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Abstract

Purpose Prolonged postoperative pain is a frequent prob-
lem after uncomplicated total knee replacement (TKR). The
purpose of this study was to evaluate the effect of anxiety
and pain catastrophizing on postoperative pain after TKR.
Methods A total of 150 patients were enrolled in this pro-
spective study. Preoperatively, anxiety was assessed using
the State-Trait Anxiety Inventory (STAI) and pain catastro-
phizing was assessed using the Pain Catastrophizing Scale
(PCS). The primary outcome measure was postoperative
pain on a numerical rating scale (NRS). The secondary
outcome parameters were the different Knee Osteoarthritis
Outcome Score (KOOS) subscales and patient satisfaction.
Intergroup differences were tested with an independent ¢ test.
The odds ratio was calculated to determine the probability
of an unsatisfactory outcome.

Results Preoperatively and at 6 and 12 months postopera-
tively, patients with anxiety and particularly patients with
pain catastrophizing usually had a higher NRS score, lower
knee function before and after surgery, and higher dissatis-
faction. These intergroup differences were significant pre-
operatively and at 6 months postoperatively.

Conclusions Psychopathologic factors, particularly pain
catastrophizing, have an impact on postoperative pain after
TKR. Preoperative screening and concurrent treatment of
the diagnosed psychological disorder may improve patient-
perceived outcomes.
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Introduction

Bicondylar total knee replacement (TKR) is a common treat-
ment for end-stage osteoarthritis. More than 168,000 TKR
surgeries were performed in Germany in 2011 [33]. In most
patients, this intervention results in improved knee joint
function, reduced joint pain, and increased quality of life
[13, 18]. However, 15-25% of patients are unsatisfied with
the result [5, 7, 13, 25]. One cause of this dissatisfaction may
be continuing knee joint pain after apparently uncomplicated
TKR [4, 24].

A high prevalence of residual pain has been reported after
uncomplicated TKR, particularly during the first year [2, 4,
7,13, 25]. Forsythe et al. [13] showed that the pain level at 3
and 12 months postoperatively was still approximately 50%
of the preoperative pain level. Brander et al. [6, 7] demon-
strated that the mean pain level measured on a visual analog
scale was 52 preoperatively, 25 at 3 months postoperatively,
and 17 at 12 months postoperatively.

The predictors of postoperative pain after TKR can be
divided into modifiable and non-modifiable factors [2, 21].
The non-modifiable predictors include young age, female
sex, and severe preoperative pain [6, 7, 13]. Of clinical inter-
est are the modifiable psychological factors [21].

Several studies have shown that psychopathologic dis-
tress is negatively associated with patient outcomes after
surgery [2, 14, 16]. It was further reported that depression
and somatization dysfunction are associated with prolonged
pain after TKR [2]. Other psychological predictors of post-
operative pain are anxiety and pain catastrophizing [11, 26,
27]. There is controversy regarding the role of anxiety on
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the level of postoperative pain [7, 16, 27, 31]. However, we
are not aware of any studies that have examined the effect
of anxiety on postoperative pain after TKR. There is also
limited information in the literature about the influence of
pain catastrophizing on postoperative pain and satisfaction
after TKR [13]. Pain catastrophizing describes a response
style to painful experiences that is likely to be associated
with negative pain outcomes [30].

The aim of the present study was to analyze the effect
of anxiety and pain catastrophizing on postoperative pain
and patient satisfaction after knee arthroplasty. The primary
outcome measures were pain evaluated by a numeric rating
scale (NRS) and total Knee Osteoarthritis Outcome Score
(KOOS), an instrument responsive to changes in knee symp-
toms, including pain. The hypothesis of the present study is
that anxiety and pain catastrophizing have an effect on the
level of postoperative pain and patient satisfaction during
the first year after surgery.

Materials and methods
Study population

Patient recruitment took place in 2012 and 2013. Sev-
eral inclusion and exclusion criteria were used to iden-
tify patients who were eligible for this prospective study
(Table 1). All eligible patients were informed about the
study design by one of the authors. After performing a sta-
tistical estimation of the number of cases, of 150 patients
who were eligible, 138 were willing to participate. These
138 patients were enrolled after providing written informed
consent (Fig. 1). The study design was approved by the local
ethics committee.

Indications for TKR existed in these patients with radio-
logical end-stage osteoarthritis (Kellgren and Lawrence
grade IV) and a minimum of three of the following four

clinical symptoms: crepitation, deformation, knee pain, and
loss of function.

