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Abstract
Background In 2012, a new Knee
Society Knee Scoring System (KSS)
was developed and validated to address
the needs for a scoring system that
better encompasses the expectations,

satisfaction, and physical involvement
of a younger, more active population
of patients undergoing TKA. Revali-
dating this tool in a separate population
by individuals other than the devel-
opers of the scoring system seems
important, because such replication
would tend to confirm the generaliz-
ability of this tool.
Questions/purposes The purposes of
this study were (1) to validate the KSS
using a separate sample of patients un-
dergoing primary TKA; and (2) to eval-
uate the internal consistency of the KSS.
Methods Intervention and control
groups from a randomized controlled
trial with no between-group differ-
ences were pooled. Preoperative and
postoperative (6 weeks and 1 year) data
were used. Patients with osteoarthritis
undergoing primary TKA completed
the patient-reported component of the
KSS, Knee Injury and Osteoarthritis
Outcome Score (KOOS), SF-12, two
independent questions about expect-
ations of surgery, and the Patient Ac-
ceptable Symptom State (PASS)
single-question outcome. This study
included 345 patients with 221 (64%)
women, an average (SD) age of 64
(8.6) years, a mean (SD) body mass
index of 32.9 (7.5) kg/m2, and 225
(68%) having their first primary TKA.
Loss to followup in the control group

was 18% and loss to followup in
the intervention group was 13%.
We quantified cross-sectional (pre-
operative scores) and longitudinal
validity (pre- to postoperative change
scores) by evaluating associations be-
tween the KSS and KOOS subscales
using Spearman’s correlation co-
efficient. Preoperative known-group
validity of the KSS symptoms and
functional activity score was evaluated
with a one-way analysis of variance
across three levels of physical health
status using the SF-12 Physical Com-
ponent Score. Known-group validity
of the KSS expectation score was
evaluated with an unpaired t-test by
comparing means across known ex-
pectation groups. Known-group val-
idity of the KSS satisfaction score was
evaluated with an unpaired t-test by
comparing means across yes/no re-
sponse groupings of the PASS single-
question outcome. Internal consistency
for each KSS subscale was evaluated
with Cronbach’s a.
Results Cross-sectional validity (ie,
associations at a single point in time)was
supported because correlation coef-
ficients between KSS symptoms, func-
tional activities, and satisfaction scores
and scores on the KOOS pain subscale
ranged from 0.60 to 0.73 (all correlations
p < 0.01). Values were similar for
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associations with the KOOS function in
the activities of daily living (ADL) sub-
scale (0.66-0.69) and less (0.41-0.58) for
correlations with the other three KOOS
subscales. Longitudinal validity (ie,
associations of change scores between
two time points) was also supported be-
cause correlation coefficients between
KSS symptoms, functional activities,
and satisfaction change scores and the
KOOS pain and ADL change scores
varied from 0.63 to 0.73. Correlation
coefficients were lower for the other
three KOOS subscale change scores,
suggesting a weaker relationship with
KOOS symptoms (0.48-0.53), sports
(0.47-0.51), and quality of life (0.60-
0.65) (all correlations p < 0.01). Known-
group validity (ie, differences between
groups that are known to differ on
a given characteristic) was confirmed
by between-group differences for the
symptoms and functional activities score
comparisons as well as the comparisons
with the expectations and satisfaction
scores of the KSS (all p < 0.01). Cron-
bach’sa (ie, association among subscale
items) varied from 0.68 (discretionary
activities) to 0.94 (postoperative
expectations) across four KSS subscales.
Conclusions Moderate-sized correla-
tion coefficients and consistent differ-
ences between known groups support
the validity of the KSS. Internal con-
sistency values were also acceptable.
The patient-reported subscales of the
KSS are a valid and internally consis-
tent outcome assessment for TKA.

Introduction

TheKnee Society Clinical Rating
System was developed in 1989
to rate patients’ functional

abilities before and after TKA [6]. It
has been useful for tracking and

reporting both total and partial knee
arthroplasties globally [14]. Over
time, uncertainties and insufficien-
cies with the original tool have
emerged questioning its utility and
validity with current patients un-
dergoing TKA [14] and revision
TKA [5]. In 2012, a new Knee Soci-
ety Knee Scoring System (KSS) was
introduced to meet the need for
a scoring system that better charac-
terizes the expectations, satisfaction,
and physical activities of a current,
younger, and more varied population
of patients undergoing TKA [8]. The
long form [8, 14] is recommended for
research and the short form is
expected to increase the rate of
completion in clinical use [15].

