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Abstract
Background: The purpose of the study is to evaluate the self-reported outcomes in the first year after primary total
knee arthroplasty (TKA), and to determine factors influencing the quality of life (QoL) 6 weeks, 3, 6, and 12 months
after TKA.
Methods: A cohort of patients with knee osteoarthritis undergoing primary TKA at two hospitals (a regional
university hospital and a capital’s metropolitan hospital) was prospectively followed for 12 months. Patients were
assessed preoperatively and at 4 postoperative time-points, with the use of self-reported measurements for pain,
physical function and depression with the following evaluation tools: Western Ontario and McMaster Osteoarthritis
Index [WOMAC], Knee Society Scoring system [KSS], Centre for Epidemiological Studies Depression Scale, [CES-D10]
and visual analog scale [VAS] for pain). General linear modelling for repeated measures was used to evaluate the
effect of each independent variable including clinical and sociodemographic data. Differences between groups at
different time points were tested by the independent samples t-test.
Results: Of the 224 eligible patients, 204 (162 females, mean age 69.2) were included in the analysis. Response rate
at one year was 90%. At 6 weeks after surgery, despite improvement in pain and alleviation of the depressive
mood, the physical function remained less satisfactory. Females presented lower scores in terms of quality of life,
both preoperatively and 6 weeks after TKA. Significant improvement was already experienced at 3 months
postoperatively. According to WOMAC, KSS, CES-D10 and pain VAS scores the Qol was significantly improved
12 months after TKA (P < 0.001). CES-D10 score was positively correlated with WOMAC and pain VAS scores at all
the time points assessed (P < 0.001). Age, body mass index (BMI), place of residence, level of education and social
support were not significant predictors of QoL after TKA.
Conclusions: Patients experienced great improvement in their QoL after TKA in spite of a less satisfactory physical
function in the first 6 weeks after surgery, with noticeable differences in the QoL among genders in the same time
period. After that period all patients experienced significant improvement for all the measured parameters, until the
third postoperative month with smaller changes thereafter.
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Background
Osteoarthritis (OA) is one of the most common causes
of chronic pain and functional disability in the elderly
and is related to genetic predisposition, environmental
factors, lifestyle changes and ageing. The increased life
expectancy and the tendency for obesity in younger individuals have lead to an increased prevalence of the
symptomatic knee OA with broad variation among different populations[1]. It is reflecting not only genetic differences but also preferences in the physical and lifestyle
activities, trauma and the obesity, apart of the methodological variations among the different studies [2-5]. In
Greece, the age and sex adjusted, estimated prevalence
of symptomatic knee OA is 6.0% (95% CI 5.6–6.4). It is
more common in the rural populations (7%) and has
higher prevalence in women than men with a ratio of
2.7 to 1 [6]. In patients suffering from OA that does not
respond to medical treatment, total knee arthroplasty
(TKA) is the most effective surgical procedure to reduce
pain, correct the deformity and improve the patient’s
quality of life (QoL) [7-11].
Numerous follow-up studies after TKA reported that
several socio-demographic and clinical variables, such as
pre-intervention QoL scores, age, gender, obesity, social
support, the number of comorbidities and the status of
the mental health, may influence the outcome [10-14].
This study prospectively evaluates the QoL after TKA,
in a cohort of Greek patients. The objectives of the present
study are to investigate the effect of patients’ demographic
and clinical characteristics on the three dimensions of
QoL (bodily pain, physical function and mental health)
preoperatively and in a 12-month post-TKA period, and
to identify disparities in the clinical outcome based on location of residence, educational status and social support.
Methods
The cohort consisted of patients from the orthopaedic
departments of two hospitals: the University Hospital of
Larissa, located in central Greece, and the Veteran’s Hospital, located in downtown Athens. The duration of the
follow-up was 12 months. The patient population of the
University Hospital covered a broad spectrum of origin
from rural to urban areas of the region while the population of the Veteran’s Hospital of Athens originated from
urban near by areas. In Greece, the municipalities in
which the largest settlement has less than 2,000 inhabitants are considered rural areas, while semi-urban are
considered the areas with 2,000-10,000 inhabitants, and
urban the areas with population larger than 10,000 [6,14].
Patients were included in the study if they fulfilled the following criteria: they suffered from severe knee arthritis
(OA or traumatic) and were scheduled to undergo primary
TKA, were speaking the Greek language and had an adequate hearing and cognitive function. Patients with knee
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replacement due to inflammatory diseases, severe neurological, cardiac, and psychiatric comorbidities that would
significantly compromise physical function and those residing in long-term institutions and nursery houses were
excluded. All those who agreed to participate in the study
gave a written consent and agreed upon the follow-up evaluations at pre-scheduled intervals, during the first postoperative year. The study was approved from the hospitals
ethics committees.
During the recruitment period 252 patients underwent
primary TKA, but 27 did not meet the criteria, 5 refused
to participate, and 16 underwent contralateral TKA during the follow-up period and were excluded from the
study. The remaining 204 patients, 162 women and 42
men, were included and further evaluated. All patients
started walking on crutches or a walker the second postoperative day and they were able to walk independently
and in good balance before discharge from the hospital.
Study design and data collection

The study design was prospective, with baseline measurements at the day before surgery and postoperative
follow-up with personal contacts at 6 weeks, 3, 6, and
12 months. The information on sociodemographic characteristics of the patients such as age, gender, educational level, place of residence and social support status
were record on a structured questionnaire. The patients’
social support was determined by their marital and living
status. Patients who stated in the pre-intervention questionnaire that there were married or were living with
someone, were defined as having more social support
than those who were single and living alone.
The clinical parameters included specific diagnosis, body
mass index (BMI), previous major joint arthroplasty on the
contralateral knee and Charlson Comorbidity Index score
[15]. Data on perioperative and postoperative complications, waiting-time to surgery in weeks and length of hospital stay in days, were also included. Information regarding
hospital readmissions, post-hospital care and destination at
discharge, as well as rehabilitation within 2 months of surgery, were gathered at the follow-up interviews.
One investigator (IP), who was not involved in the direct
care of the participants, administered the questionnaires
in face-to-face interviews and evaluated the different parameters (e.g. range of motion). For patients who were unable to read Greek because of illiteracy the questions were
read-out by the interviewer.
Quality of life measurements

