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Background: Pain relief is the most important issue in the long-term outcome of arthroplasty surgery, with nearly one-third of
patients still suffered persistent pain and caused dissatisfaction after the surgery.
Methods: A total of 713 patients underwent primary elective primary TKA and UKAwere included consecutively between July 2018
and December 2019, using binary logistic method to analyze the data.
Results: The prevalence of CPSP at rest and on movement at 2-year was 12.1% and 37.7% respectively after primary knee
arthroplasty and CPSP at rest factors included: age above 80 (odds ratio [OR]= 6.72, 95% confidence interval [CI] 1.58 to 28.56),
BMI above 30 (2.339, 1.02 to 5.383), and moderate to severe pain variables: preoperative pain, (1.95, 1.11 to 3.41); APSP on
movement, 4.9 (2.31–10.6); and follow-up contralateral knee pain-at-rest scores (12.6, 5.5 to 28.5). Factors associated with presence of
CPSP on movement included: no smoking (2.59, 1.07 to 6.26); and moderate to severe pain variables: preoperative pain, (1.57, 1.073
to 2.30); APSP at rest, (1.85, 1.13 to 3.02); APSP on movement, 6.11 (3.82 to 9.78); and follow-up contralateral knee pain-on-
movement scores, 3.22 (2.08 to 5.00). Factors to occurrence of moderate to severe CPSP on movement include: presence of COPD
(12.20, 2.19 to 67.98); and moderate to severe pain variables: preoperative pain (2.36, 1.32 to 4.23); APSP on movement (4.68, 1.95 to
11.25); and follow-up contralateral knee pain-on-movement scores (2.71, 1.66 to 4.42).
Conclusion: Prevention strategies should be targeted to different types of pain, and the comorbidity of COPD undergoing knee
arthroplasty should receive early identification and attention.
Keywords: chronic postsurgical pain, acute-postoperative pain, total knee arthroplasty, rest pain, movement pain

Introduction
Total knee arthroplasty (TKA) can effectively improve the function of knee and patients’ quality of life, with improve-
ment rate reported 85% and 90% respectively.1 Reduce pain caused by knee joint degeneration is the main appeal of
patients undergoing TKA surgery. Many patients state that pain can be relieved within 6 to 12 weeks (3 months) after
TKA, however, there is still 8–70% chronic pain occurs after surgery,2–4 some of which need to use analgesics after
surgery on a long-term basis.3,5,6 Chronic postsurgical pain (CPSP) is defined by the International Association for the
Study of Pain as a persistent pain at least 2 months after the intervention, meanwhile other causes for the pain have been
excluded.6,7 Chronic pain after TKA is the main predictor of dissatisfaction after TKA,2 and it is estimated that the
annual volume of primary TKA procedures in the US would increase by 401%, from 680,150 in 2014 to 3416,000 by
20408 and the annual expenditure on chronic pain in the United States is up to $560 billion to $635 billion.9 Although the
issue of CPSP after TKA has been extensively reported in the literatures, the predictive effects of these independent
variables on CPSP have not been studied systematically. Meanwhile, the association of acute-postoperative pain (APSP)
with CPSP has also been widely discussed, but the effect observed in studies is inconsistent.10 Risk factors that have been
reported to be associated with CPSP following TKA2,10 include: preoperative pain, preoperative joint function, socio-
economic factors, surgical technical factors, acute postoperative pain (within 1–8 days after surgery), postoperative
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functional level, medical comorbidity, psychological factors (preoperative or postoperative anxiety, depression, pain
catastrophizing), as well as demographic factors (gender, age, race, obesity).

As we know, the pain of osteoarthritis (OA) and TKA can be divided into two main categories: pain on movement
and pain at rest,11 and there may be different approaches and mechanisms underlying the two different types of pain.4

Most of the existing studies have focused on predictors of chronic pain on movement, further studies are needed to add to
the growing body of evidence on it, meanwhile rest pain and movement pain should be discussed separately, for each of
these factors can be targeted using a preventive approach.

However, researches on TKA pain has mostly centered on the intervention and management of postoperative acute
pain, yet there is still a serious lack of research on chronic pain and its predictive factors after TKA. The aim of this study
is to prospectively determine the prevalence of CPSP in patients and to identify potential factors for 2-year postoperative
pain outcomes after primary total knee arthroplasty (TKA) and unicompartmental knee arthroplasty (UKA). A better
knowledge of contributing factors for CPSP might help to identify its modifiable risk factors and implement stratified
management for target groups, so as to reduce its incidence and ultimately improve patients’ satisfaction on knee
arthroplasty.

Methods
This study was ethically approved by the Ethics Board of Shanghai Tenth Peoples’ Hospital of Tongji University,
reference number SHSY-IEC-4.1/20-21/01 and 05.12.19035, in accordance with the Declaration of Helsinki Ethical
Principles for Medical Research Involving Human Subjects. The report of this study adheres to the statement guideline:
“Strengthening the Reporting of Observational Studies in Epidemiology” (STROBE).

Participants
The study was conducted as a prospective, observational cohort study on patients who underwent a primary tricompart-
mental TKA or unicompartmental UKA, excluding patellofemoral arthroplasty. The inclusion and exclusion criteria are
shown in Table 1. Patients were recruited between July 2018 and December 2019, from our institution (Department of
Joint Surgery, Shanghai Tenth People’s Hospital of Tongji University, China). And eligible subjects were screened and
approached 1–2 days prior to surgery by researchers. Participants meeting inclusion criteria were scheduled to meet with
researcher the day before surgery to conduct baseline survey complete study procedures. Beforehand, all subjects
provided written, informed consent for participating study. Predictors of interest and covariates were collected via
a standard questionnaire, and each patient was assigned with a code to protect privacy.

