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Abstract Total knee replacement effectively relieves
arthritis pain but improvement in physical function varies.
A clearer understanding of the patient attributes associated
with differing levels of functional gain after TKR is critical
to surgical decision making. We reviewed 8050 primary,
unilateral TKR patients enrolled in a prospective registry
between 2000 and 2005 who had complete data. We
evaluated associations between 12-month function (SF12/
PCS) and preoperative gender, age, BMI, emotional health
(MCS), knee diagnosis, quadriceps strength, and physical
function (PCS). More than 98% of patients reported pain
relief (KS pain score). At 12 months, mean PCS gain was
13.6 points, but the distribution was bimodal. The mean
gain in PCS in the 63% of patients with greater improve-
ment was 21 (SD = 7), and 4.1 (SD = 7) in the remaining
37%. Increased likelihood of poor functional gain was
associated with older age, body mass index (BMI) over 40,
lower MCS, and poor quadriceps strength. While two-thirds
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of patients reported functional gain well above national
average at 12 months post-TKR, 37% reported limited
functional improvement. Further understanding of the
patient attributes associated with limited improvement will
guide the design of innovative strategies to improve func-
tional outcomes.

Level of Evidence: Level II, prognostic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

As the U.S. population ages and grows increasingly over-
weight, more men and women will suffer from advanced
knee osteoarthritis (OA) and its associated pain and dis-
ability. The risk of disability due to knee OA is greater than
any other medical condition among elderly people and
Healthy People 2010 estimates 27% of adults with chronic
joint symptoms limit their activities due to their arthritis
[4, 5, 15]. Increasing numbers of adults with knee arthritis
choose total knee replacement (TKR) to relieve pain and
improve function. In the past decade, TKR utilization has
increased annually so that in 2003 almost $10 billion was
spent on more than 360,000 primary TKR procedures.
Based on current practices, TKR utilization is projected to
increase an additional 673% by 2030 due to the increasing
prevalence of knee arthritis among an aging population and
the procedure’s proven effectiveness [16].

TKR provides pain relief and, on average, improves
function at 6 and 12 months postsurgery for patients with
advanced knee OA [13]. In a community-based study
across hundreds of surgeons’ practices, the Patient Out-
comes Research Team (PORT) on TKR suggested patients
reported overall improvement in pain and physical function
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and high satisfaction with surgical outcome 2 to 7 years
post-TKR [11].

However, substantial variability in functional gain after
TKR persists. Despite excellence in surgical technique
and consistent pain relief, variation exists in the degree of
functional improvement at 6 and 12 months. An estimated
15% to 30% of patients report minimal functional
improvement at 12 months, while another 10% report
functional gains up to three times the national average
[1, 2, 13]. This post-TKR functional variation is not
explained by persistent knee pain or poor preoperative
function [8].

The 2003 NIH Consensus Panel called for research to
evaluate “patient-level factors affecting outcomes after
surgery, including medical and sociodemographic charac-
teristics,” such as age, gender, BMI, and emotional health
at time of TKR and the contribution of these attributes to
the variation in functional improvement 12 months after
surgery. To assure optimal patient referral and patient
preparation, it is important to understand which pre-TKR
patient attributes are associated with large and small post-
TKR functional improvements [19].

The variation in function at 1 year after TKR prompted
the question: are patient attributes prior to surgery associ-
ated with varied functional outcomes? In particular, do
TKR patient age, gender, body mass index, and emotional
health predict the level of 12-month functional outcome?

Materials and Methods

A national registry of TKR patients collected demographic
and preoperative clinical characteristics, surgeon assess-
ment, surgical technique, and patient-reported outcomes at
12 months after TKR, including pain (Knee Society score)
and physical function (PCS, SF-12). The data were col-
lected using standardized, structured data collection forms.
All orthopaedic surgeons who use Zimmer (Warsaw, IN)
NexGen knee components were invited to participate in the
registry. A de-identified copy of registry data was provided
to this research team.

