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Determinants of pain and 
functioning in knee osteoarthritis:  
a one-year prospective study
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Rauni H Väisänen-Rouvali1 and Jari PA Arokoski1,5

Abstract
Objective: To identify predictors of pain and disability in knee osteoarthritis.
Design: A one-year prospective analysis of determinants of pain and functioning in knee osteoarthritis.
Study setting: Primary care providers in a medium-sized city.
Patients: A total of 111 patients aged from 35 to 75 with clinical symptoms and radiographic grading 
(Kellgren-Lawrence 2–4) of knee osteoarthritis who participated in a randomized controlled trial.
Main measures: The outcome measures were self-reported pain and function, which were recorded 
at 0, 3 and 12 months. Disease-specific pain and functioning were assessed using the pain and function 
subscales of the Western Ontario and McMaster Universities (WOMAC) Osteoarthritis Index. Generic 
physical and mental functioning were assessed using the RAND-36 subscales for function, and physical 
and mental component summary scores. Possible baseline predictors for these outcomes were 1) 
demographic, socioeconomic and disease-related variables, and 2) psychological measures of resources, 
distress, fear of movement and catastrophizing.
Results: Multivariate linear mixed model analyses revealed that normal mood at baseline measured with 
the Beck Anxiety Inventory predicted significantly better results in all measures of pain (WOMAC P=0.02) 
and function (WOMAC P=0.002, RAND-36 P=0.002) during the one-year follow-up. Psychological 
resource factors (pain self-efficacy P=0.012, satisfaction with life P=0.002) predicted better function 
(RAND-36). Pain catastrophizing predicted higher WOMAC pain levels (P=0.013), whereas fear of 
movement (kinesiophobia) predicted poorer functioning (WOMAC P=0.046, RAND-36 P=0.024).
Conclusions: Multiple psychological factors in people with knee osteoarthritis pain are associated with 
the development of disability and longer term worse pain.

Keywords
Knee osteoarthritis, pain, disability, predictors, psychological factors

Received: 16 March 2015; accepted: 2 November 2015

1 Department of Physical and Rehabilitation Medicine, Kuopio 
University Hospital, Finland

2 Psychiatry, Department of Social Services and Health Care, 
City of Helsinki Health Care, Finland

3 School of Educational Sciences and Psychology, University of 
Eastern Finland, Finland

4 Department of Psychiatry, Addiction Psychiatry Outpatient 
Clinic, Kuopio University Hospital, Finland

619660 CRE0010.1177/0269215515619660Clinical RehabilitationHelminen et al.
research-article2015

Article

5 Institute of Clinical Medicine, University of Eastern Finland, 
Finland

Corresponding author:
Eeva-Eerika Helminen, Department of Physical and 
Rehabilitation Medicine, Kuopio University Hospital, P.O.B. 
1777, FI-70211 Kuopio, Finland. 
Email: eeva-eerika.helminen@fimnet.fi

mailto:eeva-eerika.helminen@fimnet.fi


Helminen et al. 891

Introduction

There is an emerging consensus that the degree of 
knee pain and disability symptoms among osteoar-
thritis patients appears to rest upon a complex 
interaction of factors, including structural damage, 
peripheral and central pain processing mecha-
nisms, obesity, culture, and demographic as well as 
psychosocial factors.1,2 For instance, the European 
Project on Osteoarthritis concluded that advanced 
age, female gender, lower educational attainment 
and a higher body mass index were independently 
associated with disability.3 With respect to struc-
tural damage, it has been shown that pain does not 
always accompany radiological findings of knee 
osteoarthritis.4 Furthermore, the radiographic 
severity of knee osteoarthritis has been reported to 
have a weak or no association with disability in 
these patients.5

Increasing evidence has suggested the impor-
tance of psychological (affective, cognitive, behav-
ioural) variables in explaining and predicting 
osteoarthritis pain and disability.6,7 According to a 
population-based survey of individuals living in 17 
countries, depression and anxiety disorders 
occurred significantly more often among those 
with self-reported arthritis.8 In a study by Smith 
and Zautra9 among women with osteoarthritis, 
measures of anxiety and depression emerged as 
independent and significant predictors of current 
and next week pain, with anxiety having almost 
twice the effect of depression.