Surgical technique

In all patients, a prosthesis was implanted through a medial
parapatellar approach with the patient under general anes-
thesia. The detailed surgical technique used for TKR was
described previously [2]. The same TKR model (Gene-
sis™ II Knee Replacement System; Smith & Nephew Inc.,
Andover, MA, USA) was used in all patients. All patients
received femoral and sciatic nerve blocks for postoperative
pain management.

Psychological scores

At baseline, anxiety and pain catastrophizing were evaluated
with standardized psychological scores.

The State-Trait Anxiety Inventory (STAI) was used to
evaluate the influence of anxiety on pain and function after
TKR. In this study, the German STAI modified by Spiel-
berger et al. [29] was used. This modified STAI is com-
posed of two scales, each containing 20 items. The first scale
describes anxiety as a state, reflecting a temporary emotional
condition with high variance. The second scale characterizes
anxiety as a trait, describing relative stabilized individual
conditions to estimate situations as menacing. The aim of
the questionnaire is to describe the relationship between
anxiety as a state (temporary emotional) and a trait (stable
interindividual differences in grade to estimate situations
as drastic) [29]. The two scales were evaluated separately,
and the values were converted with the help of norm tables.

The Pain Catastrophizing Scale (PCS) was developed in
1995 to explore how catastrophizing affects pain experi-
ences [30]. Catastrophizing means to overrate the proba-
bility of a negative event. The questionnaire contains three
different elements: rumor, helplessness, and enhancement
[20]. The PCS includes 13 items, comprising four for

Table 1 Inclusion/exclusion

T Inclusion criteria
criteria

Exclusion criteria

Primary TKR with implantation of a cruciate-retaining bicondylar prosthesis to treat osteoarthritis

No or poor understanding of the German language

Chronic polyarthritis
Displaced tibial head fracture
Patella resurfacing

Patella baja, patella alta

Incorrect postoperative femoral or tibial component position
Tibial and femoral overhang (> 2 mm)

Offset errors (> 2 mm)
Varus or valgus rotation (> 5°)

Revision during the first postoperative year

Postoperative infection

Arthrofibrosis (< 90° flexion, extension deficit of more than 10°)
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Fig. 1 Patients’ distribution o ]
Eligible patients
N =150
Excluded preoperatvely, N = 12
— Declinedto participate (N= 12)
v Insufficiant command of the German
Preoperative results Chronic polyarthritis, tibial head fracture
N =138
(Responserate: 92 %)
Excluded postoperatvely, N = 0
—_—
v Lostto follow up, N = 21

6 months results
N =117

(Responserate: 85 %)

l | Lost to follow up, N =17

12 month results
N =100

Responserate: 73 %)
(Resp

rumor, six for helplessness, and three for enhancement.
Each item has a five-level scale, and the score can range
from O to 52 points. It has been suggested that a threshold
of 30 points reflects clinically relevant catastrophizing.

Primary and secondary outcome measures

The primary outcome measure were pain, measured by an
NRS at rest and after 15 min of daily living activities and
the knee function, measured with the total KOOS. The
validated German version of the KOOS is self-explanatory
and comprises five subscales: pain, symptoms, activities of
daily living, sports, and quality of life [23]. Standardized
answer options are presented on a five-point Likert scale,
and each question is assigned a score from O to 4. For the
present study, the sports subscale was excluded because
30 and 25% of the patients did not fill out this category
preoperatively and postoperatively, respectively.

The secondary outcome measures were the different
KOOS subscales and patient satisfaction with the surgery.
Patient satisfaction with the surgery was evaluated by the
following question: “How satisfied are you with the out-
come after TKR?” Answers were given on a five-point
Likert scale (1: very satisfied; 2: satisfied; 3: mediocrely
satisfied; 4: unsatisfied; and 5: very unsatisfied). Patients
were deemed satisfied if they rated themselves ‘very sat-
isfied’ or ‘satisfied’ and deemed unsatisfied if they rated
themselves ‘unsatisfied’ or ‘very unsatisfied’.

All outcome measures were evaluated by self-adminis-
tered questionnaires at baseline (preoperatively) and at 6 and
12 months postoperatively.

Statistical analysis

Before investigation, we estimate the number of cases to see
how many patients were needed to see statistically relevant
differences in the KOOS as the primary endpoint next to the
NRS. Normal distributions of the primary endpoints (KOOS
and NRS score) were tested with the Kolmogorov—Smirnov
test. Significant intergroup differences were tested with an
independent ¢ test. If data were not normally distributed, the
non-parametric Mann—Whitney U test was used. The odds
ratio was calculated to determine the probability of an unsat-
isfactory outcome in patients with and without preoperative
symptoms of depression and somatization.

