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Abstract

Background: Patients undergoing total knee arthroplasty (TKA) surgery are at high

risk of chronic postsurgical pain (CPSP). Accumulating evidence suggests an active

role of neuroinflammation in chronic pain. However, its role in the progression to

CPSP following TKA surgery remains unanswered. Here, we examined the associa-

tions between preoperative neuroinflammatory states and pre- and postsurgical

chronic pain in TKA surgery.

Methods: The data of 42 patients undergoing elective TKA surgery for chronic knee

arthralgia at our hospital were analyzed in this prospective study. Patients completed

the following questionnaires: brief pain inventory (BPI), hospital anxiety and depres-

sion scale, painDETECT, and pain catastrophizing scale (PCS). Cerebrospinal fluid

(CSF) samples were collected preoperatively and concentrations of IL-6, IL-8, TNF,

fractalkine, and CSF-1 were measured by electrochemiluminescence multiplex immu-

noassay. CPSP severity was ascertained, using the BPI, 6 months postsurgery.

Results: While no significant correlation was observed between the preoperative

CSF mediator levels and preoperative pain profiles, the preoperative fractalkine level

in the CSF showed a significant correlation with CPSP severity (Spearman's

rho = �0.525; p = .002). Furthermore, multivariate linear regression analysis

revealed that the preoperative PCS score (standardized β coefficient [β]: .11; 95%

confidence interval [CI]: 0.06–0.16; p < .001) and CSF fractalkine level (β: �.62; 95%

CI: �1.10 to �0.15; p = .012) were independent predictors of CPSP severity

6 months after TKA surgery.
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Conclusions: We identified the CSF fractalkine level as a potential predictor for CPSP

severity following TKA surgery. In addition, our study provided novel insights into the

potential role of neuroinflammatory mediators in the pathogenesis of CPSP.
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cerebrospinal fluid, chronic postsurgical pain, fractalkine, neuroinflammation, total knee
arthroplasty

Editorial Comment

Persistent pain can be an undesirable result after total knee arthroplasty and the mechanism for

development of this are not completely understood. In this explorative study, cerebrospinal fluid

fractalkine level was found to be associated with severity of chronic postsurgical pain in this

cohort. Further study of postoperative neuroinflammation and persistent pain mechanisms is

warranted.

1 | INTRODUCTION

Despite significant improvements in perioperative pain management,

chronic postsurgical pain (CPSP), which persists even after the surgical

wound has healed, remains a huge medico-social problem.1 Although

numerous risk factors, such as younger age, female sex, genetic fac-

tors, psycho-emotional factors, and preoperative chronic pain, have

been reported,2 the lack of understanding of the mechanisms underly-

ing progression to CPSP has precluded the implementation of effec-

tive preventive and therapeutic measures.

Total knee arthroplasty (TKA), a joint replacement surgery for

knee joint destruction due to osteoarthritis (OA), rheumatoid arthritis

(RA), or trauma, has been recognized as a high-risk procedure for

CPSP, with a reported incidence of 13%–44%.2 Although the mecha-

nisms by which preoperative pain leads to CPSP are unclear, preoper-

ative chronic knee arthralgia is a possible risk factor.3

Neuroinflammation is a local inflammation of tissues within the

peripheral and central nervous systems (CNS), which is characterized by

the activation of immune cells and increased production of inflammatory

mediators at these sites.4 Accumulating evidence suggests a pivotal role

of CNS neuroinflammation in the development and maintenance of

chronic pain.5,6 Notably, the microglia, which are bone marrow-derived

immune cells in the CNS, may be key players in neuroinflammation via

the release of pro-inflammatory mediators in response to peripheral tis-

sue injury.7,8 These centrally released mediators purportedly induce cen-

tral sensitization, leading to the augmentation and prolongation of

pain.9–11 Such preoperatively established neuroinflammation in painful

knee diseases may contribute to the progression of CPSP.

Moreover, emerging evidence suggests that preoperative pain-

related psycho-emotional distress, such as anxiety, pain catastrophiz-

ing, and sleep disturbances, may contribute to the transition to

CPSP.2,12 However, little is known about the association between

neuroinflammation and a maladaptive psycho-emotional status.

In this prospective cohort study with patients undergoing TKA

surgery, we first examined the correlations between preoperative

multidimensional pain-related parameters and pro-inflammatory

mediator levels in cerebrospinal fluid (CSF) collected immediately

before surgery. Second, we analyzed the associations between preop-

erative multidimensional pain-related parameters, CSF pro-

inflammatory mediator levels, and CPSP intensity 6 months postsur-

gery to explore the involvement of preoperative neuroinflammation in

the transition to CPSP. Finally, we sought to establish a prediction

model for the intensity of CPSP using perioperative variables, includ-

ing preoperative CSF pro-inflammatory mediator levels.