Four validated measurement tools were used: the Western Ontario and McMaster’s Universities (WOMAC)
Osteoarthritis Index, the Knee Society Score (KSS), the
Centre for Epidemiological Studies Depression Scale,
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short form (CES-D10), and the visual analogue scale
(VAS) for pain.
The WOMAC is a well-known, disease-specific instrument for measuring clinical outcome in patients treated
for knee osteoarthritis [16,17]. Using a Likert scale,
patients rate themselves on multiple items grouped in
three domains: pain, stiffness and difficulty in function.
The maximum score is 20 points for pain, 8 for stiffness
and 68 points for clinical function. Higher scores indicate greater difficulty.
The KSS consists of two scores, a knee score and a
functioning score, both ranging from 0 (worst health or
functioning) to 100 (best health or functioning) [18].
The knee score reflects an objective measurement as
well as patient-reported pain severity. The function score
reflects patient-reported walking distance and stairclimbing and makes deductions for use of a walking aid,
with 100 representing unlimited walking distance and
normal stair-climbing without use of an aid.
The CES-D short form is a 10-item self-reported measure of depressive symptoms commonly observed in older
adults with chronic pain and was employed for independent assessments of
depression and pain at each evaluation in order to measure potential improvement of mood after the surgical
intervention. Scores range from 0 to 30, with higher scores
indicating a higher frequency of current depressive symptoms experienced during the past week. Investigators have
used a validated cut off score of 10 to differentiate clinically depressed from non-depressed patients. [19-21].
The VAS is a commonly used assessment tool measurement for pain [22,23]. Individuals are asked to mark
on a 10-cm line their pain rating, with 0 representing no
pain and 10 representing extreme pain. The WOMAC,
CES-D10 and VAS were used at baseline and at all
follow-up contacts whereas the KSS was used at baseline
and 3, 6, and 12 months.
Statistical analysis

The independent variables were age, gender, BMI (under
and over 30 kg/m2), level of education (elementary/ less
and high), place of residence (rural and urban/semi-urban),
social support (married /living with someone and otherwise), preoperative WOMAC, KSS, CES-D10, and VAS
scores. The data were summarised as means ± S.D. or percentages. The effect of each independent variable was analyzed separately for the WOMAC and KSS questionnaires,
and the CES-D10 and VAS scores, in time (baseline,
6 weeks, 3, 6, 12 months) using general linear modelling for
repeated measures and post-hoc tests with Bonferroni’s correction. A general linear model multivariable analysis was
used to estimate the effects of all factors of interest (gender
age, BMI, level of education, social support and place of
residence) on each response variable (QoL questionnaires)

Page 3 of 9

at 12 months postoperatively. The corresponding preoperative scores were used as covariates. The independentsample t-test was performed to compare two groups' scores
on the same variable. Pearson’s correlation coefficients were
calculated to examine the relation between changes in
WOMAC pain and VAS pain scores with changes in CESD10 score. Effect sizes (ES) were calculated for the different
outcome measures using the formula ES = mean change/
SD of preoperative scores. The effect size is a standardised
measure that provides information regarding the magnitude
of change before and after TKA. An effect size of 0.8 or
greater is considered large [24].
A value of P < 0.05 was considered statistically significant. Statistical analyses were performed using SPSS
13.0.

Results
The response rates at 6 weeks, 3 months, 6 months and
12 months follow-up were at 98.5%, 97%, 94.6%, and
90.2% respectively.
Patients’ characteristics

Table 1 summarizes the main characteristics of the study
group population. The majority of patients underwent the
procedure under spinal or epidural anaesthesia (99%). The surgical procedure lasted from 75 to 180 minutes (91.9 ± 19.9).
The length of stay (LOS) in hospital postoperatively varied between 6 and 16 days (6.68 ± 1.3). Patients received thromboembolic prophylaxis, with low molecular weight heparin
(LMWH) for 30 days postoperatively. The most frequently
cited in-hospital complications were urinary tract infection
(n = 3). Two readmissions during the first two preoperative
months were directly related to the prosthesis and required
manipulation of the knee under general anesthesia for inadequate range of joint motion.
Rehabilitation

The majority of the patients (176) went home after discharge and followed a rehabilitation program supported
by a physiotherapist with 12 sessions of physical therapy
in 6 weeks period, starting the day after discharge. The
remaining 28 patients were transferred to rehabilitation
centers with a mean length of stay 19.3 ± (3.3) days and
received a similar program of physiotherapy.
Correlations with preoperative QoL

The preoperative scores of the studied domains are analyzed in Table 2. Analysis of the WOMAC domains showed
that women reported worse preoperative bodily pain
(12.2 ± 3.8 versus 10.3 ± 4.5 units; P = 0.007), physical function (39.6 ± 10.1 versus 34.7 ± 14.1 units; P = 0.01), and stiffness (4.2 ± 1.5 versus 3.6 ± 1.8 units; P = 0.02) as compared
with men. Patients with BMI ≥ 30 kg/m2 had worse preoperative bodily pain (12.4 ± 3.8 versus 11.1 ± 4.1 units;
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Analysis of the KSS questionnaire showed that women
had significantly worse scores as compared with men
(Knee score 39.2 ± 17.6 versus 45.3 ± 18.8 units; P = 0.02
and Functional score 32.5 ± 11.7 versus 37.5 ± 13.2 units;
P = 0.04). No significant differences were detected in
KSS domains across, age, BMI, educational status, place
of residence or social support categories.
According to CES-D10, depression (score of 10) was
detected preoperatively in 44.5% of patients (9 males
and 81 females). Women and those without social support had more depressive symptoms compared to male
patients and to those having social support; these differences were statistically significant (P = 0.003, P = 0.04 respectively). Finally, VAS pain detected significantly
higher scores in women than their counterparts
(9.0 ± 1.6 versus 7.9 ± 2.1 units; P = 0.004).