Validity and internal consistency
are two essential components in the
evaluation of a measurement tool.
Validity is the extent to which an in-
strument measures what it was inten-
ded to measure. Internal consistency
describes the relationship among items
in a given questionnaire. Validity and
internal consistency are not all-or-
nothing phenomena. When similar
findings are gathered on two in-
dividually collected samples of a target
population, it enhances the generaliz-
ability of the tool and provides greater
certainty about the results through
consistency. In 2012 the KSS was
a new tool [8] at the time our study was
undertaken. Revalidating this tool and
confirming the internal consistency of
this tool in a separate population by
individuals other than the developers
of the scoring system seem important,
because such replication would tend to
confirm the generalizability of this
tool.

We therefore sought (1) to validate
the KSS in a sample of patients un-
dergoing primary TKA; and (2) to
evaluate the internal consistency of
the KSS.

Patients and Methods

The data are from a randomized con-
trolled trial (RCT) designed to de-
termine if exposure to an e-learning
tool affected postoperative patient
expectations and satisfaction after
TKA. The patient population for this
study came from a doctoral dissertation
that has not been published. Details of
the RCT were registered and approved
at ClinicalTrials.gov (NCT01732562).

We screened 835 patients; 416
(50%) of the patients were randomized
to the control group (n = 207) or the
intervention group (n = 209) (Fig. 1).
Within the control group, two patients
did not undergo TKA, 19 did not
complete their preoperative question-
naire, and eight did not complete any of
the postoperative questionnaires at 6
weeks, 3 months, and 1 year. Loss to
followup in the control group was
18%. Within the intervention group,
two patients did not undergo TKA, two
patients were ineligible, they did not
provide an email, 25 did not complete
their preoperative questionnaire, and
13 did not complete any of the post-
operative questionnaires at 6 weeks, 3
months, and 1 year. Loss to followup in
the intervention group was 13%.

Data were collected on patients
undergoing primary TKA under the
care of one of seven orthopaedic sur-
geons (JH, BL, SM, JM, RM, DN, EV
at the Joint Replacement Institute,
London Health Sciences Centre, Uni-
versity Hospital, London, Canada).
Patients diagnosed with osteoarthritis
scheduled to undergo primary TKA
were recruited at the preadmission
clinic from April 2013 to April 2014.
To be considered for participation,
patients had to be > 20 years of age,
booked for an elective primary TKA,
and of sound cognitive capacity to give
informed consent. We excluded
patients who were undergoing revision
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TKA, patellar resurfacing, hemi- or
unicompartmental (unicondylar) knee
arthroplasty, high tibial osteotomy, or
knee surgery to address a tumor. We
randomized patients using a web-based
system stratified by surgeon and by
first or second TKA. The study was
approved by the Health Sciences Re-
search Ethics Board at Western Uni-
versity, London, Canada.

There were 345 patients in this
study. Control (n = 178) and in-
tervention (n = 167) groups were
pooled (Fig. 1). This was a suitable
group for the purposes of the current
study because the baseline de-
mographic profile of our study sample

was similar to the sample for the pro-
totype instrument used in Noble et al.
[8]. We believed it was reasonable to
pool the patients together for this
study; although there were 10% more
females in the control group, the other
characteristics were well balanced be-
tween groups. Of the 345 patients in-
cluded in this study, the majority were
female (59% intervention; 69% con-
trol), had a mean age of 63 years,
a mean body mass index of 33 kg/m2,
and were undergoing their first primary
TKA (66% intervention, 69% control).
Additionally, both groups were similar
with respect to their preoperative
patient-reported outcome measures

(PROMs). Overall, patients expected
that their TKA would substantially re-
duce their pain (83% intervention, 84%
control), allow them to return to ac-
tivities of daily living (78% in-
tervention, 76% control), and
recreational activities (74% in-
tervention, 65% control). Preoperative
patient satisfaction was low with few
patients satisfied with their present
state before surgery (14% intervention,
11% control).