2 | METHODS

2.1 | Study setting and participants

This prospective cohort study was conducted with patients who under-

went TKA between September 2017 and October 2019 at Keio Univer-

sity Hospital, Tokyo, Japan. The inclusion criteria were: age of 40–

80 years, OA or RA as the primary reason for elective TKA surgery, and

chronic knee arthralgia (average numerical rating score >4/10) with a

pain duration >3 months. In addition, patients were excluded if they had

any of the following conditions: contraindications for spinal anesthesia,

severe cognitive or mental disorders, active CNS disease, or pregnancy.

2.2 | Data collection

Data on baseline demographics, comorbidities, preoperative pain-

related parameters, and surgical and anesthetic parameters were pro-

spectively collected from electronic medical records.

2.3 | Multidimensional preoperative pain
assessment

All the patients were asked to complete questionnaires, after admis-

sion to the hospital, before TKA. All the questionnaires were validated
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in Japanese versions. Preoperative pain severity and interference

associated with knee arthralgia were measured using the brief pain

inventory (BPI), which includes 11-point numeric rating scales.13 Pain

intensity was calculated as the mean of the four items that assessed

pain at its worst, its least, on average, and currently, while pain inter-

ference was the mean of the items that evaluated pain interference

related to seven domains of life (i.e., general activity, mood, walking

ability, normal work, relations with other people, sleep, and enjoyment

of life). Preoperative anxiety and depression were assessed using the

hospital anxiety and depression scale (HADS), a 14-item questionnaire

with scores ranging from 0 to 3.14,15 Half of the questions assessed

anxiety, and the rest assessed depression. Each subscale score ranges

from 0 to 21. For each item, a score of ≥11 indicates a clinically signif-

icant disorder, whereas a score of 8–10 suggests a mild disorder.15

The involvement of neuropathic pain-like components in knee

arthralgia was evaluated using the painDETECT questionnaire, which

consists of nine items with possible scores ranging from 0 to 38 and

evaluates pain quality, pattern, and radiation.16 PainDETECT scores

≧19 indicate the presence of neuropathic pain-like symptoms.17 Pre-

operative pain catastrophizing thoughts were quantified using the

pain catastrophizing scale (PCS), which reflects the frequency of

13 types of pain-related catastrophizing thoughts or feelings in

patients (each scored from 0 to 4). The total PCS scores range from

0 to 52, with a cut-off value ≧30 indicating clinical significance.18,19

2.4 | Collection of CSF and serum samples

CSF samples (1.5 mL) were collected in polypropylene tubes approxi-

mately between 1 and 4 PM during spinal anesthesia for TKA surgery

prior to administration of the local anesthetic. The samples were

immediately centrifuged at 3000 rpm for 10 min at 4�C to remove

cells and debris, and the supernatants were aliquoted, transferred to

our laboratory, and stored at �80�C until analyzed. Venous blood

samples (10 mL) were collected in a tube containing a coagulant

(Venoject II autosep, Termo, Tokyo, Japan) after induction of general

anesthesia for TKA surgery. Serum was separated from the samples

by centrifugation at 3000 rpm for 10 min at 4�C and stored at �80�C

until analyzed. The concentrations of pro-inflammatory cytokines/

chemokines, including interleukin (IL)-6, IL-8, tumor necrosis factor

(TNF), fractalkine, and colony-stimulating factor (CSF)-1 were ana-

lyzed by electrochemiluminescence multiplex immunoassay (Meso

Scale Discovery, Rockville, MD). The choice of biomarkers was deter-

mined based on the previous studies showing their potential involve-

ment in the pathogenesis of chronic pain and our preliminary data

regarding detectability. The assay was performed by the Research

Center for Immunological Analysis, Inc. (Okayama, Japan).

2.5 | Anesthesia and TKA surgery

All patients received spinal anesthesia with 0.5% bupivacaine, and

general anesthesia with sevoflurane or desflurane. Fentanyl and/or

remifentanil were administered intraoperatively at the discretion of

the attending anesthesiologist. Before the closure of the operated

joint, a cocktail containing 187.5 mg of levobupivacaine, 10 mg of

morphine, 40 mg of methylprednisolone, and 0.3 mg of adrenalin was

injected particularly for acute postoperative pain control. For postsur-

gical pain control, all patients received intravenous patient-controlled

analgesia (iv-PCA) with fentanyl (basal infusion, 10 μg/h; bolus, 20 μg;

lockout interval, 10 min) for up to 72 h postsurgery. Moreover,

adjunct analgesics, such as nonsteroidal anti-inflammatory drugs, acet-

aminophen, and tramadol, were provided as needed. TKA surgeries

were performed by three experienced surgeons using a standardized

medial parapatellar approach with a cement-fixed bearing implant. All

patients underwent standardized postoperative physiotherapy and

rehabilitation protocols, which allowed continuous passive motions on

the operated knee, transfer training, and walking short distance on

the first postoperative day. The general goal of the postoperative clin-

ical pathway for TKA was to prepare for patients to discharge from

hospital 2–3 weeks after surgery. Patients were allowed to discharge

from hospital when they became able to walk with a cane, indepen-

dently with all transfers.