All patients received general anesthesia through endotracheal intubation or laryngeal mask, in combination with or
without femoral nerve block, at the anesthesiologist’s discretion. And the cocktails (containing morphine 10mg,
Betamethasone 1mL, and 0.25% ropivacaine 20mL) were diluted to a total volume of 100 mL with normal saline
injected into the muscles, tendons, suprapatellar bursa, and sub patellar bursa surrounding knee joint before the last skin
suture. Whether patients were intravenously given analgesic pump (analgesics and formulations were left to the
discretion of the anesthetist according to gender, age, weight and comorbidity of the patient) after surgery for 48h is
determined by patients’ intention during preoperative conversations.

Subsequent to the TKA surgery, the patients were transferred to the post-anesthesia care unit (PACU), and then went
back orthopedic ward after recovering from anesthesia. Standard postoperative “preemptive, multimodal analgesia

Table 1 Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

● Normal comprehension and conversation skills

● Age <90 years old

● Primary elective TKA or UKA
● Volunteer to participate in this research

● Existence of acute infectious joint disease or acute severe injury

● American Society of Anesthesiology ASA classification> level 3

● Medical history of malignant tumors, alcohol and drug dependence syndromes
● Medical history of cognitive impairment, uncontrolled mental illness

● Other diseases that restrict the sensation and movement of the lower limbs
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regimen”, which includes non-steroidal anti-inflammatory drugs and gabapentin (300 mg q8h), was used for all the
patients. And pethidine 50mg was only used when patients reported severe pain. In addition, physiotherapy was
performed twice (20 minutes at a time) on a daily basis.

Predictors of Interest and Covariates
(1) Demographic characteristics: age (categorized as ≤60, >60–70, >70–80, >80), gender, and BMI was categorized as
underweight or normal weight (BMI< 24 kg/m2), overweight (BMI 24.0–27.9 kg/m2), obese 1 (BMI 28–29.9 kg/m2),
obese 2 and above (BMI ≥30 kg/m2), according to the standards of the Working Group on Obesity in China.12

(2) Preoperative clinical variables: Preoperative clinical variables were extracted from the Hospital Information
Manage System. And preoperative diagnosis was categorized as osteoarthritis, rheumatoid arthritis, or combined with
knee injury (the injury aggravated knee pain, MRI showed a meniscus tear, knee ligament tear); comorbidities for each
patient included the most common disease groups of interest that we hypothesized might potentially be related to
CPSP were recorded, including hypertension, diabetes, chronic kidney disease, chronic liver diseases, chronic
obstructive pulmonary disease (COPD), cardiovascular disease and cerebrovascular disease. The absolute number of
comorbidities was used as a variable, and there was no attempt to qualify the actual contribution to CPSP from each
comorbidity for each patient, except for hypertension, diabetes, cardiovascular disease and COPD. Additionally,
history of contralateral knee arthroplasty was assessed by preoperative routine full-length radiographs of the lower
limbs.

(3) Surgery variables: Intraoperative data collected include surgeons, American Society of Anesthesiologists (ASA)
physical status, anesthesia method, operation time, surgery site, estimated intraoperative blood loss, with or without
intraoperative blood transfusion, and patient-controlled analgesia after surgery.

(4) Preoperative pain: Evaluation were conducted the day before surgery, and each patient was asked about the
average pain intensity over the past week, and a four-descriptor verbal rating scale (VRS) measuring pain intensity was
used, with the words none, mild, moderate, and severe.

(5) Acute postsurgical pain: APSP was defined as pain within the first 72 hours postoperatively, and it was assessed
by trained clinical nurses at 14:00 every day, using the instrument of VRS. Each patient answered two questions: the
average pain-at-rest (sitting or lying) over the last 24 hours, the average pain-on-movement (movement from sitting to
standing up, walking, standing or using stair) over the last 24 hours. Finally, the maximum value of the measurement in 3
days was set as an independent variable.

Outcome of Interest
And in present study, the independent variables include mild or above level chronic pain at rest and on movement,
chronic pain-on-movement of moderate to severe level. A simple questionnaire that assesses the chronic postsurgical pain
was conducted via phone call at 2-year (±3 months) time point after surgery to all patients undergone knee arthroplasty.
Patients answered questions investigating their situation regarding chronic postsurgical pain (See Table 2). Their
responses were also based on a four-descriptor verbal rating scale (VRS) measuring pain intensity: none, mild, moderate,
and severe. In addition, another two questions were also included, one was to clarify whether the patients receive
professional rehabilitation center after discharge or not; the other requires patients to rate postoperative satisfaction, from
not at all satisfied (0% satisfied) to completely satisfied (100% satisfied), which takes up 11 points on the scale.

