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BACKGROUND: As the North American population ages, the
prevalence of knee osteoarthritis and the surgical interventions (ie,
total knee arthroplasty [TKA]) aimed at correcting pain and disability
will also rise proportionally. Therefore, efforts to better understand
the factors associated with surgical outcomes are warranted. To date,
no studies have examined the impact of psychosocial factors on acute
postoperative TKA pain.
OBJECTIVES: The primary objective was to examine the associations
among catastrophizing, negative mood, demographics and acute postop-
erative pain following TKA. Ancillary analyses examined the associa-
tion of preoperative psychological variables with postoperative pain.
METHODS: Patients completed questionnaire packages 2 h before
their surgery and on three consecutive postoperative days while in
the hospital. The questionnaire packages included the Short Form –
McGill Pain Questionnaire, the Pain Catastrophizing Scale and the
Shortened Version of Profile of Mood States. The Mini-Mental State
Examination was also administered. Demographic data were extracted
from patients’ medical charts.
RESULTS: Associations among catastrophizing, negative mood and
pain were established. Regressions showed that younger age predicted
greater preoperative and postoperative day 1 pain; catastrophizing
predicted preoperative and postoperative day 2 pain; and negative
mood predicted postoperative day 3 pain. Catastrophizing and nega-
tive mood were highly correlated at several assessment points.
Preoperative variables did not predict postoperative pain.
CONCLUSION: These results have postoperative pain manage-
ment implications. Heightened attention to psychosocial variables,
such as postoperative catastrophizing and negative mood, may be use-
ful in identifying patients at risk for greater postoperative pain.
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Les prédicteurs démographiques et 
psychosociaux des douleurs périopératoires
aiguës causées par une arthroplastie totale du
genou

HISTORIQUE : À mesure que vieillit la population nord-américaine, la
prévalence d’arthroses du genou et d’interventions chirurgicales (c’est-à-
dire d’arthroplasties totales du genou, ou ATG) visant à corriger la
douleur et l’invalidité augmentera proportionnellement. Par conséquent,
il faut consentir des efforts pour mieux comprendre les facteurs reliés aux
issues chirurgicales. Jusqu’à présent, aucune étude n’a traité des répercus-
sions des facteurs psychosociaux sur les douleurs postopératoires aiguës
causées par l’ATG.
OBJECTIFS : L’objectif principal consistait à examiner les associations
entre la catastrophisation, les humeurs négatives, la démographie et la
douleur postopératoire aiguë après une ATG. Des analyses auxiliaires ont
porté sur l’association entre des variables psychologiques préopératoires et
la douleur postopératoire.
MÉTHODOLOGIE : Les patients ont rempli la série de questionnaires
deux heures avant l’opération et trois jours consécutifs après l’opération
pendant qu’ils étaient hospitalisés. La série de questionnaires se composait
du questionnaire court sur la douleur de McGill, de l’échelle de catas-
trophisation de la douleur et de la version courte du profil des états
d’humeur. Le mini-examen sur l’état mental a également été administré.
RÉSULTATS : On a établi des associations entre la catastrophisation,
l’humeur négative et la douleur. Les analyses de régression ont démontré
qu’un âge plus jeune prédisait une plus grande douleur préopératoire et le
premier jour après l’opération; la catastrophisation, des douleurs préopéra-
toires et le deuxième jour après l’opération; et l’humeur négative, des
douleurs le troisième jour après l’opération. La catastrophisation et
l’humeur négative étaient fortement corrélées à divers points d’évalua-
tion. Les variables préopératoires ne permettaient pas de prédire les
douleurs postopératoires.
CONCLUSION : Ces résultats ont des conséquences sur la prise en
charge de la douleur après une opération. Il peut être utile d’accorder plus
d’attention aux variables psychosociales, comme la catastrophisation
postopératoire et l’humeur négative, pour repérer les patients vulnérables
à de plus fortes douleurs postopératoires.

Surgical outcomes research has increased dramatically in
recent years, attempting to make surgery as safe, effective and

unproblematic for patients as possible (1). Due to the striking
increases expected in the older North American adult popula-
tion in the next 30 years, this cohort has attracted increased
clinical interest of late. Individuals 65 years of age and older are
the fastest growing cohort in Canada (2); they will go on to con-
stitute approximately one in four Canadians and will require
large investments in health care expenditures (3).

Arthritis is the largest chronic health condition in older
adults (2). Osteoarthritis (OA), the most common form of

arthritis, is a degenerative joint disease usually affecting the
knee and hip joints (4-7). OA affects approximately one in
10 individuals and is equally prevalent in men and women,
although there is higher prevalence in postmenopausal and
obese women (4,7,8). OA occurrence is positively correlated
with age and has a mean age of onset of 45 years (4,6). It is a
major cause of morbidity, activity limitation and health care
utilization in older adults, and psychosocial sequelae include
depression, stress and diminished quality of life (QoL) (4,6).

The high prevalence of knee OA is directly associated with
a rising number of surgical interventions designed to reduce
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pain and increase mobility for patients (ie, total knee arthro-
plasty [TKA]). While the majority of patients report satisfac-
tion with outcomes following TKA (9,10), and it has been
shown to be effective in improving pain, physical function and
QoL (11), 10% to 15% of patients do not report improved QoL
(12,13). With the exception of demographic factors (ie, age,
sex and weight) and medical factors (ie, medical comorbidity
and preoperative morbidity), the orthopedic literature has few
studies examining psychosocial factors in TKA outcomes (12).