Baseline demographic character-
istics (Table 1) and preoperative
PROMs (Table 2) were collected at
the preadmission clinic visit, Time 1.
Postoperative PROMs were

Fig. 1 This flow diagram illustrates patient enrollment, randomization, and pooled analysis. PAC = preadmission clinic.
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completed at the scheduled consul-
tation time periods of 6 weeks (Time
2) and 1 year (Time 3) after surgery
(Table 2).

Patients completed all patient-
reported components of the KSS
(long form) [8], the Knee Injury and
Osteoarthritis Outcome Score (KOOS)

[12, 13], the SF-12 Health Survey [17],
two independent questions (pre-
operative and postoperative) about
their expectations of surgery [3, 10],
and the Patient Acceptable Symptom
State (PASS) satisfaction single-
question outcome [16]. The KSS
(long form) was designed to be a com-
prehensive patient- and surgeon-
reported scoring system for TKA
recipients [14]. The patient-reported
subscales evaluate pain relief, func-
tional abilities (ie, walking and
standing, standard, advanced and
discretionary activities), satisfaction,
and fulfillment of expectations [8, 14].
The KOOS is a PROM composed of
five subscales; pain, other symptoms,
function in activities of daily living
(ADL), function in sport and

Table 1. Preoperative demographics collected at Time 1 (n = 345)

Demographic Frequency (%) of patients*

Women 221 (64)

Age (years)† 64 (8.56)

BMI (kg/m2)† 33 (7.47)

First primary TKA, yes 225 (68)

Working, yes 110 (33)

Live alone, yes 53 (16)

Dependent on others, yes 61 (18)

Caregiver, yes 80 (24)

*Except where noted.
†Mean (SD).
BMI = Body mass index.

Table 2. The new Knee Society Score (KSS) and the Knee Injury and Osteoarthritis Outcome Score (KOOS) PROMs are reported for
each consultation time period

Testing time period: mean (SD)

PROMs
Time 1 PAC
preoperatively

Time 2 6 weeks
postoperatively

Time 3 1 year
postoperatively

Change score
(n = 345)

Effect size*
(95% CI)

KSS

Symptoms† 7 (5) 15 (6) 19 (5) 12 (6) 2.0 (1.8-2.2)

Satisfaction† 13 (7) 25 (8) 32 (8) 19 (10) 1.9 (1.7-2.1)

Expectations preoperatively‡ 13 (2)

Expectations postoperatively§ 8 (3) 9 (3) 1 (3) 0.3 (0.2-0.4)

Functional† 33 (15) 40 (20) 67 (20) 34 (21) 1.6 (1.5-1.8)

Walking† 12 (7) 13 (7) 22 (8) 10 (8) 1.2 (1.1-1.4)

Standard† 12 (5) 18 (5) 23 (5) 12 (6) 1.9 (1.7-2.1)

Advanced† 4 (4) 6 (5) 11 (6) 7 (6) 1.2 (1.1-1.4)

Discretionary† 5 (3) 6 (5) 11 (3) 6 (4) 1.5 (1.3-1.7)

KOOS†

Symptoms 42 (17) 59 (17) 76 (16) 34 (20) 1.7 (1.6-1.9)

Pain 41 (17) 61 (18) 81 (17) 41 (21) 2.0 (1.8-2.2)

Daily living 46 (18) 68 (18) 83 (16) 37 (20) 1.8 (1.6-2.0)

Sports and recreation 18 (25) 32 (31) 55 (29) 36 (33) 1.1 (1.0-1.3)

Quality of life 19 (15) 45 (20) 65 (22) 45 (24) 1.9 (1.7-2.0)