Statistical Analysis
Descriptive statistics on characteristics of independent and dependent variables comprise frequencies, measures of central
tendency (means, median) and dispersion (standard deviation). The primary outcome reveals the prevalence of CPSP at
2-year (± 3months) after knee arthroplasty. The univariable (unadjusted) analysis of independent variables with and
without CPSP was determined by binary logistic regression. Multivariable (full model) model of CPSP adjusting for
confounding risk factors was performed, including variables with p < 0.2 in the univariable analysis for CPSP.
A parsimonious model (final model) was created by binary logistic regression with likelihood ratio test from the full
model, and two model building methods were applied: backward elimination and forward selection. Goodness of fit for
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the models were assessed based on the Hosmer-Lemeshow test, Pseudo R-Squared and the area under the receiver
operating characteristics curve (AUC). Measures of effect of variables in the model are reported as adjusted odds ratios
(ORs) and 95% confidence intervals (CIs). Predictive models were constructed separately for presence of CPSP-at-rest,
CPSP-on-movement, and moderate to severe CPSP-on-movement, to identify specific risk factors associated with each of
them. We used SPSS version 23.0 (SPSS, Armonk, NY, USA) for data analysis.

Results
Post Hoc Power Analysis
A post hoc power analysis was computed for the logistic regression (one-sided z test) using the G Power software
(Version 3.1.9.7, Germany).13 In this analysis, the power of all statistically significant predictors included into the final
model were estimated taking into account other covariables. The preoperative knee pain was the factor with the weakest
association (OR=1.573) in this study (Tables 4–6), considering the actual sample size and real findings on this predictor,
the minimum power of study was calculated as 0.83 for a significance level of 0.05 (one-sided). The post hoc statistical
power analysis indicated that the power of age, BMI, preoperative knee pain, APSP on movement, and contralateral knee
pain-at-rest as predictors of CPSP at rest was 1, 0.98, 0.84, 0.99, 0.99, respectively, at a significance level of 5% (one-
sided). Similarly, the power of smoking, APSP at rest, APSP on movement and contralateral knee pain-on-movement as
predictors of CPSP on movement was 0.84, 0.87, 1, 0.99, respectively.

A total number of 605 patients who were enrolled between July 2018 and December 2019 completed survey and the
results were shown in Figure 1. Approximately 12% patients still had rest pain and 38% of whom sufferred movement
pain 2 years after primary knee arthroplasty. Among which, the prevalence of moderate-severe pain-on-movement was
nearly 10%.

The univariate associations of predictors of interest with or without CPSP are shown in Table 3. There were
significant difference in the chronic pain-at-rest or pain-on-movement group including preoperative pain, APSP, follow-
up contralateral knee pain, and presence of requiring opioid rescue within 72h after surgery. Pre-surgical diagnosis of
patients with combined knee injury, patients with intraoperative transfusion, patients requiring opioid rescue were
associated with the occurrence of chronic pain-at-rest, while patients undergoing another knee arthroplasty during follow-
up was correlated with lower incidence of chronic pain-on-movement.

Age, gender, BMI, history of contralateral knee arthroplasty, heart diseases, COPD, preoperative diagnosis, pre-
operative pain intensity, estimated intraoperative blood loss, intraoperative transfusion, APSP at rest and with movement,
requiring opioid rescue, follow-up contralateral knee pain intensity at rest and with movement were entered in a binary
logistic regression model (full model) for chronic pain-at-rest. The full model had a Nagelkerke’s pseudo R2=0.285,
a Homer and Lemeshow p=0.406, and an AUC of 0.809 (95% CI 0.753 to 0.864). The more accurate model included six

Table 2 Follow-Up Questions on Chronic Pain

Site Items

● Operated knee ● “How much do you have average pain-at-rest (sitting or lying) in the operated knee for the last 1 week?”;
□ No pain □ Mild pain □ Moderate pain □ Severe pain

● “How much do you have average pain-on-movement (movement from sitting to standing up, walking, standing or using stair)
in the operated knee for the last 1 week”;

□ No pain □ Mild pain □ Moderate pain □ Severe pain

● Contralateral

knee

● “How much do you have average pain-at-rest (sitting or lying) in the contralateral knee for the last 1 week?”;

□ No pain □ Mild pain □ Moderate pain □ Severe pain

● “How much do you have average pain-on-movement (movement from sitting to standing up, walking, standing or using stair)

in the contralateral knee for the last 1 week”
□ No pain □ Mild pain □ Moderate pain □ Severe pain
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Table 3 Univariable (Unadjusted) Analysis of Independent Variable with and without CPSP

All Patients
(n =605)

CPSP

No Rest Pains
(n=532)

Rest Pain
(n=73)

P value No Movement
Pains (n=377)

Movement Pain
(n=228)

P value

Age groups, n (%)

≤60 59(9.8) 56(10.5) 3(4.1) 0.061 37(9.8) 22(9.6) 0.837

>60-70 291(48.1) 255(47.9) 36(49.3) 182(48.3) 109(47.8)

>70-80 212(35.0) 188(35.3) 24(32.9) 134(35.5) 78(34.2)

>80 43(7.1) 33(6.2) 10(13.7) 24(6.4) 19(8.3)

Gender, n (%)

Male 116(19.2) 103(19.4) 13(17.8) 0.752 77(20.4) 39(17.1) 0.315

Female 489(80.8) 429(80.6) 60(82.2) 300(79.4) 189(82.9)

BMI category, (kg/m2)

<24 167(27.6) 146(27.5) 21(28.8) 0.187 104(27.6) 63(27.6) 0.367

24–27.9 277(45.8) 249(46.8) 28(38.4) 181(48.0) 96(42.1)

28–29.9 83(13.7) 74(13.9) 9(12.3) 49(13.0) 34(14.9)