Results
Patients
Of 150 eligible patients, 12 met the exclusion criteria
(Table 1). Therefore, a total of 138 patients participated in
the study. The flowchart in Fig. 1 shows the distribution

of patients during the study. The patient characteristics are
shown in Table 2. During the follow-up period, no recurring
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Table 2 Patients characteristics

Pre-operation  6-month post- 12-month
operation post-opera-
tion
Numbers 138 117 100
Age in years 69.0 +7.7 69.6 + 7.8 69.6 + 7.9
Gender female/ 87/51 71/49 63/37
male
Height in m 1.68 £ 0.1 1.68 + 0.09 1.68 + 0.09
BMI in kg/m? 299 +4.38 295 +4.6 297+ 4.6

effusions were aspirated and no other surgical procedures
were performed.

Effect of pain catastrophizing and anxiety on primary
outcome measures

Pain catastrophizing symptoms were seen in 27.5% of
patients. Trait anxiety was observed in 14.5% of patients.
The primary outcome measures were pain (NRS) and
knee function (total KOOS). There was a significant
improvement in pain, both at rest and during activities
of daily living, as well as in total KOOS from baseline to

both 6 and 12 months postoperatively. No significant dif-
ferences in pain level or KOOS were observed between 6
and 12 months postoperatively.

At each time point, patients with pain catastrophizing
(PCS > 30 points) had a higher pain level both at rest
and with activity. However, this intergroup difference was
only significant for rest and activity preoperatively and at
6 months postoperatively (Fig. 2a, b).

The influence of anxiety is shown in Fig. 3a, b. Patients
with anxiety had a higher pain level both at rest and with
activity. However, the difference was not significant for
pain assessment with activity before surgery.

Patients’ opinions about their knees and knee-asso-
ciated problems were assessed by the KOOS. The total
KOOS improved from 33.0 + 22.7 points preoperatively
to 63.0 + 23.4 points at 6 months postoperatively and
67.0 + 23.4 points at 12 months postoperatively.

Pain catastrophizing had a significant effect on the total
KOOS at baseline and at 6 months postoperatively (Fig. 4,
Table 3). Patients with anxiety also had a poor assessment
of their knee function, the effect on the total KOOS was
significant at baseline (preoperatively) and after surgery
(Fig. 5, Table 4).

Fig. 2 a, b Influence of pain a ; 'i' bCs b '; '_*| bCs
catastrophizing on pain (NRS) 100+ 1004
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Fig. 4 Influence of pain catastrophizing on knee function (total
KOOS)

Effect of pain catastrophizing and anxiety on secondary
outcome measures

The influence of pain catastrophizing and anxiety on the
KOOS subscales is shown in Tables 3 and 4. Patients with
pain catastrophizing tended to have a poorer outcome in all
five subscales, but significant intergroup differences between
patients with and without pain catastrophizing among the
subscales were only found preoperatively and at 6 months
postoperatively for the subscales “pain” and “QOL”. For
anxiety, significant intergroup differences for the subscales
“pain” and “ADL” were found at baseline (preoperatively)
and after surgery.

At 6 months postoperatively, 13% of all patients were
dissatisfied with their postoperative outcome, while at
12 months postoperatively, 11% were dissatisfied. The dis-
satisfaction rate was correlated with lower function in the
total KOOS. The patients with pain catastrophizing tended
to be more dissatisfied at 6 and 12 months postoperatively,
but these differences were only significant at 6 months,
and not at 12 months (Table 5). The mean dissatisfaction
scores were also higher in patients with anxiety at 6 and
12 months postoperatively (Table 5), but the differences
were not significant.

The odds ratio for patients with pain catastrophizing was
1.73 and that for patients with anxiety was 1.81 (Table 6).

Discussion

The results of the present study show that psychological
factors such anxiety and pain catastrophizing affected the
outcome after TKR, thus confirming our hypothesis. Patients
with signs of anxiety and pain catastrophizing had signifi-
cantly more pain, experienced significantly more knee symp-
toms, and were more dissatisfied with their outcome, but
the influence of pain catastrophizing was stronger than the
influence of anxiety, especially at 6 months after TKR.

As pain is the most disabling symptom of osteoarthritis,
it is one of the most important outcome measures after TKR
[25], and it is meaningful to use non-elaborate questions like
the NRS [12]. Therefore, pain was chosen as the primary
outcome measure in the present study along with the KOOS.
Increased pain, especially during the first postoperative year,
is a well-known phenomenon, and memory of pain was also
reported to play a role in pain chronicity [1].

