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Abstract

Objective. To identify whether patients in lower socioeconomic groups had worse pain and functional levels prior to
total knee arthroplasty and then establish whether these patients had poorer post-operative outcomes following total knee
arthroplasty.

Method. Data was obtained from a prospective observational study of 974 patients undergoing primary total knee arthro-
plasty for osteoarthritis. The study was undertaken in 13 centers in 4 countries. Pre-operative data was collected and patients
were followed for 2 years post-operatively. Pre-operative details of the patients’ demographics; socioeconomic status (SES)
(education and income); height; weight and co-morbid conditions were obtained. The WOMAC scores were obtained preo-
peratively and during follow-up.

Results. Using multivariate linear regression analysis, patients with a lower income had a significantly worse pre-operative
WOMAC Pain (P ¼ 0.021) and function score (P ¼ 0.039) than those with higher incomes. However, income did not have a
significant impact on outcome at final follow-up after adjusting for other significant covariates. Level of education did not
correlate with pre-operative scores or with outcome at any time during follow-up.

Conclusion. Across all four countries, patients with lower incomes appeared to have a greater need for total knee arthro-
plasty. However, level of income and educational status did not appear to affect the final outcome following total knee arthro-
plasty. Patients with lower incomes appeared able to compensate for their worse pre-operative score and obtain similar
outcomes post-operatively. These findings are in contrast to studies on other medical conditions and surgical interventions, in
which a lower SES has been found to have a negative impact on patient outcomes.
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Introduction

Total knee arthroplasty has established itself as an extremely
efficacious treatment for patients with arthritis. Its’ effects on
improving physical function and reducing pain are well docu-
mented [1]. However, outcome is not solely dependent on
the surgical technique and the operative procedure.
Pre-operative function has been shown to be one of the
strongest determinates of functional outcome after total joint
arthroplasty [2] and specifically after total knee arthroplasty
[3]. Other patient factors, such as mental health status [3, 4];
co-morbid medical conditions [2, 3]; patient expectations [5];
gender [4] and type of arthritis [4] have also been correlated
with outcome. Limited study has been undertaken into the

effects of socioeconomic factors on patient outcomes follow-
ing total joint replacement.
The utilization of resources by different socioeconomic

groups has been studied. Yong et al. demonstrated that
patients who were socioeconomically deprived were approxi-
mately twice as likely to be in need of total knee arthroplasty
and were less likely to be receiving services [6]. Other studies
have demonstrated that patients with less formal education
and lower income, worse arthritic symptoms and disability
combined with a greater potential need for hip and knee
arthroplasty [7].
The correlation of positive patient expectation and

improved outcome after total joint arthroplasty has been
demonstrated [4]. There is evidence that patients from higher
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socioeconomic groups have higher expectations of total joint
arthroplasty [5]. These studies would therefore suggest that
patients from higher socioeconomic groups might obtain
better outcome after total joint arthroplasty.
The effect of socioeconomic status (SES) on the outcome

of surgical interventions in other areas has been studied.
Patients in lower socioeconomic groups have been shown to
have a worse outcome in colorectal cancer [8], after liver
transplantation [9] and after renal transplantation [10]. The
mortality rate of elective surgery patients in the ICU has also
been shown to be higher in patients with lower SES [11].
The ability to identify pre-operatively those patients who
are at risk of a worse outcome following total knee arthro-
plasty could help in the implementation of measures that
could be directed towards them in an attempt to improve
their final outcomes. Our aims were to identify whether
patients in lower socioeconomic groups had worse pain and
function prior to total knee arthroplasty and to establish
whether these patients had poorer post-operative outcomes
following total knee arthroplasty.

Materials and methods

Design

Data for these analyses were obtained as part of the
Kinemax Outcomes Study that was a prospective observa-
tional study of primary total knee arthroplasty for osteoar-
thritis in thirteen centers: four in the USA; six in the UK;
two in Australia and one in Canada. The appropriate
institutional review board or ethical committee approved the
study at each of the participating centers. Independent
research assistants at the participating sites recruited patients
from September 1997 to December 1998 in the UK, the
USA and Australia and in Canada recruitment extended to
the end of 1999.

Patients

All patients undergoing primary total knee arthroplasty using
the Kinemax prosthesis (Stryker Howmedica, NJ, USA) for
primary osteoarthritis were included. Patients were excluded
if they had a history of knee joint infection or prior implant
surgery to the index knee or were unable to complete the
questionnaires because of cognitive or language difficulties.
Patients who had bilateral total knee arthroplasty within 12
months were excluded from these analyses to ensure that the
follow-up results reflected the outcome of the index oper-
ation and not a subsequent surgery.