2.6 | Acute postoperative pain assessment

Patients were asked to rate their pain intensity at rest on the visual

analog scale (VAS, ranging from 0 = no pain to 100 = worst pain

imaginable) 6, 12, 24, 36, 48, 60, and 72 h postsurgery. In addition,

the cumulative amount of fentanyl used postoperatively via iv-PCA

and the number of PCA bolus requests by postoperative Day 3 were

also recorded.

2.7 | CPSP assessment

The chronic pain after surgery was characterized by the questionnaires

sent to the patients 6 months postsurgery. Based on the answers to the

questionnaires and information from the medical records, the diagnosis

of CPSP was ascertained by the following criteria, as defined by the IASP

classification for ICD-11: postsurgical pain developed or increased in

intensity, which had persisted more than 3 months after surgery; pain

localized to the surgical field, projected to the innervation territory of a

nerve situated in the area or referred to a dermatome; other causes of

pain (e.g., infections, malignancy, etc.) were excluded.20 The intensity of

CPSP was quantified in the same manner as BPI pain intensity, as previ-

ously described. A BPI pain intensity less than or equal to the median

value (= 1.25) was defined as no-to-mild CPSP, while the others were

defined as moderate-to-severe CPSP.

2.8 | Statistical analyses

In descriptive statistical analyses, categorical data were presented as

numbers and percentages, and continuous data as medians and
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interquartile ranges (IQR). The associations between variables were

assessed using Spearman's correlation coefficient (rho) using the cor-

relation matrix function in Prism 9 (GraphPad Software, Inc., La Jolla,

CA). The number of patients recruited was determined based on the

estimation of the minimal sample size for a Spearman's correlation

between preoperative and postoperative parameters. The power anal-

ysis using IBM SPSS Statistics 27 (IBM Corp., Armonk, NY) with an

alpha of 0.05 and a power of 0.80, and a large effect size (rho = 0.5)

for a two-tailed test determined the minimal sample size of 35. Having

considered the possibilities of unsuccessful CSF sample collection and

losses to follow-up, we enrolled 45 patients for the current study. For

comparisons between groups, the Mann–Whitney U test was used for

continuous variables and Fisher's exact test for categorical variables.

Univariate linear regression analyses were performed for all putative

variables in relation to pain intensity. For exploratory purposes, the

variables with p < .2 were retained for multivariate linear regression

analyses. A multiple linear regression model for the prediction of pain

intensity 6 months postsurgery was constructed through the stepwise

selection of candidate predictors (entry: p < .05; removal: p > .1). The

adjusted R2 value was calculated to assess model fit. All reported

p values were two-sided, and values <.05 were considered significant.

The Bonferroni correction was applied to multiple tests. Missing data

points were excluded from the pairwise comparison and correlation

analyses. Data analyses were performed using IBM SPSS Statistics

27 and Prism 9.

3 | RESULTS

3.1 | Baseline characterization of the participants

Patient enrolment in this study and data availability for each assess-

ment are shown in Figure 1. Of the 42 patients, CSF samples from

38 patients were available for further analysis. Thirty-five patients

responded to the questionnaires 6 months after TKA surgery. Base-

line demographic and procedural data are summarized in Table 1.

Most of the participants had OA-derived chronic knee arthralgia, and

40.4% (17 of 42 participants) had undergone prior knee surgery on

the ipsilateral or contralateral side. Cumulatively, 16.7% (seven of the

42 participants) underwent bilateral TKA during surgery. All surgeries

were completed successfully. No adverse events associated with

anesthesia or surgery were reported.

F IGURE 1 Study flow chart of patient enrollment, follow-up, and
sample collection. BPI, brief pain inventory; CPSP, chronic
postsurgical pain; CSF, cerebrospinal fluid; M, months; PCA, patient-
controlled analgesia; SAB, subarachnoid block; TKA, total knee
arthroplasty; VAS, visual analog scale.

TABLE 1 Baseline characteristics of the patients and the
procedural data.

Variable Median (IQR) or N

Demographic

Age, y.o., median (IQR) 70.5 (65.75–75.25)

Sex, F/M 33/9

BMI, Kg m�2, median (IQR) 26.5 (23.75–29.0)

Medical history

HTN, N (%) 23 (54.8)

DM, N (%) 6 (14.2)

Medications

NSAIDS, N (%) 14 (33.3)

Opioid analogs, N (%) 7 (16.7)

Gabapentinoids, N (%) 3 (7.1)

Anti-psychotics, N (%) 9 (21.4)

Immunosuppressants, N (%) 9 (21.4)

Pain-related

Dx. OA/RA/others 36/5/1

Duration of joint pain, months, median

(IQR)

60.0 (36.0–120.0)

Previous knee surgery, no/ipsi./contra./

bilateral

25/3/12/2

Procedural

Unilateral/bilateral surgery 35/7

Anesthesia time, min, median (IQR) 178.5 (160.5–
215.25)

Operation time, min, median (IQR) 117.0 (109.0–
149.5)

