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Abstract

Objective. Total knee arthroplasty is a painful
procedure. No studies have evaluated modifiable

predictors of acute postoperative pain trajectories
during hospitalization.

Methods. Consecutive patients (N 5 188) were en-
rolled in a longitudinal cohort study and completed
a demographic questionnaire, as well as the Brief
Pain Inventory, Hospital Depression and Anxiety
Scale, Lee Fatigue Scale, Fatigue Severity Scale,
and Brief Illness Perception Questionnaire on the
day before surgery. Clinical data were extracted
from medical records.

Setting and Patients. Each patient completed a pain
diary that assessed pain at rest and with activity,
and hours per day in pain every evening from day of
surgery until postoperative day 3. Using hierarchi-
cal linear modeling, we investigated which demo-
graphic, clinical, symptom, and psychological
characteristics predicted initial levels as well as the
trajectories of acute pain at rest and with activity,
and hours per day in pain.

Results. Higher levels of all three acute pain character-
istics on the day of surgery resulted in worse trajecto-
ries. Higher pain scores with rest and with activity on
the day of surgery were associated with more days
with femoral block, higher average dose of opioids,
and higher emotional response to osteoarthritis.
Higher number of comorbidities, higher average dose
of opioids, and lower perceived control predicted more
hours per day in pain on the day of surgery.

Conclusions. This study identified several poten-
tially modifiable predictors of worsening pain trajec-
tories following total knee arthroplasty. Optimal
pain management warrants identification of these
high-risk patients and treatment of modifiable risk
factors.

VC 2016 American Academy of Pain Medicine.
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Introduction

Total knee arthroplasty (TKA) for osteoarthritis (OA) is
an effective, albeit painful [1,2] procedure to relieve
pain and increase function. Despite improvements in
pain management [3], 58% of patients report moderate
to severe pain at rest immediately following TKA [4].
Moderate to intolerable pain in the first week
following TKA was associated with a three to 10 times
higher risk for the development of chronic pain [5].
These findings underline the importance of identifying
modifiable predictors that potentially may relieve inade-
quately managed postoperative pain. In addition, re-
cent studies emphasize the need to evaluate acute
pain at rest and with activity following surgical proce-
dures [6].

To date, only two longitudinal studies evaluated risk fac-
tors for acute postoperative pain (i.e., from the day of
surgery (DOS) to hospital discharge) [7,8] with rest and
activity after TKA. In terms of pain at rest, the following
predictors were identified: younger age [8], higher
preoperative resting pain [8], and depression [8]. In
terms of pain with activity, predictors associated with
higher pain scores included higher preoperative pain
with activity [7,8], higher pain intensity with mechanical
stimuli [8], higher anxiety [7], as well as higher
catastrophizing [7]. While both of these studies were
longitudinal, neither reported predictors of the trajecto-
ries of acute postoperative pain at rest and with activity
following TKA. Therefore, as noted in a systematic re-
view [9], additional longitudinal studies are needed to
evaluate modifiable predictors of acute postoperative
pain at rest and with activity following TKA. Knowledge
of modifiable risk factors would enable clinicians to iden-
tify patients at higher risk and initiate appropriate inter-
ventions to decrease acute postoperative pain.

The large amount of inter-individual variability in patients’
pain experiences is a major challenge in acute pain
management. In addition, acute pain is a dynamic pro-
cess that changes over time and can be influenced by a
number of factors. An analysis of predictors of acute
postoperative pain trajectories [10] acknowledges pain
as a dynamic process, takes inter-individual variability
into account, and may identify modifiable risk factors for
more severe pain.

To our knowledge, no studies have used hierarchical
linear modeling (HLM) to identify modifiable and non-
modifiable predictors of the trajectories of acute postop-
erative pain with and without activity following TKA.
HLM is a statistical approach that allows one to evaluate
trajectories of pain as well as characteristics that influ-
ence these trajectories. The purposes of this study us-
ing HLM were to describe the trajectories of acute pain

at rest and with activity, and hours per day in pain from
DOS until postoperative day (POD) 3, and to identify de-
mographic, clinical, symptom, and psychological char-
acteristics that predicted each of these outcomes.

Methods

Patients and Study Procedures

This study is part of a longitudinal study of pain, symp-
toms, and health-related quality of life in patients who
underwent a TKA for osteoarthritis (OA) at a surgical
clinic in Oslo, Norway. Patients (N¼ 188) were included
if they were>18 years; were able to read, write, and un-
derstand Norwegian; and were scheduled for unilateral
primary TKA. Patients were excluded if they underwent
unicompartmental or revision surgery.