≥30 78(12.9) 63(11.8) 15(20.5) 43(11.4) 35(15.4)

History of contralateral knee arthroplasty, n (%)

No 541(89.4) 471(88.5) 70(95.9) 0.068 331(87.8) 210(92.1) 0.098

Yes 64(10.6) 61(11.5) 3(4.1) 46(12.2) 18(7.9)

History of smoking, n (%)

No 571(94.4) 500(94.0) 71(97.3) 0.267 352(93.4) 219(96.1) 0.169

Yes 34(5.6) 32(6.0) 2(2.7) 25(6.6) 9(3.9)

Pre-surgical diagnosis, n (%)

Osteoarthritis 574(94.9) 507(95.3) 67(91.8) 0.032 360(95.5) 214(93.9) 0.603

Rheumatoid

arthritis

17(2.8) 16(3.0) 1(1.4) 10(2.7) 7(3.1)

Combining with

knee injury.

14(2.3) 9(1.7) 5(6.8) 7(1.90 7(3.1)

Diabetes, n (%)

No 478(79.0) 420(78.9) 58(79.5) 0.921 295(78.2) 183(80.3) 0.556

Yes 127(21.0) 112(21.1) 15(20.5) 82(21.8) 45(19.7)

Heart diseases, n (%) 0.183 0.512

No 555(91.7) 491(92.3) 64(87.7) 348(92.3) 207(90.8)

Yes 50(8.3) 41(7.7) 9(12.3) 29(7.7) 21(9.2)

COPD, n (%) 0.179 0.147

(Continued)
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Table 3 (Continued).

All Patients
(n =605)

CPSP

No Rest Pains
(n=532)

Rest Pain
(n=73)

P value No Movement
Pains (n=377)

Movement Pain
(n=228)

P value

No 593(98.0) 523(98.3) 70(95.9) 372(98.7) 221(96.9)

Yes 12(2.0) 9(1.7) 3(4.1) 5(1.3) 7(3.1)

Number of

comorbidities, n (%)

0.909 0.624

0 138(22.8) 122(22.9) 16(21.9) 87(23.1) 51(22.4)

1 267(44.1) 232(43.6) 35(47.9) 168(44.6) 99(43.4)

2 156(25.8) 140(26.3) 16(21.9) 96(25.5) 60(26.3)

≥3 44(7.3) 38(7.1) 6(8.2) 26(6.9) 18(7.9)

Preoperative pain of joint, n (%)

No to mild pain 361(59.7) 326(61.3) 35(47.9) 0.031 244(64.7) 117(51.3) 0.001

Moderate to severe

pain

244(40.3) 206(38.7) 38(52.1) 133(35.3) 111(48.7)

Anesthesia type, n (%)

General alone 94(15.5) 79(14.9) 15(20.5) 0.210 54(14.1) 40(17.1) 0.290

Regional nerve
block + general

511(84.5) 453(85.2) 58(79.5) 323(85.7) 188(82.5)

ASA score, n (%)

Class I–II 553(91.4) 486(91.4) 67(91.8) 0.903 346(91.8) 207(90.8) 0.675

Class III–IV 52(8.6) 46(8.6) 6(8.2) 31(8.2) 21(9.2)

Surgery type, n (%)

Primary TKA 574(94.9) 507(95.3) 67(91.8) 0.207 357(94.7) 217(95.2) 0.795

Primary UKA 31(5.1) 25(4.7) 6(8.2) 20(5.3) 11(4.8)

Surgery side, n (%)

Left 282(46.6) 247(46.4) 35(47.9) 0.921 180(47.7) 102(44.7) 0.662

Right 302(49.9) 266(50.0) 36(49.3) 183(48.5) 119(52.2)

Bilateral 21(3.5) 19(3.6) 2(2.7) 14(3.7) 7(3.1)

Intraoperative blood
loss (ml)

102.19±87.71 104.20±89.49 87.53
±72.66

0.128 102.72±88.62 101.32±86.46 0.849

Duration of surgery
(h)

1.38±0.42 1.39±0.42 1.33±0.38 0.280 1.38±0.41 1.37±0.43 0.580

Surgeon, n (%)

1 292(48.3) 260(48.9) 32(43.8) 0.657 190(50.4) 102(44.7) 0.515

2 20(3.3) 16(3.0) 4(5.5) 11(2.9) 9(3.9)

(Continued)
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Table 3 (Continued).

All Patients
(n =605)

CPSP

No Rest Pains
(n=532)

Rest Pain
(n=73)

P value No Movement
Pains (n=377)

Movement Pain
(n=228)

P value

3 178(29.4) 155(29.1) 23(31.5) 109(28.9) 69(30.3)

4 115(19.0) 101(19.0) 14(19.2) 67(17.8) 48(21.1)

PCA, n (%)

No 323(53.4) 279(52.4) 44(60.3) 0.210 207(54.9) 116(50.9) 0.336

Yes 282(46.6) 253(47.6) 29(39.7) 170(45.1) 112(49.1)

Intraoperative transfusion, n (%)

No 589(97.4) 521(97.9) 68(93.2) 0.024 368(97.6) 221(96.9) 0.927

Yes 16(2.6) 11(2.1) 5(6.8) 9(2.4) 7(3.1)

APSP at rest (moderate to severe), n (%)

No 502(83.0) 454(85.3) 48(65.8) 0.000 342(90.7) 160(70.2) 0.000

Yes 103(17.0) 78(14.7) 25(34.2) 35(9.3) 68(29.8)

