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Background: In patients with hip osteoarthritis (OA), pain at rest, unlike pain on activity, is
due to pain mechanisms that cannot be explained by nociceptive pain. However, it remains
unclear whether central sensitization (CS) is one of the causes of exacerbated pain at rest in
patients with hip OA. Therefore, we investigated the differences in causative factors and
postoperative course of total hip arthroplasty (THA) between preoperative pain at rest and on
activity in patients with hip OA.

Methods: In total, 120 patients (125 hips, 22 men and 98 women, aged 64.5+1.0 years) with hip
OA were included. Preoperative pain at rest and on activity and CS were assessed using the visual
analog scale (VAS) and CS Inventory (CSI), respectively. Postoperative assessments were eval-
uated using the Japanese Orthopedic Association Hip Disease Evaluation Questionnaire (JHEQ);
pain, satisfaction, function, and mental scores were evaluated 6 and 12 months after THA.
Results: Multivariate regression analysis indicated the CSI score as affecting VAS for pain
at rest ($=0.067, P=0.002) but not VAS for pain on activity (=0.036, P=0.073). VAS for
pain at rest had a weak negative correlation with satisfaction and pain scores at both 6 and 12
months after THA (satisfaction, /=—0.309, —0.278; pain, =—0.202, —0.22). VAS for pain on
activity was not correlated with JHEQ. The CSI score had a weak or moderate negative
correlation with three scores other than the function score at both 6 and 12 months after THA
(satisfaction, =—0.266, —0.213; pain, =—0.332, —0.203, mental, 7=—0.427, —0.370). The
function score was weakly correlated with the CSI score only 6 months after THA (function,
=—0.231, —0.190).

Conclusion: A higher level of preoperative pain at rest, a CS-related symptom, may affect
postoperative pain persistence and dissatisfaction in patients with hip OA.

Keywords: central sensitization, pain at rest, postoperative pain, hip osteoarthritis, total hip
arthroplasty

Introduction

Osteoarthritis (OA) is a multifaceted disorder with synovitis, cartilage and osteophyte
degeneration, and subchondral bone remodeling, resulting in persistent pain.
Exacerbation of OA pain has a profound effect on activities of daily living and walking
and significantly reduces the quality of life." Therefore, a comprehensive treatment,
including surgical intervention for pain relief in OA, is important. Total hip arthroplasty
(THA) is an effective surgical intervention for patients with hip OA who have
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complaints of chronic pain and functional disability.*~
However, approximately 10% of the patients who undergo
primary THA report persistent pain at long-term follow-
up.*® Evidence suggests that central sensitization (CS),
which can be defined as the amplification of neural signals
within the central nervous system, is one of the causes of
persistent postoperative pain in patients with hip OA who
undergo THA.® Understanding the pain characteristics of
patients with hip OA with CS might help optimize treatment
interventions and improve postoperative outcomes.

The CS Inventory (CSI), a new comprehensive self-
reported inventory, was developed as a screening tool for
clinicians to help identify patients with syndromes in which
CS may be a root etiology.” In recent years, the CSI has been
used to evaluate CS components in patients with hip and knee
OA.*? Studies using the CSI have indicated that the presence
of preoperative CS components in patients with knee OA has
a negative impact on postoperative outcomes, such as residual
persistent pain, worsening patient satisfaction, and decreased
quality of life.'™!" However, to the best of our knowledge, no
study has evaluated the relationship between the CSI score and
postoperative outcomes in patients with hip OA who under-
went THA.

There is growing recognition of the importance of distin-
guishing between pain at rest and on activity to better under-
stand the differing pathogenic pathways of pain among patients
with OA.'*"3 It has been reported that in patients with hip and
knee OA, pain at rest, unlike pain on activity, is due to pain
mechanisms that cannot be explained by only nociceptive
pain.'*'> We previously reported a correlation between the
presence of CS components and the level of pain at rest in
patients with hip OA.” Therefore, pain at rest may reflect the
presence of CS and be a predictor of the postoperative out-
comes. However, it remains unclear whether CS is one of the
causes of exacerbated pain at rest and whether pain at rest
affects the postoperative outcomes because our previous study
was a univariable analysis of preoperative clinical scores.

Therefore, we investigated the differences in causative
factors between preoperative pain at rest and on activity in
patients with hip OA. Further, we investigated the impact
of the two different pain symptoms and their predictors on
the clinical outcomes after THA.