Patients received written information about the study ei-
ther by mail prior to admission or on the day of admis-
sion. Most patients were admitted to the hospital the
day before surgery. Patients who met the inclusion crite-
ria were invited to participate by a nurse on the day of
admission. After obtaining written informed consent, pa-
tients completed a questionnaire that assessed demo-
graphic characteristics, preoperative pain, preoperative
symptoms, and psychological factors. Preoperative clini-
cal tests, comorbidities, body mass index (BMI), and in-
formation on medications were obtained from the
medical records.

After surgery, patients completed a pain diary that evalu-
ated acute pain intensity with and without activity and
hours per day in pain, every night from the DOS until
POD3. The completed questionnaires and the pain diaries
were collected by the nursing staff in sealed envelopes.

A power analysis with an alpha level of 0.05, power of
0.80 and a medium effect size (f ¼0.25) for multiple re-
gression yielded a sample size estimation of 180. A total
of 200 patients were recruited which allowed for 10%
attrition rate. The study was approved by the Regional
Medical Research Ethics Committee of Health South
East of Norway (# 2011/1755).

Surgical Procedures

The anesthesia, surgery, postoperative pain manage-
ment, and physical therapy procedures were standard-
ized. All patients received the same cruciate-retaining
implant for the TKA. A tourniquet was used during sur-
gery and drains were placed and removed on POD1.
Spinal block with bupivacaine and sedation were the
first choice for anesthesia. Epidural analgesia (EDA) with
continuous infusion of bupivacaine 1 milligram/milliliter
(mg/ml), adrenaline 2 micrograms (mg)/ml, and fentanyl
2 mg/ml (5–12 ml/hour) was the first choice for acute
postoperative pain management.

If spinal blockade and epidural analgesia was contrain-
dicated, patients received total intravenous anesthesia
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and a continuous femoral nerve block (CFNB) with bupi-
vacaine 2.5 mg/ml at 4–10 ml/hour for postoperative
pain management. In most cases, the regional block
(i.e., CFNB, EDA) was removed on POD2. Oral
acetaminophen 1 gram was given every 6 hours and
celecoxib 200 mg and controlled release oxycodone 5–
20 mg was given every 12 hours unless contraindicated.
Immediate release oxycodone 5 mg tablets or intrave-
nous ketobemidone 2.5–5 mg were available as rescue
medications. If pain control was not satisfactory, low
dose ketamine 1.5 mg/kg/minute was administered as a
short-term intravenous infusion (usually on the DOS).

Patients were mobilized out of bed and allowed full
weight bearing on the operated knee on POD1. No con-
tinuous passive motion was used. Patients received stan-
dardized physical therapy on a daily basis with walking,
flexion, and extension of the knee beginning on POD1.
Patients were usually discharged on POD3 or POD4.

Clinical and Perioperative Characteristics

Data on type of implant, American Society of
Anesthesiologists (ASA) physical status classification [11],
length of surgery, tourniquet use, infections (i.e., deep
prosthetic, wound), as well as comorbidities, BMI, preop-
erative blood pressure, hemoglobin, C-reactive protein,
and creatinine levels were obtained from medical records.
Data on anesthesia regimen, number of days with epidu-
ral or femoral block, and doses of postoperative pain
medications were obtained from patients’ medical re-
cords and were included in this analysis as covariates. All
opioid analgesics were converted to intravenous (IV) mor-
phine equivalents using the European Association for
Palliative Care recommendations for opioid conversion
[12] and were collapsed into single time-invariant com-
posite variables for the purpose of the analysis.

Pain Measures

The Brief Pain Inventory

The Brief Pain Inventory (BPI) [13] was used to measure
OA pain prior to surgery and pain’s impact on function.
The BPI consists of four items that measure pain inten-
sity on a 0 to 10 numeric rating scale (NRS), one item
that measures pain relief, a body map to assess pain lo-
cations, and seven items that measure interference with
function. The BPI is sensitive to changes in pain inten-
sity. A change of two units on the 11-point scale is con-
sidered to be clinically meaningful [14]. The Norwegian
version of the BPI has well-established validity and reli-
ability [15].

Pain Diary

Patients rated their acute pain at rest and with activity
using a 0 to 10 NRS. In addition, the patients were
asked to indicate in the past 24 hours how many hours

they had experienced pain of� 4. The patients com-
pleted the pain diary every night from the DOS until
POD3.

Symptom Measures

Fatigue Severity

The five-item Lee Fatigue Scale (LFS) was used to eval-
uate fatigue severity prior to surgery. Each item was
rated on a 0 to 10 NRS. A total score was calculated as
the mean of the five items, with higher scores indicating
higher fatigue severity. The LFS has satisfactory validity
and reliability [16,17]. In this study, its Cronbach’s alpha
was 0.90.