Pain is the most debilitating symptom of knee OA and is
the motivator for patients seeking treatment (14).
Demographic variables (eg, age, sex and weight), medical
comorbidity and psychological variables (eg, fatigue, depres-
sion and anxiety) are predictors of pain severity in knee OA
(14). Furthermore, pain is suggested to be a dominant feature
of the TKA procedure and has implications for short- and
long-term recovery (1,15,16), with higher postoperative pain
associated with increased length of stay, delayed ambulation
and long-term functional impairment (16). Pain is conceptual-
ized as a physiological/psychological experience (17). This
conceptualization emphasizes the importance of cognitive and
affective variables such as catastrophizing (18,19) and depres-
sive symptoms (20,21).

Demographic variables (ie, age and sex) are associated with
pain in general chronic pain conditions as well as knee OA
pain (5,14,22). Numerous studies have reported that pain
intensity, interference and disability increases with age in both
knee OA and chronic pain (5,22,23). Interestingly, recent data
suggest that in chronic pain cohorts, older adults (60 to 81 years
of age) reported less distress compared with younger (18 to
39 years of age) and middle-aged adults (40 to 59 years of age)
(24). Data on sex and pain provide a consensus that pain is
more common among women, and that women report greater
pain intensity and longer pain duration in both knee OA and
chronic pain (5,22-24). More specifically, women with knee
OA report greater pain-related disability and complaints com-
pared with their male counterparts (5,22).

In regard to psychosocial variables and pain, catastrophiz-
ing has been associated with greater pain and emotional dis-
tress (25-27). Catastrophizing, defined as an exaggerated
negative mental state invoked during an actual or anticipated
painful experience (26), is associated with thoughts that are
negative and ruminatory in nature, place excessive focus on
the negative aspects of the pain experience, emphasize and
magnify pain sensations, and evoke feelings of hopelessness
and inability to cope effectively with pain (25,26,28).
Catastrophizing is one of the most robust psychological predic-
tors of pain experience (25,26,29), and is associated with more
complicated postoperative recoveries, greater postoperative
pain and greater analgesic consumption (26,30,31). For exam-
ple, Keefe et al (25) examined pain in arthritis patients one
year following TKA, and found catastrophizing to be associated
with both greater pain and disability.

Although few studies have examined preoperative catastro-
phizing’s prediction of postoperative pain, it has been shown
that preoperative catastrophizing predicted pain immediately
following surgery and on postoperative day 7 in a sample of
patients following surgery to repair the anterior cruciate liga-
ment (ACL) (32), and that preoperative catastrophizing pre-
dicted pain when controlling for anxiety on postoperative
days 1 and 2 in an abdominal surgical sample (33). To date,

there are no data examining the association between preoper-
ative and postoperative catastrophizing and postoperative pain
following TKA.

Negative mood has also been shown to exacerbate pain,
with emphasis placed on depressive and anxious states (27,31).
Depressive symptoms are positively associated with pain inten-
sity ratings (27,34), and this relationship has been established
among patients with chronic lower back pain (34), OA (25)
and fibromyalgia (35). Keefe et al (36) state that depression
exacerbates arthritis symptoms, impairs function and leads to
worse health outcomes. Pain is also positively correlated with
anxiety, but much of the evidence suggesting this relationship
is derived from laboratory-based acute pain. These laboratory-
based studies show that pain-related anxiety exacerbates pain
perception (30). There is also evidence that anxiety is related
to pain severity in knee OA patients (14).

The most prominent outcome variable associated with OA
and TKA is pain (1,11,15,16). Thus, the current study
attempts to examine the psychosocial determinants of postop-
erative pain in a TKA sample. The primary aim of the present
study was to examine the association of psychosocial variables
on acute postoperative outcome following TKA. Ancillary
analysis examined the association of preoperative psychosocial
variables with postoperative pain. There were several hypothe-
ses: older age and female sex would be associated with preoper-
ative and postoperative pain; postoperative catastrophizing
and negative mood would be associated with greater postoper-
ative pain; and preoperative catastrophizing and negative
mood would be associated with greater preoperative and post-
operative pain.

METHODS
Participants
Ninety-nine surgical wait-list patients were recruited from
the orthopedic service (Dr Mark Harrison and four col-
leagues) at the Kingston General Hospital in Kingston,
Ontario, for participation in the present study. Of the
99 recruited patients, 68 (69%) consented to participate,
with 31 patients not participating due to surgery change or
cancellation (14%), withdrawal from the study (11%),
patients having undergone different surgeries (4%) and
administration errors (2%). Although all 68 participating
patients completed the preoperative and postoperative ques-
tionnaires, several participants did not complete the ques-
tionnaire packages at all four data collection points.
Sample division: Due to patient attrition and missing data,
the sample sizes for the preoperative and postoperative days 1,
2 and 3 assessment points fluctuate. To maximize the sample
size and statistical power of analyses, data were divided into
subgroups. The intraday or between patients’ data subgroups
(ie, preoperative and postoperative days 1 to 3) were used
primarily to examine the hypotheses associated with postop-
erative analyses. These data points were made up of all
patients completing the questionnaires at each of the indi-
vidual assessment points. The longitudinal data examines
hypothesis 3, and is comprised of the within-patients sample
providing complete data across all assessment points. In the
longitudinal sample, 18 patients were excluded from the orig-
inal 68 consenting patients due to incomplete data.
Consequently, 50 patients provided complete data in the longi-
tudinal subgroup (26 women, mean ± SD age 71±8.9 years). A
total of 63 patients provided complete data for the preoperative

Roth et al

Pain Res Manage Vol 12 No 3 Autumn 2007186

10374_roth.qxd  31/07/2007  1:21 PM  Page 186



intraday subgroup (34 women, mean age 70±8.8 years),
58 patients completed the postoperative day 1 assessment
(32 women, mean age 70.64±9.26 years), 60 patients for
postoperative day 2 (32 women, mean age 70.17±8.9 years)
and 52 patients for postoperative day 3 (31 women, mean age
70.9±8.6 years).