Data collection procedures

Pre-operative data were collected within 6 weeks prior to
total knee arthroplasty and follow-up data were collected at
3, 12 and 24 months following surgery. One of the authors
(E.A.L.) trained all research assistants to standardize data

collection and data were entered into a single database at the
coordinating center.

Data elements

The pre-operative questionnaire included demographic
details, socioeconomic data (education, income, working
status and living arrangements), height, weight and history of
co-morbid conditions. The self-administered co-morbidity
questionnaire has been validated with a medical record-based
co-morbidity instrument as well as with subsequent health
status and utilization [12]. This instrument collects infor-
mation about hypertension, heart disease, lung disease, dia-
betes, neurological disease, depression etc., but with the
exception of back pain does not give a measure of musculo-
skeletal co-morbidity.
The same education categories were used for all countries

with the exception of the wording for item 3 which for cul-
tural reasons was listed as ‘graduated high school’ for USA
and Canada and ‘completed high school’ for UK and
Australia (Table 1). We favored these categories over years of
education as we believe that it gave a more explicit level of
education attained by each of the participants.
At each evaluation, the WOMAC [13], a disease-specific

measure of pain and function, was self-administered. We
transformed WOMAC scores to a 0–100 scale for each
domain (100 best).

Statistical methods

Statistical analyses were performed using the SAS Version
8.0 statistical software [14]. We used Spearman correlation
coefficients to measure the strength of the association
between income, education, WOMAC Pain and Function
scores. We hypothesized that there would be a moderate
positive correlation between income and education levels
(R . 0.50) and that there would be a positive correlation
between these SES measures and level of pain and function
(R . 0.50 indicating less pain and functional limitation in
patients with higher SES).
Multivariate linear regression analyses were used to deter-

mine if income and education status were significant inde-
pendent correlates (P , 0.05) of pain and function using
WOMAC Pain and Function scores at each assessment time
as the dependent variable. In the models with pre-operative
WOMAC Pain and Function as the dependent variables, we
adjusted for age, gender, number of co-morbid conditions,
country and center within country which have previously
been shown to be independent correlates of outcome [3]. In
the models with the follow-up WOMAC scores as the
dependent variables, we adjusted for the above variables as
well as pre-operative WOMAC Pain and Function scores.
These models were tested for robustness by running the
analysis with imputed values (mean value for each country)
to test if the significance of the income and education
variables changed. This method has been described and
used in our previous publication [3]. Differences in
WOMAC scores of 9–12 points on a 100-point scale have
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been shown to be perceptible to patients and are clinically
meaningful [15].

Results

A total of 1249 (78.6%) of all eligible patients were recruited.
Reasons for eligible patients not being recruited were: (i) 128
(8.1%) refused consent, (ii) 197 (12.4%) were missed pre-
operatively due to absence of the research assistant

for sickness or vacation or were not recruited because of
insufficient time to inform, consent and evaluate prior to
surgery and (iii) 14 (0.9%) patients were already enrolled in
another study and Ethical/IRB protocol at this site did
not allow their recruitment into more than one study. During
the recruitment period only 6% of all primary total knee
arthroplasty patients operated on by the participating sur-
geons did not have a Kinemax Plus prosthesis, frequently
because a more constrained prosthesis was required. After
exclusion of 275 patients, who had bilateral total knee

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Basic demographics, clinical features and SES data at pre-operative assessment

UK N ¼ 430 US N ¼ 260 Australia N ¼ 170 Canada N ¼ 114

Agea 72 (56, 84) 70 (51, 85) 70.5 (55, 81) 71 (49, 84)
Gender—N (%) female 250 (58) 164 (63) 95 (56) 78 (68)
Number of comorbiditiesa 1 (0, 4) 2 (0, 4) 2 (0, 4) 2 (0, 4)
N (%) .2 comorbidities 170 (40) 138 (53) 89 (52) 61 (54)
Body mass index (BMI)a 28 (22, 36) 31 (22, 44) 27 (22, 39) 29 (22, 39)
BMI Categories—N (%)

,25 92 (23) 39 (16) 42 (26) 16 (15)
25– , 30 172 (44) 70 (29) 65 (40) 45 (42)
30– , 40 118 (30) 108 (44) 50 (31) 43 (40)
. ¼ 40 12 (3) 27 (11) 5 (3) 4 (4)