All U.S. patients entered into the registry between 2000
and 2005 were considered for inclusion in this analysis.
Registry patients were excluded from the study if any of
the following conditions existed: operative knee diagnosis
included fracture, malignancy, infection, or failure of a
previous TKR; operative code for revision or bilateral
TKR; emergently scheduled surgery; or any known post-
operative complications including infection and deep
venous thrombosis. The large number of patients (17,270)
and orthopaedists (171) participating in this registry is
unprecedented. Our analysis included the subset of patients
that had complete 1-year outcome data. Thus, we compared

@ Springer

the demographic and clinical attributes of the analytic
subset to the total registry cohort and normative patient
populations prior to analysis.

Of the 8050 patients included in this analysis, 66% were
female. The average age was 68 years (SD = 10) and
mean BMI was 32 (SD = 7.1). Patients were divided into
three BMI groups: less than 30, 30 to 40, and over 40, and
three age groups: 65 years or younger, 66 to 80 years, and
older than 80 years of age. More than 70% of patients
reported Caucasian race, while 353 (4%) were African
American and 271 (3%) were Hispanic patients. Ninety-
five percent had a primary knee diagnosis of osteoarthritis.
The mean KSS pre-TKR pain score was 37 (SD = 16) and
post-TKR KSS was 80 (SD = 15). Prior to TKR, 54%
reported moderate or severe pain at rest and 92% reported
moderate/severe pain when walking. Seventy-seven per-
cent could walk less than five blocks prior to TKR. Thirty
percent of surgeons submitted more than 20 cases per year
and 78% of all cases were treated by these high-volume
surgeons. The surgeons represented 31 states and 224
hospitals with 59% of hospitals reporting more than 50
TKR cases per year (Appendix 1).

To assess the external generalizability of the data from the
subset of patients with complete information included in this
report, the demographic characteristics and preoperative
clinical and functional measures of patients with complete
12-month data (n = 8050) were compared to: (1) all patients
in the registry; (2) participants in the AHRQ-funded TKR
Patient Outcome Research Team (PORT) study; and (3) a
comprehensive single-site registry where 100% of patients
were included (Appendix 1). The analyses support that the
participants and outcomes are similar across the samples,
suggesting the study cohort is representative of current TKR
patients in the United States. Descriptive statistics for all
relevant outcomes included means, standard derivations,
minimum, median, maximum, and quartiles for continuous
or count variables, frequencies, rates or proportions for cat-
egorical (binomial, multinomial, and ordinal). We then
examined the variation in outcomes of interest using distri-
butions and scatter plots. Prior to TKR, the function score
distributions were consistently unimodal with no suggestion
that two distinct subgroups—patients with low and high
functional gain—would emerge at 12 months post-TKR.
However, the 12 month function (PCS) score distribution
was bimodal. We used multivariate mixture models to
determine if we could predict which subgroup of patients
would have low or high functional gain 12 months after
surgery. We modeled these patient groups as two latent
classes by fitting a mixture model of two normal distributions
(Appendix 2). The model included patient baseline predic-
tors of post-TKR functional gain as covariates, including
gender, age at surgery, BMI, MCS and PCS, osteoarthritis
diagnosis, and poor quadriceps strength prior to TKR.
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Results

The mean post-TKR KSS pain score improved to 80
(SD = 15) from a preoperative mean of 37 (SD = 16), and
the KSS pain score improved from pre- to 12 months post-
TKR for 98% of all patients. Among these, 80% of patients
reported pain relief greater than 32 points on the KSS pain
score (or 2 SD of baseline score), and 92% reported a
greater than 16-point improvement in KS pain score (1 SD
of baseline score). Slightly over 2% of patients reported
increased pain. Both preoperatively and at 1 year postop-
eratively, pain scores were normally distributed and
demonstrated mean improvement (Fig. 1).