Measures
Demographic and medical information were extracted from
patient’s medical charts by the first author. The information
included demographics such as age, height, weight, body mass
index score, sex, marital status and surgeon (Table 1).

Questionnaires
Mini-Mental State Examination (37): The Mini-Mental
State Examination (MMSE) is a brief, quantitative measure of
cognitive status for adults and was used in the present study to
examine cognitive status of surgical patients. An MMSE cut-
off of 24 has been used in surgical populations to screen for
impairment (38), and was used in the present study. The
MMSE has good internal consistency, is stable over time and
was used in the present study to assess cognitive status at both
preoperative and postoperative day 1 to control for possible
patient disorientation that is often associated with acute post-
operative assessment.
Short Form – McGill Pain Questionnaire (39): The Short
Form – McGill Pain Questionnaire (SF-MPQ) consists of
15 descriptors, 11 of which describe sensory aspects of pain and
four that describe affective dimensions of pain. Each pain
descriptor is endorsed by score anchors, with ‘0’ indicating
‘none’, ‘1’ indicating ‘mild’, ‘2’ indicating ‘moderate’ and ‘3’
indicating ‘severe’. Pain scores are derived from the sum of the
intensity rank values of the words chosen. The SF-MPQ is a
reliable and valid measure, commonly used in clinical applica-
tions (39,40). In the current study, the degree of internal con-
sistency on the SF-MPQ was α=0.86.
Pain Catastrophizing Scale (18): The Pain Catastrophizing
Scale (PCS) is a 13-item scale in which patients reflect on
their pain and indicate the extent to which they endorse cer-
tain statements. Each statement is rated on a five-point scale
that ranges from ‘0’ indicating ‘not at all’ to ‘4’ indicating ‘all
the time’. The statements correspond to three positively corre-
lated factors of catastrophizing: rumination (eg, “I can’t stop
thinking about how much it hurts”), magnification (eg, “I’m
afraid something serious will happen”) and helplessness (eg,
“There’s nothing I can do to reduce the intensity of the pain”).
PCS scores range from 0 to 52, with lower scores indicative of
less catastrophizing. The PCS has adequate test-retest reliabil-
ity and good validity (18). In the current study, PCS internal
consistency was α=0.86.
Shortened Version of Profile of Mood States (41): The
Shortened Version of Profile of Mood States (SPOMS) is a
37-item self-report adjective checklist, assessing six mood
or affective states, including tension-anxiety, depression-
dejection, anger-hostility, vigor-activity, fatigue-inertia and
confusion-bewilderment. Participants reflect on feelings
experienced over the past 24 h and rate each adjective on a
five point-scale that ranges from ‘0’ indicating ‘not at all’ to
‘4’ indicating ‘extremely’. SPOMS scores range from 0 to 148,
where lower scores are indicative of lower levels of the above-
mentioned emotional states. The SPOMS scale has excellent
test-retest reliability and internal consistencies, ranging from

0.80 to 0.90 (41) and internal consistency in the present
study was α=0.87.

Procedure
The secretaries of participating surgeons from the Kingston
General Hospital orthopedic service were contacted to gain
the identity information of potential participants. Each identi-
fied patient was called, and study participation was detailed
where patients provided initial verbal consent of participation.
Consenting patients had a preoperative assessment arranged
where they completed the SF-MPQ, PCS, SPOMS and
MMSE. These patients were contacted via telephone on the
evening before their surgery to confirm the time of surgery.
Arrangements were made to meet 2 h before surgery at the
Same Day Admission Centre, at which time the written con-
sent was collected and a 10 min data collection interview was
conducted. The postoperative assessments were conducted on
each day that the patients were in the hospital following sur-
gery. Postoperatively, patients were assessed between 12:00 and
14:00 on consecutive postoperative days because it coincided
with hospital lunchtime, a time at which the assessment would
be as unobtrusive to care as possible. Patients completed the
questionnaire package at bedside, which included the SF-
MPQ, PCS, SPOMS and MMSE. The MMSE was only com-
pleted for the preoperative and postoperative day 1, and all
patients met the MMSE criteria of greater than 24. Although
there was noted variance in patients’ length of stay, only data
collected on the first three postoperative days were examined
because the mean length of stay for the current sample was four
days. The sample sizes for postoperative days 4 and onwards
were too restricted to be included in meaningful analyses.
Following discharge, a review of each patient’s medical chart
was conducted.