Materials and Methods

Patients
This study received ethical approval from our Institutional
Review Board. All patients provided informed consent, and

this study was conducted in accordance with the Declaration
of Helsinki. In total, 138 patients with hip OA undergoing
primary THA at a single center between December 2018 and
March 2020 were enrolled in this study. Four patients with
American Society of Anesthesiologists physical status III or
higher, eight patients who used centrally acting agents within
1 month before surgery, four patients with a history of hip
surgery on the same side as the THA, and two patients with
postoperative complications requiring reoperation were
excluded. Accordingly, a total of 120 patients (125 hips)
who were able to evaluate all the clinical items required for
this study were finally included. There were 22 men and 98
women, and the mean age was 64.5+1.0 years.

Clinical Assessments

Preoperative Assessments

The preoperative pain level was assessed using the visual
analog scale (VAS). We assessed pain at rest and on
activity separately, based on our previous study.’ Pain
during walking on level ground was assessed as pain on
activity in this study. Furthermore, the participants’ pain at
rest and on activity could be a minimum of 0 mm and
a maximum of 100 mm. The preoperative levels of these
two pain symptoms were represented by the VAS for pain
at rest and the VAS for pain on activity. We assessed hip
OA status according to the Tonnis classification system.'®
All patients had hip OA, categorized as advanced or end-
stage (Tonnis grade 2-3). Two observers (YO and KF)
independently performed the evaluation using the Tonnis
classification system and reached a consensus. To deter-
mine the existence of CS components in preoperative
patients with hip OA, the patients were assessed using
the CSI (part A).” The CSI, designed to evaluate symp-
toms associated with CS, comprises 25 self-reported items
on somatic and emotional symptoms, scored from 0 to 100
points, with 0 and 100 being the best and worst scores,
respectively. Each item was graded on a 5-point Likert
scale (0 = never, 1 = rarely, 2 = sometimes, 3 = often, 4 =
always). The Japanese version of the CSI was completed
by the patients themselves.'” All preoperative clinical
assessments (VAS for pain at rest, VAS for pain on activ-
ity, radiographic OA status, and CSI scores) were con-
ducted 1 month before THA.

Postoperative Assessments

All operations were performed under general anesthesia
using a minimally invasive anterolateral supine approach.
Cementless fixation type implants were used in all cases.
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Three types of stems

Zweymiiller type, and modular Wagner-cone type) were

(fully hydroxyapatite-coated,

used according to the shape of the patient’s medullary cavity.
Postoperative assessments were evaluated using the scoring
system of the Japanese Orthopedic Association Hip-Disease
Evaluation Questionnaire (JHEQ).'® The JHEQ has been
widely used as a patient-reported outcome measure
(PROM) in Japan to evaluate preoperative and postoperative
conditions in patients with hip diseases. JHEQ completion is
based on a patient’s self-report or the report of guardians
caring for the patient. The JHEQ consists of items on pain (0—
28 points), function (0-28 points), and mental status (0-28
points). Furthermore, the patient’s satisfaction level is eval-
uated by a VAS assessment in the JHEQ. In this study, each
item of the JHEQ was evaluated at 6 and 12 months post-
operatively, and the relationships between JHEQ scores and
preoperative clinical evaluations were investigated.

Statistical Analysis

Results are expressed as the mean and standard error of the
mean, unless otherwise indicated. Multivariate regression
analysis was used to identify the predictors of preoperative
pain at rest and on activity. Age, body mass index (BMI),
pain duration, and the CSI score were analyzed as contin-
uous variables. Sex and hip OA grade by the To6nnis
classification system were analyzed as nominal scale vari-
ables. Statistical significance was set at 0.05 in multivari-
ate regression analysis. Correlation analyses between the
preoperative VAS for pain at rest, VAS for pain on activity,
and CSI scores and the postoperative clinical scores were
performed using non-parametric Spearman correlation
coefficient because the data did not meet the normality
test examined by the Shapiro—Wilk test. The correlation
coefficient is represented by r. Correlation results were
interpreted according to r values: [1<0.2, =+0.2-0.4, r=
+0.4-0.6, r==0.6-0.8, and |+>0.8 is none or very weak
correlation, weak correlation, moderate correlation, strong
correlation, and very strong correlation, respectively.'”
The priori power analysis for multiple regression and
correlation analyses were conducted using G¥*Power 3 to
determine a sufficient sample size.?’ The minimum sample
size for the multiple regression analysis was estimated
using an f-test table and selecting a statistical significance
of 0.05, medium variable effect size of 0.15, and statistical
power of 0.9, which indicated 123 samples. The minimum
sample size for the correlation analysis was estimated
using a t-test table and selecting a statistical significance
of 0.05, medium variable effect size of 0.3, and statistical