Table 1 Characteristics of participants (n = 204)
Demographics
Age, years †

69.17 ± 6.69

Female, No. (%)

162 (79.4)

Absence of social support, No. (%)

36 (17.6)

Education: Elementary or less, No. (%)

130 (63.7)

Residence: Rural, No. (%)

86 (42.1)

Medical status
Osteoarthritis, No. (%)

196 (96)

Prior contralateral TKA, No. (%)

44 (21.5)

Charlson comorbidity scale ▫

1.6 (1.5)

Body mass index ≥30, No. (%) ††

108 (52.9)

Waiting time (weeks) †

13.6 ± 10.9 median 12

Complications (in- hospital), No. (%)
Cerebral hemorrhage

1 (0.5)

Pulmonary embolism

1 (0.5)

Postoperative changes in QoL over time

Deep venous thrombosis

1 (0.5)

Table 3 gives the mean change in scores with 95% confidence intervals obtained for each measurement at the five
time points. Table 3 gives (preoperative and at 6 weeks, 3,
6, and 12 months postoperatively). All the scores showed
a significant improvement at the final follow-up
(P<0.001). Table 4 analyses the 12-month post-op scores
according to the examined independent variables.

Urinary tract infection

3 (1.5)

Wound infection

1 (0.5)

Delirium

1 (0.5)

Mortality within 60 post-op days

2 (1)

† Values are mean ± SD; ▫ Charlson comorbidity scale, 0–27 (higher scores
indicate more comorbid illness).
††Weight in kilograms divided by height in meters squared.

WOMAC scores

All groups of patients showed a statistically significant
improvement in WOMAC domains between the preand the 12-month post-operative assessments. Patients
improved from a bodily pain score of 11.8 ± 4.0 units
preoperatively to a score of 1.6 ± 2.4 units (P < 0.001)
12 months postoperatively. Similar gains were observed
for WOMAC function score (38.5 ± 11.3 to 7.3 ± 8.4
units; P < 0.001), and for stiffness score (4.5 ± 1.6 to

P = 0.04) and poorer preoperative physical function
(40.5 ±10.6 versus 36.2 ± 11.6 units; P = 0.01) than did the
patients with BMI < 30 kg/m2. There were no statistically
significant differences in WOMAC domains across age,
educational status, and residence or social support
categories.

Table 2 Preoperative WOMAC, KSS, CES-D10, and pain VAS scores according to patients’ characteristics*
Gender
male

female

Age

BMI

<65 years ≥ 65 years

<30

Level of education
≥30

low}

high

Social support
yes

no

Residence
rural

urban/semi-

WOMAC scale
Pain

10.3(4.5) 12.2(3.8) †† 12.4(3.4)

11.6(4.2)

Function

34.7(14.1) 39.6(10.1)† 37.8(12.4)

38.6(10.9) 36.2(11.6) 40.5(10.6)† 42.1(10.7) 37.9(11.3) 38.3(11.9) 39.5(7.3) 38.7(12.7)

Stiffness

3.6(1.8)

4.2(1.5)†

3.9(1.7)

4.1(1.6)

11.1(4.1)

3.9(1.6)

12.4(3.8)† 12.3(4.2)

4.2(1.6)

4.6(1.3)

11.7(3.9)

3.9(1.6)

11.8(4.1) 11.7(3.5) 11.7(4.5)

4.1(1.6)

3.9(1.6)

4.1(1.5)

11.9(3.7)
38.4(10.3)
4.0(1.7)

KSS
Knee score

45.3(18.8) 39.2(17.6)† 38.8(19.3)

41.4(17.6) 41.3(19.6) 39.9(16.6) 38.9(15.8) 41.6(18.2) 40.41(18.4) 41.1(16.0) 40.9(18.3)

40.3(17.9)

Function score 37.5(13.2) 32.5(11.7)† 37.5(15.9)

33.9(10.4) 36.1(13.7) 33.03(10.4) 33.6(10.5) 34.61(12.4) 34.8 (11.9) 32.5(12.7) 34.1(11.2)

34.7(12.7)

CES-D10

5.9(6.1) 10.4(6.4)†† 10.0(6.5)

8.8(6.6)

8.1(0.7)

9.9(0.6)

9.8(6.8)

8.8(6.7)

8.7(6.6) 11.3(6.1)† 9.5(6.8)

8.9(6.5)

Pain VAS

7.9(2.1)

8.6(1.9)

8.5(2.0)

9.0(1.4)

9.9(1.6)

8.7(1.8)

8.6(1.8)

8.8(1.6)

9.0(1.6)††

9.0(1.4)

* Values are mean ± SD; † P < 0.05, †† P < 0.01; }Elementary or less.
WOMAC scores: pain 0–20, function 0–68, stiffness 0–8; higher scores indicate greater difficulty.
KSS: Knee score 100–0, Functional score 100–0, higher scores indicate better health state.
CES-D10 scores: > 10 indicate depression; Pain VAS: 0–10, better to worse.