Fentanyl, mg, median (IQR) 0.100 (0.100–
0.200)

Remifentanil, mg, median (IQR) 0.442 (0–0.779)

Abbreviations: BMI, body mass index; DM, diabetes mellitus;

Dx, diagnosis; F, female; HTN, hypertension; IQR, interquartile range;

M, male; NSAIDS, nonsteroidal anti-inflammatory drugs;

OA, osteoarthritis; RA, rheumatoid arthritis.
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3.2 | Associations between CSF/serum analytes
and preoperative parameters

The score distributions in the preoperative multidimensional pain

assessments and the concentrations of the neuroinflammation

markers in the CSF and serum samples are shown in Figure 2. Correla-

tion analyses between the CSF analytes (Figure 3A, Table S1) revealed

strong correlations between IL-6 and IL-8 (Spearman's rho = 0.561,

p < .001) and between fractalkine and CSF-1 (rho = 0.728, p < .001),

and modest correlations between IL-8 and fractalkine (rho = 0.346,

p = .033) and between IL-8 and CSF-1 (rho = 0.342, p = .036). After

Bonferroni adjustment (0.05/10 = 0.005), the correlations between

IL-6 and IL-8 and between fractalkine and CSF-1 remained significant.

However, no significant correlation was observed between the CSF

and serum concentrations of either analyte (Figure 3B, Table S2). The

correlations between the concentrations of CSF analytes and the pre-

operative demographic and pain-related data are shown in Figure 3C

and Table S3. A weak negative correlation was observed between the

painDETECT score and fractalkine (rho = �0.419, p = .009). How-

ever, after the Bonferroni adjustment (0.05/45 = 0.0011), the correla-

tion became insignificant. A subgroup analysis comparing the levels of

CSF analytes between patients with and without NSAIDs use showed

no statistically significant differences, except in the IL-8 level

(no NSAIDs: median 49.6 pg mL�1, IQR 41.2 to 63.9 pg mL�1; versus

NSAIDs: median 40.9 pg mL�1, IQR 33.0 to 51.6 pg mL�1, p = .045;

Table S4).

3.3 | Association of perioperative parameters and
persistent postoperative pain 6 months after TKA
surgery

The correlations between the preoperative demographics, pain-

related data, levels of CSF analytes, and the severity of CPSP

6 months after surgery are shown in Figure 4 and Table S5. Among

those variables, painDETECT (rho = 0.614, p < .001), PCS

(rho = 0.665, p < .001), fractalkine (rho = �0.525, p = .002), and

CSF-1 (rho = �0.442, p = .013) showed significant correlations;

painDETECT, PCS, and fractalkine remained significant after Bon-

ferroni adjustment (0.05/14 = 0.0036). The characteristics of

patients, including demographic variables, preoperative pain-

related multidimensional profiles, preoperative CSF/serum vari-

ables, procedural variables, and acute postoperative pain, stratified

according to the severity of CPSP 6 months after TKA surgery, are

F IGURE 2 Distributions of the scores in preoperative multidimensional pain assessments (A) and levels of pro-inflammatory mediators in the
cerebrospinal fluid and serum collected immediately before surgery (B). The horizontal bars represent the median and the interquartile range. BPI,
brief pain inventory; CSF, cerebrospinal fluid; CSF-1, colony stimulating factor-1; HADS, hospital anxiety and depression scale; IL, interleukin;
PCS, pain catastrophizing scale; TNF, tumor necrosis factor.
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shown in Table 2. Patients with moderate-to-severe CPSP had sig-

nificantly higher scores for preoperative BPI pain severity (median

4.0, IQR: 3.3–5.0; versus no-to-mild CPSP: median 2.9, IQR: 1.6–

4.1; p = .034), HADS anxiety (median 8.0, IQR: 7.0–10.0; versus

no-to-mild CPSP: median 7.0, IQR: 7.0–8.0; p = .044), painDE-

TECT (median 9.0, IQR: 6.0–12.0; versus no-to-mild CPSP: median

3.5, IQR: 2.0–6.5; p < .001), and PCS (median 30.0, IQR: 21.0–

37.0; versus no-to-mild CPSP: median 12.0, IQR: 7.3–19.0;

p < .001) compared to patients with no-to-mild CPSP. A subgroup

analysis revealed no significant group difference in the degree of

preoperative sleep disturbances evaluated in the sleep interfer-

ence item of the BPI (no-to-mild CPSP: median 2.0, IQR 0.0–4.0;

moderate-to-severe CPSP: median 4.0, IQR 1.0–7.0; p = .193).