Psychosocial predictors of postoperative outcome

Pain Res Manage Vol 12 No 3 Autumn 2007 187

TABLE 1
Demographic characteristics of the sample

Variable LONG data Preop PD1 PD2 PD3

Age, years 71.89 70 70.64 70.17 70.9 

mean (SD) (8.9) (8.8) (9.26) (8.9) (8.6)

Height, cm 167.74 167.10 166.81 167.63 165.96 

mean (SD) (10.96) (11.31) (11) (11.25) (10.96)

Weight, kg 93.86 92.97 91.81 93.35 93.14 

mean (SD) (25.24) (24) (24.51) (24.31) (25.41)

BMI, kg/m2 32.54 32.65 32.23 32.63 33.02 

mean (SD) (6.46) (6.55) (6.25) (6.46) (6.82)

Sex, n (%)

Male 24 (48) 29 (46) 26 (45) 28 (47) 21 (40)

Female 26 (52) 34 (54) 32 (55) 32 (53) 31 (60)

BMI, n (%)

Normal weight* 2 (4) 2 (3.2) 3 (3.4) 2 (3.3) 2 (3.8)

Overweight† 16 (32) 20 (31.7) 21 (36.2) 19 (31.7) 16 (30.8)

Obese‡ 30 (60) 37 (58.7) 33 (56.9) 35 (58.4) 30 (57.7)

Marital status, n (%)

Married 37 (74) 49 (79) 43 (75) 47 (78) 40 (77)

Divorced 2 (4) 2 (3) 2 (4) 2 (3) 1 (2)

Widowed 10 (20) 10 (16) 11 (19) 10 (17) 10 (19)

Single 1 (2) 1 (2) 1 (2) 1 (2) 1 (2)

N variability due to incomplete data. *Body mass index (BMI) 18.5 kg/m2 to
24.9 kg/m2; †BMI 25 kg/m2 to 29.9 kg/m2; ‡BMI >30 kg/m2 (62). LONG
Longitudinal; PD1 Postoperative day 1; PD2 Postoperative day 2; PD3
Postoperative day 3; Preop Preoperative
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RESULTS
Descriptive analyses
Means and SDs for all measures were calculated for longitudi-
nal and intraday data (Table 2). The mean pain, catastrophiz-
ing and negative mood scores, which are examined below, were
generated from the longitudinal data. The average score of the
SF-MPQ for the present study was 7.72. This score is lower, but
comparable with relevant normative scores, such as 10 for
rheumatoid arthritis, 12 for OA and arthritis, and 14 for post-
operative pain (39). The mean pain scores in the current study
fall in the general range that is expected based on the above
normative scores. The mean catastrophizing total score for the
current study was 4.75. The rumination, helplessness and mag-
nification subscale scores were 2.76, 1.39 and 0.60, respec-
tively. These scores are lower than would be expected given
the PCS normative data that are available for catastrophizing,
which suggest mean scores of 22, 9, 3.9 and 9.3 for the total
scale, and rumination, magnification and helplessness sub-
scales, respectively (18,28). The average negative mood score
in the current study was 7.8 for the total SPOMS and 2.25,
0.91, 0.67, 3.33 and 0.84 for the tension-anxiety, depression-
dejection, anger-hostility, fatigue-inertia and confusion-
bewilderment, respectively. The total mean negative mood
score is higher than would be expected, given the normative
mean score of 4.61 (41). In addition, the tension-anxiety and
fatigue-inertia subscale mean scores are higher than the nor-
mative data of 1.44 and 1.73, respectively (41). The depression-
dejection, anger-hostility and confusion-bewilderment
subscale mean scores are lower than would be expected given
the normative data of 1.19, 0.65 and 0.99, respectively (41). It
is important to note that the normative mean scores reported
for pain, catastrophizing and negative mood are based on
younger adults, and norms based on younger adults may not be
appropriate for comparison with older persons. Gagliese and

Melzack (42) found that the SF-MPQ had high reliability and
that the subscales offered comparable approximations of pain
levels with older adults. No older adult normative data were
identified for catastrophizing and negative mood, as measured
by the PCS and SPOMS, respectively. As a result, the differ-
ences between the normative mean scores for these variables
and the mean scores found in the current study may be attrib-
utable to differences between normative mean scores for
younger and older adults.

Relationships among variables
Correlations examined the associations between the demo-
graphic variables and pain, catastrophizing and negative mood.
These analyses were completed for the longitudinal and intra-
day subgroups (Table 3).
Longitudinal data: Women reported higher negative mood
(r[50]=0.34; P<0.05), catastrophizing (r[50]=0.39; P<0.01)
and pain (r[50]=0.41; P<0.01) than men. Negative mood was
strongly associated with catastrophizing (r[50]=0.63; P<0.01),
as was pain (r[50]=0.43; P<0.01). Catastrophizing was also
associated with higher pain (r[50]=0.53; P<0.01).
Preoperative intraday data: Women reported higher negative
mood (r[63]=0.30; P<0.05), catastrophizing (r[63]=0.26;
P<0.05) and pain (r[63]=0.29; P<0.05) than men. Younger
patients reported greater pain (r[63]=–0.25; P<0.05). Patients
with greater negative mood reported more catastrophizing
(r[63]=0.53; P<0.01). Catastrophizing was associated with pain
(r[63]=0.35; P<0.01).
Postoperative day 1 intraday data: Once again, women
reported greater negative mood (r[57]=0.41; P<0.01), catastro-
phizing (r[57]=0.40; P<0.01) and pain (r[57]=0.33; P<0.05)
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TABLE 3
Correlations among three study variables: Negative mood,
catastrophizing (CAT) and pain