*Effect size: change score divided by SD of the change score.
†Time 3 to Time 1 to indicate positive change score = improvement.
‡Change score not applicable.
§Time 3 to Time 2 to indicate positive change score = improvement.
PROMs = Patient-Reported Outcome Measures; PAC = Preadmission Clinic; CI = Confidence Interval.
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recreation (Sport/Rec), and knee-
related quality of life [12, 13]. The
SF-12 Health Survey asks patients
questions on their views about their
health. Physical and Mental Health
Component scores are calculated us-
ing selected values from the 12 ques-
tions [17]. Expectation questionnaires
were completed both pre- and post-
operatively. The preoperative expec-
tation questionnaire addressed four
expectation constructs asking about
patient expectations for pain relief,
ability to perform ADL, ability to
participate in sports, and expectations
for global recovery from surgery [10].
Our postoperative expectation ques-
tionnaire provided patients with the
response options that their expect-
ations were “met” or “not met/had no
expectations” [3]. The PASS was
a single-question outcome that asked,
“Considering all of the activities you
do during your daily life, your level of
pain, and also your functional

impairment, do you consider that your
current state is satisfactory?” (Re-
sponse options were “yes” or
“no.”) [16]

Mean KSS and KOOS values over
the testing time period showed im-
provement in both the KSS subscales
and the KOOS subscale scores from
the preoperative time period to 1 year
postoperatively (Table 2).

Statistical Analysis

Our sample size exceeded the minimum
required sample size of 189 for identi-
fying correlation coefficients of 0.60
with a confidence interval width of 0.20
(a = 0.05) [2]. Descriptive statistics
were expressed as means or frequen-
cies, as appropriate. All change scores
were calculated so positive values rep-
resented improvement for patients.

Cross-sectional convergent validity
(that is, determiningwhether ameasure

displays a converging or predictive
relationship at a single point in time)
was determined at Time 1 (pre-
operative). Longitudinal convergent
validity (that is, determining whether
a measure displays a converging or
predictive relationship over several
points in time) was determined be-
tween Time 1 (preoperative) or Time 2
(6 weeks postoperatively) and Time 3
(1 year postoperatively). These two
forms of validity were evaluated with
Spearman’s rank order correlation co-
efficient as a measure of the strength of
the relationship among the different
scales and subscales in the KSS and the
KOOS [12, 13].

We also determined known-group
validity (ie, the ability to discriminate
between two or more groups that dif-
fer on a given characteristic). At Time
1 (preoperative), we compared the
KSS scores for symptoms and func-
tional activities across three tertiles
(low, medium, high) of the SF-12

Table 3. Measures of KSS components and KOOS subscales: Spearman correlation coefficient (95% CI)

KSS components

Symptoms Functional Satisfaction

Cross-sectional validity (PAC visit)

KOOS subscales

Pain 0.67 (0.61-0.73) 0.60 (0.52-0.66) 0.73 (0.68-0.78)

ADL 0.67 (0.60-0.72) 0.69 (0.63-0.74) 0.66 (0.60-0.72)

Symptoms 0.43 (0.35-0.52) 0.41 (0.32-0.50) 0.49 (0.41-0.57)

Sports 0.51 (0.42-0.58) 0.53 (0.45-0.60) 0.43 (0.34-0.51)

QoL 0.58 (0.50-0.65) 0.57 (0.50-0.64) 0.53 (0.45-0.60)

Longitudinal validity (PAC visit to 1 year)

KOOS subscales

Pain 0.71 (0.65-0.76) 0.63 (0.56-0.69) 0.73 (0.67-0.78)

ADL 0.68 (0.61-0.73) 0.69 (0.60-0.73) 0.70 (0.64-0.75)

Symptoms 0.48 (0.39-0.56) 0.47 (0.38-0.55) 0.53 (0.44-0.61)

Sports 0.51 (0.42-0.59) 0.50 (0.40-0.58) 0.47 (0.38-0.55)

QoL 0.60 (0.52-0.66) 0.65 (0.58-0.71) 0.61 (0.53-0.67)

*Unless otherwise indicated, all p < 0.001; correlation between PAC values.
KSS = Knee Scoring System; KOOS = Knee Injury and Osteoarthritis Outcome Score; CI = Confidence Interval; PAC = Preadmission
Clinic; ADL = Activities of Daily Living; QoL = Quality of Life.
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Physical Component Score (PCS) us-
ing a one-way analysis of variance and
post hoc Tukey’s comparisons [9, 18].

We also compared the KSS pre-
operative expectations score across
response categories of our preoperative
expectation question [10]. Response
options for this question were grouped
as “no/somewhat” indicating low
expectations and “a lot” indicating
high expectations. A between-group
difference was tested with an unpaired
t-test.