APSP on movement (moderate to severe), n (%)

No 230(38.0) 221(41.5) 9(12.3) 0.000 201(53.3) 29(12.7) 0.000

Yes 375(62.0) 311(58.5) 64(87.7) 176(46.7) 199(87.3)

Breakthrough pain requiring opioid rescue with 72h after surgery, n (%)

No 524(86.6) 471(88.5) 53(72.6) 0.000 349(92.6) 175(76.8) 0.000

Yes 81(13.4) 61(11.5) 20(27.4) 28(7.4) 53(23.2)

Rehabilitation after discharge

Rehabilitation

center

45(7.4) 38(7.1) 7(9.6) 0.457 27(7.2) 18(7.9) 0.739

Home self-rehab 560(92.6) 494(92.9) 66(90.4) 350(92.8) 210(92.1)

Undergoing another knee arthroplasty during follow-up

No 539(89.1) 473(88.9) 66(90.4) 0.700 328(87.0) 211(92.5) 0.036

Yes 66(10.9) 59(11.1) 7(9.6) 49(13.0) 17(7.5)

Follow-up contralateral knee pain at rest

No pain 569(94.0) 515(96.8) 54(74.0) 0.000 363(96.3) 206(90.4) 0.004

Mild pain 36(6.0) 17(3.2) 19(26.0) 14(3.7) 22(9.6)

Follow-up contralateral knee pain on movement

No pain 483(79.8) 437(82.1) 46(63.0) 0.000 330(87.5) 153(67.1) 0.000

Mild pain 111(18.3) 89(16.7) 22(30.1) 46(12.2) 65(28.5)

Moderate to severe

pain

11(1.8) 6(1.1) 5(6.8) 1(0.3) 10(4.4)

(Continued)
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factors were found to be independently and significantly associated with the presence of CPSP at rest (Table 4): age > 80
(OR = 6.772, 95% CI = [1.582–28.558], P = 0.01), BMI ≥ 30 (OR = 2.339, 95% CI = [1.016–5.383], P = 0.046), with
moderate to severe preoperative knee pain (OR = 1.947, 95% CI = [1.113–3.406], P = 0.02), a moderate to severe APSP
on movement (OR = 4.948, 95% CI = [2.313–10.581], P < 0.001), and suffering a higher contralateral knee pain-at-rest
(OR = 12.554, 95% CI = [5.529–28.505], P < 0.001) (Figure 2). Further Z-test compared the areas under ROC curves,
there was no significant difference between them, and their diagnostic performance was similar (Z = 0.3757, p =
0.0.707). The final model had a Nagelkerke’s pseudo R2=0.263, a Homer and Lemeshow p=0.767 and an AUC of 0.792
(95% CI 0.737 to 0.847). Binary characteristics of the final model was sensitivity 21.9% (95% CI 13.4% to 33.4%),
specificity 98.7 (95% CI 97.2% to 99.4%), positive predictive value 69.6% (95% CI 47.0% to 85.9%), negative
predictive value 90.2% (95% CI 87.4% to 92.4%) and a diagnostic accuracy of 89.4% (95% CI 86.6% to 91.7%).

For chronic pain-on-movement, age, gender, BMI, history of contralateral knee arthroplasty, COPD, smoking,
preoperative pain intensity, APSP at rest and with movement, requiring opioid rescue within operative 72h, follow-up
contralateral knee pain intensity at rest and with movement, and undergoing another knee arthroplasty during follow-up
were entered in a full model, and the full model had a Nagelkerke’s pseudo R2=0.334, a Homer and Lemeshow p=0.985,
and an AUC of 0.800 (95% CI 0.764 to 0.835). Stepwise elimination identified five predictors to be independently and
significantly associated with the presence of CPSP on movement in the parsimonious final model (Table 5): no smoking
history (OR = 2.586, 95% CI = [1.068–6.263], P = 0.035), having moderate to severe preoperative knee pain (OR =
1.573, 95% CI = [1.073–2.304], P = 0.02), a moderate to severe APSP at rest (OR = 1.846, 95% CI = [1.127–3.024],
P =0.015) and on movement (OR = 6.110, 95% CI = [3.816–9.782], P < 0.001), and suffering a higher contralateral knee
pain-on-movement (OR = 3.222, 95% CI = [2.075–5.003], P < 0.001). Further Z-test compare the areas under ROC

Table 3 (Continued).

All Patients
(n =605)

CPSP

No Rest Pains
(n=532)

Rest Pain
(n=73)

P value No Movement
Pains (n=377)

Movement Pain
(n=228)

P value

Follow-up contralateral knee pain scores (0–3)

Rest pain 0 (0–1) 0 (0–1) 0(0–1) 0.004 0(0–1) 0(0–1) 0.000

0.06±0.24 0.03±0.13 0.26±0.44 0.04±0.19 0.10±0.30

Movement pain 0 (0–2) 0 (0–2) 0(0–3) 0(0–2) 0(0–2)

0.22±0.46 0.19±0.42 1.34±0.82 0.13±0.34 0.37±0.57

CPSP (0–3)

Rest pain 0(0–2) 0 1(1–2) - 0(0–1) 0(0–2) -

0.13±0.36 0 1.07±0.25 0.03±0.17 0.29±0.50

Movement pain 0(0–3) 0(0–3) 1(0–3) 0 1(1–3)