Income categoryb (146 missing responses)—N(%)
, $15 000 92 (26) 44 (19) 46 (34) 19 (18)
$15 000–$30 000 189 (54) 90 (38) 70 (52) 40 (38)
$30 000–$45 000 53 (15) 43 (20) 10 (8) 16 (15)
$45 000–$60 000 13 (4) 20 (9) 3 (2) 11 (10)
.$60 000 4 (1) 33 (14) 7 (5) 20 (19)

Education Status (27 missing responses)—N(%)
Less than high school 216 (53) 17 (7) 42 (25) 11 (10)
Some high school 100(24) 28 (11) 56 (33) 31 (27)
Graduated/completed high school 41 (10) 102 (40) 38 (22) 30 (26)
Some college, technical or university 34 (8) 52 (20) 17 (10) 16 (14)
Graduated college, technical or university 11 (3) 27 (11) 13 (8) 16 (14)
Post-graduate education 7 (2) 28 (11) 4 (2) 10 (9)

Working status (4 missing responses)—N(%)
Working full-time 21 (5) 45 (17) 12 (7) 14 (12)
Working part-time 7 (2) 17 (7) 9 (5) 7 (6)
Homemaker full-time 23 (5) 30 (12) 23 (14) 12 (10)
Student full-time 1 0 0 0
Unemployed, looking for work 1 0 0 0
Disabled and unable to work 38 (9) 24 (9) 7 (4) 14 (12)
Retired 336 (79) 143 (55) 119 (70) 67 (59)

Pre-operative scores
WOMAC Paina 40 (5, 65) 40 (0, 75) 45 (15, 80) 40 (5, 75)
WOMAC Functiona 41 (12, 76) 47 (10, 75) 50.5 (26, 85) 47 (7, 76)

aScores reported are the medians (95% confidence interval); bIncome categories were created for each country based on the middle level
covering the gross median household income for that country at the time of the study. The lowest income category was half the lower limit
of the middle category (,� 40% of gross median household income) and the highest income category was . twice the lower limit of the
middle category. The country specific categories using the appropriate currency for that country were used in the in the respective
questionnaires for each country. For presentation purposes we include the US income category only.
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arthroplasty within 12 months, a total of 974 met the
inclusion criteria.
A total of 430 (44%) patients were from the UK, 260

(27%) patients were from the USA, 170 (17%) patients
were from Australia and 114 (12%) patients were from
Canada. A total of 181(18.1%) of patients had data missing
at follow-up assessments. Thirty-five (3.5%) had died,
19(1.9%) had other illness preventing them from attending,
17(1.7%) had revision total knee arthroplasty, 46(4.6%)
withdrew, 12(1.2%) moved away, 40(4%) were lost to
follow-up and 12(1.2%) were unable to attend but were still
in the study. There was no significant difference in respon-
ders and non-responders at each follow-up time in terms of
age, gender or education status but non-responders at 12
and 24 months reported significantly lower incomes at pre-
operative assessment (P ¼ 0.04 and 0.02, respectively).
Table 1 shows the basic demographic data and clinical fea-
tures at pre-operative assessment of the cohort. The UK
patients were significantly older (P ¼ 0.017) but there was
no significant difference in the gender proportion between
the countries. The UK patients reported significantly fewer
co-morbid medical conditions compared to the other three
countries (P ¼ 0.0001). The US patients had significantly
higher BMI with 27 (11%) being morbidly obese (P ,

0.0001). Patients from the UK had significantly worse
pre-operative function limitation than the other countries
(lower WOMAC Function scores, P , 0.0001) and patients
from Australia reported significantly less pain (higher
WOMAC scores, P , 0.0001) than the other countries
pre-operatively.

Table 1 shows the SES variables by country and illustrates
that there was marked variation in these measures with
patients from the USA and Canada reporting higher levels of
education and income. These patients were also more likely
to still be working compared with the high levels of retired
patients in the UK (79%) and Australia (70%). Income and
education were modestly correlated (R ¼ 0.39) but corre-
lations between these SES variables and WOMAC Pain and
Function scores at each evaluation time were weak (R , 0.20
in all instances).
The data from the analyses by country are limited as in

some countries there were relatively few participants in the
higher income and education categories reducing the ability
to draw conclusions alone from this data (Table 1).
Therefore, due to the differences between countries and
centers within countries we adjusted for country and center
within country in our models that included all data. In the
models which combined all of the data, level of income
was a significant correlate of pre-operative WOMAC Pain
(P ¼ 0.021) and Function (P ¼ 0.039) with lower income
being associated with lower WOMAC scores. Income did
not have a significant impact on outcome except for
WOMAC Pain at 12-months (P ¼ 0.014) but at all other
assessment times for WOMAC Pain and all follow-up
assessments of WOMAC Function, income was not a sig-
nificant correlate. The adjusted mean scores for WOMAC
Pain and Function by income category (Table 2) and edu-
cation category (Table 3) shows the magnitude in the differ-
ences in these scores. At no time was educational status a
significant correlate of WOMAC Pain and Function. There