Over the past 15 years, pain-related cognitions, 
such as pain catastrophizing and self-efficacy, have 
become a major interest in psychosocial pain 
research. Pain catastrophizing refers to the ten-
dency to ruminate about pain and magnify it. 
Somers et al.10 reported in a cross-sectional setting 
that pain catastrophizing explained a significant 
proportion of the variance in measures of pain, 
psychological disability, physical disability and 
gait velocity in overweight and obese patients with 
knee osteoarthritis. Fear of movement or kinesio-
phobia is another variable used to describe nega-
tively charged emotions towards pain and function. 
Heuts et al.11 concluded that pain-related fear was 
significantly associated with functional limitations 
among osteoarthritis patients. Self-efficacy, on the 

other hand, represents a more positive aspect of 
adjusting to pain. Self-efficacy is a concept used to 
describe the strength of one’s beliefs in one’s abil-
ity to complete tasks and reach goals. According to 
a systematic review by Benyon et al.,6 there is 
strong evidence that self-efficacy predicts disabil-
ity but not pain among osteoarthritis patients.

Several psychological variables have been stud-
ied in relation to pain and function among patients 
with chronic musculoskeletal diseases. However, 
the number of studies investigating the predictive 
role of psychological factors in knee osteoarthritis 
is somewhat scarcer. In this analysis, we assessed 
whether disease-specific, demographic and psy-
chological factors at baseline predict self-reported 
pain and function during a one-year follow-up of a 
randomized controlled trial among patients with 
knee osteoarthritis.12

Patients and methods

The study participants were 111 patients with radi-
ologically (Kellgren-Lawrence 2–4)13 diagnosed 
knee osteoarthritis and associated pain symptoms. 
They participated in a randomized controlled trial 
with a group-based cognitive-behavioural inter-
vention to treat pain, and were followed up for one 
year.14 The outcome measures were recorded at 0-, 
3-, and 12-month follow-up points using postal 
questionnaires. The questionnaires included ques-
tions about knee pain and physical function, demo-
graphic, socioeconomic and disease-related 
variables and psychological variables.

Questionnaires for knee pain and 
physical function

The outcome measures in this analysis were self-
reported pain and functioning (physical and mental). 
The following measures were used: Disease-specific 
pain and physical functioning were measured with 
the pain and function subscales (0−100 mm) of the 
Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) using the Finnish 
validated version.15 The self-reported generic 
assessments of physical and mental functioning 
were assessed with the Finnish validated SF-36-item 
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Health Survey RAND-3616 subscales for function 
and physical and mental component summary 
scores. Both orthogonal and oblique assessments17 
for the summary scores were calculated and used in 
parallel. We used average and SD values of different 
RAND-36 subscales in the Finnish population when 
calculating the component summary scores.16

Possible baseline predictors

Possible baseline predictors for the outcomes were 
divided into two groups: 1) Demographic, socio-
economic and disease-related variables and 2) psy-
chological measures of resources and coping, fear 
of movement and catastrophizing and distress. 
Baseline predictors were transformed to dichoto-
mous variables before the analysis, except for age, 
which was maintained continuous.

1) Demographic, socioeconomic and disease-related 
variables. Demographic, socioeconomic and dis-
ease-related variables were age (per 10 years), gen-
der, educational level (comprehensive school vs. 
upper secondary or vocational school), number of 
comorbidities, prevalent obesity (normal of over-
weight with body mass index <30.0 kg/m2 vs. 
obese with body mass index ⩾30.0 kg/m2),18 work-
ing status (employed vs. retired or unemployed), 
marital status (cohabiting vs. living alone), radio-
logical grade of knee osteoarthritis (Kellgren-Law-
rence scale 2 (minimal) vs. 3–4 (moderate or 
severe)),13 duration of knee pain symptoms (<6 
(median) vs. ⩾6 years), exercise frequency, the 
group in the randomized controlled trial (interven-
tion vs. control) and time (baseline vs. 3 and 12 
months average).