In contrast, improvement in functional status (SF12, PCS)
was more variable. Prior to surgery, PCS was normally
distributed with a mean of 30 (SD = 7.8; range, 11-60). The
12-month post-TKR PCS distribution illustrated an overall
average improvement of 13.6 points. However, the 12-month
post-TKR PCS distribution was bimodal with mean
improvement of 22 points in the largest group (63% of
patients) (SD = 7; range, 0.5-41.8) and 4.1 points in the
remaining 37% (SD = 6.8; range, —19.7 to 22.5). This
bimodal distribution can be overlooked by simply reporting
the mean improvement in function (Fig. 2).

Prior to surgery, the function scores for the three age
groups had a unimodal distribution with the over-80-year-
olds reporting lower modal function than the younger
groups. At 12 months postsurgery, the mode function score
exceeded 50 for all age groups (Fig. 3). However, the
proportion of patients reaching this level of function
declined as the age group increased. In addition, the post-
TKR distributions were bimodal across the age groups.

We observed no notable gender difference in the shape
of the pre- and postoperative functional outcome distribu-
tions. However, the female pre- and post-TKR function
distributions are to the left (lower function) of the male
distributions (Fig. 4).
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Fig. 2 Pre-TKR physical function (SF12/PCS) distribution is uni-
modal while the 12-month post-TKR physical function distribution is
bimodal.
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Fig. 3 Twelve-month post-TKR function distributions vary by age
group and the oldest age group is associated with greatest functional
variation.
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Fig. 1 Pain distributions before TKR and at 12-months post-TKR are

similar in patients with high and low emotional health.
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Fig. 4 Pre-TKR and12-month post-TKR function distributions do
not vary by gender.
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Distribution of SF12 PCS Score by Obese Status
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Fig. 5 Twelve-month post-TKR function distributions vary by body

mass index (BMI) and the highest BMI values are associated with
greatest functional variation.
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Fig. 6 Twelve-month post-TKR function distributions vary by
emotional health (SF12 MCS) and lower emotional health is
associated with greatest functional variation.

The post-TKR function score (SF12/PCS) distributions
for all BMI groups were bimodal with flat distributions.
Patients with a BMI less than 30 and those between 30 and
40 had identical post-TKR distributions and reported
improvement in PCS (SF12) at 12 months. However, more
patients with BMI over 40 reported 1-year PCS scores
(SF36 function) less than 30 (Fig. 5).

Preoperative function distributions for both lower and
higher emotional health patients were unimodal. However,
12 months after TKR, patients with poorer emotional
health before TKR (SF12/MCS < 50) had a wide, flat
bimodal distribution and the majority of patients had a 12-
month PCS under 40. In contrast, the PCS mode for
patients with higher pre-TKR emotional health (MCS
> 50) was greater than 50 (Fig. 6).

While preoperative function was similar for patients
with both good and poor quadriceps strength, the 12-month
function distributions differed. More patients with poor
quadriceps strength had 12-month PCS scores less than 30
than patients with good pre-TKR strength (Fig. 7).
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Fig. 7 Twelve-month post-TKR function distributions—poor quad-
riceps strength is associated with low functional outcome.

Age, BMI, baseline MCS and PCS, and poor or fair
quadriceps strength predicted the low function responder
group (Table 1). We plotted the 12-month PCS change
distributions of the two groups of patients (Fig. 8). Thus,
using mixture models, we distinguished the “predicted
high functional gain” (mean PCS improvement at
12 months post-TKR = 21 points; SD = 7) from the
“predicted low functional gain” (mean pre-post PCS
gain = 4 points; SD = 7). Higher odds of less functional
gain were associated with BMI over 40, lower preoperative
MCS, each 5-year increase in age, poor or fair quadriceps
strength, and non-OA diagnosis. Patients with BMI over 50
and poor quadriceps strength had more than 2:1 odds of
poor functional gain after TKR.