Furthermore, the participants with moderate-to-severe CPSP had

significantly lower levels of fractalkine (median 3.84 ng mL�1, IQR:

3.59–4.40 ng mL�1; versus no-to-mild CPSP: median

5.15 ng mL�1, IQR: 4.14–6.24 ng mL�1; p < .001) and CSF-1

(median 8.51 pg mL�1, IQR: 7.48–9.79 pg mL�1; versus no-to-mild

CPSP: median 10.9 pg mL�1, IQR: 9.23–12.3 pg mL�1; p = .008) in

the preoperative CSF than patients with no-to-mild CPSP. After

Bonferroni adjustment (0.05/33 = 0.0015), the differences

between the groups in the painDETECT and PCS scores, and

fractalkine levels, remained significant. However, no significant dif-

ferences were observed in other parameters between the partici-

pants with no-to-mild and moderate-to-severe CPSP 6 months

postsurgery.

3.4 | Predictors of CPSP severity and pain
interference in multivariate linear regression models

Univariate linear regression analyses revealed that preoperative BPI

pain severity (standardized β coefficient [β]:.38; 95% confidence inter-

val [CI]: 0.001–0.760; p = .049), BPI pain interference (β: .33; 95% CI:

0.05–0.62; p = .024), HADS anxiety (β: .52; 95% CI: 0.13–0.91;

p = .011), painDETECT (β:.29; 95% CI: 0.17–0.41; p < .001), PCS (β:

.13; 95% CI: 0.08–0.17; p < .001), CSF fractalkine (β: �.87; 95% CI:

�1.55 to �0.18; p = .015), and CSF CSF-1 (β: �.38; 95% CI: �0.73 to

�0.04; p = .030) were significantly associated with the severity of

CPSP 6 months after TKA (Table 3). In multivariate linear regression

analyses, the preoperative PCS scores (β: .11; 95% CI: 0.06–0.16;

p < .01) and CSF fractalkine levels (β: �.62; 95% CI: �1.10 to �0.15;

p = .012) were significant predictors of the severity of CPSP

6 months after TKA (Table 4).

F IGURE 3 Heat map demonstration of Spearman correlation coefficient (rho) between cerebrospinal fluid neuroinflammatory markers (A),
between cerebrospinal fluid and serum markers (B), and between cerebrospinal fluid markers and demographic and preoperative pain-related
parameters (C). Red and blue colors illustrate positive and negative correlations, respectively. *p < .05, uncorrected for multiple testing. # denotes
the correlation that remained significant after Bonferroni adjustment. BMI, body mass index; BPI, brief pain inventory; CSF, cerebrospinal fluid;
CSF-1, colony stimulating factor-1; HADS, hospital anxiety and depression scale; IL, interleukin; PCS, pain catastrophizing scale; TNF, tumor
necrosis factor.
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4 | DISCUSSION

In this study, the preoperative CSF fractalkine level and the PCS score

were independent predictors of CPSP intensity 6 months after TKA

surgery. To the best of our knowledge, this is the first study to longi-

tudinally examine the associations between the levels of preoperative

inflammatory mediators in the CSF and preoperative and postopera-

tive chronic pain profiles in knee arthralgia patients undergoing TKA

surgery.

Several significant positive correlations between the pro-

inflammatory mediators in the preoperative CSF were observed in

TKA patients in this study. Conversely, the lack of clear correlations

between the levels of these pro-inflammatory mediators in the CSF

and multidimensional preoperative pain scores contradict our initial

hypothesis, and the results of previous studies suggesting a causative

role of neuroinflammation in the maintenance phase of chronic pain.5

One explanation for this discrepancy is the difference in the

underlying pathophysiology of pain. The pain experienced by the par-

ticipants might have resulted mainly from a peripheral sensitization

mechanism induced by the progression of joint destruction, where

CNS neuroinflammation plays a minor role in the severity of the

pain.21 However, in other instances, OA/RA patients have dispropor-

tionately severe joint pain with mild joint destruction, where the cen-

tral sensitization mechanisms are more likely to be the major cause of

chronic pain.21–23 In those circumstances, painful injuries, such as

local inflammation and nerve injury, cause hyperactivity of nocicep-

tors accompanied by the activation of glial cells in the CNS, resulting

in neuroinflammation.24 Such neuroinflammatory processes are

considered to contribute to the maintenance of central sensitization

via the actions of released pro-inflammatory mediators and neuromo-

dulators, leading to the persistence of pain, even after the resolution

of peripheral causes.24 Consistently, IL-8 concentrations in the CSF

have proven to positively correlate with increased pain and hyperalge-

sia in lumber disk herniation patients.25 Moreover, the CSF levels of

pro-inflammatory mediators, including Fms-related tyrosine kinase

1 and interferon gamma-induced protein (IP)-10, have been reported

to be associated with signs of central sensitization in hip OA

patients.26 Therefore, the characterization of inflammatory profiles in

the CSF may be of clinical value to delineate which peripheral or cen-

tral mechanisms play a major role in knee arthralgia and ascertain

which patients may benefit from surgical intervention.