In the transformation to dichotomous variables, 
we used cut-off values based on classification sys-
tems (body mass index, Kellgren-Lawrence scale) 
or the median of the observations (duration of the 
knee symptoms). In the case of exercise frequency, 
the cut-off value (⩾2 times a week vs. ⩽1 times a 
week) was chosen with respect to the recommenda-
tions of the Physical Activity Guidelines for 
Americans19 of strength training at least two times 
a week. The patients were asked to report how 
often they exercised with the following response 

alternatives: daily, 4–6 times a week, 2–3 times a 
week, once a week, 2–3 times a month, or a couple 
of times a year or less. For the number of comor-
bidities, the cut-off (0−2 vs. ⩾3) was chosen on the 
basis of reasonable group sizes and clinical 
relevance.

2) Psychological variables. Psychological variables 
were assessed with questionnaires focusing on psy-
chological resources (life satisfaction, sense of 
coherence, pain self-efficacy), fear and catastro-
phizing (kinesiophobia and pain catastrophizing) 
and mood (depressive symptoms, symptoms of 
anxiety). In the transformation to dichotomous 
variables, we used clinical cut-offs defined for 
each questionnaire when available (Life Satisfac-
tion scale, Tampa Scale of Kinesiophobia, Beck 
Depression Inventory, Beck Anxiety Inventory). 
Where a cut-off had not been defined, for clinically 
meaningful comparisons we used data-driven ter-
tile grouping (Sense of Coherence, Pain Self-Effi-
cacy Questionnaire, Pain Catastrophizing Scale).

Life satisfaction was measured with a four-item 
Life Satisfaction scale20 (satisfied, scores 4−11 vs. 
dissatisfied, scores 12−20)21. Sense of coherence 
was evaluated by using the well-validated 13-item 
version of the Sense of Coherence scale22 (scores 
59−84 vs. lowest tertile, scores 37−58). Pain self-
efficacy was assessed with the Finnish version of 
the Pain Self-Efficacy Questionnaire23 (scores 
41−60 vs. lowest tertile, scores 0−40) and kinesio-
phobia with the Finnish version of the Tampa 
Scale of Kinesiophobia24 (scores 0−36 vs. high 
degree of kinesiophobia, scores 37−68)25. Pain 
catastrophizing was evaluated by using the Pain 
Catastrophizing Scale26 (scores 0−18 vs. highest 
tertile, scores 19−50).

Depressive symptoms were assessed using the 
Finnish version of the 21-item Beck Depression 
Inventory, which has been found valid and relia-
ble.27 The cut-off point for depression was set at 
9/10 (normal mood, scores 0–9 vs. elevated depres-
sions symptoms, scores 10 or more) according  
to the original formulation by Beck and 
Beamesderfer).28 The Beck Anxiety Inventory29 
was used to evaluate the severity of symptoms of 
anxiety (normal mood, scores 0–7 vs. mild anxiety 
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or more, scores 8–63).29 Although the Finnish ver-
sion of the Beck Anxiety Inventory has previously 
been used in some studies, exact data on its validity 
and reliability are scarce.

Statistical analysis

All statistical analyses were performed using SPSS 
(version 22.0, SPSS, Chicago, IL, USA).

Demographic characteristics and baseline data 
were summarized with descriptive statistics. The 
number of study patients in this analysis was based 
on the power calculations for the original rand-
omized controlled trial,14 where 54 patients per 
group (two groups) were needed in the compari-
son of the mean WOMAC pain scores between the 
groups.