Several studies have shown that psychopathology is asso-
ciated with poorer patient-perceived outcomes after elective
surgery [6, 7, 28]. It has been estimated that 25% of patients
who have undergone TKR complain of psychological

* *
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Fig. 5 Influence of anxiety on knee function (total KOOS)

Table 3 Influence of pain
catastrophizing on KOOS

PCS < 30 points (n = 87)

PCS > 30 points (n = 33)

subscales Pre-op 6 months 12 months Pre-op 6 months 12 months
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Pain 42.1 (£ 17.1) 73.4(x20.3) 754 (£21.8) 28.5(x 16.6)** 59.6 (+23.1)* 68.1 (+25.7)

Symptoms 49.7 (+19.3) 70.6 (= 18.3) 75.9 (+15.2) 36.8 (+20.5)* 63.5(+20.4) 68.8(+24.7)

ADL 454 (= 18.8) 74.8 (x18.4) 754 (x20.5) 29.1 (x16.7)** 619 (£23.4) 67.2(x22.9)

QOL 18.4 (£ 12.0) 549 (+24.2) 54.7(£24.6) 9.3 (x10.5** 40.5 (+24.5)* 47.9 (+29.5)

Group differences *p < 0.05, **p < 0.000
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Table 4 Influence of anxiety on KOOS subscales

Normal (n =71)

Anxious (n = 12)

Pre-op 6 months 12 months Pre-op 6 months 12 months

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Pain 409 (+ 15.1) 74.6 (= 18.8) 752 (£ 21.4) 22.8 (+ 15.0)** 60.0 (+ 18.2)* 64.8 (+28.5)
Symptoms 47.0 (£ 20.4) 71.3 (= 17.5) 75.1 (£ 17.3) 37.1 (= 20.4) 63.3 (= 19.2) 66.9 (+ 19.8)
ADL 439 (x17.3) 77.1 (£ 17.7) 76.5 (+ 19.5) 25.8 (= 15.6)* 60.2 (= 16.8)* 59.1 (+ 24.2)*
QOL 16.7 (£ 11.6) 54.1(x23.1) 54.9 (£ 24.8) 10.4 (= 9.8) 39.6 (+ 19.4)* 413 (x214)

Group differences *p < 0.05, **p < 0.000

Table 5 Influence of pain
catastrophizing and anxiety on

PCS < 30 points (n = 76)

PCS > 30 points (n = 24)

satisfaction 6 months 12 months 6 months 12 months
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Satisfaction 2.03 (+0.99) 2.20 (+ 1.03) 2.79 (£ 1.29)* 2.24 (+ 1.15)
STAIT = normal (n = 71) STAIT = anxious (n = 12)
Satisfaction 2.0 (x 1.01) 2.0 (+ 1.07) 2.21 (+ 1.04) 2.34 (£ 0.99)

Table 6 Satisfaction measured with odds ratio

PCS
Normal Catastrophizing
Satisfied 46 10
Dissatisfied 8 3
Odds ratio: (46 x 3)/(8 x 10) = 1.73
STAIT
Normal Anxious
Satisfied 29 24
Dissatisfied 4 6

Odds ratio: (29 x 6)/(4 x 24) = 1.81

Calculation of odds ratio; satisfied: 1 or 2 points (very satisfied and
satisfied) on the five-point Likert scale, unsatisfied: 4 or 5 points

factors, which can potentially worsen pain and functional
outcomes [19]. Other studies investigated the influence of
physical symptoms like low back pain (LBP). LBP usually
remains after TKR and this may impair satisfaction and
patient-reported outcomes [9].