Fatigue Interference

The seven-item Fatigue Severity Scale (FSS-7) was
used to measure fatigue interference during the past
week prior to surgery. Patients rated their agreement
with seven statements, using a seven-point Likert scale
that ranged from disagree to agree. FSS-7 has better
psychometric properties than the original nine-item
questionnaire [18–20]. A total score can range from 1 to
7. In this study, its Cronbach’s alpha was 0.93.

Mood States

The Hospital Anxiety and Depression Scale (HADS) [21]
was used to measure preoperative depression and anxi-
ety. The scale consists of 14 items (seven for depression
and seven for anxiety). On each subscale, scores can
range from 0 to 21 with higher scores indicating higher
levels of anxiety and depression. Psychometric properties
of the Norwegian version of HADS were excellent in a
large population-based study in Norway [22]. In this study,
the Cronbach’s alphas for the depression and the anxiety
subscales were 0.79 and 0.85, respectively.

Psychological Measure

The Brief Illness Perception Questionnaire

The Brief Illness Perception Questionnaire (BIPQ) [23]
was used to measure self-reported illness perception
prior to surgery. The scale consists of eight items that
measure different dimensions of self-reported illness
perception: consequences, timeline, personal control,
treatment control, identity, illness concern, coherence,
and emotional response. Each item was rated on a 0 to
10 NRS. For this study, patients rated their illness per-
ception in relation to their OA knee. Five items from the
BIPQ (consequences, personal control, identity, con-
cern, and emotional response) were used in the statisti-
cal analyses because these specific items were
sensitive to change over time in patients with traumatic
injuries [24].
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Statistical Analyses

Descriptive statistics were performed to characterize the
sample, using SPSS version 22 (IBM, Armonk, NY). For
acute pain at rest and with activity, HLM based on full
maximum likelihood estimation was performed using the
software developed by Raudenbush and Bryk [25].

As previously described by Miaskowski and colleagues
[26]: “Compared with other methods for analyzing
change, HLM has two major advantages. First, it can
accommodate unbalanced designs, which allows for the
analysis of data when the number and spacing of as-
sessments vary across respondents. Second, HLM has
the ability to model individual change, which helps to
identify more complex patterns of change that are often
overlooked by other methods. With HLM, repeated
measures of the outcome variable (e.g., pain intensity at
rest) are conceptualized as being nested within individ-
uals and the analysis of change in the outcome variable
is at 2 levels: within persons (level 1) and between per-
sons (level 2). At level 1, the outcome is conceptualized
as varying within individuals and is a function of person-
specific change parameters plus error. At level 2, the
person-specific change parameters are multivariate out-
comes that vary across individuals. Level 2 outcomes
can be modeled as a function of a number of predictors
that vary between individuals, plus an error associated
with the individual. Combining level 1 and level 2 results
in a mixed model with fixed and random effects.”

Separate HLM analyses were done to evaluate for
changes over time in acute pain intensity scores at rest
and with movement. During level 1, intra-individual vari-
ability in pain intensity over time was examined. Three
level 1 models were compared to determine whether
pain intensity scores did not change over time (i.e., no
time effect), changed at a constant rate (i.e., linear time
effect), or changed at a rate that accelerated or deceler-
ated over time (i.e., quadratic effect). At this point, the
level 2 model was constrained to be unconditional (i.e.,
no predictors) and likelihood ratio tests were used to
determine the best model.

At the second level of the HLM analysis, inter-individual
differences in the trajectories of pain intensity were ex-
amined by modeling the individual change parameters
(i.e., intercept and the linear and the quadratic compo-
nents of the slope) as a function of proposed predictors.
Table 1 presents a list of the proposed predictors that
was developed based on a review of the literature from
cross sectional and longitudinal studies of pain in pa-
tients undergoing TKA [7,8,27–31]. To improve estima-
tion efficiency and construct a parsimonious model,
exploratory level 2 analyses were performed. Each po-
tential predictor was assessed to determine whether it
would result in a better fitting model if it alone was
added as a level 2 predictor. Predictors with a t value
of< 2.0, which indicates a lack of significant effect,
were excluded from further model testing. All significant
predictors from the exploratory analysis were entered

into the model to predict each individual change param-
eter. Only predictors that maintained a statistically signif-
icant contribution in conjunction with other variables
were retained in the final model. A P value of< 0.05 in-
dicates statistical significance.