The associations of possible explanatory varia-
bles with the outcome variables were assessed with 
a multivariate linear mixed model, in which the 
correlation structure of the data due to the multiple 
measurements (0, 3 and 12 months) could be taken 
into account. The mixed model has the advantage 
of using all available data in the analysis, irrespec-
tive of whether some data points are missing for a 
given participant. Separate models were estimated 
for each outcome. It has been recommended that 
covariates should be chosen based on their substan-
tive basis and not on a test of differences.30 Thus, 
age, gender, educational level, the number of 
comorbidities, the body mass index, work status, 
marital status and disease severity were included as 
covariates based on their associations with the 
study outcomes in prior research.3,7,31 The covari-
ates were dichotomised (Table 1) before the 
analysis, except for age, which was maintained 
continuous (per 10 years). Finally, a model for 
demographic, socioeconomic and disease-related 
variables was fitted in the form:

Outcome0;3;12 = sex + age + education + comor-
bidities + body mass index + work status + marital 
status + radiological grade + duration of knee pain 
+ time+ randomization + time x randomization.

In the same way, a second model was formu-
lated in which life satisfaction, sense of coherence, 
pain self-efficacy, kinesiophobia, catastrophizing, 
depressive and anxiety symptoms were included as 

covariates based on their associations with the 
study outcomes in prior research.6,7 Again, the 
covariates were dichotomised (Table 2) before the 
analysis. Thus, the model for psychological meas-
ures was fitted in the form:

Outcome0;3;12 = Life Satisfaction + Sense of 
Coherence + Pain Self-Efficacy Questionnaire + 
Tampa Scale of Kinesiophobia + Pain 
Catastrophizing Scale + Beck Depression Inventory 
+ Beck Anxiety Inventory+ time+ randomization + 
time x randomization.

The time-by-treatment interaction in both mod-
els addresses the question of whether the groups 
differed in the change between the measurement 
points. A non-significant time-by-treatment inter-
action suggests that the changes over the follow-
up period cannot be distinguished from sampling 
error. Since the time-by-treatment interaction was 
non-significant in all outcomes, we decided to 
remove the term from both of the models. As 
group randomization did not show any signifi-
cance as a covariate in either of the models, one 
can conclude that the intervention of the original 
randomized controlled trial did not have any effect 
on the outcome variables. Thus, the term could 
also have been removed from the mixed model 
analysis. However, we decided to keep it for rea-
sons of clarity.

Results

The baseline characteristics of the study patients 
are presented in Table 3. The associations of base-
line variables (predictors) with the outcome varia-
bles have been described in Tables 1 and 2.

Multivariate linear mixed model analyses 
revealed that normal mood at baseline measured 
with the Beck Anxiety Inventory predicted signifi-
cantly better results in all of the outcome measures 
during the one-year follow-up. Strong pain self-
efficacy and satisfaction with life predicted signifi-
cantly better scores in RAND-36 function, mental 
and physical component summaries. High scores in 
the Pain Catastrophizing Scale predicted signifi-
cantly higher WOMAC pain levels. Low kinesio-
phobia scores, on the other hand, predicted 
significantly lower impairment in WOMAC function 
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Table 3. Baseline characteristics (means or %) of the 111 patients (SD or n).