9.2(1.3)

8.6(2.0)

Papakostidou et al. BMC Musculoskeletal Disorders 2012, 13:116
http://www.biomedcentral.com/1471-2474/13/116

Page 5 of 9

Table 3 Differences in QoL scores between the examine intervals (baseline,6 weeks,3 -6-12-months)*
Baseline-6 weeks

6 weeks-3 months

3 months-6 months

6 months-12 months

Baseline-12 months

Effect size
Baseline-12 m

WOMAC
Pain

3.1(1.9-4.2)†

4.0(2.9-5.3)†

1.8(1.4-2.4)†

1.3(0.5-1.0)†

10.2(9.4-11.5)††

2.5

Function

1.8(−1.2- 5.4)

16.5(13.5-18.8)†

9.4(7.4(11.2)†

3.5(5.0-1.9)†

31.2(28.8-34.7)††

2.7

Stiffness

0.6(−0.1-1.4)

1.0(0.7-1.3)†

0.9 (0.6-1.0)†

3.3(2.8-3.7)††

2.0

0.8 (0.5-0.9)†

KSS
Knee score

-

−36.7(−41.2- -32.3)†

−2.9(1.1-4.7)†

−48.7(−54.5-45.2)††

2.7

Function
score

-

−17.2 (−20.4- -3.7)†

−11.5(−14.2 -8.8)†

−8.6(−11.1- -6.1)†

−5.6(−7.7 -3.4)†

−34.2(−37.5-30.8)††

2.8

Pain VAS

2.6(2.0-3.1)†

2.0(1.6-2.5)†

1.7(1.2-2.1)†

0.8(−0.4 - 1.1)

7.1(6.5-7.6)††

3.9

CES-D10

1.5(−0.3-3.1)†

2.8(1.6-4.1)†

1.2(0.3 -2.3)†

1.0(−0.3-1.8)†

6.6(4.9-7.9)††

1.0

*Values are mean (95% confidence interval of the difference); Repeated measures GLM with post-hoc Bonferroni’s correction.
† P < 0.05 †† P < 0.001; - Not applicable.
WOMAC scores:pain 0–20,function 0–68,stiffness 0–8,higher scores indicate greater difficulty.
KSS: Knee score 100–0, Functional score 100–0, higher scores indicate a better health state.
CES-D10 scores: > 10 indicate depression; Pain VAS: 0–10, better to worse.

1.2 ± 1.0 units; P <0.001). All WOMAC domains showed
improvement at each follow-up visit (6 weeks, 3, 6, and
12 months).
Table 3 also demonstrates that at 6 weeks postoperative follow-up patients did not improve their physical
function (P = 0.6) and stiffness scores (P = 0.1). There
were no significant differences in WOMAC domains
across age, BMI, education, residence or social support
categories, except the significantly worse scores that
women exhibited in the domains of pain (8.6 ± 3.7 versus
6.0 ± 2.8 units; P = 0.007) and physical function (
38.4 ± 11.8 versus 30.5 ± 12.5 units; P = 0.007) when compared with men, 6 weeks postoperatively (Figure 1).
After that women and men exhibited similar gains
(Table 4).

Regarding the three WOMAC domains, the multivariable analysis showed that the only predictive variables of
better outcome were the baseline scores for pain and
function (Table 5).
KSS scores

The improvement compared with baseline was statistically
significant at 3, 6, and 12 months. In Knee score, patients
were improved from 40.9 ± 18.0 units preoperatively to
89.3 ± 10.9 units 12 months postoperatively (P < 0.001).
Similar pattern was observed for Function score: it
improved from 34.4 ±12.2 preoperatively to 68.6 ± 14.1
units (P <0.001) 12 months postoperatively. In both KSS
domains, there is no significant effect for gender, age, BMI,
social support, education and place of residence at any

Table 4 12 months postoperative scores according to patients’ characteristics*
Gender
male

Age

BMI

female <65 years ≥ 65 years

Level of education

Social support

Residence

<30

≥30

Low}

high

yes

no

rural

urban/semi

1.5(2.2)

1.7(2.6)

1.1(1.5)

1.7(2.5)

1.5(2.3)

2.1(2.9)

1.7(2.4)

2.1(2.8)

WOMAC scale
Pain

1.6(2.4)

1.4(2.4)

1.3(1.9)

1.7(2.5 )

Function

7.5(9.4)

7.2(8.1)

5.3(6.7)

7.9(8.8)

6.4(8.1)

7.9(8.6)

6.4(7.7)

7.4(8.5)

7.0(8.5)

8.4(8.1)

7.2(8.1)

8.3(9.3)

Stiffness

0.7(0.9)

0.8(1.1)

0.7(0.9)

0.9(1.1)

0.8(1.0)

0.9(1.0)

0.9(1.1)

0.5(0.7)

0.8(1.0)

0.9(1.1)

0.9(1.1)

0.7(.09)

KSS
Knee score

89.2(12.1) 89.3(10.6) 90.9(10.3)

Function score 69.3(15.0) 68.4(13.9) 72.1(13.2)

88.64(11.1) 89.8(10.5) 88.7(10.9) 92.3(5.7)

88.7(11.5) 90.6(9.5) 89.4(10.6) 87.0(12.6)

67.4(14.1) 69.6(14.1) 67.7(14.1) 67.1(12.7) 68.8(14.4) 69.0(13.9) 66.5(14.8) 65.2(13.3)

90.6(9.5)
70.8(14.2)

CES-D10

1.7(4.6)

3.0(4.5)†

2.1(3.8)

2.9(4.7)

2.3(4.1)

2.9(4.8)

1.9(3.4)

2.8(4.7)

2.6(4.4)

3.3(5.2)

3.1(5.0)

2.4(4.5)

Pain VAS

1.5(2.1)

1.7(2.1)

1.(2.0)

1.7(2.1)

1.5(2.1)

1.7(2.0)

1.3(1.8)

1.7(2.1)

1.5(2.0)

2.0(2.4)

1.9(2.2)

1.4(2.0)

*Values are mean ± SD; † P < 0.05; }Elementary or less.
WOMAC scores: pain 0–20, function 0–68, stiffness 0–8; higher scores indicate greater difficulty.
KSS: Knee score 100–0, Functional score 100–0, higher scores indicate better health state.
CES-D10 scores: > 10 indicate depression; Pain VAS: 0–10, better to worse.
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Figure 1 WOMAC pain and function scores according to gender.