Furthermore, although neuroinflammation is generally thought to

be deleterious, emerging evidence suggests a more complex role of

neuroinflammation in pathological processes in the CNS. Recent brain

PET imaging studies demonstrated elevated levels of translocator pro-

tein (TSPO), a marker of glial activation, in multiple brain regions in

fibromyalgia27 and chronic low back pain patients.28 Interestingly, the

thalamic levels of TSPO were rather shown to be negatively

correlated with clinical pain and circulating levels of IL-6.28 Several

lines of evidence from animal studies have also challenged the detri-

mental role of neuroinflammation in the maintenance phase of chronic

pain. While intrathecal anti-TNF treatment prevented mechanical

and thermal hypersensitivity in rodent neuropathic pain models,

delayed anti-TNF treatment failed to reverse already-established

hypersensitivity,29,30 implying that TNF's role in the maintenance of

neuropathic pain may be of marginal importance. Additionally, intra-

thecal IL-6 inhibited C-fiber activity and neuronal hyperexcitability in

neuropathic rats, indicating a potential anti-nociceptive role of spinal

IL-6.31 Indeed, several clinical observational studies have also failed to

demonstrate a positive correlation between neuroinflammation and

pain severity in patients with OA.32–34

Conversely, in this study, the data showed that elevated preoper-

ative CSF fractalkine levels were independently associated with less

intense CPSP 6 months postsurgery. CSF-1 exhibited a similar trend

of negative correlation with CPSP, although the correlation became

insignificant after adjustment for multiple comparisons. These nega-

tive correlations were unexpected, given the pro-nociceptive effects

F IGURE 4 Heat map demonstration of Spearman correlation
coefficient (rho) between preoperative demographic, pain-related
parameters and cerebrospinal fluid neuroinflammatory markers, and
pain severity 6 months after surgery. Red and blue colors illustrate
positive and negative correlations, respectively. *p < .05, uncorrected
for multiple testing. # denotes correlation that remained significant
after Bonferroni adjustment. BMI, body mass index; BPI, brief pain
inventory; CSF, cerebrospinal fluid; CSF-1, colony stimulating factor-
1; HADS, hospital anxiety and depression scale; IL, interleukin; M,
month; PCS, pain catastrophizing scale; TNF, tumor necrosis factor.
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TABLE 2 Comparison of preoperative, procedural, and acute postoperative variables stratified according to the severity of chronic
postoperative pain at 6 months after TKA surgery.

No-mild pain (N = 16) Moderate-severe pain (N = 19) p-value

Demographic

Age, y.o. median (IQR) 71.5 (69.0–76.0) 68.0 (68.0–76.0) .142

Sex, F/M 14/2 12/7 .104

BMI, Kg m�2, median (IQR) 26.0 (23.0–28.8) 28.0 (24.0–30.0) .385

Systemic complications

HTN, N (%) 10 (62.5) 8 (42.1) .194

DM, N (%) 4 (25.0) 1 (5.3) .120

Medication

NSAIDS, N (%) 4 (25.0) 8 (42.1) .242

Opioid analogs, N (%) 3 (18.8) 4 (21.1) .602

Gabapentinoids, N (%) 0 (0.0) 3 (15.8) .148

Anti-psychotics, N (%) 1 (6.3) 6 (31.6) .072

Immunosuppressants, N (%) 3 (18.8) 5 (26.3) .452

Preop. pain-related variables

Dx. OA/RA/others 13/2/1 16/3/0 .415

Duration of joint pain, months, median (IQR) 72.0 (18.0–165.0) 55.0 (36.0–71.0) .204

Previous knee surgery, no/ipsi./contra./bilateral 10/0/5/1 10/3/5/1 .532

BPI pain severity, median (IQR) 2.9 (1.6–4.1) 4.0 (3.3–5.0) .034*

BPI pain interference, median (IQR) 3.1 (1.8–4.8) 4.4 (2.0–6.3) .350

HADS anxiety, median (IQR) 7.0 (7.0–8.0) 8.0 (7.0–10.0) .044*

HADS depression, median (IQR) 9.5(8.0–10.8) 10.0 (8.0–11.0) .683

PainDETECT, median (IQR) 3.5 (2.0–6.5) 9.0 (6.0–12.0) <.001*,a

PCS, median (IQR) 12.0 (7.3–19.0) 30.0 (21.0–37.0) <.001*,a

Preop. CSF analytes

IL-6, pg mL�1, median (IQR) 1.36 (0.84–2.95) 1.47 (0.90–1.80) .953

IL-8, pg mL�1, median (IQR) 52.0 (41.0–58.6) 47.2 (37.1–52.3) .200

TNF, pg mL�1, median (IQR) 0.26 (0.17–0.33) 0.25 (0.22–0.32) .799

Fractalkine, ng mL�1, median (IQR) 5.15 (4.14–6.24) 3.84 (3.59–4.40) <.001*,a

CSF-1, pg mL�1, median (IQR) 10.9 (9.23–12.3) 8.51 (7.48–9.79) .008*

Procedural

Unilateral/bilateral surgery 15/1 14/5 .131

Anesthesia time, min, median (IQR) 177.5 (162.8–186.8) 179.0 (159.0–247.0) .561

Operation time, min, median (IQR) 116.5 (109.5–130.5) 131.0 (109.0–185.0) .271

Fentanyl, mg, median (IQR) 0.100 (0.100–0.200) 0.100 (0.100–0.200) .635

Remifentanil, mg, median (IQR) 0.442 (0.270–0.711) 0.400 (0–0.915) .612

Acute postop. Variables

PCA request, N, median (IQR) 9.0 (5.0–19.0) 19.0 (8.0–36.5) .215

Total postoperative fentanyl, mg, median (IQR) 0.68 (0.57–0.90) 0.81 (0.65–1.01) .274