Number of hours per day in pain was not normally dis-
tributed, as is common for count variables. Poisson re-
gression for cross-sectional data [32–35] or multilevel
Poisson regression for longitudinal data [36,37] are often
used to evaluate a right-skewed count variable. However,
the use of Poisson regression assumes that the variance
of the distribution is equal to the mean, which was not
true for number of hours per day in pain. When the vari-
ance is greater than the mean as with these data, the
distribution is called “overdispersed,” and a negative bi-
nomial regression model is used [38]. Therefore, the
change in the number of hours per day in pain was ex-
amined with multilevel negative binomial regression using
Stata Release 13 (StataCorp, College Station, TX)
[39,40]. Multilevel negative binomial regression models
were estimated using maximum likelihood estimation with
mean and variance-adjusted adaptive Gauss-Hermite
quadrature, the best method of estimation for random ef-
fects for Poisson and negative binomial regression mod-
els [41]. While the figures for number of hours per day in
pain are based on estimated values in log scales,
Table 2 presents the exponents of the estimated values.
The expected value for the intercept in a negative bino-
mial model, in exponential terms (the incidence rate ratio)
is 1.0, not the customary value of zero.

A trajectory requires an initial point (i.e., DOS) with a
shape defined by a mathematical function, including an
end point of interest (i.e., POD 3). This definition does
not require a specific number of observations as long as
it is a theoretically justified trajectory that fits the data in
a statistical sense [10].

The terminology “predictor” within the HLM context
does not necessarily imply causality but simply implies
an association. While the individual coefficients for the
linear and quadratic components of the curve are re-
ported in Table 2, these coefficients cannot be inter-
preted individually to understand the effect of a
predictor variable. Thus, the effect of each predictor var-
iable on a patient’s pain trajectory is shown in figures.
The figures provide the reader with the clinical meaning
of changes in pain experience for two persons with
higher versus lower scores on a predictor variable.

Results

Patient Characteristics

Of the 245 patients who were invited to participate, six
had their surgery cancelled and 33 declined to partici-
pate. A total of 206 patients agreed to participate and
were enrolled into the study. Two patients were excluded
after surgery because of postoperative disorientation, one
patient died from postoperative complications, and 15
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had incomplete data on a number of predictors. The pa-
tients with incomplete data were significantly older (mean
age: 74 years [SD 7.45], P ¼ 0.009) than those with
complete data. A total of 188 (77%) patients are included
in this analysis.

The demographic, clinical, symptom, and psychological
characteristics of the patients are shown in Table 3. The
majority of the patients were female (68.6%), were married
or partnered (61.2%), retired or unemployed (63.3%), and
had completed higher education (52.7%). The mean age

Table 1 Potential predictors of the intercept, linear coefficient, and quadratic coefficient for pain at rest,

pain with activity, and hours per day in pain

Pain at rest

(N¼ 188)

Pain with activity

(N¼188)

Hours in pain

(N¼185)

Demographic characteristics I LC QC I LC QC I LC QC

Age x x x x

Sex

Education level

Cohabitation status

Employment status x x

Preoperative clinical characteristics

Body mass index

Number of comorbidities x x x

American Society of Anesthesiologists’

physical status classification

x

Systolic blood pressure

Diastolic blood pressure

C-reactive protein

Hemoglobin

Pain characteristics

Average pain prior to surgery

Worst pain prior to surgery x x

Pain at rest, day of surgery n/a x x n/a n/a n/a n/a n/a n/a

Pain with activity, day of surgery n/a n/a n/a n/a x x n/a n/a n/a

Hours per day in pain, day of surgery n/a n/a n/a n/a n/a n/a n/a x x

Pain interference with function x x x

Perioperative characteristics:

Side of knee surgery x x

Type of anesthesia x x x

Length of surgery (minutes)

Pain management characteristics

Number of days with epidural analgesia x x x x x

Number of days with continuous femoral nerve block x x x x x

Number of days with ketamine x x x

Average dose of opioids over 4 days x x x

Symptoms

Fatigue severity x x x

Fatigue interference x

Depression

Anxiety x x x

Psychological characteristics from the BIPQ

Consequences x x

Personal control x

Identity x x x

Concern x

Emotional response x x x

I ¼ intercept; LC ¼ linear coefficient; QC ¼ quadratic coefficient; BIPQ ¼ Brief Illness Perception questionnaire; x¼ t values

>2.0 in exploratory analyses.
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Table 2 Hierarchical linear models of the trajectories for pain at rest, pain with activity, and hours per

day in pain

Pain at rest (N¼188)
Coefficient (SE)

Unconditional model Final model

Fixed effects

Intercept 2.140 (0.147)* 2.153 (0.136)*

Linear rate of change 1.028 (0.186)* 1.012 (0.214)*

Quadratic rate of change �0.358 (0.055)* �0.354 (0.061)*

Time invariant covariates

Intercept

Number of days with continuous femoral

nerve block

0.323 (0.102)**

Average dose of opioid over 4 days 0.060 (0.010)*

Emotional response 0.097 (0.027)*

Change over time

Pain at rest, DOS

Linear rate of change 0.369 (0.075)*

Quadratic rate of change �0.115 (0.026)*

Variance component

In intercept 2.388* 1.720*

In linear rate 1.750*** 3.750

In quadratic rate 0.077 0.192

Goodness of fit deviance (df) 2606.372 (10) 2526.377 (15)