power of 0.9, which indicated 109 samples. Therefore, the
sample size of 120 patients (125 hips) was deemed ade-
quate in this study. Statistical analyses were performed
using SPSS for Windows (version 19.0; IBM Corp,
Armonk, NY, USA).

Results

Participant and Clinical Assessment Data
Preoperatively, the mean VAS for pain at rest was 32.2
+0.3 mm, mean VAS for pain on activity was 57.6
+0.2 mm, and mean CSI score was 21.1+1.1. For all
items in the JHEQ, the scores at 12 months after THA
were higher than those at 6 months after THA. Details of
the demographic factors of the participants as well as pre-
and post-operative clinical assessments are shown in
Table 1.

Predictors of Preoperative Pain at Rest
and on Activity in Patients with Hip OA

The results of the multiple regression analysis are shown
in Table 2. Of the six variables (sex, age, BMI, hip OA
grades, pain term, and CSI score) in the multivariate
regression model, BMI was the only factor significantly

Table | Patients’ Demographics and Clinical Assessment Data
(N=120 Patients, 125 Hips)

MeanzSE or N (%)

Demographic factors

Sex, male/female, N 22 (18.3)/98 (81.7)

Age (years) 64.5+1.0

Height (cm) 156.0£0.7

Weight (kg) 59.5%1.4

BMI (kg/m?) 24.3+0.4

Tonnis grade (2/ 3), N 31 (24.8)/94 (75.2)

Pain duration (years) 4.5+0.5
Preoperative assessments

VAS for pain at rest (0—100 mm) 32.240.3

VAS for pain on activity (0—100 mm) 57.610.2

CSl score (0-100 points) PAREAN|

Postoperative assessments
JHEQ score 6/ 12 months after THA
VAS for satisfaction (0—100 mm)
Pain (0-28 points)
Function (0-28 points)
Mental (0-28 points)
Total (0-84 points)

89.5+1.2/ 92.6%1.1
24.5+0.4/ 25.6+0.3
16.5+0.7/ 17.240.6
20.5+0.6/ 21.1+0.6
61.5+1.5/ 63.7+1.3

Abbreviations: SE, standard error; VAS, visual analog scale; CSI, central sensitiza-
tion inventory; JHEQ, Japanese Orthopedic Association Hip-Disease Evaluation
Questionnaire; THA, total hip arthroplasty.
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Table 2 Multivariate Regression Analysis for the Preoperative Pain at Rest/on Activity in Patients with Hip OA

VAS for Pain at Rest VAS for Pain on Activity
Predictors B 95% Confidence Interval P value [i] 95% Confidence Interval P value
Lower Upper Lower Upper
Sex —0.299 —-1.697 1.099 0.672 —0.599 -1.897 0.698 0.362
Age (years) —0.008 —0.054 0.039 0.746 0.016 —0.026 0.059 0451
BMI (kg/m?) 0.113 —0.001 0.226 0.049 0.127 0.022 0.231 0.018
Tonnis grade (2 or 3) 0.988 —0.224 2.201 0.109 0.222 —0.904 1.347 0.697
Pain duration (years) 0.050 —0.043 0.144 0.289 —0.023 —-0.110 0.064 0.601
CSl score 0.067 0.025 0.110 0.002 0.036 —0.003 0.076 0.073

Notes: Age, BMI, pain duration, and CSI score were analyzed as continuous variables. Sex, hip OA grade by the Tonnis classification were analyzed as nominal scale

variables. Statistically significant P-values (P<0.05) are indicated in bold.

Abbreviations: OA, osteoarthritis; BMI, body mass index; CSI, central sensitization inventory; 3, standardized partial regression coefficient.

influencing VAS for pain on activity (=0.127, P=0.018).
Conversely, the factors significantly influencing VAS for
pain at rest comprised BMI and the CSI score (BMI,
B=0.113, P=0.049; CSI score, =0.067, P=0.002).