Furthermore, we compared the
KSS postoperative expectations score
(Time 3 [1 year postoperatively])
across response categories of our
postoperative expectations question
that determined whether postoperative
expectations were “met” or “not met/
had no expectations” [3]. This is im-
portant because patients undergoing
TKA have expectations about this
procedure and meeting their expect-
ations is believed to be associated with
their satisfaction of TKA. A between-
group difference was tested with an
unpaired t-test.

Finally, we compared the KSS sat-
isfaction subscale score across re-
sponse categories of the PASS,
a single-question outcome [16]. A
between-group difference was tested
with an unpaired t-test.

We calculated Cronbach’s a [4, 11]
values for Time 1 (preoperative) of the
KSS preoperative symptoms, satisfac-
tion, expectations, and functional ac-
tivity subscales (walking and standing,
standard, advanced, and discretionary
activities) and at Time 3 (1 year post-
operatively) for the KSS postoperative
expectations subscale. This illustrated
how related each set of questionnaire
items was as a subscale.

Statistical significance was set at a
< 0.05. Data analyses were performed
using SAS 9.4 (SAS Institute Inc,
Cary, NC, USA).

Results

Validity
For cross-sectional validity (de-
termining whether a measure displays
a converging or predictive relationship
at a single point in time), the correla-
tion coefficients varied from 0.60 to
0.73 across the KOOS pain and ADL
subscales. Correlation coefficients
were lower, ranging from 0.41 to 0.58
across the remaining KOOS subscales
(Table 3). A similar pattern was found
for longitudinal validity (determining
whether a measure displays a converg-
ing or predictive relationship over
several points in time) (Table 3).

For known-group validity (the
ability to discriminate between two or
more groups that differ on a given

characteristic), we looked at the KSS
subscale scores across three known
groups of physical function as mea-
sured by the SF-12 PCS. As SF-12
PCS scores increased (better physical
function), the KSS subscale scores also
increased (Table 4).

When preoperative expectations
were low as measured by our single
preoperative expectation question, the
KSS preoperative expectation subscale
scores were also low or worse, and
when preoperative expectations were
high, the KSS preoperative expectation
values were high or better (Table 5).

When postoperative expectations
were low, the KSS postoperative
expectations subscale score was low or
worse and when postoperative
expectations were high, the KSS

Table 4. Known-group physical function

Pre SF-12 PCS*

Low, mean
(SD) (n = 110)

Medium,
mean (SD) (n = 110)

High,
mean (SD) (n =109) p value

Knee Society Score

Symptoms 4 (3) 7 (4) 10 (5) < 0.01

Functional 25 (12) 32 (13) 42 (14) < 0.01

Walking 9 (7) 12 (7) 16 (6) < 0.01

Standard 9 (4) 11 (4) 14 (5) < 0.01

Advanced 3 (3) 6 (3) 7 (4) < 0.01

Discretionary 4 (3) 5 (3) 7 (3) < 0.01

*Tertile values: low < 26; Medium 26-32; High > 32.
PCS = Physical Component Score.

Table 5. Known groups for preoperative expectations

Preoperative expectation questions
No/somewhat,
mean (SD)

A lot,
mean (SD) p value

KSS: Preoperative expectations

Pain relief 11 (2) n = 54 14 (1) n = 277 < 0.01

Activities of daily living 11 (2) n = 78 14 (1) n = 253 < 0.01

Sports 13 (2) n = 96 14 (1) n = 216 < 0.01

Full recovery 13 (2) n = 199 15 (1) n = 133 < 0.01

KSS = Knee Scoring System.
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postoperative subscale score was high
or better (Table 6).

When preoperative satisfaction was
absent as measured by our single pre-
operative satisfaction question, the
KSS preoperative satisfaction subscale
score was low, indicating worse or low
patient satisfaction with the current
state and when preoperative satisfac-
tion was present, the KSS preoperative
satisfaction values were high, in-
dicating better patient satisfaction with
the current state (Table 7).