Model comparison (v2) 79,995 (5)*

Pain with activity (N¼188) Coefficient (SE)

Unconditional model Final model

Fixed effects

Intercept 3.071 (0.189)* 3.064 (0.175)*

Linear rate of change 1.765 (0.200)* 1.778 (0.235)*

Quadratic rate of change �0.492 (0.059)* �0.495 (0.065)*

Time invariant covariates

Intercept

Number of days with continuous femoral nerve

block

0.349 (0.123)**

Average dose of opioid over 4 days 0.060 (0.012)*

Emotional response 0.118 (0.032)*

Change over time

Pain with activity, DOS

Linear rate of change 0.330 (0.065)*

Quadratic rate of change �0.082 (0.023)*

Variance component

In intercept 4.311* 3.290*

In linear rate 1.347 3.982*

In quadratic rate 0.028 0.380

Goodness of fit deviance (df) 2728.181 (10) 2655.759 (15)

Model comparison (v2) 72.422 (5)*

Hours per day in pain (N¼185) Incidence risk ratio (SE)

Unconditional model Final model

Fixed effects

Intercept 1.382 (0.157)** 1.174 (0.144)

Linear rate of change 2.435 (0.326)* 2.720 (0.368)*

(continued)
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of the patients was 67.7 years (SD¼ 9.1). The average
opioid consumption per day is shown in Table 3. The
number of patients who received ketobemidone as rescue
medication decreased during the 4 days (i.e., DOS:
N¼107, 57%; POD1: N¼ 28, 15%; POD2: N¼ 19, 10%;
POD3: N¼ 5, 3%). In addition, a total of 27 patients re-
ceived ketamine as a rescue pain medication.

Individual and Mean Change in Pain Characteristics

The goodness of fit tests of the deviance among the
models indicated that a quadratic model fit the data
best for all three pain characteristics. Table 2 presents
the estimates of the unconditional quadratic change
models for the level 1 analysis. Because the models
have no covariates, the intercepts represent the esti-
mated levels of acute pain at rest (2.140), acute pain
with activity (3.071), and hours per day in pain (1.382).
Figures 1A through 1C present the quadratic trajectories
for the three pain characteristics. The trajectories for all
three pain characteristics display the same pattern with
increasing trends reaching a peak on POD2, before de-
creasing from POD2 to POD3. The pain scores pre-
sented in the figures are estimated values based on the
HLM and binomial regression analyses.

Inter-Individual Differences in the Trajectories of
Acute Pain at Rest

Two postsurgical (i.e., number of days with a CFNB, aver-
age dose of opioid over 4 days) and one presurgical (i.e.,
emotional response to OA) characteristics were associated

with initial levels of pain at rest. Figures 2A through 2C dis-
play the estimated effects of each of these characteristics
on pain at rest based on differences in number of days
with CFNB (higher/lower number based on 6 1 standard
deviation (SD) of the number of days, Figure 2A); average
dose of opioid over 4 days (higher/lower based on6 1 SD
of the mean dose, Figure 2B); and emotional response
(higher/lower based on 6 1 SD of the mean score, Figure
2C). One postsurgical characteristic (i.e., pain at rest on
the DOS) was associated with the trajectory of pain at
rest. Figure 2D displays the effect of pain at rest on the
DOS on the trajectory of pain at rest.

Inter-Individual Differences in the Trajectories of
Acute Pain with Activity

Two postsurgical (i.e., number of days with a CFNB, av-
erage dose of opioid over 4 days) and one presurgical
(i.e., emotional response to OA) characteristics were as-
sociated with initial levels of pain with activity. Figures
3A through 3C display the estimated effects of each of
these characteristics on pain with activity based on dif-
ferences in number of days with CFNB (higher/lower
number based on 6 1 standard deviation (SD) of the
number of days, Figure 3A); average dose of opioid
over 4 days (higher/lower based on 6 1 SD of the mean
dose, Figure 3B); and emotional response (higher/lower
based on 6 1 SD of the mean score, Figure 3C). One
postsurgical characteristic (i.e., pain with activity on the
DOS) was associated with the trajectory of pain with ac-
tivity. Figure 3D displays the effect of pain with activity
on the DOS on the trajectory of pain with activity.