Correlations Between Preoperative Pain
at Rest and on Activity and Postoperative
Clinical Outcomes After THA

Correlations between preoperative VAS for pain at rest
and on activity and postoperative clinical outcomes at 6
and 12 months are shown in Figure 1. VAS for pain at
rest had a weak negative correlation with JHEQ satisfac-
tion and pain scores at both 6 and 12 months after THA
(6 months: satisfaction, » =—0.309; pain, » =—0.202; 12
months: satisfaction, /=—0.278; pain, » =—0.22; Figure 1A
and B). On the contrary, VAS for pain on activity was not
correlated with all scores of the postoperative JHEQ

(Figure 1A-D). VAS for pain at rest did not correlate
with postoperative functional and mental scores on the
JHEQ (Figure 1C and D).

Correlations Between the Preoperative
CSI Score and Clinical Outcomes After
THA

Correlations between the preoperative CSI score and post-
operative clinical outcomes at 6 and 12 months are shown
in Figure 2. The CSI score had a weak or moderate
negative correlation with all scores at 6 months after
THA (satisfaction, r =—0.266; pain, r =—0.332; function,
=-0.427; Figure 2A-D). At 12
months after THA, the CSI score had a weak negative

r =0.231; mental, r

correlation with the three scores other than the function
score (satisfaction, »=—0.213; pain, » =—0.203; function,
r =—0.190; mental, » =—0.370; Figure 2A-D).

A0.25 BO.ZS
0.015
0 °V ’
- -0.149
r r -0.185
-0.278%
-0.25 -0.309% -0.25 -0.202% J0.22%
-0.5 L—6m 12m 05 —6m __ 12m |
Satisfaction Pain

C 0.25 D 0.25
0.056
-0.006
0 ./. 0 0.07 -0.042
r r -0.072
-0.132 -0.134 -0.108
-0.25 -0.25
05 L—6m____ 12m | 05 L_6m  12m |
Function Mental

-#Preoperative pain at rest
-e-Preoperative pain on activity

Figure | Correlations between preoperative pain at rest and on activity and clinical evaluations at 6 and 12 months after THA in patients with osteoarthritis. Correlations
between preoperative VAS scores for pain at rest and on activity and postoperative (A) satisfaction, (B) pain, (C) function, and (D) mental scores on the Japanese
Orthopedic Association Hip-Disease Evaluation Questionnaire. The correlation coefficient is represented by r. * |r|20.2.
Abbreviations: 6m, 6 months; 12m, 12 months; VAS, visual analog scale; THA, total hip arthroplasty.
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Figure 2 Correlations between the preoperative CSI score and clinical evaluations at 6 and 12 months after THA in patients with osteoarthritis. Correlations between the
preoperative CS| score and postoperative (A) satisfaction, (B) pain, (C) function, and (D) mental scores on the Japanese Orthopedic Association Hip-Disease Evaluation
Questionnaire at 6 and 12 months after THA. The correlation coefficient is represented by r. * |r|20.2.

Abbreviations: 6m, 6 months; 12m, 12 months; CSI, central sensitization inventory; THA, total hip arthroplasty.

Discussion
The present study revealed the CSI score as a factor influen-
cing the degree of preoperative pain at rest in patients with
hip OA. Further, the adverse effects of higher preoperative
pain at rest and CSI score on outcomes after THA were
indicated. These results can aid in identifying patients with
hip OA with CS components. Additionally, these results
suggest that the presence of CS might be one of the reasons
why some patients with uncomplicated hip OA who
undergo THA experience persistent postoperative pain.
The current study results elucidate the factors that
influence pain at rest and on activity in hip OA. Pain at
rest, but not pain on activity, was reflected in the CSI
score. Higher pain at rest in patients with knee and hip
OA is one of the pain features associated with CS.>!'%!5-2!
Power et al reported that pain at rest was associated with
painDETECT questionnaire scores to a greater extent than
pain on activity in patients with end-stage knee and hip
OA.'" PainDETECT questionnaire scores are associated
with CS pain and neuropathic pain.?> We found that the
higher the preoperative CSI score, the higher the preopera-
tive pain at rest. In addition, preoperative pain at rest had
a weak negative correlation with patient satisfaction and
pain scores at 6 and 12 months postoperatively, while pain
on activity had not. Lundblad et al reported that a high
preoperative VAS for pain at rest was related to less pain
relief and a lower pain threshold 18 months after total knee
arthroplasty (TKA).?' Thus, higher preoperative pain at
rest is associated with CS and may be associated with
postoperative pain persistence and reduced satisfaction in
patients with hip OA.