0.48±0.70 0.37±0.59 1.34±0.82 0 1.29±0.51

Satisfaction to surgery

Unsatisfied(≤60%) 67(11.1) 41(7.7) 26(35.6) 0.000 8(2.1) 59(25.9) 0.000

Neutral (70–80%) 101(16.7) 81(15.2) 20(27.4) 30(8.0) 71(31.1)

Satisfied (90–100%) 437(72.2) 410(77.1) 27(37.0) 339(89.9) 98(43.0)

Abbreviations: CPSP, chronic postsurgical pain; TKA, total joint arthroplasty; UKA, unicompartmental knee arthroplasty; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; ASA, American Society of Anesthesiologists physical status; PCA, patient controlled analgesia (intravenous).
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curves, there was no statistical difference between the performance of two models (Z = 0.322, p = 0.747). The final
model had a Nagelkerke’s pseudo R2=0.317, a Homer and Lemeshow p = 0.941 and an AUC of 0.791 (95% CI 0.755 to
0.827). Binary characteristics s of the final model was sensitivity 66.7% (95% CI 60.1% to 72.7%), specificity 78.0 (95%
CI 73.4% to 82.0%), positive predictive value 64.7% (95% CI 58.2% to 70.7%), negative predictive value 79.5% (95%
CI 74.9% to 83.4%) and a diagnostic accuracy of 73.7% (95% CI 70.0% to 77.2%).

Table 4 Multivariable (Adjusted) Binary Logistic Regression Analysis of CPSP at Rest 2-Year Following Knee Arthroplasty (n=605)

Crude Modelsa Final Modelsb

OR 95% CI P-value OR 95% CI P-value

Age (Ref, ≤60 years)

>60-70 3.738 1.000 to 13.971 0.050 2.990 0.839 to 10.656 0.091

>70-80 3.363 0.868 to 13.037 0.079 2.725 0.746 to 9.929 0.129

>80 7.581 1.661 to 34.597 0.009 6.722 1.582 to 28.558 0.010

Gender (Ref, male)

Female 0.963 0.463 to 2.004 0.919 – – –

BMI (Ref,<24 kg/m2)

24–27.9 0.868 0.429 to 1.715 0.665 0.790 0.402 to 1.550 0.493

28–29.9 1.080 0.416 to 2.799 0.875 1.061 0.423 to 2.657 0.900

≥30 2.408 1.012 to 5.728 0.047 2.339 1.016 to 5.383 0.046

Contralateral knee arthroplasty history (Ref, Yes)

No 2.349 0.677 to 8.147 0.178 – – –

Heart disease (Ref, No)

Yes 1.230 0.510 to 2.964 0.644 – – –

COPD (Ref, No)

Yes 5.533 0.869 to 35.229 0.070 5.508 0.898 to 33.787 0.065

Preoperative diagnosis (Ref, osteoarthritis)

Rheumatoid arthritis 0.639 0.092 to 4.453 0.651 – – –

OA with knee injury 2.635 0.666 to 10.435 0.168 – – –

Preoperative knee pain (moderate to severe) 1.802 0.996 to 3.259 0.052 1.947 1.113 to 3.406 0.020

Intraoperative blood loss volume 0.998 0.994 to 1.001 0.246 – – –

Intraoperative transfusion (Ref, No)

Yes 2.589 0.622 to 10.778 0.191 – – –

APSP at rest (moderate to severe) 1.506 0.782 to 2.902 0.221 – – –

APSP on movement (moderate to severe) 4.289 1.923 to 9.566 0.000 4.948 2.313 to 10.581 0.000

Follow-up contralateral knee pain-at-rest 12.465 4.228 to 36.750 0.000 12.554 5.529 to 28.505 0.000

Follow-up contralateral knee pain-on-movement 0.852 0.428 to 1.694 0.647 – – –

Notes: aArea under the receiver operator characteristics curve 0.809 (95% CI 0.753 to 0.864). bArea under the receiver operator characteristics curve 0.792 (95% CI 0.737
to 0.847).
Abbreviations: APSP, acute pain within 72h after surgery; BMI, body mass index; COPD, chronic obstructive pulmonary disease.

Journal of Pain Research 2022:15 https://doi.org/10.2147/JPR.S345496

DovePress
1099

Dovepress Tian et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Same as above, we also performed predictive analysis for moderate to severe chronic pain-on-movement. In the final
model, four predictors showed independently and significantly associated with the presence of moderate to severe CPSP
on movement (Table 6). Concomitant COPD was significant as a predictive factor (OR = 12.195, 95% CI = [2.188–
67.978], P = 0.004), and having moderate to severe preoperative pain (OR = 2.361, 95% CI = [1.319–4.227], P = 0.004),
a moderate to severe APSP with movement (OR = 4.681, 95% CI = [1.948–11.247], P = 0.001), and suffering a higher
contralateral knee pain-on-movement (OR = 2.707, 95% CI = [1.658–4.421], P < 0.001). The final model had
a Nagelkerke’s pseudo R2=0.192, a Homer and Lemeshow p=0.425 and an AUC of 0.774 (95% CI 0.718 to 0.830).
And sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy were 10% (95%

Table 5 Multivariable (Adjusted) Binary Logistic Regression Analysis of CPSP on Movement 2-Year Following Knee Arthroplasty
(n=605)

Crude Modelsa Final Modelsb

OR 95% CI P-value OR 95% CI P-value

Age (Ref, ≤60 years)