Table 2 Continued

Pain at rest (N¼ 188)
Coefficient (SE)

Unconditional model Final model

Quadratic rate of change 0.766 (0.033)* 0.753 (0.032)*

Time invariant covariates

Intercept:

Number of comorbidities 1.250 (0.110)**

Average dose of opioid over 4 days 1.078 (0.012)*

Personal control 1.114 (0.041)**

Change over time

Hours per day in pain, DOS

Linear rate of change 0.902 (0.003)**

Quadratic rate of change 1.020 (0.011)

Variance component

In intercept 0.815 0.843

In linear rate 0.103*** 0.058***

Akaike’s information criterion (df) 2807.471 (6) 2748.577 (11)

df¼degrees of freedom; SE¼ standard error; DOS¼day of surgery. Time was coded as zero on the day of surgery. The coeffi-

cients reported for hours in pain are incidence rate ratios. Null hypothesized value for the intercept of hours in pain¼1.

Significance for variance components for hours in pain is interpreted from the confidence intervals.

*P < 0.001.

**P < 0.01.

***P < 0.05.
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Table 3 Demographic, clinical, symptom, and psychological characteristics of patients (N¼ 188) at

enrollment

Characteristic

Demographic characteristics Mean SD

Age Years 67.7 9.1

N %

Sex Female 129 68.6

Cohabitation status Married/partnered 115 61.2

Employment status Unemployed/retired 119 63.3

Education level College/university level 99 52.7

Preoperative clinical characteristics Mean SD

Body mass index 29.3 4.8

Number of comorbidities (0–5) 1.1 1.0

American Society of Anesthesiologists’ physical

status classification score (1–3)

2.0 0.5

Systolic blood pressure 138.2 15.3

Diastolic blood pressure 81.8 11.0

C-reactive protein 3.2 2.9

Hemoglobin 13.9 1.1

Creatinine 75.4 15.7

Preoperative pain characteristics Mean SD

Average pain 5.3 1.7

Worst pain 5.5 2.1

Pain interference with function 4.5 2.0

Perioperative characteristics N %

Surgical side Right side 98 52.1

Anesthesia Neuraxial block 163 86.7

Total intravenous anesthesia 25 13.3

Mean SD

Length of surgery (minutes) 65.1 13.6

Pain management characteristics

Number of days with epidural analgesia (N¼160) 2.1 0.4

Number of days with continuous femoral nerve block (N¼ 29) 2.1 0.4

Number of days with ketamine (N¼ 27) 1.3 0.4

Average dose of opioids (mg)* 13.3 7.5

Opioid dose, day of surgery 12.5 13.6

Opioid dose, postoperative day 1 13.7 9.0

Opioid dose, postoperative day 2 15.9 8.0

Opioid dose, postoperative day 3 11.1 8.6

Symptoms Mean SD

Fatigue severity 2.7 2.1

Fatigue interference 4.0 1.5

Depression 3.5 3.1

Anxiety 4.6 3.5

Psychological characteristics**

Consequences 6.4 1.8

Personal control 5.4 2.4

Identity 6.7 1.6

Concern 5.1 2.7

Emotional response 4.5 2.6

HAD-S ¼ Hospital Anxiety and Depression Scale; mg¼milligram; SD¼ standard deviation.

*All opioids were converted to intravenous morphine equivalents. Value is the average dose of opioids over 4 days.

**Single item scores from the Brief Illness Perception Questionnaire.
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Figure 1 Trajectories of pain at rest (A), pain with activity (B), and log of hours per day in pain (C) using an uncondi-
tional model.
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Inter-Individual Differences in the Trajectories of
Hours Per Day in Pain

One postsurgical (i.e., average dose of opioid over 4
days) and two presurgical (i.e., number of comorbidities,
personal control) characteristics were associated with
the initial number of hours per day in pain. Figures 4A
through 4C display the effects of each of these charac-
teristics on number of hours per day in pain estimated
based on differences in average dose of opioid over 4
days (higher/lower based on 6 1 SD of the mean dose,
Figure 4A); number of comorbidities (higher/lower num-
ber based on 6 1 SD of the number of comorbidities,
Figure 4B); and perceived control (higher/lower based
on 6 1 SD of the mean score, Figure 4C). One postsur-
gical characteristic (i.e., hours per day in pain on
the DOS) was associated with the trajectory of hours

per day in pain. Figure 4D displays the effect of
hours per day in pain on the DOS on the trajectory of
hours per day in pain.

Discussion

This study is the first to use HLM to evaluate for inter-
individual differences in the trajectories of acute pain at
rest, acute pain with activity, and hours per day in pain
following TKA, as well as to identify potentially modifi-
able risk factors for these outcomes. From a compre-
hensive list of potential predictors, a number of
modifiable clinical and psychological characteristics
were identified, which clinicians can use to identify pa-
tients at risk for more severe postoperative pain and ini-
tiate appropriate interventions to improve postoperative
pain management.