Postoperative VAS average, median (IQR) 24.0 (19.9–36.1) 38.9 (21.9–48.4) .125

Postoperative VAS max, median (IQR) 50. 0(35.0–76.0) 73.5 (53.8–85.5) .051

Abbreviations: BMI, body mass index; BPI, brief pain inventory; DM, diabetes mellitus; Dx, diagnosis; F, female; HADS, hospital anxiety and depression

scale; HTN, hypertension; IQR, interquartile range; M, male; NSAIDS, nonsteroidal anti-inflammatory drugs; PCA, patient-controlled analgesia; PCS, pain

catastrophizing scale; VAS, visual analog scale.
aDenotes correlation that remained significant after Bonferroni adjustment.

*p < .05, uncorrected for multiple comparisons.
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of these spinally released mediators on the initiation and maintenance

of pathological pain via activation of microglia, reported in rodent

models of chronic pain.35,36 In addition to elucidating chronic pain

models, emerging clinical evidence has also revealed the anti-

inflammatory effects of fractalkine and CSF-1 in neurodegenerative

disorders, such as Alzheimer's disease and Parkinson's disease.37–43

These two factors promote microglial polarization toward an M2-like

anti-inflammatory phenotype, suppressing the ability to release pro-

inflammatory factors in rodent models.44,45 Recently, Palada et al.

reported the protective effects of neuroinflammation in OA patients,

which included elevated levels of fractalkine and CSF-1 in the CSF.32

Considering the pleiotropic effects of these factors, higher preopera-

tive CSF fractalkine and CSF-1 might have produced an anti-

inflammatory environment, which could suppress the activation of

microglia toward the M1-like pro-inflammatory phenotype triggered

by TKA surgery, thereby preventing the development of CPSP. Finally,

our data also substantiated the PCS as a relevant independent predic-

tor of the severity of postoperative pain in the chronic phase follow-

ing TKA surgery. A recent meta-analysis of functional magnetic

resonance imaging studies examining the neural substrates of chronic

pain demonstrated aberrant connectivities between brain areas tightly

associated with anticipation of and attention to pain, and affective

and evaluative aspects of pain. These brain areas include the medial

frontal cortex, anterior cingulate gyrus, prefrontal cortex, and amyg-

dala.46 Such aberrant brain connections may also serve as neural sub-

strates that prolong the perception of postoperative pain, leading to

chronic pain after successful surgical correction of the original cause

of the pain. As the preoperative PCS score showed the highest posi-

tive correlation with the intensity of CPSP, such brain mechanisms

may play a major role in the pathogenesis of CPSP and may therefore

be a target for CPSP prevention. The lack of a positive correlation

between the CSF pro-inflammatory mediator levels and the preopera-

tive PCS, HADS anxiety, or HADS depression scores in the current

study suggests an active role of central inflammation in the mainte-

nance of preoperative maladaptive psycho-emotional status. Although

our data suggest that preoperative neuroinflammation and maladap-

tive psycho-emotional status may influence the transition to CPSP via

different mechanisms, their associations require further scrutiny.

Our study had several limitations. First, because of the small sample

size, the effects of other important clinical variables, such as sex, the

causes of knee arthralgia, and medication, on the relationships between

preoperative neuroinflammation, preoperative pain status, and CPSP

could not be fully evaluated. Therefore, the current study should be con-

sidered an exploratory rather than a confirmatory study. Second,

because the CSF was collected preoperatively only once, it is uncertain

TABLE 3 Univariate linear regression analysis for chronic
postsurgical pain severity at 6 months after TKA surgery.