Negative mood CAT Pain

Overall correlations

Negative mood – 0.63** 0.43**

CAT – 0.53**

Pain –

Preoperative correlations

Negative Mood – 0.53** 0.21

CAT – 0.35**

Pain –

Postoperative day 1 correlations

Negative Mood – 0.79** 0.37**

CAT – 0.39**

Pain –

Postoperative day 2 correlations

Negative Mood – 0.73** 0.43**

CAT – 0.53**

Pain –

Postoperative day 3 correlations

Negative Mood – 0.63** 0.45**

CAT – 0.57**

Pain –

**P<0.01. Negative mood was assessed by the Shortened Version of Profile
of Mood States without the vigor-activity subscale (41); CAT was assessed by
the Pain Catastrophizing Scale (18) and pain was assessed by the Short
Form – McGill Pain Questionnaire (39)

TABLE 2
Means and SDs for the nondemographic measures

Measure n Range Mean SD

Overall assessment

Pain 50 0–19.67 7.72 5.40

Catastrophizing 50 0–18.00 4.75 4.96

Negative mood 50 0–42.67 7.80 9.17

Preoperative assessment

Pain 63 0–22.00 5.57 6.47

Catastrophizing 63 0–36.00 7.13 7.32

Negative mood 63 0–50.00 14.44 13.00

Postoperative day 1 assessment

Pain 58 0–34.00 8.40 7.47

Catastrophizing 57 0–28.00 5.12 5.69

Negative mood 57 0–52.00 9.46 11.38

Postoperative day 2 assessment

Pain 60 0–39.00 7.88 8.02

Catastrophizing 60 0–28.00 5.26 6.55

Negative mood 60 0–70.00 9.98 14.90

Postoperative day 3 assessment

Pain 52 0–30.00 7.90 6.90

Catastrophizing 52 0–52.00 4.96 7.93

Negative mood 52 0–26.00 7.02 7.48

N variability due to incomplete data
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than did men. Greater negative mood was robustly associated
with catastrophizing (r[57]=0.79; P<0.01) but moderately with
pain (r[57]=0.37; P<0.01). Catastrophizing was again associated
with greater pain (r[57]=0.39; P<0.01).
Postoperative day 2 intraday data: Negative mood experi-
enced was associated with catastrophizing (r[60]=0.73; P<0.01)
and pain (r[60]=0.43; P<0.01). Patients with greater catastro-
phizing also experienced more pain (r[60]=0.53; P<0.01).
Postoperative day 3 intraday data: Patients with greater neg-
ative mood experienced more catastrophizing (r[52]=0.63;
P<0.05) and pain (r[52]=0.46; P<0.01).

Regression models
Standard multiple regression analyses examined the associa-
tion of preoperative and postoperative psychosocial variables
on preoperative and postoperative pain. As shown in Table 4,
catastrophizing and negative mood for the preoperative and
postoperative intraday data were used to predict pain for each
day. In all regression models, demographic information was
entered only if significantly associated with the modeled
dependent variable.
Preoperative pain: Preoperative pain was regressed onto pre-
operative catastrophizing and negative mood. Age and sex
were entered as predictors because they were significantly
related to preoperative pain. This regression model was signif-
icant, R2=0.23, F (4,58)=4.28, P<0.01. Age and catastrophiz-
ing emerged as significant predictors of preoperative pain,
β=–0.26, t=–2.25, P<0.05 and β=0.32, t=2.28, P<0.05, respec-
tively. Younger age and higher preoperative catastrophizing are
associated with higher pain preoperatively. Follow-up regres-
sion analysis of preoperative pain examined the unique contri-
butions of the catastrophizing subscales. While the regression
model was significant, R2=0.12, F (3,59)=2.78, P<0.05, no sig-
nificant predictors of preoperative pain emerged, P>0.13. This
finding is due to inter-relationship among the three catastro-
phizing subscales (rumination was associated with helplessness
(r[63]=0.76; P<0.01) and magnification (r[63]=0.28; P<0.05),
and helplessness was associated with magnification
(r[63]=0.31; P<0.05), indicating that for this analysis the sub-
scales cannot be differentiated.
Postoperative day 1 pain: Catastrophizing and negative mood
were highly correlated on postoperative day 1 (r[57]=0.79,
P=0.01). Therefore, a composite distress score was calculated
by averaging the mean scores on the PCS and SPOMS and
centering that value. Higher scores on this composite measure
reflected greater distress. Postoperative day 1 pain was
regressed on postoperative day 1 distress. Sex was added as a
predictor because it was significantly correlated with postopera-
tive day 1 pain. This model was significant, R2=0.20,
F (4,44)=2.75, P<0.05. No significant predictors emerged,
P>0.06. Distress, however, was marginally significant (β=0.26,
t=1.96, P=0.06), indicating that higher distress on postoperative
day 1 was associated with higher pain on postoperative day 1.
Postoperative day 2 pain: Catastrophizing and negative mood
were highly correlated on postoperative day 2 (r[60]=0.73,
P=0.01). As previously completed, a composite distress score
was calculated and centred for the PCS and SPOMS. Higher
scores on this composite measure reflected greater distress.
Postoperative day 2 pain was regressed on postoperative day 2
distress. No demographic variables were entered into the regres-
sion model. This model was significant, R2=0.32, F (3,45)=7.04,
P<0.01. Postoperative day 2 distress emerged as a significant

predictor of postoperative day 2 pain, β=0.54, t=4.18 and
P<0.01. As a result, higher distress on postoperative day 2 was
associated with higher pain on postoperative day 2.
Postoperative day 3 pain: Postoperative day 3 pain was regressed
on postoperative day 3 catastrophizing and negative mood. No
demographic variables were included in the regression equation.
This model was significant, R2=0.32, F (4,30)=3.46, P<0.05.
Postoperative day 3 negative mood emerged as a significant
predictor of postoperative day 3 pain, β=0.53, t=3.31, P<0.01,
indicating that negative mood is related to higher pain on
postoperative day 3. Follow-up analyses regressed postopera-
tive day 3 pain on the negative mood subscales. Tension-
anxiety and fatigue-inertia emerged as predictors of
postoperative day 3 pain, β=0.37, t=2.64, P<0.05 and β=0.49,
t=3.80, P<0.01, respectively.