Age (years) (n = 111) 63.6 (7.2)
Gender, female (%) (n = 111) 69 (77)
Education (%) (n = 110)
 - Comprehensive school or less 31 (34)
 - Upper secondary/vocational school or more 69 (76)
Working status (%) (n = 111)
 - Employed of part-time employed 21 (23)
 - Retired or unemployed 79 (88)
Marital status (%) (n = 110)
 - Married or cohabiting 34 (37)
 - Living alone 66 (73)
Radiological grade, KL (%) (n = 111)
 - KL 2 60 (67)
 - KL 3 35 (39)
 - KL 4 5 (5)
Duration of knee pain symptoms (years) (n = 111) 7.8 (7.0)
 - Less than 6 years (%) 46 (51)
 - 6 years or more (%) 54 (60)
Body mass index (kg/m2) (n = 109) 30.0 (6.2)
 - Less than 30.0 kg/m2 (%) 60 (65)
 - 30.0 kg/m2 or more (%) 40 (44)
Number of comorbidities (SD) (n = 110) 5.1 (3.2)
 - 2 or less (%) 26 (28)
 - 3 or more (%) 75 (82)
Exercise (%) (n = 108)
 - Once a week or less (%) 30 (32)
 - 2 times a week or more (%) 70 (76)
WOMAC
 - Pain subscale (0–100) (n = 111) 57.0 (13.4)
 - Function subscale (0–100) (n = 111) 50.7 (19.0)
RAND-36
 - Physical function (0–100) (n = 111) 47.1 (21.5)
 - PCS, orthogonal (0–100) (n = 103) 35.2 (8.4)
 - PCS, oblique (0–100) (n = 103) 40.1 (8.7)
 - MCS, orthogonal (0–100) (n = 103) 55.9 (10.0)
 - MCS, oblique (0–100) (n = 103) 49.9 (8.6)
Life Satisfaction (LS) score (4–20) (n = 111) 7.8 (2.7)
Sense of coherence (SOC) score (13–91) (n = 111) 59.9 (5.7)
Pain Self-Efficacy (PSEQ) score (0–60) (n = 111) 43.7 (9.8)
Tampa Scale for Kinesiophobia (TSK) score (17–68) (n = 111) 34.1 (9.5)
Pain Catastrophizing Scale (PCS) score (0–52) (n = 111) 15.2 (11.0)
Beck Depression Inventory (BDI) score (0–63) (n = 111) 5.9 (4.8)
Beck Anxiety Inventory (BAI) score (0–63) (n = 111) 8.1 (6.0)

KL: Kellgren-Lawrence; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index (mm); RAND-36: Finnish-
validated SF-36-item Health Survey; PCS: physical component summary; MCS: mental component summary.
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and better scores in RAND-36 function, mental 
and physical component summaries.

Those with fewer comorbidities reported lower 
WOMAC pain levels and higher scores in the 
RAND-36 physical component summary. A lower 
radiological grade predicted better results in 
RAND-36 function, mental and physical compo-
nent summaries. Those exercising more achieved 
better RAND-36 function scores, while those with 
a lower body mass index had better physical com-
ponent summary scores.

Discussion

The current analysis revealed the significance of 
anxiety symptoms as predictors of knee osteoar-
thritis pain and function: Mixed model analysis 
showed that normal mood in the Beck Anxiety 
Inventory at baseline predicted better results in all 
outcomes of pain and function during the one-year 
follow-up. Moreover, the predictive role of base-
line psychological resource factors for measures of 
function was highlighted in the follow-up of these 
patients. Additionally, negatively charged emo-
tions and expectations towards pain were found to 
be important predictive factors in knee osteoarthri-
tis symptoms.

The role of anxiety symptoms in predicting knee 
osteoarthritis pain and functional impairment has 
been well established.8,9 Generally, anxiety disor-
ders among primary care patients with chronic pain 
have been found common, and the number of disor-
ders adversely associated with impairment in health 
related quality of life and RAND-36 mental compo-
nent summary scores.32 Among other affective vari-
ables, depressive symptoms have been demonstrated 
to have an association with knee pain and activity 
limitations.8,9 However, in the current analysis, 
depressive symptoms did not have any predictive 
value for self-reported pain or function. One reason 
for this may be the low baseline levels of depressive 
symptoms among the study patients, with only 19 
reporting at least mild depression. This, in turn, 
may result from the recruitment process of the orig-
inal randomized controlled trial: The candidates 
had to take the initiative to participate in the study. 
In addition, severe psychiatric conditions were cri-
teria for exclusion.

The importance of psychological resource fac-
tors was emphasized in relation to measures of 
function of knee osteoarthritis patients. Pain self-
efficacy and satisfaction with life both predicted 
better generic measures of function (RAND-36 
function, mental and physical component summa-
ries) in the follow-up. According to previous 
research findings, strong pain self-efficacy appears 
to enhance and maintain the long-term effects of 
rehabilitation,33 while weak pain self-efficacy has, 
in contrast, been found predictive of long-term dis-
ability and depression.34 Satisfaction with life, on 
the other hand, has been found to be a powerful 
predictor of various health risks and health-related 
adversities among persons with musculoskeletal 
disorders, such as the length of sick-leave35 and 
poorer postoperative recovery.36

