%). Subjects having their TKR more
closely following the pre-TKR visit had slightly worse
pre-TKR function than those having the TKR more months
after the visit (p = 0.02). When the analysis was restricted to
those who had their pre-TKR assessment within 6 months of
their surgery (n = 54), the proportion of subjects that

attained the MCII rose to 63%. The number of months
between pre-TKR visit and TKR was not associated with
PASS attainment (OR 0.98, 95% CI 0.95–1.0), and was only
weakly associated with MCII attainment (0.93, 95% CI
0.90–0.96).

DISCUSSION
Our study demonstrates that the proportion achieving an
MCII after TKR is not the same as the proportion that
achieved an acceptable absolute level of function. Although
almost all subjects who attained an MCII also reached the
threshold for good absolute function (PASS), many subjects
who did not achieve an MCII also had good absolute
function post-TKR.

The low proportion of subjects with minimal clinically
important improvement in function post-TKR is in contrast
with another study, in which 64% of subjects attained the
MCII at 2 years post-TKR16. However, when we limited the
analysis to those with a pre-TKR assessment of function
within 6 months of the surgery, 63% attained the MCII,
consistent with these prior estimates. The overall proportion
achieving the PASS in our study (71%) was consistent with
the reported prevalence with self-reported good function
post-TKR2,17. Of particular interest is that only 41% of
subjects had both a minimal clinically important improve-
ment in function (MCII) and attained a state of acceptable
physical function (PASS). Conversely, 26% of subjects did
not attain either benchmark (i.e., neither attained an
acceptable level of function, nor an MCII in function),
supporting other findings regarding the proportion of
patients who continue to report functional limitations after
TKR2.

The effect of pre-TKR, or baseline, function on the
prevalence of functional outcomes differed for each
outcome measure. Subjects with worse pre-TKR function
had greater ability to improve, thereby increasing the
likelihood of attaining the MCII, but decreasing the
likelihood of attaining the PASS for post-TKR function
because they needed greater improvement to achieve it. The
opposite was true of subjects with better TKR function. The
effect of baseline score on MCII attainment has been
demonstrated previously13,14,17,18; however, our study is the
first, to our knowledge, to examine the relationship between
relative improvement and absolute functional status after

Table 1. Demographic and pre-total knee replacement (TKR) clinical
information of the study subjects.

No. subjects                                                                               228
Mean age at TKR, yrs (SD)                                                     67 (8)
% Female                                                                                    73
% White                                                                                      85
Pre-TKR BMI, kg/m2, mean (SD)                                          33 (7)
Pre-TKR WOMAC-PF, mean (range)                                 30 (15–63)
Time since pre-TKR visit to TKR,                                        16 (10)

mos, mean (SD)
Time since TKR to outcome assessment, mos,                      15 (9)

mean (SD)
Percent at or above PASS for TKR function (pre-TKR)           26

BMI: body mass index; WOMAC-PF: Western Ontario and McMaster
Universities Osteoarthritis Index Physical Function subscale; PASS:
Patient Acceptable Symptom State.

Table 2. Proportion of subjects by combination of post–total knee replacement (TKR) outcomes, and demographics of each group.

                                                                  Attained PASS for TKR                                                                  Did Not Attain PASS for TKR

Attained MCII                                                           41%                                                                                                        3%
                                                  (69% women, 92% white, 16% > 75 yrs old)                                      (100% women, 57% white, 0% > 75 yrs old)
Did not attain MCII                                                   30%                                                                                                       26%
                                                  (74% women, 85% white, 12% > 75 yrs old)                                      (73% women, 81% white, 20% > 75 yrs old)

PASS: Patient Acceptable Symptom State; MCII: minimal clinically important improvement.
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TKR. Our sensitivity analyses confirmed that the baseline
score, rather than the time between pre-TKR assessment and
surgery is more closely associated with attainment of a good
outcome. Clinicians should consider baseline function when
transmitting information on expected TKR outcomes to
patients, and note that the improvement or state experienced
after TKR may depend on how one defines it.

There are limitations to our study. The mean time to
followup after TKR was 1.8 years. We used the MCII
threshold previously published for those who are 2 years
post-TKR6, and the PASS threshold from subjects 1 year
following TKR12. We feel that this difference is unlikely to
have affected our results, as data suggest that only minimal
changes in function occur between 1 and 2 years
post-TKR10,19. The values we used for the MCII and the
PASS differed from published thresholds for patients with
various rheumatic diseases who are taking nonsteroidal
antiinflammatory therapy7. There is recent evidence
suggesting that PASS values may be too low in rheumatic
disease populations20. However, we used values determined
specifically for TKR, and it is reasonable to expect that
thresholds for pharmacologic versus surgical interventions
would have different levels of acceptable response. We
conducted a sensitivity analysis in which we used values at
the upper and lower bounds of the 95% CI for each outcome
(published in Escobar 201212 and calculated from data in
Escobar 20076). This resulted in 40% to 51% of subjects
meeting the MCII and 65% to 76% of subjects attaining the
PASS. Both the 75% threshold and the mean for deter-
mining the MCII have been used in other studies6,7,21. If, as
in the PASS, we had used the 75% threshold for MCII, then
even fewer of our subjects would have met the MCII
threshold and the discordance between PASS and MCII
would have been greater. 

In the main analysis, we did not exclude subjects whose
pre-TKR function was at or above the PASS for TKR

function because one of our aims was to assess the
proportion with good absolute function after TKR,
regardless of the degree of relative improvement. This may
explain why 90% and 84% of the subjects in the best 2
quartiles of prereplacement function attained the PASS and
why many fewer attained the MCII. Lastly, our analyses
focused on a self-report measure of function and may not be
similar to findings using performance-based measures of
function.

If MCII in function is attained, an acceptable level of
functioning after knee replacement is also likely to be
attained. However, if MCII in function is not achieved, the
likelihood of functioning at an acceptable level post-TKR
depends on pre-TKR functional status. Further research is
warranted on timing of surgery in relation to presurgical
functional status and its effect on outcomes, as well as on
understanding patient preferences regarding the importance
of relative improvement in function versus absolute level of
function. Insight into these concepts will be important in
developing consensus regarding the optimal definition of
successful functional outcomes post-TKR4, and ultimately
would facilitate comparative effectiveness research for
TKR.
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