Predicting postoperative pain from preoperative variables
Standard multiple regression was used to examine preoperative
prediction of postoperative outcome. Postoperative days 1, 2 and
3 pain were regressed on preoperative pain, catastrophizing and
negative mood, with results summarized in Table 5. The models
that regressed postoperative days 1, 2 and 3 pain on preoperative
pain, catastrophizing and negative mood were not significant.

Time effects on pain, pain catastrophizing and negative
mood
Repeated measures ANOVA examined time effects. Two sets
of repeated measures ANOVA were computed. Significant
differences on pain, catastrophizing and negative mood across
the preoperative and three postoperative days were examined.
The time effect was significant, F (13,21)=4.24, P<0.01, and
follow-up univariate analyses indicated that pain and negative
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TABLE 4
Regression analyses predicting pain

Variable Total R2 Beta

Preoperative pain (n=62) 0.23

Catastrophizing 0.32*

Negative mood –0.05

Age –0.26*

Sex 0.22

Preoperative pain (n=62) 0.12

Rumination 0.06

Helplessness 0.29

Magnification 0.05

Postoperative day 1 pain (n=48) 0.20

Distress composite score 0.26

Sex 0.17

Postoperative day 2 pain (n=48) 0.32

Distress composite score 0.54**

Postoperative day 3 pain (n=34) 0.32

Catastrophizing –0.06

Negative mood 0.53**

Postoperative day 3 pain (n=34) 0.36

Tension-anxiety 0.37**

Depression-dejection –0.012

Anger-hostility –0.04

Fatigue-inertia 0.49**

Confusion-bewilderment –0.16

*P<0.05; **P<0.01. Demographic information was entered only if significantly
associated with the modeled dependent variable
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mood differed significantly as a function of time, F>3.42,
P<0.05.
Time effects on pain: Pairwise comparisons based on estimated
marginal means showed that pain on postoperative days 1
through 3 was higher than preoperative pain, P<0.05, P<0.01
and P<0.05, respectively (Figure 1).
Time effects on negative mood: Pairwise comparisons based
on estimated marginal means showed that negative mood was
higher preoperatively than on postoperative days 2 and 3, and
is higher on postoperative day 1 than on postoperative day 3
(P<0.05, P<0.01 and P<0.05, respectively) (Figure 2).

DISCUSSION
The primary goal of the present study was to determine if post-
operative catastrophizing and negative mood predicted postop-
erative pain, whether there were changes in these variables
over time in a TKA sample, and if preoperative variables
would predict postoperative pain. The findings support a num-
ber of the hypotheses that are discussed in turn.

Catastrophizing and TKA pain
Catastrophizing was associated with greater pain pre- and post-
TKA. This finding supports previous pain and surgical litera-
ture (25,27,36) and is a novel contribution to the TKA
literature. In addition, catastrophizing was a lone predictor of

greater pain preoperatively and was also uniquely associated
with postoperative day 2 pain. It was also noted that catastro-
phizing was positively associated with pain during all assess-
ment periods for the present study.

It is not possible to comment on the causality of the pain-
catastrophizing relationship from correlational analyses.
However, previous research has posed the question of whether
pain increases the risk for catastrophizing (43). Sullivan et al
(18) have suggested that catastrophizing is a temporally stable
variable primarily based on earlier research with undergraduate
samples. Others have indicated that individuals may develop
enduring schemas regarding the threat of pain and their ability
to effectively cope with the pain (44,45). Catastrophizing post-
TKA may be better understood as a negative cognitive appraisal
process that fluctuates with the amount of pain that is experi-
enced because preoperative catastrophizing does not predict
future pain occurrence in this sample (44).

Catastrophizing did not uniquely predict pain on postoper-
ative days 1 and 3. This finding may be due to decreasing sam-
ple sizes and reduced threat value of TKA. Previous research
demonstrating a more consistent prediction of pain from cata-
strophizing has been based on a younger cohort of patients
(mean age 31±1.2 years) undergoing ACL repair (32). Recent
findings indicate that there are age-related differences in pain
severity and perceived control of pain (23), such that older
patients report lower pain ratings and the development of var-
ious positive pain coping strategies. Moreover, there may be
qualitative differences in the recovery expectations and trajec-
tories following ACL repair and TKA that the current data
cannot examine. In particular, patients undergoing TKA are
generally informed and expect decreased pain and increased
QoL, and these expectations may act to moderate the pain/cat-
astrophizing relationship (1). The current study did not exam-
ine patient expectations and thus cannot directly examine
such a hypothesis.