The results of the present study confirm the findings of
previous studies showing that anxiety is associated with
suboptimal improvement in knee function after primary
TKR [11, 26]. However, trait anxiety, which describes rela-
tive stabilized individual conditions to estimate situations
as menacing, had a significant influence of pain and func-
tion especially at baseline and 6 months postoperatively. At
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12 months postoperatively, the groups had converged. The
reason for this finding may be that the surgery as the menac-
ing event and the prosthesis as a new unknown part of the
body are moved into the background. Otherwise, it can be
postulated that patients with anxiety decide to have surgery
at a later time with more severe knee symptoms.
Satisfaction at 12 months postoperatively measured by the
odds ratio was 1.81, meaning that patients with anxiety have
an approximately twofold increased risk for dissatisfaction.
Brander et al. [7] described a significant relationship
between anxiety measured by the STAI and the NRS at
12 months after TKR. Hirschmann et al. [16] determined
only a low correlation between the two scales of the STAI
and the Knee Society Score (KSS) and Womac score. It is
notable that the study by Hirschmann and colleagues used
the endpoints from the STAI, and not the normed reference
values. A great influence of anxiety, measured by the Hos-
pital Anxiety and Depression Scale (HADS), was shown
by Hanusch et al. [14] for the KSS at 12 months postop-
eratively, but not for the “range of motion” (ROM) at 6 and
12 months postoperatively. No relationship between the
HADS and pain at 12 months postoperatively was found by
Utrillas-Compaired et al. [31]. Other studies examine the
patient’s perception of their inpatient hospital experience
after TKR, it showed an important modifiable predictor of
functional outcome and satisfaction with TKR after 5 years

[8].
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Blackburn et al. [3] tried to determine whether anxiety
and depression are responsible for poor outcomes or persis-
tent knee pain. They indicated the complexity of the inter-
pretation, but described that if anxiety and depression are
accompanied by high pain levels, knee pain can be account-
able for anxiety and depression.

It is striking that approximately 50% of the patients had a
trait anxiety in the appropriate questionnaire. Another study
showed a prevalence of 27.9% measured by the “Hospital
Anxiety and Depression Scale” (HADS) [10].

Few studies have evaluated the effect of pain catastrophiz-
ing on TKR outcomes. In the present study, pain catastro-
phizing was associated with a significantly higher pain level
and lower knee function (KOOS) at baseline and 6 months
postoperatively. Associated with this, patients with anxiety
were significantly more dissatisfied at 6 months postopera-
tively. At 12 months postoperatively, the differences were
assimilated. Apparently, the real clinical knee pain preop-
eratively and the healing process immediately after implan-
tation play a strong role to increase pain catastrophizing.
Patients with pain catastrophizing had a 1.73-fold higher
risk for dissatisfaction at 12 months after TKR than patients
without pain catastrophizing. Keefe et al. [17] described
that catastrophizing leads to modified central nervous sys-
tem handling of pain, increased claims on healthcare, and
reduced function.

Forsythe et al. [13] showed that a high preoperative level
on the PCS is a predictor for persistent knee pain, as meas-
ured by the McGill Pain Questionnaire (MPQ), at 12 and
24 months after TKR. Furthermore, they found that the psy-
chological variable of the PCS did not significantly change
after TKR. The fact that the “rumination” part of the PCS is
a stronger predictor than the whole PCS could not be con-
firmed in the present study. In a review, Bonnin et al. [4]
described pain catastrophizing as one of five predictors for
persistent knee pain after TKR. Riddle et al. [22] showed a
significant influence of the Womac pain score at 6 months
postoperatively. The reasons for the different findings may
be partially the short study periods and the different cut-
off points of the PCS (15 or 30 points) between the stud-
ies. In particular, investigations with the shorter period of
12 months show higher influence.

Wallis and Tayler [32] highlighted that pain catastrophiz-
ing is modifiable. Intervention possibilities can be coping
skills, improvement of preoperative knowledge on outcomes,
and participation in the decision-making [18, 22]. Hirikawa
et al. [15] described that sensory training during rehabilita-
tion can reduce persistent pain. The need for an intervention
is underlined by the present study.

Dissatisfaction after TKR varies from 11 to 25% in the lit-
erature [25]. In the present study, the dissatisfaction rate was
11% at 12 months postoperatively, but was not associated
with any postoperative radiological abnormalities. However,

patients with dissatisfaction had a lower knee function after
surgery. The results of the present study suggest that patient
endogenous psychological characteristics contribute to the
dissatisfaction rate. This fact should be considered when
healthcare providers and insurance companies discuss new
strategies, such pay-per-performance models, to reimburse
joint replacement costs.

This study has some limitations. First, the percentage of
patients lost to follow-up was high (25%). However, this loss
of follow up is comparable with the percentages in other
studies evaluating the impact of psychological factors on
outcomes after TKR. Second, there was a disparity between
the sexes (87 female patients and 51 male patients). Again,
this distribution is comparable with those in other studies.

In conclusion, anxiety and particularly pain catastrophiz-
ing can have a strong impact on outcomes after TKR. How-
ever, the impact appears slightly lower compared with the
influence of somatization and depressive symptoms [2].

Nevertheless, such patients should not be withheld from
helpful treatment. Based on the high prevalence of these
factors, patients should be screened and additionally treated
preoperatively by a psychologist.
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