>60-70 1.126 0.587 to 2.163 0.721 – – –

>70-80 1.148 0.586 to 2.248 0.687 – – –

>80 1.636 0.650 to 4.119 0.296 – – –

Gender (Ref, male)

Female 0.890 0.517 to 1.532 0.674 – – –

BMI (Ref, <24 kg/m2)

24–27.9 0.821 0.516 to 1.305 0.405 – – –

28–29.9 1.125 0.595 to 2.126 0.718 – – –

≥30 1.684 0.873 to 3.247 0.120 – – –

Contralateral knee arthroplasty history (Ref, Yes)

No 1.505 0.772 to 2.934 0.231 – – –

Smoking history (Ref, Yes)

No 2.781 1.047 to 7.388 0.040 2.586 1.068 to 6.263 0.035

COPD (Ref, No)

Yes 3.162 0.473 to 21.163 0.235 – – –

Preoperative knee pain (moderate to severe) 1.595 1.079 to 2.358 0.019 1.573 1.073 to 2.304 0.020

APSP at rest (moderate to severe) 1.824 1.100 to 3.025 0.020 1.846 1.127 to 3.024 0.015

APSP on movement (moderate to severe) 6.326 3.919 to 10.210 0.000 6.110 3.816 to 9.782 0.000

Follow-up contralateral knee pain-at-rest 0.952 0.361 to 2.512 0.920 – – –

Follow-up contralateral knee pain-on-movement 3.319 2.024 to 5.443 0.000 3.222 2.075 to 5.003 0.000

Undergoing contralateral knee arthroplasty during follow-up (Ref, No)

Yes 0.568 0.292 to 1.106 0.096 0.562 0.292 to 1.084 0.086

Notes: aArea under the receiver operator characteristics curve 0.800 (95% CI 0.764 to 0.835). bArea under the receiver operator characteristics curve 0.791(0.755 to
0.827).
Abbreviations: KA, knee arthroplasty; APSP, acute pain within 72h after surgery; BMI, body mass index; COPD, chronic obstructive pulmonary disease.
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CI 4.1% to 21.2%), 99.4% (95% CI 98.3% to 99.9%), 66.6% (95% CI 30.9% to 90.9%), 90.9% (95% CI 88.3% to
93.1%), 90.6% (95% CI 87.9% to 92.7%), respectively. The Hosmer-Lemeshow test gave a non-significant result (P
value > 0.05), indicating an absence of fit issues for above three final model.

And, no relationship was found between whether to undertake professional rehabilitation after discharge and
occurrence of chronic pain in present study. Overall satisfaction was classified as dissatisfied (0–60%), natural (70–
80%) and Satisfied (90–100%), and our results revealed that 72%(n=437) of patients claimed that they were satisfied or
very satisfied, 17% (n=101) of patients were neutral, while 11% (n=67) were very dissatisfied or dissatisfied, expressing
their regret having surgery.

Figure 1 Subject flow through study.

Table 6 Parsimonious Multivariable (Adjusted) Binary Logistic Regression Analysis of Moderate to Severe CPSP on Movement 2-Year
Following Knee Arthroplasty (n=605)

β SE P value OR 95% CI

COPD (Ref, No)

Yes 2.501 0.877 0.004 12.195 2.188 to 67.978

Preoperative knee pain (moderate to severe) 0.859 0.297 0.004 2.361 1.319 to 4.227

APSP on movement (moderate to severe) 1.544 0.447 0.001 4.681 1.948 to 11.247

Follow-up contralateral knee pain-on-movement (moderate to

severe)

0.996 0.250 0.000 2.707 1.658 to 4.421

Constant −4.215 0.451 0.000 0.015

Note: Area under the receiver operator characteristics curve 0.774 (95% CI 0.718 to 0.830).
Abbreviations: APSP, acute pain within 72h after surgery; BMI, body mass index; COPD, chronic obstructive pulmonary disease.
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Discussion
This study showed an overall incidence of CPSP involving in pain at rest and on movement at the follow-up time (2-year
postoperatively) of 12.1% and 37.7%, respectively, in which, 9.8% of patients suffered moderate to severe pain on
movement. Our study has found that approximately 11% of patients are not satisfied 2-year after surgery, which was in
accordance with the figures reported in western counties,14,15 and it was related to chronic pain: at rest and on movement.

Our finding suggests that BMI is probably associated with rest pain instead of pain on movement for chronic pain at
rest that might related to subchondral bone pressure.11 Patients above 80 years old were more inclined to chronic pain at
rest in present study, which was not in accordance with previous research.16,17 As chronic pain at rest was related to
subchondral bone pressure, together with the evidence that 40% of those over the age of 80 years are sarcopenic
obesity,18 it can be referred that the correlation between age > 80 year and chronic rest pain might be attributed to muscle
weakness. Therefore, targeting this demographic emphasis will be on enhance the muscle strength to prevent chronic pain
at rest.