A recent study examining the relationship between cata-
strophizing and chronic pain associated with sickle cell disease
concluded that high and low catastrophizing was unrelated to
sickle cell disease-related pain (46). The authors suggested
that the pain-catastrophizing relationship may not be as robust
in chronic pain samples. They base this suggestion on findings
that chronic pain may be less threatening as one habituates to
it or develops useful coping strategies (44,46). Similarly,
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Figure 2) Time effects on the Shortened Version of Profile of Mood
States (SPOMS), showing the range of possible mean scores (0 to 140)
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Figure 1) Time effects on the Short Form – McGill Pain
Questionnaire (SF-MPQ), showing the range of possible mean scores
(0 to 45)

TABLE 5
Multiple regression analyses predicting pain

Variable Total R2 Beta

Postoperative day 1 pain (n=49) 0.06

Preoperative pain 0.13

Preoperative catastrophizing 0.19

Preoperative negative mood 0.00

Postoperative day 2 pain (n=49) 0.07

Preoperative pain 0.13

Preoperative catastrophizing 0.15

Preoperative negative mood 0.10

Postoperative day 3 pain (n=42) 0.12

Preoperative pain 0.30

Preoperative catastrophizing –0.12

Preoperative negative mood 0.14
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Boersma and Linton (47), in their examination of chronic mus-
culoskeletal pain, established that the pain-catastrophizing rela-
tionship was statistically significant when assessed in patients
who had experienced pain for less than three years when com-
pared with patients who had experienced pain for more than
three years. These findings suggest that catastrophizing may be
more relevant to the acute pain experience and may explain
why catastrophizing did not uniquely predict pain toward the
end of patients’ recovery in this sample. The current study did
not examine possible pain habituation and coping stategies
and cannot directly examine this hypothesis.

Negative mood and pain
Negative mood was positively and consistently related to pain,
and emerged as a unique and strong predictor of pain on post-
operative day 3. These results support the negative mood-pain
literature (27,30), and adds to the surgical and pain literature
as the initial study to identify this relationship among TKA
patients (27,30,48). Of the tension-anxiety and fatigue-inertia
subscales, fatigue-inertia was the strongest predictor of pain on
postoperative day 3. This association between anxiety and
pain is well established (20,49), and fatigue is a common post-
operative issue (50,51). Although not directly examined in the
present study, anecdotal study reports have suggested that
patients often complain of sleep difficulties, which may be
attributed to some combination of patient pain, hospital
milieu or feelings of distress (52).

Age and pain
Age was inversely associated with pain, where younger
patients reported higher pain. Age differences in pain scores
have previously been reported (53,54) but studies examining
the underlying causes of age differences in pain are equivocal
and sporadic. Gibson and Helme (53) suggest that cultural fac-
tors, such as stoicism, lack of familiarity with verbal pain
descriptors and the practice of pain reporting, may result in
under-reporting of pain among older adults. In addition, older
patients may falsely believe that pain is part of the natural tra-
jectory and under report (53). Recently, LaChapelle and
Hadjistavropoulos (23) found that increasing age is related to
decreased pain severity and the perception of greater control
over pain. The literature suggests that under-reporting of pain
by the older adult cohort may be commonplace and that older
patients may perceive greater pain control and thus lower pain
severity (23,53).

Catastrophizing and negative mood
Catastrophizing was positively and strongly related to negative
mood in this sample in several assessment periods. The
strength of the interrelationship between these variables on
postoperative days 1 and 2 required that the regression models
compute a composite measure for analyses. This finding adds to
the clinical and experimental pain literature, which to date
illustrates an association between catastrophizing and height-
ened emotional distress in response to pain (25,27,44), and is
the first empirical examination of the inter-relationship between
catastrophizing and negative mood in a TKA population.

The high association between catastrophizing and nega-
tive mood supports Sullivan et al’s (55) early suggestion that
catastrophizing may be better classified among the category
of mood and anxiety disorders in older samples, specifically
indicating that it may be a subcomponent of such larger order

factors as trait anxiety and negative affectivity (55). Trait anx-
iety has been identified as a possible precursor to catastrophic
thoughts (55). In contrast, Crombez et al (56) suggested that
catastrophizing contributes independently to pain, although
this suggestion pertains specifically to the depression-catastro-
phizing relationship. The high catastrophizing-negative mood
association in the current study is largely manifested by the
catastrophizing and fatigue-inertia subscale of the SPOMS.
There has been little research to date on such an association in
the literature except for mentions in the oncology research
examining catastrophizing and fatigue (57). In the current
study, the catastrophizing-fatigue relationship informs new
avenues for future research and may indicate that for an older
adult sample, the two constructs are conceptually similar.

Preoperative catastrophizing
Preoperative catastrophizing did not predict postoperative
pain. A recent study (32) has shown that preoperative pain
catastrophizing was a significant predictor of pain immediately
following the surgery and one week after surgery. To test the
concept that catastrophizing can act like a trait-like construct
(27), preoperative catastrophizing was examined for prospec-
tive effects on postoperative pain in this older sample of surgi-
cal patients. The null finding of this hypothesis brings into
question the reliability of such effects. The preoperative cata-
strophizing scores are considered low when contrasted against
other reported scores. It is likely that such a range restriction
reduces the variance accounted for in the prospective analyses.
As an alternative line of evidence suggests, catastrophizing
may be more appropriately considered as a readily modifiable,
situation-specific cognitive style (27,45). This suggestion, that
catastrophizing is acquiescent to modification, is interesting.
In the current sample, preoperative catastrophizing had little
predictive value on future reports of pain. Perhaps catastro-
phizing in this OA TKA sample may be acting as a situation-
specific reactive appraisal process activated to more extreme
levels when pain is elevated, as is the case of the postoperative
assessments.

