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a b s t r a c t

Background: Patient-reported outcomes (PROs) are used in research, clinical practice, and by federal
reimbursement models to assess outcomes for patients who have knee osteoarthritis (OA) and total knee
arthroplasty (TKA). We examined a large cohort of patients to determine if commonly used PROs reflect
observed evaluation as measured by standardized functional tests (SFTs).
Methods: We used data from the Osteoarthritis Initiative, a 10-year observational study of knee osteo-
arthritis patients. Two cohorts were examined: 1) participants who received TKA (n ¼ 281) and 2)
participants who have native OA (n ¼ 4,687). The PROs included Western Ontario and McMaster Oste-
oarthritis Index (WOMAC), Knee Injury and Osteoarthritis Outcome Score (KOOS), 12-Item Short Form
Health Survey (SF-12), and Intermittent and Constant Pain Score (ICOAP). The SFTs included 20 m and
400 meter (m) walks and chair stand pace. Repeated measures correlation coefficients were used to
determine the relationship between PROs and SFTs.
Results: The PROs and SFTs were not strongly correlated in either cohort. The magnitude of the repeated
measures correlation (rrm) between KOOS, WOMAC, SF-12, and ICOAP scores and SFT measurements in
native knee OA patients ranged as follows: 400 mwalk pace (0.08 to 0.20), chair stand pace (0.05 to 0.12),
and 20 m pace (0.02 to 0.21), all with P < .05. In the TKA cohort, values ranged as follows: 400 M walk
pace (0.00 to 0.29), chair stand time (0.02 to 0.23), and 20 M pace (0.03 to 0.30). Due to the smaller
cohort size, the majority, but not all had P values < .05.
Conclusion: There is not a strong association between PROs and SFTs among patients who have knee OA
or among patients who received a TKA. Therefore, PROs should not be used as a simple proxy for
observed evaluation of physical function. Rather, PROs and SFTs are complementary and should be used
in combination for a more nuanced and complete characterization of outcome.

© 2023 Elsevier Inc. All rights reserved.

Patient-reported outcome measures (PROs) are routinely used
to assess outcomes for patients who have knee osteoarthritis (OA)
and following total knee arthroplasty (TKA). Clinical research
studies of OA and TKA have used PROs for years, and PROs are now
increasingly used to inform clinical decision-making and patient-
centered care. As value-based care reforms expand, so too have
the potential roles for PROs [1,2]. For example, stakeholders are
increasingly interested in not only using PROs to monitor and

compare provider performance, but also as away to adjust provider
reimbursement [3]. Many questions remain regarding what PROs
should and should not be used for [4]. While PROs are a centerpiece
of patient-centered care, it is not clear whether they are also an
appropriate measure of provider performance [5]. In fact, the
literature suggests that the variation in PROs before and after
arthroplasty surgery is heavily influenced by patient-related factors
(outside of the control of providers) and that provider performance
accounts for relatively little of the variation in PROs [6,7]. There is a
perception that PROs should be correlated with objective measures
of physical function, such as the ability to walk specified distances,
climb stairs, and stand up from a seated position. Yet, the rela-
tionship between a patient’s appraisal of their function and the
observed reality of their function is not well-established among
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patients who have knee OA or received a TKA [8]. Relatively few
studies have characterized the relationship between PROs and
validated objective measures of function as measured by stan-
dardized functional tests (SFTs). Moreover, most of the studies that
do exist are underpowered and demonstrate mixed results [9e21],
with some exceptions [22e24]. As the scope of use for PROswidens,
it becomes increasingly important to understand this relationship,
particularly as stakeholders consider using PROs to measure pro-
vider performance and inform reimbursement decisions. Without
proper alignment between PROs and measurement goals, acting
based on PROs may be unfounded and result in poor decision-
making.

The purpose of this study was to examine the association be-
tween commonly used PROs and objective measures of physical
function in a large, prospectively collected cohort of patients who
have knee OA and a subset who received TKA. We compared PROs
to performance-based tests of function selected by the National
Institutes of Health sponsored Osteoarthritis Initiative (OAI),
including 20-mwalk pace, 400-walk pace, and chair stand pace.We
will refer to these performance-based tests of function as stan-
dardized functional tests (SFTs) throughout the manuscript. We
hypothesized that PROs are not strongly associated with SFTs in
knee OA or TKA patients.