Several studies have reported that CS in patients with
knee OA, as assessed by the CSI, has a negative impact on
the postoperative course.'®''*> Koh et al reported that
patients in the CS group (CSI score >40) showed worse
VAS pain, Knee Society Score, and Western Ontario and
McMaster Universities Osteoarthritis Index scores than did
patients in the non-CS group (CSI score <40) 2 years after
primary TKA.'" Kim et al reported that higher preopera-
tive VAS pain in patients in the CS group (CSI score >40)
was maintained at 3, 6, 12, and 24 months after revision
TKA compared with that in patients in the non-CS group
(CSI score <40).?*> We found that the CSI score had at least
weak negative correlation with satisfaction, pain, function,
and mental scores as assessed by PROM (ie, the JHEQ)
after THA in patients with hip OA. CS components in
patients with hip OA may affect not only persistent pain
but also functional and psychological factors, postopera-
tively, resulting in reduced patient satisfaction. Thus, the
CSI score may be a prediction tool for postoperative
outcomes.

BMI, but not radiological severity, affected both of
these pain symptoms. Consistent with this, several studies
have reported increased BMI as an aggravating factor in
hip and knee OA pain.?**> However, it has been reported
that radiographic structural changes in knee OA are poorly
correlated with pain levels.”® Furthermore, Wylde et al
demonstrated that pain severity as assessed by the pressure
pain threshold did not differ between radiographically
evaluated Kellgren and Lawrence grades 3 and 4 in hip
OA.?" The results of the present analysis, which divided
pain assessments into pain at rest and on activity, were
similar to those of previous reports.
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Duloxetine is a potent selective serotonin-norepinephrine
reuptake inhibitor that potentiates descending inhibitory pain
pathways in the central nervous system.”® Several studies
have reported that duloxetine is effective in reducing pain
and improving the quality of life in patients with OA.**
Koh et al indicated that patients in the group receiving
duloxetine from the day before surgery to 6 weeks after
surgery had a greater reduction in pain than those in the
control group, among centrally sensitized patients with
knee OA who underwent TKA.*' Taken together, the results
of these previous studies and the present results suggest that
duloxetine administered preoperatively and postoperatively
may improve the postoperative course of patients with hip
OA with higher pain at rest and CSI scores.

The present study has some limitations. This study relied
solely on the CSI to assess the presence of CS components. In
other reports related to CS in patients with OA, several
measurement instruments, such as quantitative sensory test-
ing, have been used to identify patients with CS.*> However,
there is no gold standard evaluation method to investigate
CS, and assessment validation in patients with hip OA fol-
lowing THA remains uncertain. Further, this study used
different scoring systems in the pre- and postoperative clin-
ical assessment. An assessment using a similar scoring sys-
tem should be performed. Moreover, multiple regression
analysis to identify predictors of postoperative outcomes
did not result in a normal distribution in assumption checks
of residual analysis by Q-Q plot. Thus, the multiple regres-
sion analysis on postoperative outcomes was not examined.
Despite these limitations, we believe that our study provides
valuable information about preoperative CS components and
their influence on postoperative outcomes following THA.

Conclusion

We indicated the CSI score as a causative factor of preo-
perative pain at rest in patients with hip OA. Higher pre-
operative CSI scores adversely affected postoperative pain
persistence, satisfaction, and functional and mental factors.
Preoperative pain at rest had a more negative impact on
patient satisfaction and pain scores at 6 and 12 months
postoperatively than pain on activity. Assessment of pain
at rest may be important for more accurate characterization
of pain in centrally sensitized patients with hip OA.

Abbreviations

THA, total hip arthroplasty; OA, osteoarthritis; CS, central
sensitization; CSI, central sensitization inventory; VAS, visual
analog scale; JHEQ, Japanese Orthopedic Association Hip-

Disease Evaluation Questionnaire; PROM, patient-reported
outcome measure; BMI, body mass index; TKA, total knee
arthroplasty.
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