The current study shows that across the perioperative
assessment of TKA, age, preoperative catastrophizing, and
postoperative negative mood and catastrophizing were associ-
ated with poorer preoperative and postoperative pain. These
results have clinical implications for the care of these surgical
patients. Awareness of the impact of negative mood and espe-
cially fatigue is suggested for medical staff. It is suggested that
preoperative education regarding potential postoperative
fatigue is offered to patients undergoing TKA, and that the
psychological versus physiological antecedents of postopera-
tive fatigue is acknowledged (58).

Sullivan et al (26) indicated that interventions targeting
catastrophizing could facilitate positive gains in pain reduction
and negative mood. Recent research suggests that modification
to the catastrophic thinking about pain may be a mechanism
underlying positive changes in pain report (59). From these
suggestions, it is recommended that brief cognitive behavioural
therapy techniques may facilitate reduction in catastrophic
thinking with the goal of reducing postoperative pain.
However, it is difficult to imagine what extent of meaningful
consolidation and benefit such training may be able to achieve
with patients in a heightened state of physiological and psy-
chological distress. These suggestions await future empirical
examination.
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Limitations
The present data are limited by the fluctuating size of the sam-
ple, which places restrictions on the number of covariates in
the regression models. Although our present analyses were suf-
ficiently powered, a larger sample would allow examination of
other variables of potential importance in surgical settings.
Variables such as social support, ethnicity or physician/nurse
engagement are notably excluded from the present study. It is
likely that such variables would provide a stronger index of
explained variance in the current regression models. Second,
correlational designs prohibit any causal conclusions. The
present data can provide no information on whether catastro-
phizing or negative mood states cause greater pain or if pain is
the initiator of postoperative psychosocial distress. The study
relied exclusively on patient self-report, which is obviously
reliant on retrospective reports of feelings and experiences
(39). In spite of such criticisms, self-reported pain remains the
gold standard in both clinical and experimental pain research.
To help control for variation in self-report, all assessments were
standardized to time periods to stabilize situational factors such
as the assessment environment (ie, the same time every day, in
the same patient room).

Future research
Future research could utilise measures that do not rely on self-
report, such as physician assessments, observations and reports
of pain behaviours from a significant other or nurse.
Furthermore, coding of facial expressions of pain or other pain
behaviour (38) during active physiotherapy and at rest would
provide another form of assessment of TKA postoperative
pain. The impact and interrelationship of fatigue, catastrophiz-
ing and pain can be more fully understood using an objective
measurement of fatigue, such as the number of hours of sleep
and consumption of sleeping pills.

Future TKA research could examine the associations of the
psychosocial and pain variables in a larger prospective design.
It is suggested that patients be assessed on more than one occa-
sion during the pre- and postoperative surgery/recovery period.
Indeed, the present study is limited to data encompassing acute
postoperative TKA pain and cannot inform readers on how
patients manage other TKA indices of positive acute postoper-
ative outcomes. As an example, it would be of interest to
examine the associations between completion and/or adher-
ence to the TKA physiotherapy protocol (ie, early ambulation,
stair climbing, etc), pain, catastrophizing and negative mood
states. Indeed, catastrophizing, assessed before general exercise
sessions, has been significantly correlated with negative mood,
pain and with reduction in the amount of weight lifted (43).
Furthermore, regression analyses showed that catastrophizing
predicted reductions in weight lifted even after controlling for
pain and negative mood, suggesting that catastrophizing is
associated with objective indices of activity intolerance associ-
ated with pain.

Pain-related response expectancies could be examined in
a postoperative TKA sample. Previous surgical research has
established that preoperative expectancies of pain are signifi-
cantly related to the experience of postoperative pain (60). It
is possible that preoperative expectancies may be a predictive
variable in regard to prospective pain report or that it may act
as a mediator between pain and other postoperative psy-
chosocial variables. Finally, collection of pain medication
type and consumption levels, as well as the type of analgesia

protocol during surgery may also be important variables to
explore in the examination of postoperative pain and physi-
cal recovery.

CONCLUSION
TKA procedures are increasing, with approximately 15,000
carried out annually in Canada (1,13), making it the third
most common procedure performed among older adults in
Canada (61). Estimates of poor TKA outcome are in the range
of 10% to 15% (12). The current research examining psy-
chosocial predictors of acute postoperative pain is the first to
assess the associations and prediction of acute TKA pain
reporting based on catastrophizing and negative mood states.
The results replicate and extend the pain and surgical litera-
ture by demonstrating that catastrophizing and negative mood,
specifically the tension-anxiety and fatigue-inertia compo-
nents, are robustly related to and predictive of postoperative
pain. Younger age within this older adult cohort is related to
and predictive of greater pain. Catastrophizing and negative
mood are strongly associated in a postoperative context.
Surprisingly, preoperative catastrophizing was not associated
with postoperative pain. Among these novel findings, the rela-
tionship between fatigue and postoperative pain is novel in a
TKA postoperative sample. When these results are combined,
psychosocial variables are shown to be consistently associated
with patient experience for acute postoperative TKA out-
comes like pain. The current study design limits the possibility
of drawing conclusions about the causal statements on such
effects. Consequently, future research should explore these
relationships using a longitudinal design that emphasizes later
follow-up in a larger sample because sample size attrition over
the course of the various assessment periods is likely.
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