Material and Methods

Population

The study participants were selected from the National In-
stitutes of Health (NIH) sponsored Osteoarthritis Initiative (OAI).
The OAI was a multicentered, 10-year longitudinal, observational
study of 4,796 men and women ages 45 to 79 years at enrollment
with (29%), or at risk for (68%), symptomatic knee OA. Detailed
descriptions of the eligibility criteria and study protocol have been
published [25], and the study data can be found on the NIH website
(https://nda.nih.gov/oai). The data are available to the public and
are not individually identifiable, and therefore analyses would not
involve human subjects and was exempt from institutional review
board review.

Briefly, participants were excluded if they had rheumatoid or
inflammatory arthritis, severe joint space narrowing, or total knee
arthroplasty in both knees, or the requirement of ambulatory aids
(other than a cane) for the majority of their walking. Annual eval-
uations of the OAI participants began on February 23, 2004 at 4

study sites (Baltimore, Maryland; Columbus, Ohio; Pittsburgh,
Pennsylvania; and Pawtucket, Rhode Island). Missing clinic visit
data for the entire OAI sample ranged from 10% at the 1-year clinic
follow-up visit to 35% at the 8-year clinic follow-up visit. Sample
sizes and missing data are characterized in detail in Tables 1-3.

From the OAI participants, 2 study cohorts were created. The
first cohort was the native knee cohort. It contained the PRO and
SFT scores for participants who had no knee or hip arthroplasty.
Study participants who had pre-existing hip or knee arthroplasty
were excluded from this cohort, leaving 4,687 OAI participants. The
data for this cohort include the PRO and SFT scores from each
participant’s annual visits until a participant received a knee or hip
arthroplasty. All subsequent measures for those who received a
knee or hip arthroplasty are excluded from this cohort. Thus, the
measures in this cohort were only from participants who had their
original knees and hips.

The second cohort was the TKA cohort. It followed participants
who received their first TKA(s) during the study and had at least 1
follow-up visit. Like the first cohort, all OAI participants who had
pre-existing knee or hip arthroplasty were excluded, as were those
who received a partial knee arthroplasty or hemiarthroplasty dur-
ing the study. Also, participants who got bilateral TKAs, but not in
the same year, were also dropped as they did not have a clear year
to consider as the division for prearthroplasty and postarthroplasty.
This cohort was composed of 281 OAI participants.

Measurements

Baseline demographics included age, sex, body mass index
(BMI), race, education, and Charlson Comorbidity Index (Table 1),
all measured at the start of the study [26]. Kellgren-Lawrence
grades, as determined by radiographs, were collected for the ma-
jority of participants annually during years 0 through 4 [27]. The
SFTs included 20-m walk pace, 400-m walk pace, and chair stand
pace, andwere chosen based onwhat was availablewithin the NIH-
sponsored OAI dataset. The PROs included theWestern Ontario and
McMaster Universities Arthritis Index (WOMAC), Knee Injury and
Osteoarthritis Outcome Score (KOOS), 12-Item Short Form Survey
(SF-12), and Intermittent and Constant Osteoarthritis Pain score
(ICOAP). From these 4 surveys, 13 PRO scores and subscores were
used: SF-12 Mental and Physical, WOMAC Pain, Stiffness, Daily
Living/Activity, and Total, KOOS Pain, Symptoms, Function in Daily
Living (ADL), Function in Sport and Recreation (Sports/Rec), and
knee-related Quality of Life (QOL), ICOAP Constant, Intermittent,
and Total. Collection years for each SFT and PRO can be found in
Table 2. The resulting sample sizes can be found in Table 3.

Analyses

We calculated the correlation between PRO scores or subscores
and the participants’ performance on SFTs for each year. Repeated

Table 1
Cohort Demographics.