Discussion

Total knee replacement effectively relieves arthritis pain
but improvement in physical function varies after the
procedure. Of note, the mean SF12/PCS gain in two-thirds
of patients is significantly greater than the previously
published average gains (21 points versus 11 points). These
data emphasize the effectiveness of TKR surgery. How-
ever, a clearer understanding of the patient attributes
associated with lower levels of functional gain after TKR is
critical to surgical decision making.

While this study has some limitations, we believe none
are likely to alter the conclusions. The primary limitation
of this analysis is that only %2 of the total patients in the
registry had complete outcome data. It is possible patients
with 12-month data represent those with best outcomes (e,
poor outcomes excluded). If this is true, the wide variation
in function is even more important. If we assume all
patients with incomplete data (ie, excluded from this
analysis) had a mean functional improvement equal to the
PORT mean improvement (10 points), it would still be true
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Table 1. Latent class multivariate mixture model for 12-month post-TKR change in physical function (SF12/PCS)

Predictors (x) f)'\ 95% Conf. Interval P>z
Lower Upper
Male 0.638 0.050 1.225 0.033
Age (+1 year) —0.031 —0.065 0.003 0.073
BMI < 30 Ref.
BMI 30-39 —1.068 —1.689 —0.447 0.001
BMI 40-49 —1.632 —2.576 —0.689 0.001
BMI > 50 —1.857 —4.310 0.597 0.138
Baseline MCS 0.038 0.009 0.066 0.010
Baseline PCS —0.844 —0.903 —0.784 0.000
Osteoarthritis 2.610 1.222 3.998 0.000
Poor quadriceps strength —1.763 —4.729 1.204 0.244
Constant 25.6 22,5 28.8 0.000
Probability estimates: low functional responders
Predictors (z) 0Odds ratio [exp (a)} 95% Conf. Interval
Lower Upper
Age (+1 year) 1.01 1.00 1.02
BMI > 50 kg/m? 2.33 1.09 4.99
Baseline MCS 0.95 0.94 0.96
Baseline PCS 0.91 0.89 0.92
Fair quadriceps strength 1.34 1.02 1.75
Poor quadriceps strength 2.28 0.79 6.61

Post-TKR PCS Change by Responder Class
Non-responder

10
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Percent
0

-20 0 20 40
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Fig. 8 Model predicts two patient groups, those with high and low
12-month functional outcome (SF12/PCS).

that over 31% of patients reported little or no improvement
in function (change in PCS < 5). In addition, one can
hypothesize three possible sources of variation in postop-
erative functional gain: (1) perioperative surgical care; (2)
patient attributes prior to surgery; and (3) post-TKR reha-
bilitation regimens. In this analysis, we used complication
reports and surgical data to identify and include only
patients with technically successful TKR surgery. Because
rehabilitation regimens are not recorded in the registry and
vary widely, we were unable to isolate the potential con-
tribution of rehabilitation to the degree of functional

improvement after TKR. Future research should attempt to
control for the influence of post-TKR rehabilitation.

Our analyses document differences in patient attributes
prior to surgery, including age, body mass index, emotional
health, and quadriceps strength, are associated with varia-
tion in functional gain after TKR. Others have documented
that despite excellent surgical technique, refined prosthet-
ics, and consistent post-TKR pain relief, substantial
variation in post-TKR functional improvement exists [21].
For example, the TKR Patient Outcomes Research Team
(PORT) multisite, prospective study reported 12-month
post-TKR function actually declined in 19% of participants
while other patients reported functional gains more than
three times the average [12]. Previous TKR outcomes
research and recent reviews have identified consistent
predictors of post-TKR function yet concluded no one
patient attribute or surgical factor offered a satisfactory
explanation for this outcome variation [11, 13, 14].