Variables

CPSP severity

β (95% CI) p-value

Demographic

Age �.037 (�0.17, 0.10) .572

BMI .17 (�0.05, 0.39) .125

Sex (female) �1.29 (�2.88, 0.29) .107

Preoperative pain-related variables

Pain duration �.005 (�0.017, 0.008) .444

BPI pain severity .38 (0.001, 0.760) .049*

BPI pain interference .33 (0.05, 0.62) .024*

HADS anxiety .52 (0.13, 0.91) .011*

HADS depression .26 (�0.12, 0.64) .173

PainDETECT .29 (0.17, 0.41) <.001*

PCS .13 (0.08, 0.17) <.001*

Preoperative cerebrospinal fluid analytes

IL-6 �.19 (�1.03, 0.66) .658

IL-8 �.03 (�0.09, 0.03) .324

TNF �1.80 (�8.99, 5.39) .612

Fractalkine �.87 (�1.55, �0.18) .015*

CSF-1 �.38 (�0.73, �0.04) .030*

Acute postoperative pain

PCA request .01 (�0.03, 0.05) .579

PCA fentanyl .81 (�1.56, 3.18) .491

VAS max. .02 (�0.01, 0.05) .182

VAS ave. �.005 (�0.050, 0.040) .826

Abbreviations: BMI, body mass index; BPI, brief pain inventory; CI,

confidence interval; CPSP, chronic postsurgical pain; CSF, colony-

stimulating factor; HADS, hospital anxiety and depression scale; IL,

interleukin; PCA, patient-controlled analgesia; PCS, pain catastrophizing

scale; TKA, total knee arthroplasty; TNF, tumor necrosis factor; VAS,

visual analog scale.

*p < .05, uncorrected for multiple testings.

TABLE 4 Variables in the multiple linear regression model for prediction of chronic postsurgical pain severity at 6 months after TKA surgery.

Variable β-coefficient (95% CI) p-value R2

CPSP severity 6M after surgery PCS .11 (0.06, 0.16) <.001 0.586 (adjusted: 0.552)

CSF fractalkine �.62 (�1.10, �0.15) .012

Note: The following variables with p-values <.2 in the univariate linear regression analysis (Table 3) were entered in this stepwise multiple linear regression

analysis: BMI, sex, BPI pain severity, BPI pain interference, HADS anxiety, HADS depression, PainDETECT, PCS, CSF fractalkine, CSF CSF-1, acute

postoperative VAS max.

Abbreviations: BMI, body mass index; BPI, brief pain inventory; CI, confidence interval; CPSP, chronic postsurgical pain; CSF, cerebrospinal fluid; HADS,

hospital anxiety and depression scale; M, months; PCS, pain catastrophizing scale; PCS, pain catastrophizing scale; TKA, total knee arthroplasty; VAS, visual

analog scale.
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how the neuroinflammatory status changed before and after surgery;

therefore, the mechanism by which the preoperative neuroinflammatory

status influenced the development of CPSP remains speculative.

Although ethically more challenging, repeated postoperative CSF sam-

pling may provide more mechanistic insights. A recent study showed the

CSF levels of most pro-inflammatory mediators, including IL-6 and IL-8,

were comparable before and after surgery in hip OA patients. Interest-

ingly, in this longitudinal study, increases in the levels of CSF IP-10 after

surgery were found to be associated with increases in pressure pain

thresholds.47 Additional studies with wider repertoire of inflammatory

mediators are needed to establish the causative link between neuroin-

flammation and CPSP. In addition, the levels of pro-inflammatory media-

tors in the CSF can potentially be affected by preoperative medications.

The previous report showed no major effects of NSAIDs use on the

levels of pro-inflammatory mediators in the CSF.48 Our subgroup analy-

sis showed a significant association of NSAIDs use on the level of IL-8 in

the CSF, while the use of NSAIDS was not significantly associated with

CPSP severity. Further studies are mandatory to characterize the influ-

ence of medications with drugs with anti-inflammatory profiles, such as

NSAIDs and steroids, on pro-inflammatory mediators in the CSF, as well

as the development of CPSP. Third, our anesthetic and analgesic regi-

men differs from the current recommendations for pain management

after TKA surgery, particularly regarding the application of peripheral

nerve block and use of opioids.49 Such differences may potentially have

impacted the patients' outcomes including the development of CPSP.

The association between the perioperative pain management and transi-

tion to CPSP warrants further research. Furthermore, the quantification

of pain and psychological/emotional status in this study were mostly

derived from self-evaluated patient responses to the questionnaires.

The incorporation of other modalities, such as functional MRI studies

targeting the aforementioned brain area activities, and quantitative sen-

sory testing, may provide additional objective and quantitative informa-

tion on the associations between preoperative neuroinflammation,

preoperative pain status, and CPSP. Moreover, our study lacked data on

pro-inflammatory mediator levels in the CSF of healthy controls. There-

fore, it was impossible to determine whether the mediator levels in our

study patients were relatively high or low compared to those in the gen-

eral population. Although a Swedish study reported higher fractalkine

levels in the CSF of chronic knee OA patients compared to those in CSF

controls from younger headache patients with no signs of inflammation

in the CNS,32 this aspect may be worth investigating in larger scales with

optimal healthy control groups.

Cumulatively, our study results corroborate the utility of incorpo-

rating preoperative multidimensional pain profiles, including the PCS,

in the prediction of CPSP after TKA surgery. While the preoperative

profiling of neuroinflammation in the CSF provided limited informa-

tion for characterizing preoperative pain, the preoperative fractalkine

level in the CSF can be a potential marker for predicting postoperative

pain intensity in the chronic phase after TKA surgery. Although fur-

ther studies are warranted, the modulation of neuroinflammation and

the deployment of interventions to mitigate aberrant psychological/

emotional responses to pain may help prevent the transition to CPSP.
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