Moreover, our study indicated that acute postoperative pain-at-rest was correlated to chronic pain with movement,
rather than chronic pain at rest after adjusting acute postoperative pain-on-movement and the pain in the contralateral
knee. Surgical trauma can lead to the release of inflammatory mediators (CRP, PGE2, and IL-6) at the site of injury,
which are positively correlated with acute postoperative pain following primary TKA.19 Meanwhile chronic pain with

Figure 2 Parsimonious multivariable (adjusted) binary logistic regression of CPSP-at-rest, CPSP-on-movement and moderate to severe CPSP-on-movement.
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movement is proved to be strongly correlated to inflammation, on the contrary, chronic pain at rest might related to
subchondral bone pressure.11

More importantly, our empirical analysis found a strong positive correlation between acute pain-on-movement and
chronic pain outcomes in final model, which was not in accordance with the results of Sayer et al4 on account of the
inconsistency in assessing and calculating the variable of pain within the first 72 hours postoperatively. In present study,
we assessed the pain-at-rest and pain-on-movement at 14:00 every day by asking patients’ average pain over the last 24
hours, then took the maximum value of the measurement in 3 days and the primary aim of this design was to avoid the
influence of anesthetic effects, analgesic effects and rehabilitation exercise on pain, and ultimately aiming to develop
a simple and feasible model to predict CPSP after knee arthroplasty for clinical practice. It is highlighted that pethidine
was only used when patients reported breakthrough pain, while in the above study,4 opioids (oxycodone) were given to
patients every 12 hours, and this might result in differences of APSP degree that cannot be ignored. In this research,
approximately 62% of patients report moderate to severe pain-on-movement within the first 72 hours postoperatively,
noticeably higher than prevalence of moderate to severe pain before TKA (40.3%), which suggests that there is still space
for improvement in acute postoperative pain management. To our knowledge, central sensitization is probably an
important mechanism for the development of CPSP and if patients continued to be exposured to nociception caused
by surgery over time, that will further generate primary hyperalgesia and secondary hyperalgesia, leading to CPSP.21 Our
founding revealed that acute pain-on-movement, and preoperative pain were independent risk factors for occurrence of
CPSP. Obviously, poorly controlled acute pain-on-movement is not equivalent to preoperative pain in terms of prediction
of CPSP after TKA, and each of the two factors can be targeted using a preventive approach. Therefore, compared with
the preoperative pain, acute postoperative pain is more likely to be under control and optimal management to reduce the
risk of CPSP for clinician. In addition, the nature in pain suggests these two factors may be mutually maintaining, being
linked to shared negative pain cognitions and pain coping strategies, and pain itself may serve as traumatic stressor that
induces increased emotional numb.22 In order to preventive analgesia, a cognitive-behavioral perspective are desirable on
the basis of screening for both factors.

Our study data showed that after adjusting factors including patients’ characters, operative factors, preoperative pain
and APSP, presence of follow-up contralateral knee pain was an independent risk factor for CPSP at 2-year after primary
knee arthroplasty. The painful affected knee tended to avoid bearing weight, then contralateral knee was inevitably
bearing increased load during OA disease progression and surgical recovery,23,24 such asymmetrical loadings are likely to
increase subchondral bone pressure, which is more associated with pain-at-rest.11 In addition, an increased rate of loading
at the knee joint has been associated with weakened quadriceps strength,25 which results in arthrogenic muscle inhibition
(AMI) to impairedynamic knee-joint stability26 and narrow tibiofemoral joint-space.27 Therefore, achieving symmetry
loadings on both knees and adopting promising intervention of mitigating the effects of AMI are latent important target in
decreasing chronic pain-at-rest.

An unexpected discovery in our study is that smoking is the protective factor for both acute and chronic pain-on-
movement, and it is a psychological factor that cannot be ignored (eg anxiety, depression), which has been proved to be
correlate with the severity of pain from nociceptive stimuli.2 Additionally, there were studies of smokers have shown that
nicotine can reduce anxiety and relieve stress.28 However, the association of smoking with increased levels of
inflammatory markers is well documented,29 and the present study did not include the exact amount of smoking, more
importantly there is no significant correlation between smoking and moderate to severe chronic pain in our study.
Therefore, further researches are needed concerning the relationship between smoking and chronic pain.

In addition to the pain indicators at different time points, chronic obstructive pulmonary disease (COPD) was an
independent risk factors, and to our knowledge, this is the first study to show the association between COPD and the
occurrence of chronic pain after knee arthroplasty. A recent study has borne out claims that systemic inflammation is also
found in patients with COPD,30 generating chronic and neuropathic pain by activating cytokines, which may be known as
underlying mechanisms for chronic pain-on-movement after knee arthroplasty. In addition, chronic pain in COPD is
associated with higher depression and lower physical activity, and this may aggravate chronic pain after TKA.

However, there were several strengths and limitations in our study. To our knowledge, this is the first reported large
cohort of patients followed up to 2-years for chronic pain after knee arthroplasty, and the rest pain and movement pain
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were predicted, respectively. As a result, it allowed us to explore the meaningful predictors under the control of
demography data and surgery variables confounders. The limitation of this study is no psychological variables were
included, although our predictive performance is not less than previous researches included psychological variables, this
might impede discovering deeper causes underlying contributing variables; and we did not measure functional status
based on the accepted scale for the participants, future researches are needed to fill in the gaps.

In conclusion, our result showed that the prevalence of CPSP at rest and with movement at 2-year and that age >80
years and BMI ≥30 are risk factors for CPSP at rest following TKA/UKA; and follow-up contralateral knee pain-at-rest is
a risk factor for CPSP at rest, while contralateral kne pain-on-movement is a risk factor for CPSP on movement.
Additionally, patients with COPD has higher risk for developing moderate to severe CPSP after surgery. However,
nonresponse bias and single study center limits the generalizability of study findings and further research is needed to
investigate the different predictors behind CPSP at rest and on movement after knee arthroplasty using robust research
designs.
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