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Mean WOMAC Pain and Function scores at each assessment time by income categories

Pre-operative number Pre-operative 3-month 12-month 24-month 24-month number

WOMAC pain
,$15 000 200 38.3 69.6 78.0 82.8 145
$15 000–30 000 386 42.1 73.7 83.2 85.2 308
$30 000–45 000 127 39.8 71.2 80.5 80.7 100
$45 000–60 000 47 45.0 75.6 82.3 81.6 38
.$60 000 63 47.2 76.5 87.0 88.2 52
P-value* 0.021 0.070 0.014 0.071

WOMAC function
,$15 000 201 44.0 69.0 70.9 73.1 145
$15 000–30 000 389 48.7 71.2 75.0 76.0 309
$30 000–45 000 127 47.8 69.3 71.3 71.3 99
$45 000–60 000 47 49.2 71.9 73.5 73.1 38
.$60 000 64 51.0 72.7 75.7 77.2 52
P-value* 0.04 0.40 0.11 0.14

Mean scores are adjusted for age, gender, education, number of comorbid medical conditions, country and center within country and at
follow-up for the respective pre-operative score.Income categories were created for each country based on the middle level covering the
gross median household income for that country at the time of the study. The lowest income category was half the lower limit of the
middle category (,� 40% of gross median household income) and the highest income category was . twice the lower limit of the middle
category. The country specific categories using the appropriate currency for that country were used in the respective questionnaires for each
country. For presentation purposes we include the US income category only; *P-value reported is for the significance of the F-value for the
income variable in the general linear models from which the adjusted means were calculated.
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was considerable income data missing with 146 patients
(15%) not entering a response for this question. For this
reason using all data, we ran the models again using
missing value substitution (mean value for each country)
and found that the significance level of income and edu-
cation was not altered.

Discussion

Our results demonstrated that patients with a lower income
have significantly worse pre-operative WOMAC Pain and
Function scores than those with higher incomes. This
finding substantiates the correlation between lower income
and worse pre-operative scores, which has previously been
demonstrated across different countries’ health care systems
[6, 16]. However, in our study this did not translate into
worse post-operative outcome at final follow-up. Lower
income patients did have significantly worse WOMAC pain
scores at twelve months post-operatively (P ¼ 0.014); but by
24 months this difference was no longer significant.
Education status did not significantly affect outcome at any
time during follow-up.
Lower income has been associated with barriers to access

total knee arthroplasty especially in health care systems such
as that in the USA that rely predominantly on private health
insurance [17]. One common explanation for this disparity is
that patients with a lower income are less likely to have
private health insurance and may therefore wait longer for
surgery. This may explain the disparity in the USA and
Australia where there is an established private health care
system. However, the same barriers to access in the UK and

Canada are much more difficult to explain. The UK still
relies heavily on the National Health Service, which provides
equal access to care, irrespective to income. In a previous
study undertaken in the UK, lower rates of total joint arthro-
plasty were found in patients with lower SES; however, they
paradoxically found that overall rates of consultation for
arthritis were greater in these patients [18]. The effect of SES
has also been studied in Canada where universal access to
health care is available according to need with no private
health care access. In this model of health care, SES also
affected utilization of health services [19]. It has therefore
been suggested that the reason why patients with a lower
socio-economic status have a greater unmet need for total
joint arthroplasty is multi-factorial and does not solely relate
to the discrepancy in waiting times in the private and public
health care systems. The disparity in the apparent access to
total knee arthroplasty between different socioeconomic
groups is a concern to those studying quality of care. The
disparity potentially highlights a group of patients for whom
the best care may not be provided. This information can be
used by health care planners to target these groups and
ensure that equitable access to health care services is avail-
able for all.
Our studies finding that socioeconomic factors do not

appear to correlate with a worse post-operative outcome fol-
lowing total knee arthroplasty is unexpected. Previous studies
in other specialities have shown disparities in the outcome of
patients from different socioeconomic groups [8–11].
Factors that may disadvantage patients in the lower socioeco-
nomic groups may include a reduction in comprehension of
health literature and risk factors; poor symptom recognition
combined with a decreased ability to navigate the health