postoperative follow-up interval (Table 4). The multivariable analysis has not disclosed predictive variables of KSS
outcome,(data not shown).
Pain VAS and CES-D10 scores

Pain VAS score significantly improved from a preoperative score of 8.7 ± 1.8 units to 12-month postoperative
score of 1.6 ± 2.1 units (P < 0.001). There were no statistically significant differences across age, BMI, education,
residence or social support categories (Table 4).
Similar gains were observed for CES-D10 scores.
Patients’ mean ± SD score improved from 9.1 ± 6.6 preoperatively to 2.5 ± 4.5 units (P < 0.001) at 12 months
after surgery.
High scores, indicative depression were not found
among the different groups of the study, during the
postoperative follow-up. However, women had significantly worse scores when compared with men over time
(P < 0.05; Table 4). Strong positive correlations were

found when the correlation coefficient of CES-D10,
WOMAC and VAS pain scores were examined preoperatively and at the 4 follow-up periods (P < 0.001;
Table 6). Regarding the multivariable analysis, only the
baseline CES-D10 score was predictive of better outcome (P = 0.02; data not shown).

Discussion
The present study evaluated prospectively the QoL after
TKA in a cohort of 204 patients, and examined the effect of socio-demographic characteristics.
Our study demonstrated that the quality of life in
patients with end stage arthritic knees presents significant differences among genders [25-27]. WOMAC
scores were significantly worse in women preoperatively
and at 6 weeks after surgery. By the third postoperative
month the WOMAC score differences among genders
fully resolved [28,29]. Also according to KSS measuring
scale, women had significantly lower preoperative scores,

Table 5 Multivariable analysis of post-operative (12 months) changes in WOMAC domains
WOMAC *
Pain

Function
P-value

Stiffness

Variables

Diff† (95%CI)

Diff (95%CI)

P-value

Diff (95%CI)

Gender (Male vs Female)

0.02 (-0.84, 0.88)

0.2

1.30 (-1.68, 4.28)

0`.4

-0.15 (-0.52, 0.23)

P-value
0.4

Age (< 65 vs ≥65)

-0.48 (-1.28, 0.31)

0.9

-2.47 (-5.23, 0.28)

0.07

-0.18 (-0.53, 0.17)

0.3

BMI <30 vs ≥30

-0.15 (-0.85, 0.54)

0.6

-0.97 (-3.41, 1.46)

0.4

-0.06 (-0.37, 0.24)

0.4

Education (Low} vs High)

-0.72 (-1.69, 0.44)

0.06

-3.08 (-6.76, 0.59)

0.09

-0.16 (-0.70, 0.28)

0.8

Social Support (Yes vs No)

-0.86 (-1.82, 0.09)

0.07

-2.24 (-5.55, 1.06)

0.1

-0.17 (-0.59, 0.25)

0.4

Residence (Rural vs Urban/semi)

-0.52 (-1.10, 0.42)

0.05

-2.25 (-4.87, 0.38)

0.09

-0.15 (-0.59, 0.22)

0.06

Pre-intervention Pain

0.10 (2.29, 0.02)

0.02

-

-

-

-

Pre-intervention Function

-

-

0.17 (0.06, 0.28)

0.002

-

-

Pre-intervention Stiffness

-

-

-

-

0.07 (-0.02, 0.17)

0.1

*WOMAC scores: pain 0–20, function 0–68, stiffness 0–8; higher scores indicate greater difficulty.
† Estimated differences between categories after adjustment by all other variables.
} Elementary or less; - Not applicable.
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Table 6 Pearson’s Correlation Coefficient between
CES-D10 and WOMAC pain score and pain VAS
CES-D10 vs WOMAC pain CES-D10 vs VAS pain
Preoperative