Variable Native Knee Cohort Total Knee Arthroplasty
Cohort

(N ¼ 4,687) (N ¼ 281)

Mean age (range) 61 (45-79) 68 (45-79)
Sex (women), % 58.4 60.9
Race, % White: 78.9 83.3

Black: 18.3 12.1
Asian: 1.0 1.1
Other: 1.8 3.6

College Graduate, % 59.4 52.0
Income > $50 K, % 58.6 60.1
Mean body mass Index

(range)
28.6 (16.9-48.7) 30.1 (21.1-29.9)

Charlson Comorbidity
Index

0: 74.4 65.8
1: 15.1 18.9
2: 6.1 8.2
3: 1.9 1.4
>3: 1.2 1.1

Died before study end 304 13

Table 2
Standardized Functional Tests and Patient Reported Outcomes Collection Years.
Shows Which Years Each Measure was Collected During the Osteoarthritis Initiative
Study.

Outcome Measure Visit Year

0 1 2 3 4 5 6 7 8 9

400 m Walk X - X - X - - - X -
20 m Walk X X X X X - X - X -
Chair Stands X X X X X - X - X -
KOOS X X X X X X X X X X
WOMAC X X X X X X X X X X
ICOAP - - - - X X X X X -
SF-12 X X X X X - X - X -
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measure correlations were used to account for participants being
measured repeatedly across multiple visits, and the bias that can
arise from differing patterns between participants versus within
participants [28]. We handled missing data with pairwise de-
letions–an approach that assumes missing data were missing at
random or missing completely at random. As such, all cases with
data (even those with missing data) were used in the analyses.

The KOOS/WOMAC and ICOAP scores were measured for each
knee of the participants. Scatter plots were used to visually evaluate
the relationships between all PROs and SFTs. To handle the
complexity posed by having both left-sided and right-sided mea-
sures for participants, we calculated 3 different sets of correlations:
correlations only using the PRO scores and subscores of partici-
pants’ best scoring knee (the healthiest knee), another only using
the results of participants’ worst scoring knee, and a last using
the mean scores and subscores from both knees in a given visit.
The P values were adjusted for multiple comparisons using
HolmeBonferroni methods (ie, 13 PRO scores and subscores, each
compared to 3 SFT measures) [29].

To rule out age, weight, and health as confounding factors, each
cohort was stratified into subgroups and the repeated measure
correlations were calculated again. To rule out age, participants
were divided by starting ages of 49 to 54, 55 to 64, and 65 to 79
years. The rangeswere chosen so each subcohort contained roughly
a third of the participants. For weight, initial BMI values were used.
The subcohorts were grouped by underweight and normal (BMI
< 25), overweight (BMI 25 to 29.9), and obese (BMI " 30). Again,

each subcohort contained about a third of the original cohorts. For
health, a participant’s initial Charlson Comorbidity Index was used
[26]. The subcohorts were grouped by none (CCI¼ 0), mild (CCI¼ 1
to 2), and moderate/severe (CCI >2). Given the nonlinear nature of
this score, the resulting groups were not as even: 75% of partici-
pants had no comorbidities, 22% were mild, and 3% were moderate
or severe.

Results

Figure 1 shows the change in Kellgren-Lawrence grade (KL
grade) distribution over time within the native knee and TKA co-
horts, respectively. The KL grades were analyzed for each leg indi-
vidually. In the native knee cohort, there was a small increase in the
mean KL grade over the first 4 years (from 1.3 to 1.4), and only a
modest number of participants showed OA progression as
measured by KL grade. In contrast, the TKA cohort had higher
overall KL grades and more rapid progression over the first 4 years
(from 2.4 to 2.5).

Figures 2 and 3 showpopulation trends across time in both PROs
(KOOS, ICOAP, SF-12) and SFTs (20 m walk pace, 400 m walk pace,
chair stand time) for the native knee and TKA cohorts, respectively.
In the native knee cohort, there was very little change in any of
these measures over time. This pattern is in sharp contrast to the
time trends seen within the TKA cohort: mean PRO scores showed
the expected decline before surgery with substantial improvement
after TKA. The SFTs in this group showed a similar decline before

Table 3
Standardized Functional Tests and Patient Reported Outcomes Correlations Sample Sizes per Cohort. Sample Sizes are a Function of the Cohort Populations, HowMany Times a
Measure was Collected, and Individual Patient Participation Over the Course of the Osteoarthritis Initiative Study.