Negatively charged expectations toward pain 
and function, that is, kinesiophobia and catastro-
phizing, were also important predictors of knee 
osteoarthritis symptoms. A low tendency for pain 
catastrophizing predicted less pain (WOMAC), 
while low scores in the Tampa Scale of 
Kinesiophobia predicted better generic (RAND-36 
function, mental and physical summaries) and dis-
ease-specific (WOMAC) function. Findings from 
previous research have also supported the impor-
tance of pain catastrophizing in predicting pain and 
explaining disability and psychological distress in 
knee osteoarthritis patients.10,37 Moreover, kinesio-
phobia has been reported to influence function in 
osteoarthritis patients.38

Among the factors associated with a healthy 
lifestyle, we found that a lower body mass index 
predicted a better physical component summary 
score (RAND-36). Earlier findings by Edwards 
et al.3 demonstrated an association between a 
higher body mass index and lower objectively 
measured physical performance. Furthermore, the 
benefits of exercise training in reducing pain and 
improving function have been well established in 
knee osteoarthritis patients.39 In the current study, 
those exercising more frequently had significantly 
better RAND-36 function scores.

In our analysis, the number of comorbidities was 
found to predict both pain (WOMAC) and generic 
function (RAND-36 physical component summary). 
Earlier studies31 have reported similar findings. 
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Among the disease-related variables, the radio-
graphic severity of knee osteoarthritis had predictive 
value for generic measures of function (RAND-36 
function, mental and physical summaries). However, 
findings from previous studies have been somewhat 
contradictory on this matter.5 Additionally, baseline 
values for WOMAC pain and function and RAND-
36 physical component summaries were signifi-
cantly better than follow-up average values, a 
phenomenon demonstrated in several previous stud-
ies among osteoarthritis patients.40

The strengths of the present study include the 
repeated examination of a number of pain, function 
and psychological outcomes and the use of X-ray 
with at least Kellgren-Lawrence 213 scale knee oste-
oarthritis to confirm the diagnosis of knee osteoar-
thritis. Furthermore, the study sample can be 
considered representative of ordinary community-
dwelling knee osteoarthritis patients, as most of the 
participants (77%, n = 86) were enrolled in the study 
as a result of a previous referral to a knee X-ray by 
their general practitioners. On the other hand, a cen-
tral limitation of this analysis could be the fact that 
the study patients were too tightly selected due to the 
inclusion criteria of the original randomized con-
trolled trial. Firstly, the patients had to have quite a 
high WOMAC pain subscale level (VAS ⩾40/100 
mm) to be included. Almost half of the study candi-
dates (47%, n = 209) had to be excluded because 
their WOMAC pain level was too low.14 Secondly, 
the recruitment process may have resulted in the 
selection of patients who were more active and bet-
ter off in some aspects of psychological well-being 
than the average knee osteoarthritis patient.

The current analysis added to the limited num-
ber of prospective studies concerning the impact of 
psychological factors on pain and function in knee 
osteoarthritis patients. To our knowledge, the 
results provided some new information on the pre-
dictive role of pain catastrophizing, kinesiophobia 
and life satisfaction in self-reported pain and func-
tion in this particular patient group. Moreover, the 
finding that the radiographic severity of knee oste-
oarthritis had predictive value for generic measures 
of function was interesting. In general, the results 
call for the routine assessment of multiple psycho-
logical factors in knee osteoarthritis to identify 
those patients or sub-groups of patients who need 

additional behavioural and psychological atten-
tion.10,41 Not taking these factors into considera-
tions will probably contribute to prolonged 
disability and further pain.

Clinical messages

•• Among knee osteoarthritis patients, the 
absence of anxiety symptoms at baseline 
was a strong predictor of milder pain and 
better function during the follow-up.

•• Life satisfaction and pain self-efficacy 
predicted better function among knee 
osteoarthritis patients.

•• A low level of pain catastrophizing and 
kinesiophobia predicted milder symptoms 
of knee osteoarthritis.
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