0.463**

0.371**

6 weeks post-op

0.630**

0.480**

3 months post-op

0.645**

0.627**

6 months post-op

0.629**

0.568**

12 months post-op

0.738**

0.656**

but with equivalent improvement postoperatively when
compared with men, at any follow-up interval. These
gender differences observed preoperatively have been
attributed to a delayed access of the women to surgical
management for their arthritic knee until their symptoms were more severe than in men [7,29-31]. The lower
rate of the improvement observed at the 6 weeks followup in women may be due to the more severe preoperative disability of women and thus, to the longer periods
needed to achieve improvement similar to men.
This study also demonstrated that older age does not affect
negatively the functional outcome after TKA [7,10,13,25,32].
However, the small number of older patients precludes any
definite conclusions. According to the literature, the effect of
obesity on the outcome of knee replacement is unclear [3336]. In the present study obese patients reported more pain,
functional limitations and depressed mood before the surgical procedure, but obesity was not a significant predictor of
pain and functional limitations one year after the index operation, suggesting that obesity is not related to the short-term
outcome. However, the power to detect a significant BMI effect on pain and functional limitations at 12 months postoperatively was limited (power = 12% and 23%, respectively),
and therefore, the results should be interpreted with caution.
Similarly these findings cannot address long-term concerns
regarding potential premature joint failure. It must also be
noted that patients with morbid obesity (BMI > 40 kg/m2)
were not offered the option of TKA from the surgeons of
the present series, during the study period.
In the present study, it was hypothesized that patients
living in rural areas, which reflects a lower socioeconomic
and educational status and limited or no access to rehabilitation facilities, were more likely to have access barriers or underutilization of health care services especially
in the early postoperative period that would consequently
impact their outcome after a TKA [37-39]. According to
our findings, residents of rural areas do not appear to have
a worse outcome following TKA. A possible explanation
is that access to all public medical services is equivalent
and is not limited for patients of lower socioeconomic
background. In addition, routine visits to the outpatient
department during the follow-up period also offered the
opportunity of a close patient-surgeon contact, provided
information about the rehabilitation process even in cases
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with own care for physical therapy, and eliminated
patients insecurity and lack of knowledge and care.
Some studies demonstrated that social support might
play an important role in moderating the effects of pain,
physical disability, and depression in patients with osteoarthritis [40,41]. In addition, patients consider social support as an important factor when they are deciding the
operative treatment with TKA and its timing [42]. In the
present study, patients that were married or living with
others did not have a better QoL compared to those not
married and living alone [43]. A possible explanation is
that other family members, friends or neighbours take
care of those patients with weak social support, as the
Greek public health system does not offer formal community services as district nurses, home help and care or day
centre attendance. The mechanism of social support on
TKA outcomes needs further investigation.
Chronic pain and depression are closely related to each
other and many studies attempted to reveal the causality
[44-47]. Based on the assessment tools employed in our
study we found a high prevalence of depression among
patients preoperatively (44.2%; 9 males and 81 females)
[48]. However after the surgical procedure, levels of depression changed significantly over the course of the study, and
12 months after surgery a small amount of patients (7.35%;
3males and 12 females) remained in depressed mood. This
suggests that depressed mood might be related to the levels
of chronic pain and disability and is amenable to significant
improvement when pain is alleviated and function is
resumed after successful TKA. More evidence is needed to
draw safe conclusions regarding this association.
At 12 months postoperatively the TKA lead to a significant reduction in pain, stiffness, functional disability and
depressed mood with the pain dimension showing the
greatest improvement, although only 5% of patients complained for mild chronic pain without obvious concomitant
clinical or radiographic sights that might explain this symptom. The greatest improvement was seen in all measurements within the first 3 postoperative months with smaller
changes thereafter. However, at 6 weeks after surgery
patients still experienced functional limitations and stiffness
despite significant improvements in pain. The finding of
limited early functional recovery is consistent with the findings from other studies suggesting that after an initial
period of functional limitation patients improved by
3 months after surgery [10,33]. These findings have important implications for patients and their families regarding
the expected physical dependencies after surgery and
should stimulate a physician – patient discussion about the
particular needs for assistance in the daily routine mainly
for single individuals for the first 2 months after discharge
from the hospital.
Based on our data, we can conclude that the baseline
WOMAC pain and function scores are a strong determinant
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of the respective post-operative scores at 12 months. The
same conclusions apply to the CES-D10 score.
We acknowledge however that this study was presents
certain limitations such as the involvement of only two
centres; therefore a multicenter research is needed for
generalization of the results. In addition, the low proportion of males and the narrow age range of our patients,
limited the usefulness of the results with respect to gender
and age. The social support variable was created based
upon the patients-reported preoperative living and marital
status, which is only a crude measure of social support. In
addition, the patients’ postoperative living conditions and
marital status was not specifically investigated. Further
studies need to explore these variables. The strengths of
the study are its prospective design, the high rate of return
to follow-up (90.2% at one year) and the use of a trained
independent research assistant who recruited patients and
followed them at each assessment.

Conclusions
Our results demonstrated that quality of life in 95% of
the patients with severe knee osteoarthritis was significantly improved in the first three months after uncomplicated TKA and thereafter. Women presented with
worst pain, physical function and depressed mood preoperatively and they should be informed for that benefit
when considering TKA earlier in the course of their
arthritis. However 5% of patients stated that they experienced some mild symptoms 12 months after surgery.
Age, BMI, level of education, social support and place of
residence do not seem to influence knee replacement
outcomes. Despite significantly milder pain and better
physical function in the first 6 weeks postoperatively, for
both men and women, the patients may need another
person’s assistance for this time period after surgery. Finally, the finding that depressed mood has a strong positive correlation with chronic and more severe pain and
functional limitation warrants further examination.
Abbreviations
TKA: Total knee arthroplasty; QoL: Quality of life; WOMAC: Western Ontario
and McMaster Osteoarthritis Index; KSS: Knee Society Scoring system; CESD10: Centre for Epidemiological Studies Depression Scale, short form;
VAS: Visual analog scale; BMI: Body mass index; OA: Osteoarthritis.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
IP participated in the concept and design of the study, and the acquisition
and the interpretation of the data and wrote the manuscript. ZHD
participated in the concept and design of the study, reviewed the findings,
and revised the manuscript. TP participated in the design of the study and
helped draft the manuscript. LL participated in the concept and design of
the study and helped draft the manuscript. EZ participated in the concept
and design of the study, performed the statistical analysis and revised the
manuscript. TSK participated in the design of the study and helped draft the
manuscript. KNM participated in the concept and design of the study,

Page 8 of 9

critically reviewed the findings and revised the manuscripts’ final version. All
authors read and approved the final manuscript.
Acknowledgments
The authors wish to thank Ass. Prof. S. Varitimidis for his help and advice as
well as the department staff for their continuous support in recruiting the
participants and organizing measurement appointments. This study was
supported by the award for best clinical study of the 64th Congress of
Hellenic Association of Orthopaedic Surgery & Traumatology (HAOST) in
2008. The funding body had no involvement in the study design, the
collection, analysis and interpretation of data, the writing of the manuscript
or the decision to submit the manuscript for publication.
Author details
Department of Orthopaedic Surgery, Faculty of Medicine, School of Health
Sciences, University of Thessalia, Biopolis 41110, Larissa, Greece. 2Center for
Research and Technology, Thessaly (CERETETH), Department of Biomedical
Research & Technology, 41222, Larissa, Greece. 3Department of Orthopedics,
NIMITS Hospital, 10 Monis Petraki Street, Athens, Greece. 4Center for Health
Services Management and Evaluation, Faculty of Nursing, University of
Athens, 123 Papadiamantopoulou Street, 11527, Athens, Greece.
5
Department of Biomathematics, Faculty of Medicine, School of Health
Sciences, University of Thessalia, Biopolis 41110, Larissa, Greece. 6The Institute
for Clinical Research and Health Policy Studies, Tufts Medical Center, Tufts
University School of Medicine, Boston MA, USA.
1