Outcome Measure Native Knees TKA

400 m Chair 20 m 400 m Chair 20 m

Pace Stand Pace Pace Pace Stand Pace Pace

SF-12 Physical 13,176 23,686 25,038 854 1,499 1,672
Mental 13,176 23,686 25,038 854 1,499 1,672

KOOS Pain 13,338 23,987 25,347 865 1,517 1,692
Symptoms 13,337 23,987 25,347 865 1,517 1,692
ADL 13,306 23,924 25,264 861 1,508 1,682
Sports/Rec 9,751 17,578 18,196 496 855 913
QOL 13,335 23,984 25,343 865 1,517 1,692

ICOAP Constant Score 5,390 8,492 8,989 366 556 633
Intermittent Score 5,387 8,484 8,983 366 556 633
Total Score 5,386 8,484 8,982 366 556 633

3204 2901 2752 2539 2498

1484 1345 1293 1161 1147

2167 2049 1952 1886 1848

1115 1124 1065 1016 1030

255 296 309 299 378

0 1 2 3 4
Visit year

0

1

2

3

4

12 8 6 6 4
13 10 8 7 6

68 54 44 38 35

116 111 97 71 53

86 98 100 82 71

10 28 45 35
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Fig. 1. Kellgren-Lawrence grade progressions. Osteoarthritis Initiative only measured Kellgren-Lawrence grades across all patients during the first 4 years, thus limiting the duration
of this plot. For the native cohort, this includes each knee separately. For the total knee arthroplasty cohort, this only included knees that received a total knee arthroplasty during
the OAI study (listed after Kellgren-Lawrence grade 4).
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surgery with stabilizationdas opposed to improvementdafter
TKA.

Figures 4 and 5 in the Appendix are representative examples of
scatter plots for KOOS subscores and SFTs for each participant’s
least healthy knee in both the native knee and TKA populations,
respectively. For the native knee cohort, the scatter plots demon-
strate some weakly positive relationships between SFT pace and
PRO scores, but in many of the plots there was no discernable
relationship on visual inspection (Fig. 4 in the Appendix). Generally
speaking, participants whom had better PRO scores demonstrated
greater variation in their SFT pace than those who had worse PRO
scores. Scatter plots of ADLs and SFTs seem to suggest that those
measures have the strongest positive relationship, but the strength
of the linear correlation was no greater than 0.15 for any of the 3
comparisons to SFT pace. Overall, no linear correlations between
SFT and PRO exceeded 0.2 and most correlations were approxi-
mately 0.1. Except for SF-12 Mental, these correlations were all
strongly statistically significant to P < .05 (Table 4 in Appendix).

The scatter plots for the TKA cohort demonstrated the same
form, direction, and strength of relationships between SFTs and
PROs (Fig. 5 in the Appendix). The magnitudes of the correlations in

the TKA cohort were like those of the native knee cohort: no cor-
relations exceeded 0.3, and most were approximately 0.2. The
majority of the P values for the TKA cohort were strongly statisti-
cally significant, even after Holm-Bonferroni corrections (Table 5 in
the Appendix).

The data presented here only reflect correlations between each
participant’s SFT scores and the PROs for their worst-scoring knee.
Similar correlations were calculated based on the PRO results of
each participant's healthiest knee as well as the mean score be-
tween both knees. In both cases, no significant correlations were
found, and P values were similarly low, thus ruling out results being
driven by a stronger knee or overall knee health.

Cohorts were further subdivided into bands by age, BMI, and
Charlson Comorbidity Index. Correlation scores were similarly low,
with similar statistical significance.

Discussion

We present the relationships between PROs and measures of
objective function in 2 large, prospectively collected cohorts of
participantsdfirst, in a cohort of participants at risk for knee

Fig. 2. Mean standardized functional tests and patient reported outcomes scores for the native knee cohort. Sample sizes are given for each year and measure. Both Knee Injury and
Osteoarthritis Outcome Score and Intermittent and Constant Pain Score were measured per knee, giving 2 measures per participant.
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osteoarthritis, and second, in a cohort of participants who had knee
arthritis who ultimately underwent a TKA. We found that
commonly used PROs were not associated with objective measures
of functional ability in either cohort, evenwhen the functional tests
had been collected in a highly controlled environment. Among
participants having undergone TKA, we found expected improve-
ments in both PROs and SFTs from preoperative to postoperative
assessments; yet correlations between the classes of measures
were universally low (roughly 0.1 to 0.3). In summary, among
participants who had knee OA and TKA, we found no correlation
between a participant’s appraisal of their function and the observed
reality of their function. This finding has direct relevance to the role
of PROs in value-based payment reforms. Understanding the rela-
tionship between PROs and SFTs will facilitate the interpretation of
each class of outcome measure so that informed choices can be
made about the most appropriate outcomemeasure for a particular
task such as measuring provider performance.