Figure 2 Trajectories of pain at rest by number of days with a continuous femoral nerve block (A), average dose of
intravenous opioid equivalents (B), emotional response to osteoarthritis (C), and average pain at rest on the day of
surgery (D) from the day of surgery until postoperative day 3. Higher/lower differences in Figures 2A–C were calcu-
lated based on 1 standard deviation above/below the predicted value.
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Postsurgical Risk Factors

Consistent with a previous report [42], higher scores for
pain at rest and pain with activity, as well as more hours
per day in pain on the DOS, were associated with
worse pain trajectories for each of these outcomes
(Figures 2D–4D). Thus, our findings suggest that the
pain levels immediately after surgery are associated with
the patient’s pain experience for the next three days.
Aggressive early pain management might both reduce
pain on the DOS and result in lower pain scores in the
first days after surgery. While patients in this study re-
ceived a standardized, multimodal acute postoperative
pain management regimen [43], these findings suggest
that some patients still need higher doses of analgesics
on the DOS. Careful preoperative evaluation is neces-
sary to identify patients who may not respond to stan-
dard treatment, in order to adjust their pain

management plan [43]. After surgery, systematic as-
sessment of pain at rest and with activity using stan-
dardized tools may help clinicians to identify patients
who continue to experience insufficient pain relief [6].

Both number of days with EDA and number of days
with CFNB were evaluated as being potentially associ-
ated with all three pain characteristics. Patients with a
higher number of days with a CFNB reported higher
pain intensity scores at rest and with activity on the
DOS and this association was moderate to strong (d ¼
0.64 to 0.69, respectively). While a higher number of
days with EDA was associated with lower pain scores, it
was not retained in the final model because CFNB and
EDA were highly correlated. Contrary to our results,
findings from meta-analyses [44,45] suggest that femo-
ral nerve block (FNB) is superior to EDA with lower mor-
phine consumption and better pain scores both at rest

Figure 3 Trajectories of pain with activity by number of days with a continuous femoral nerve block (A), average dose
of intravenous opioid equivalents (B), emotional response to osteoarthritis (C), and average pain with activity on the
day of surgery (D) from the day of surgery until postoperative day 3. Higher/lower differences in Figures 3A–C were
calculated based on 1 standard deviation above/below the predicted value.
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and with activity. Currently, femoral block is considered
to be the procedure of choice for pain management
after TKA surgery [46]. CFNB alone may not be suffi-
cient for pain management after TKA because some pa-
tients may still experience posterior knee pain.
Therefore, the addition of a sciatic nerve block (SNB) to
the FNB is standard procedure in many surgical cen-
ters. However, the evidence for this approach is incon-
clusive [47–49].

It should be noted that only 15% of the patients in our
study received CFNB. EDA was the first choice for peri-
operative pain management (85%) and physicians chose
the most appropriate approach for each patient.
Therefore, the difference between CFNB and EDA found
in this study may be confounded and should be

interpreted with caution. In addition, patients who re-
ceived CFNB were more likely to receive total intrave-
nous anesthesia and to report higher worst pain scores
prior to surgery than those without a CFNB (P < 0.001
and P ¼ 0.02, respectively). While the pain management
was standardized, the regimen was individualized based
on a variety of patient and clinical characteristics [43].
Therefore, our results may reflect the complexity of clini-
cal pain management and not the comparative effective-
ness of CFNB versus EDA.

In this study, CFNBs were placed after surgery, while
EDAs were placed prior to surgery and the infusions
were started as the spinal block diminished. Therefore,
the CFNBs may have been placed after the onset of
pain. However, studies that used nerve blocks prior

Figure 4 Trajectories of hours per day in pain by average dose of intravenous opioid equivalents (A), number of
comorbidities (B), perceived control of osteoarthritis (C), and hours per day in pain on the day of surgery (D) from the
day of surgery until postoperative day 3. Higher/lower differences in Figures 4A–C were calculated based on 1 stan-
dard deviation above/below the predicted value.
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compared to after surgery have failed to show any ben-
efit on postoperative pain intensity [50].

Patients who reported higher acute pain intensity scores
at rest and with movement and greater number of hours
per day in pain on the DOS had a higher average opioid
consumption than those with lower pain scores. Of
note, opioid consumption was the only characteristic
that was associated with all three pain characteristics.
While not a surprising finding, higher initial pain intensity
and perioperative opioid consumption should be an
early warning signal that prompts clinicians to modify
and individualize a patient’s pain management plan
[3,43].