Received: 24 November 2011 Accepted: 17 June 2012
Published: 29 June 2012
References
1. Kurtz S, Ong K, Lau E, Mowat F, Halpern M: Projections of primary and
revision hip and knee arthroplasty in the United States from 2005 to
2030. J Bone Joint Surg Am 2007, 89:780–785.
2. Mannoni A, Briganti MP, Di Bari M, Ferrucci L, Costanzo S, Serni U, Masotti G,
Marchionni N: Epidemiological profile of symptomatic osteoarthritis in
older adults: a population based study in Dicomano, Italy. Ann Rheum Dis
2003, 62:576–578.
3. Zhang Y, Xu L, Nevitt MC, Aliabadi P, Yu W, Qin M, Lui LY, Felson DT:
Comparison of the prevalence of knee osteoarthritis between the elderly
Chinese population in Beijing and whites in the United States: The
Beijing Osteoarthritis Study. Arthritis Rheum 2001, 44:2065–2071.
4. EPISER Study Group, Carmona L, Ballina J, Gabriel R, Laffon A: The burden
of musculoskeletal diseases in the general population of Spain: results
from a national survey. Ann Rheum Dis 2001, 60:1040–1045.
5. Kacar C, Gilgil E, Urhan E, Arikan V, Dündar U, Oksüz MC, Sünbüloglu G,
Yildirim C, Tekeoglu I, Bütün B, Apaydin A, Tuncer T: The prevalence of
symptomatic knee and distal interphalangeal joint osteoarthritis in the
urban population of Antalya, Turkey. Rheumatol Int 2005, 25:201–204.
6. ESCORDIG Study Group, Andrianakos AA, Kontelis LK, Karamitsos SI,
Georgountzos AI, Kaziolaw GO, Pantelidou KV, Vafiadou EV, Dandis PC:
Prevalence of symptomatic knee, hand, and hip osteoarthritis in Greece.
The ESCORDIG study. J Rheumatol 2006, 33:2507–2514.
7. Hawker G, Wright J, Coyte P, Paul J, Dittus R, Croxford R, Katz B, Bombardier
C, Heck D, Freund D: Health-related quality of life after knee replacement.
J Bone Joint Surg (Am) 1998, 80:163–173.
8. Dieppe P: Osteoarthritis: time to shift the paradigm. This includes
distinguishing between severe disease and common minor disability. BMJ 1999,
318:1299–1300.
9. Dieppe P, Basler HD, Chard J, Croft P, Dixon J, Hurley M, Lohmander S,
Paspe H: Knee replacement surgery for osteoarthritis: effectiveness,
practice variations, indications and possible determinants of utilization.
Rheumatology (Oxford) 1999, 38:73–83.
10. Fitzgerald JD, Orav EJ, Lee TH, Marcantonio ER, Poss R, Goldman L,
Mangione CM: Patient quality of life during the 12 months following
joint replacement surgery. Arthritis Rheum 2004, 51:100–109.
11. Ethgen O, Bruyere O, Richy F, Dardennes C, Reginster JY: Health-related
quality of life in total hip and total knee arthroplasty: a qualitative and
systematic review of the literature. J Bone Joint Surg Am. 2004, 86:963–
974.
12. Lingard EA, Katz JN, Wright EA, Sledge CB: Predicting the outcome of total
knee arthroplasty. J Bone Joint Surg Am 2004, 86:2179–2186.

Papakostidou et al. BMC Musculoskeletal Disorders 2012, 13:116
http://www.biomedcentral.com/1471-2474/13/116