While advanced age is not a surgical contraindication
for TKR, it may be associated with less functional
improvement after surgery. In this cohort, patients over
80 years of age were more likely to have a 1-year function
score below 30 than patients in younger groups. A 2004
retrospective study of 130 frail elders (age > 80) who had
knee or hip replacement surgery reported 95% satisfaction
with outcomes and 90% of patients were categorized
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as community walkers without assistance [20]. Future
research should correlate function scores with community
walking to clarify the level of functional gain that is likely
for patients older than 80 years.

We found pre- and post-TKR function distributions for
women were shifted toward lower function when compared
to men. This is consistent with two reports suggesting
women have more advanced symptoms and greater dis-
ability at time of TKR and women’s post-TKR function
lags behind that of men [7, 12]. In addition, fewer women
than men reported post-TKR function scores of 50 or more.

Our data suggest BMI over 40 is associated with a
higher likelihood of poor functional improvement. This is
consistent with research reporting that higher BMI is
associated with lower activity among TKR patients [9, 17].
Prior research reports no detectable difference in surgical
outcome (Knee Society score; 76 months) between patients
with a BMI greater than or less than 40 kg/m? [22].
However, obese patients have a higher revision rate than
non-obese patients (5% versus 3%) but no difference in 10-
year prosthetic survival has been noted [21]. While the vast
majority of patients with a BMI less than 30 demonstrated
improvement in PCS (SF-36), patients with a BMI 30 or
above showed varying functional gains.

While it is accepted that emotional health influences
functional gain after TKR, the relationship is not clearly
understood. The knee replacement PORT study stated:
“Those patients who had lower Mental Component scores
before surgery were less likely to improve physically
[13].” Consistent with the PORT results, the current
analysis demonstrates two post-TKR distributions: one for
high pre-TKR emotional health (MCS > 50) and one for
low pre-TKR emotional health (MCS < 50). The majority
of post-TKR patients with stronger emotional health
reported improvement in function. However, the low emo-
tional health group (MCS < 50) distribution was almost flat
with large numbers of patients reporting no improvement in
PCS at 12 months. One recent analysis of international TKR
patients reports pre-TKR emotional health (MH subscore/
SF36) was a predictor of post-TKR physical function as
measured by both WOMAC and SF36 [6]. Our previous
work established low MCS patients undergoing TKR exhibit
higher trait anxiety, subclinical depression, poor coping
skills and less social support [2]. The current analysis of a
national cohort supports the importance of addressing
emotional health issues in the perioperative TKR process.

Finally, patients in this database with poor quadriceps
strength on pre-TKR physical exam were more likely to
report low function at 1 year following surgery. It is well
recognized quadriceps strength is important to knee func-
tion. Mizner et al. [17] reported poor pre-TKR quadriceps
strength is associated with poorer knee function as mea-
sured by both the stair-climbing and timed up-and-go tests
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at 6 months post-TKR. However, muscle strength did not
predict SF36 self-reported function [18]. A small series
reported the isometric maximal voluntary quadriceps con-
traction was lower on the operated leg both before TKR
and at 6 months following but reported improvement in
explosive force at 6 months post-TKR [10]. The origin of
quadriceps weakness in knee osteoarthritis may be related
to both the progression of the underlying pathology and
disuse atrophy. However, the sequence of events has not
been definitively identified [3]. Additional research is
needed to better understand the association between pre-
and post-TKR quadriceps strength and functional gain
following surgery.

The unprecedented number of cases (8050 patients with
complete baseline and 1-year followup data) and surgeons
(135 orthopaedists in 31 states) included in this sample
strengthen the results. The baseline patient attributes and
12-month functional returns in our research cohort
approximated the prospective cohorts described in the lit-
erature. Minor differences exist between our population
and that of the PORT study (ie, younger mean age, higher
mean BMI), but it is likely these differences reflect change
in the patients who choose TKR today versus patients in
1992-93.