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Mean WOMAC Pain and Function scores at each assessment time by education categories

Pre-operative
number

Pre-operative 3-month 12-month 24-month 24-month
number

WOMAC pain
Less than high school 285 40.4 72.6 82.0 82.1 213
Some high school 213 40.7 72.2 82.0 82.1 167
Graduation/completed high school 210 43.6 73.9 82.8 81.8 176
Some college, technical or university 118 44.7 73.5 83.8 85.3 98
Graduated college, technical or university 67 44.2 73.6 81.2 87.4 49
Post-graduate education 48 41.4 74.0 81.2 83.4 35
P-value* 0.36 0.98 0.96 0.41
WOMAC function
Less than high school 284 46.5 71.1 73.1 73.1 213
Some high school 215 47.4 70.4 72.3 71.8 165
Graduation/completed high school 211 47.4 71.6 73.6 72.7 177
Some college, technical or university 119 49.6 70.6 73.7 77.1 98
Graduated college, technical or university 67 48.7 69.7 72.6 76.3 48
Post-graduate education 49 49.2 71.5 73.5 73.8 35
P-value* 0.82 0.97 0.96 0.40

Mean scores are adjusted for age, gender, income, number of comorbid medical conditions, country and center within country and at
follow-up for the respective pre-operative score; *P-value reported is for the significance of the F-value for the income variable in the
general linear models from which the adjusted means were calculated.
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system and an unwillingness and lack of desire to receive
treatment: in addition to provider factors, such as the stereo-
typing of patients [20, 21] and less time being spent with less
well-educated patients [22], potentially leading to a disparity
in both referral for surgery and decision to operate [7].
These biases may certainly have an effect on patients’ access
to total joint arthroplasty services as has been demonstrated
by our study and others [2, 7, 16]. It has been shown that
patients with less formal education had a decreased percep-
tion of the benefits from exercise compared to those who
had attained more education, thereby reducing their moti-
vation to adhere to exercise recommendations [23, 24],
which may negatively affect outcomes. However, the results
of our study demonstrated that patients with lower SES do
not have an inferior outcome at 2 years.
Pre-operative status has consistently been shown to be the

strongest determinant of post-operative pain and functional
outcome, both in the immediate post-operative period and
up to 2-years post-operatively [2, 3]. However, our study
illustrated that despite patients with lower incomes having
significantly worse pre-operative WOMAC Pain and Function
scores, there was no significant difference at the 2-year
review. This observation is analogous to the discrepancies
between male and female patients undergoing total joint
arthroplasty. It has been consistently shown that women have
worse pre-operative pain and functional scores [17, 18].
However, women do not appear to have significantly worse
post-operative scores, highlighting a larger improvement in
pain and functional outcome [3].
We accept that within this study there are certain limit-

ations. The education and income categories we used were
fairly basic measures of SES. The grouping of educational
achievement is difficult to standardize between the different
countries. Our study highlights that patients from the USA
and Canada appeared to have higher levels of education
compared to the other countries. This may be accounted for
by the fact that in North America the education system is
structured to encourage a large proportion of students to
continue with education following high school. The fact that
patients in the USA and Canada also had higher incomes
than those in the UK and Australia may also be partially
explained by the fact that patients in North America were
more likely to still be employed and were significantly
younger than patients in the UK who were more likely to be
retired. Using income to assess SES in the retired population
has inherent difficulties, although with the inclusion of
income from investments and pensions we would hope to
reduce some of this error. However, this will still lead to a
bias in this particular group, as an underestimation of
income may potentially occur. The difficulties of studying
patients across different health care settings has previously
been well documented [25]. Our study was limited as we
recruited patients from specific surgeons and centers rather
than a population-based cohort. This study was performed
on a data set collected from a cohort of patients that had
originally been recruited for the purpose of another study.
However, the strengths of this study include the collection of
very detailed data on a large number of patients and high

rates of follow-up at 2 years being obtained allowing for
important confounding variables to be adjusted for in the
multivariate analyses.

Conclusion

This study demonstrated that patients with lower incomes
had worse pre-operative pain and functional limitation. This
may suggest that there is a greater unmet need for total knee
arthroplasty in this group of patients. However, level of
income and educational status did not affect the 2-year
outcome following total knee arthroplasty. Patients with lower
income appear to be able to compensate for their worse pre-
operative score and obtain similar outcomes post-operatively.
These findings are in contrast to studies on other medical
conditions and surgical interventions in which SES has been
found to have a negative impact on patient outcomes.
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