Internal Consistency

Cronbach’s a (the association among
subscale items) for the satisfaction con-
struct was 0.80 (Table 8). Similar values
were observed for the expectations con-
struct (preoperative: 0.81; postoperative:
0.94). Values for symptoms and the in-
dividual scores of the functional activi-
ties subscale varied from 0.68 to 0.84.
All of these values suggested a satisfac-
tory level of internal consistency for
group comparisons [1].

Discussion

The KSS was a new tool developed in
2012. We believed it was important to

validate the KSS with a separate sam-
ple of TKA recipients from the original
sample used by the developers of the
tool [8]. This is because comparable
findings from two separately gathered
samples of a target population would
advance the generalizability of a tool.

Limitations

We acknowledge certain limitations.
First, data were collected from patients
undergoing primary TKA from pre-
operative to 1 year postoperatively.
Therefore, the measurement charac-
teristics of the KSS beyond 1 year are
undetermined. Second, there may be
a better comparator for the KSS than
the KOOS. Perhaps a measure like the
Late Life Disability Index [7] may
correlate more strongly with the KSS
than the KOOS. Finally, we are un-
aware of any test-retest reliability data
published for the KSS tool [14]. This is
an important gap because test-retest re-
liability establishes ameasurement tool’s
stability over time. This requires differ-
ent methods than the current study de-
sign. We did not evaluate differences
between men and women because it was
not a focus of this study. We therefore
caution the reader not to assume that the
results apply equally between the gen-
ders. Finally, satisfactionwas assessed in

a very simple (dichotomous) manner,
because this is the response provided by
the PASS, a single-question outcome.
Patient satisfaction is a complex topic,
and future studies might consider this
important issue in a more nuanced way.

Validity

Some comparison of the preoperative
cross-sectional correlations published by
Noble et al. [8] can be made. When
comparing the association between the
KSS preoperative satisfaction subscale
scores and the five KOOS subscales, our
correlations varied from 0.43 to 0.73
(Table 3). These values were a similar
order of magnitude as those reported by
Noble et al. [8] (0.32-0.65). In addition,
all comparisons across known-group
analyses were in the anticipated di-
rection. These findings add to the work
by Noble et al. [8], because they did not
evaluate known-group validity.

Internal Consistency

Internal consistency results were sim-
ilar to those reported by Noble et al.

Table 6. Known groups for postoperative expectations

Postoperative expectation question Not met, mean (SD) Met, mean (SD) p value

KSS: Postoperative expectations* 6 (2) n = 52 10 (3) n = 250 < 0.01

*Time 3 to Time 1 to indicate positive change score = improvement; KSS = Knee
Scoring System.

Table 7. Known groups for satisfaction

PASS No, mean (SD) Yes, mean (SD) p value

KSS: Preoperative satisfaction* 12 (7) n = 290 16 (7) n = 41 < 0.01

*Time 3 to Time 1 to indicate positive change score = improvement; PASS = Patient
Acceptable Symptom State; KSS = Knee Scoring System.

Table 8. Cronbach’s a values for the new
Knee Society Knee Scoring System (KSS)

Knee Scoring System
Cronbach’s

a

Symptoms score* 0.70

Satisfaction score* 0.80

Expectation score* 0.81

Expectation score† 0.94

Functional

Walking and standing* 0.81

Standard activities* 0.84

Advanced activities* 0.73

Discretionary activities* 0.68

*Preoperative new KSS.
†Postoperative new KSS.
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[8]. Satisfaction and expectations sub-
scale scores yielded Cronbach’s a
values from 0.80 to 0.94 compared
with 0.79 to 0.90 reported by Noble
et al. [8]. For the functional subscales,
values ranged from 0.68 to 0.84; this
compares with 0.68 to 0.88 fromNoble
et al. [8]. These values suggest an ac-
ceptable level of internal consistency
for group comparisons [1].

Moderate-sized correlation coef-
ficients and consistent differences be-
tween known groups support the
validity of the KSS. Internal consis-
tency values were also acceptable. The
patient-reported components of the
KSS tool are a valid and internally
consistent outcome assessment for
TKA. The study results support the
foundational psychometrics reported
by Noble et al. [8]. The KSS can be
applied with confidence to all English-
speaking populations with patients
undergoing primary TKA. Future
studies should establish the validity of
the KSS beyond 1 year postoperatively
and its test-retest reliability.
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