Presurgical Risk Factors

Patients who prior to surgery reported that their knee
OA affected them emotionally to a greater degree (e.g.,
caused anger, fear, worry) reported higher postoperative
acute pain scores at rest and with activity on the DOS.
A similar trend was found for hours per day in pain.
Patients who prior to surgery reported less perceived
control of their knee OA reported more hours per day in
pain on the DOS. These findings suggest that preopera-
tive psychological factors may contribute to patients’
perioperative pain experiences. Our findings are consis-
tent with a recent study [51] that found negative correla-
tions between higher emotional representations, illness
coherence, consequences, and function at 6 weeks and
12 months after TKA. Illness coherence and conse-
quences explained 7.9% of the variance in function after
6 weeks. Illness perceptions that were evaluated in this
study, using the BIPQ, are considered beliefs and there-
fore are considered modifiable [52]. Of note, in one
meta-analysis [53], significant correlations were found
between illness perceptions and coping strategies. For
example, viewing one’s illness as controllable was asso-
ciated with a greater use of problem-solving coping
strategies. These beliefs could be considered markers
that indicate greater difficulty handling pain. Whether
these beliefs can be modified and the potential effect on

postoperative pain needs to be addressed in future
studies.

As summarized in Table 4, the same predictors were
associated with higher acute pain at rest and pain with
activity on the DOS. This finding contrasts with a previ-
ous prospective study of TKA patients [8] that found dif-
ferent predictors for pain at rest (i.e., higher preoperative
pain with rest, depression and younger age) and for
pain with activity (i.e., higher preoperative pain with ac-
tivity, lower heat pain threshold). The reasons for these
differences may be that the measurement of pain trajec-
tories over time captures different aspects of the pain
experience than the conventional measurement of pain
at one single time point.

Number of comorbidities was associated with hours per
day in pain only. Of note, in a previous study [54], num-
ber of comorbidities was the only characteristic that
was associated with a higher risk of chronic pain two
years after TKA. The most common comorbidities in our
sample were hypertension (41%), followed by back or
head injuries (38%), cardiac disease (31%), and pulmo-
nary disease (17%). While hypertension was associated
with a lower prevalence of chronic musculoskeletal pain
[55], no associations were found between preoperative
systolic blood pressure and any of the pain characteris-
tics evaluated in this study. Although not a modifiable
risk factor, findings from this study suggest that patients
with a higher number of comorbidities need to be identi-
fied before surgery. They should be monitored carefully
after TKA and receive individualized perioperative pain
management, especially on the DOS.

Sex and age were not associated with any of the pain
characteristics in the present study. While age corre-
lated with pain at rest and with activity in the exploratory
analysis, it was not retained in the final model. While fe-
male gender was a risk factor for early postoperative
pain after arthroscopy in three randomized controlled tri-
als [56], it was not a significant predictor of any of the
pain characteristics evaluated in this study.

Table 4 Overview of predictors of the intercept and slope for pain at rest, pain with activity, and hours

per day in pain

Predictors Pain at rest Pain with activity Hours per day in pain

Number of comorbidities I

Number of days with continuous femoral nerve block I I

Average dose of opioids over 4 days I I I

Personal control I

Emotional response I I

Pain at rest, day of surgery S

Pain with activity, day of surgery S

Hours per day in pain, day of surgery S

I¼ intercept; S¼ slope.
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Several limitations need to be acknowledged. While re-
flective of the population [57], more women than men
participated in this study. Patients with incomplete data
were slightly older which may have affected our ability
to find any associations between age and pain charac-
teristics. Because patients were recruited from only one
hospital, these findings may not generalize to other set-
tings. It is interesting to note that pain scores at rest
and with activity were relatively similar. Future studies
should evaluate pain with activity at the time the activity
is performed. Finally, we do not have data on the inci-
dence of utilization of oxycodone and ketobemidone
rescue doses and side effects that may potentially have
influenced our findings.

Several study strengths warrant consideration. First, the
prospective design is an advantage. Second, the study
had a relatively large sample size and a low attrition
rate. Third, only patients who underwent TKA for OA us-
ing the same elective procedure with the same surgical
technique and the same implant were included in the
study. Fourth, a comprehensive list of predictors was
evaluated using updated statistical methods with high
precision. Finally, patients from a wide age range were
included to increase the generalizability of our results.
Patients over the age of 70 tend to be excluded from
studies and are under-represented [9].

In summary, higher pain scores on the day of TKA surgery
were associated with higher acute postoperative pain tra-
jectories and more hours per day in pain. Therefore, effec-
tive pain management is imperative, especially on the
DOS. Clinicians should be attentive to patients’ psychologi-
cal status prior to surgery and to patients with higher opi-
oid consumption on the DOS. These patients are at
increased risk for higher acute pain scores and more
hours per day in pain on the DOS and may need an indi-
vidualized pain management plan. Additional research is
needed to evaluate the effect of reducing acute pain on
the DOS on changes in pain intensity over time.
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