Our findings are consistent with a body of literature suggesting
that PROs have limitations and should not be used as surrogates for

measures of objective function. While PROs have become increas-
ingly important in the transition to value-based orthopaedics care,
SFTs remain the accepted measure of objective physical outcome
following TKA [1]. Studies have examined the relationship between
various PROs and SFTs, though conclusions have been inconclusive
and weak due to limited sample sizes. In 2 separate studies, Bolink
et al. investigated the relationship between WOMAC and SFTs,
including sit-to-stand transfers and inertial sensor-based gait an-
alyses. Sample sizes in each study were 20 and 36 participants, and
moderate associations were noted (Spearman's rho 0.3 to 0.5 and
0.5 to 0.7, respectively) [30]. While some studies have found
moderate degrees of association between SFTs and PROs before and
following TKA [8e10], sample sizes were limited and there are
multiple other studies that show low or only moderate degrees of
correlation [11,12,22]. In 2017, Naili et al. conducted a similar study
of 28 patients who had undergone TKA. Although TKA patients
showed improvements in objective measures of function, self-
reported measures of function could not differentiate patients
who had improved SFT outcomes from those who did not [12].

Fig. 3. Mean standardized functional tests and patient-reported outcomes scores for the total knee arthroplasty cohort. Measures’ means for the 3 yearly visits before and the 3
yearly visits after receiving a TKA. This only measures Knee Injury and Osteoarthritis Outcome Score and Intermittent and Constant Pain Score from the replaced knee (or both if a
bilateral arthroplasty).
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Our study has several strengths. To our knowledge, this is the
largest prospective study comparing PROs and SFTs in patients who
have knee OA and patients who have undergone TKA. This is re-
flected by the strongly statistically significant estimates of corre-
lation. Also, OAI data comes from a large, NIH-funded study that
was conducted with forethought and attention to detail. As such,
PROs and SFTs were collected in a highly controlled environment
with consistent application of protocols across participants and
time periods. Uncontrolled sampling and response bias are known
problems with PROs that the original research team thoughtfully
addressed with their study protocols.

Our study has potential limitations. Although the sample size
was large, it was restricted to patients being treated at only 4
hospitals participating in the OAI study. As such, one could question
the study’s generalizability. Also, it is valid to question whether the
performance-based tests used in this study (so called SFTs) are the
right measures to assess physical function in these patients. The
measures used in this study are not likely to encompass all attri-
butes of physical function, but were used because they were the
ones selected by those who architected the OAI dataset. Future
prospective work should look to the set of performance-based tests
of physical function recommended by the Osteoarthritis Research
Society International (OARSI), a minimum core set of tests chosen
by an expert, multidisciplinary advisory group that partially overlap
with those available in the OAI (30-second chair stand test, 40M
walk test, and stair climb test) [31e33]. In addition, the literature
shows significant variance in both PRO use and preference [34]. In
the current study, we only measured KOOS, WOMAC, SF-12, and
ICOAP. Other validated measurements were not included in our
analyses and should be the subjects of subsequent studies. More-
over, our results could be biased if missing data was not missing at
random. Furthermore, our analysis was simplistic by design, con-
sisting only of basic correlations between PROs and SFTs across
time. Our intention was to empirically evaluate the common
perception that PROs ought to correlate with objective physical
function.

If objective changes in a patient’s physical performance are
important, and PROs do not fully capture them, how do we collect
this information in patients? Routine administration of SFTs in a
clinic or human performance lab is not practical since collecting
this data “in vitro” is expensive and tedious. Biomechanical sensors
in the form of “wearables” present a potential path forward
[35e37]. It may be possible to map raw data from the accelerom-
eters of these devices to existing validated measures of objective
function. If successful, wearables have the added benefit of being
“in vivo” measures of patients’ function in daily life, outside the
confines of a clinic or lab. Research has shown the potential for gait
kinematics to be associated with PROs, and further research could
guide advancements in the use of wearables as predictors of
functional status [38].