While TKR surgery consistently relieves pain due to
arthritis, one-third of patients reported limited functional gain
1 year after surgery. These analyses suggest functional gain
following TKR varies by demographic and clinical variables,
including pre-TKR age at surgery, gender, BMI, emotional
and physical function, and quadriceps strength. Age, BMI,
baseline MCS and PCS, and poor or fair quadriceps strength
predicted the low function responder group. In theory, some
of these variables, such as BMI, emotional health, and
quadriceps strength, are modifiable. However, in clinical
practice, preoperative change in these variables may be
unrealistic. Knee pain associated with advanced arthritis
limits the patient’s ability to lose weight or participate in a
muscle strengthening program. Thus, future research may
examine strategies to tailor postoperative rehabilitation pro-
grams to the particular needs of these patients. Similarly,
patients with poorer emotional health (low MCS) achieve
poorer functional gain after TKR. We are currently devel-
oping and testing a behavioral support program for patients
with low MCS with the goal of enhancing active participa-
tion in rehabilitation after surgery to improve functional gain
in these patients. A better understanding of the patient attri-
butes associated with limited improvement in post-TKR
function will allow surgeons to discuss the likely functional
outcome in individual situations in order to assure patients’
expectations are satisfied.
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Appendix 1

Comparison of patient attributes in PORT study, Zimmer total, Zimmer subset with complete data, and single site registry

Pre-TKR Patient attributes

Zimmer subset

(Research Cohort)*

Zimmer total

PORT study’

Central NY:
Single site

Years of enrollment

# Surgeons

# Patients eligible for inclusion

# Patients included

% Patients included

% Patients with followup data”

Patients Included

Osteoarthritis diagnosis (%)

Knee pain past 6 M (%)

Primary TKR (%)

Potential Prognostic Variables

Age (mean years)

Male %

Female %

Region of US (# states)

BMI (mean)

SF12 PCS preoperative

SF12 MCS preoperative

KSS- Pain preoperative

KSS- Function preoperative

Outcome Variables

SF12 PCS 12 month

Mean PCS change (pre to 12 mo)

KSS- Pain 6 month

KSS- Function 6 month

Surgeon and hospital factors

% patients treated by surgeons with annual volume > 20/year
Surgeon volume > 20/year in database (%)
% patients treated in hospitals with annual volume < 50
Hospital < 50 TKR/year (%)

2000-2004 2000-2004 1992-1993 1998-2000
135 171 48 2
unknown unknown 563 172

8050 17,270 291 172
unknown unknown 52 100

100 (1 year) 51 (1 year) 92 (2 years) 100 (1 year)
95 94 100 100

100 100 100 100

100 100 100 100

67.8 67.6 70.2 67.3

34 35 37 34

66 65 63 66

31 36 Indiana Central NY
32 32 30 —

30.3 30.2 274 304

52.6 53.6 52.5 52.5

37.0 35.6 34.7 —

47.0 47.7 41.2 —

43.8 42.6 38.1 40.8

13.6 14.1 10.5 10.4

80.0 76.8 62.8 —

67.3 66.1 62.5 —

78% 73% 77% 100%
30.4% 22.5% — 100%

40% 39% — 0

41% (n = 92) 45% (n = 144) 20% (n = 5) 0

* Defined as cases with complete baseline and 12-month followup data.Sources: Tierney, 1994 [21]; Heck, 1998 [12].

Appendix 2

Mixture Model Detail

The mixture model can be written as: y; = X;p + mj;e1+
Toiey + &, where y; is 12-month PCS change of subject
i, X; ‘is the vector of baseline characteristics of the subject,
B are the coefficients, &~N(0,0%); ny; = exp(za)/
(1 4+ exp(z;ot)) and mp; = 1 — m; are the mixing probabilities
for latent low- and higher-responder groups, z; is the vector of

the i-th subject’s characteristics that predict his/her proba-
bility of belonging to the low responder group, and e; and e,
are the two discrete random variables corresponding to the
low- and high-responder groups. As part of the model, we
used a logit function to model the probability of a patient
outcome falling in the low functional improvement group
(versus high functional gain). A patient was classified into the
low functional response group if 7y; > my;.
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