13. Nuñez M, Nuñez E, del Val Luis J, Ortega R, Segur J, Hernandez MV, Lozano
L, Sastre S, Macule F: Health-related quality of life in patients with
osteoarthritis after total knee replacement: Factors influencing outcomes
at 36 months of follow-up. Osteoarthritis and Cartilage 2007, 15:1001–1007.
14. : Statistical Yearbook of Greece 2008-National Statistical Service of Greece.: ;
[http:// dlib.statistics.gr/Book/GRESYE_01_0002_00060.pdf].
15. Charson M, Pompei P, Ales KL, MacKenzie CR: A new method of classifying
prognostic co-morbidities in longitudinal studies: Development and
validation. J Chron Dis 1987, 40:373–383.
16. Bellamy N, Buchanan WW, Goldsmith GH, Campbell J, Stitt LW: Validation
study of WOMAC: a health status instrument for measuring clinically
important patient relevant outcomes to antirheumatic drug therapy in
patients with osteoarthritis of hip or knee. J Rheumatol 1988, 15:1833–
1840.
17. Bellamy N: WOMAC osteoarthritis index: user guide IX. Queensland (Australia):;
2009.
18. Insall JN, Dorr LD, Scott RD, Scott WN: Rationale of the Knee Society
clinical rating system. Clin Orth Rel Res 1989, 248:13–14.
19. Radloff LS: The CES-D Scale: A self-report depression scale for research in
the general population. Appl Psychol Meas 1977, 1:385–401.
20. Irwin M, Haydari K, Oxman MN: Screening for depression in the older
Adult. Criterion validity of the 10-item Center for Epidemiological
Studies Depression Scale (CES-D). Arch Intern Med 1999, 159:1701–1704.
21. Fountoulakis KN, Iacovides A, Kleanthous S, Samolis S, Kaprinis SG, Sitzoglou
K, Kaprinis GS, Bech P: Reliability, validity and psychometric properties of
the greek translation of the center for epidemiological studiesdepression (CES-D) Scale. BMC Psychiatry 2001, 1:3.
22. Jensen MP, Turner JA, Romano JM, Fisher LD: Comparative reliability and
validity of chronic pain intensity measures. Pain 1999, 83:157–162.
23. McQuay HJ, Moore RA: An evidence-based resource for pain relief. Oxford:
Oxford University Press; 1998.
24. Nuñez M, Losano L, Nuñez E, Segur JM, Sastre S, Magule F, Ortega R, Suso S:
Total knee replacement and health-related quality of life: factors
influencing long-term outcomes. Arthritis Rheum 2009, 8:1062–1069.
25. Kane RL, Saleh KJ, Wilt TJ, Bershadsky B: The functional outcomes of total
knee arthroplasty. J Bone Joint Surg Am 2005, 87:1719–1724.
26. Neuburger J, Hutchings A, Allwood D, Black N, van der Meulen JH:
Sociodemographic differences in the severity and duration of disease
among patients undergoing hip or knee replacement surgery. J Public
Health (Oxf) 2012, [Epub ahead of print]. PMID:22267293 [PubMed - as
supplied by publisher].
27. Petterson SC, Raisis L, Bodenstab A, Snyder-Mackler L: Disease-specific
gender differences among total knee arthroplasty candidates. J Bone
Joint Surg Am 2007, 89:2327–2333.
28. Liebs TR, Herzberg W, Poth-Kroeger AM, Ruther W, Hassenpflug J: Women
recover faster than men after standard knee. Clin Orthop Relat Res 2011,
469:2855–65.
29. Nilsdotter AK, Toksvig-Larsen S, Roos EM: A 5 year prospective study of
patient-relevant outcomes after total knee replacement. Osteoarthr Cartil
2009, 17:601–606.
30. Karlson EW, Daltroy LH, Liang MH, Eaton HE, Katz JN: Gender differences in
patient preferences may underlie differential utilization of elective
surgery. Am J Med 1997, 102:524–530.
31. Parsley BS, Bertolusso R, Harrington M, Brekke A, Noble PC: Influence of
gender on age of treatment with TKA and functional Outcome. Clin
Orthop Relat Res 2010, 468:1759–1764.
32. Jones CA, Voaklander DC, Jhnston DW, Squarez-Almazor ME: The effect of
age on pain, function, and quality of life after total hip and knee
arthroplasty. Arch Intern Med 2001, 161:454–460.
33. Stickles B, Phillips L, Brox WT, Owens B, Lanzer WL: Defining the
relationship between obesity and total joint arthroplasty. Obes Res 2001,
9:219–223.
34. Deshmukh RG, Hayes JH, Pinder IM: Does body weight influence outcome
after total knee arthroplasty? A 1-year analysis. J Arthroplasty 2002,
17:315–319.
35. Foran JR, Mont MA, Etienne G, Jones LC, Hungerford DS: The outcome of
total knee arthroplasty in obese patients. J Bone Joint Surg Am. 2004,
86:1609–1615.
36. Nuñez M, Lozano L, Nuñez E, Sastre S, Luis Del Val J, Suso S: Good Quality
of Life in Severely Obese Total Knee Replacement Patients: A Case–
control Study. Obes Surg 2011, 21:1203–1208.

Page 9 of 9

37. Larson SL, Fleishman JA: Rural–urban differences in usual source of care
and ambulatory service use: analyses of national data using Urban
Influence Codes. Med Care 2003, 41(Suppl 7):65–74.
38. Iezzoni LI, Killeen MB, O’Day BL: Rural residents with disabilities confront
substantial barriers to obtaining primary care. Health Serv Res 2006,
41:1258–1275.
39. Nemet GF, Bailey AJ: Distance and health care utilization among the rural
elderly. Soc Sci Med 2000, 50:1197–1208.
40. Ethgen O, Vanparijs P, Delhalle S, Rosant S, Bruyere O, Reginster JY: Social
support and health-related quality of life in hip and knee osteoarthritis.
Qual Life Res 2004, 13:321–330.
41. Blixen CE, Kippes C: Depression, social support, and quality of life in older
adults with osteoarthritis. Image J Nurs Sch 1999, 31:221–226.
42. Creamer P, Lethbridge-Cejku M, Hochberg MC: Factors associated with
functional impairment in symptomatic knee osteoarthritis. Rheumatology
2000, 39:490–496.
43. Kiefer RA: The effect of social support on functional recovery and
wellbeing in older adults following joint arthroplasty. Rehabil Nurs 2011,
36:120–126.
44. Dersh J, Gatchel RJ, Mayer T, Polatin P, Temple OR: Prevalence of
psychiatric disorders in patients with chronic disabling occupational
spinal disorders. Spine 2006, 31:1156–1162.
45. Giesecke T, Gracely RH, Williams DA, Geisser ME, Petzke FW, Clauw DJ: The
relationship between depression, clinical pain, and experimental pain in
a chronic pain cohort. Arthritis Rheum 2005, 52:1577–1584.
46. Creamer P, Lethbridge-Cejku M, Hochberg MC: Determinants of pain
severity in knee osteoarthritis: effect of demographic and psychosocial
variables using 3 pain measures. J Rheumatol 1999, 26:1785–1792.
47. Geisser ME, Roth RS, Theisen ME, et al: Negative affect, self report of
depressive symptoms, and clinical depression: relation to the experience
of chronic pain. Clin J Pain 2000, 16:110–120.
48. Howard KJ, Ellis HB, Khaleel MA, Gatchel RJ, Bucholz R: Psychosocial profiles
of indigent patients with severe osteoarthritis requiring arthroplasty. J
Arthroplasty 2011, 26:244–249.
doi:10.1186/1471-2474-13-116
Cite this article as: Papakostidou et al.: Factors affecting the quality of
life after total knee arthroplasties: a prospective study. BMC
Musculoskeletal Disorders 2012 13:116.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