In conclusion, PROs are not strongly associatedwith SFTs in knee
OA or TKA patients. As such, they should not be used as a proxy for
observed physical function. Stated simply, PROs and SFTs are not
measuring the same thing. They are, by design, characterizing
different domains of pain and function from different vantage
points. This should not be controversial. After all, it would be
considered crudely reductionist in most fields to contend that any
single measure (or class of measures) captures all important attri-
butes of a complex phenomenon. The lack of correlation of these
outcomemeasures does not say that one class of measures is clearly
good and one bad. Rather, it emphasizes the importance of using
these measures responsibly with an appreciation for each mea-
sure’s limitations (where it excels and where it has shortcomings).
It also suggests that these measures might actually be comple-
mentary and combining these measures will give us a much more

nuanced and a complete characterization of our patients’ outcomes
[36,39e41]. This should be the concern of future research, the re-
sults of these studies having broad-ranging implications for patient
selection, patient expectations, shared decision-making, and com-
parisons of provider performance and quality.
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Appendix

Table 4
Standardized Functional Tests and Patient Reported Outcomes Repeated Measure Correlations for the Native Knee Cohort.

20 m Pace 400 m Pace Chair Stands Pace

rrm Samples P rrm Samples P rrm Samples P

SF-12 Physical 0.208 25,038 .000 0.197 13,176 .000 0.097 23,686 .000
Mental 0.020 25,038 .011 0.019 13,176 .079 0.017 23,686 .035

KOOS Pain 0.117 25,347 .000 0.103 13,338 .000 0.116 23,987 .000
Symptoms 0.099 25,347 .000 0.096 13,337 .000 0.095 23,987 .000
ADL 0.142 25,264 .000 0.130 13,306 .000 0.133 23,924 .000
Sports/Rec 0.101 18,196 .000 0.092 9,751 .000 0.102 17,578 .000
QOL 0.106 25,343 .000 0.093 13,335 .000 0.117 23,984 .000

ICOAP Constant 0.094 8,989 .000 0.115 5,390 .000 0.046 8,492 .005
Intermittent 0.066 8,983 .000 0.081 5,387 .001 0.104 8,484 .000
Total 0.093 8,982 .000 0.107 5,386 .000 0.107 8,484 .000

Table 5
Standardized Functional Tests and Patient-Reported Outcomes Repeated Measure Correlations for the Total Knee Arthroplasty Cohort.

20 m Pace 400 m Pace Chair Stands Pace

rrm Samples P rrm Samples P rrm Samples P

SF-12 Physical 0.297 1,672 .000 0.288 854 .000 0.176 1,499 .000
Mental 0.027 1,672 1.000 #0.003 854 1.000 0.017 1,499 1.000

KOOS Pain 0.151 1,692 .000 0.079 865 .510 0.196 1,517 .000
Symptoms 0.143 1,692 .000 0.089 865 .333 0.174 1,517 .000
ADL 0.197 1,682 .000 0.160 861 .002 0.221 1,508 .000
Sports/Rec 0.214 913 .000 0.193 496 .018 0.206 855 .000
QOL 0.187 1,692 .000 0.147 865 .005 0.233 1,517 .000

ICOAP Constant 0.201 633 .001 0.178 366 .432 0.064 556 1.000
Intermittent 0.127 633 .159 0.110 366 1.000 0.083 556 .965
Total 0.178 633 .007 0.159 366 .579 0.075 556 1.000
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Fig. 4. Scatter plots of patient-reported outcome scores (Knee Injury and Osteoarthritis Outcome Subcores) and standardized functional tests pace for the native knee cohort.

B.G. Hill et al. / The Journal of Arthroplasty 38 (2023) S162eS168S168.e2



Fig. 5. Scatter plots of patient-reported outcome scores (Knee Injury and Osteoarthritis Outcome Subcores) and standardized functional tests pace for the total knee arthroplasty
cohort.
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