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Purpose: This study aimed to investigate the developmental trajectory of movement-evoked pain after knee arthroplasty and analyze
the predictors of different developmental trajectory categories.

Patients and Methods: In this study, a total of 178 patients undergoing knee arthroplasty were recruited from the Department of
Joint Surgery at a tertiary care hospital in China. Participants completed the General Data Questionnaire, the Social Support
Revaluated Scale, and the Pain Catastrophizing Scale on the day before surgery (T1). Movement-evoked pain was assessed using
the Pain Numerical Rating Scale at 24 hours (T2), 48 hours (T3), and 72 hours (T4) after knee arthroplasty. The growth mixture model
was utilized to identify the developmental trajectories of movement-evoked pain after knee arthroplasty.

Results: Three developmental trajectories of movement-evoked pain after knee arthroplasty were identified: the moderate pain—rise
then decline group (47.75%), the moderate pain—continuous decline group (11.80%), and the severe pain—continuous stable group
(40.45%). Multivariate logistic regression analysis indicated that social support, pain catastrophization, education, disease duration,
and operation time were significant predictors of the types of movement-evoked pain in knee arthroplasty patients (P < 0.05).
Conclusion: This study identifies three potential categories of movement-evoked pain developmental trajectories after knee
arthroplasty, with the moderate pain—rising then falling group being the most common. Significant predictors include social support,
pain catastrophization, education, disease duration, and operation time.
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Introduction
According to a global epidemiological survey, the number of knee arthroplasties in China reached 1 million in 2019, and
this trend is increasing annually.' In the Netherlands, the number of knee arthroplasties is projected to rise by 297% by
2030 compared to 2005 figures.” In the US, the number of knee arthroplasties is expected to increase by 673% from
2005, reaching approximately 3.48 million. This rising demand places significant pressure on global health resources.’
With advancements in modern medicine, there has been an increasing emphasis on patients’ quality of life and
treatment satisfaction. Pain, recognized as the fifth vital sign alongside temperature, pulse, respiration, and blood
pressure, is a crucial factor in this context.* Notably, 44% of knee arthroplasty patients experience pain, with 15%
suffering from severe pain postoperatively.” While early functional exercise is essential for recovery and reducing
postoperative complications, it can also lead to movement-evoked pain. This not only hinders the rehabilitation process

but can also induce fear and potentially result in chronic pain and emotional disorders.®
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Movement-evoked pain is triggered by both active and passive movement of the affected tissues.” Passive limb movement
after knee arthroplasty, initiated early in the postoperative period, has been shown to have better results in the recovery of
mobility and function of knee joints.® Pain occurring within 72 hours after surgery is the most significant predictor of chronic
postoperative pain, making effective pain management during this period critical for knee arthroplasty patients.”

Differences in postoperative pain experiences have been noted in cases of bone metastases and uterine diseases at
various time points.'®'" These may suggest that similar features may be present after knee arthroplasty. Current research
in pain management mainly starts with physiological blockade, using drugs and anesthetic tissues to reduce the release of
inflammatory factors and inhibit central sensitisation to alleviate pain. However, the effects of pain are multidimensional,
and patients’ pain management needs tend to be diverse.'? A prerequisite for good pain management is the provision of
targeted care based on the pain management needs of different patients. movement-evoked pain is an individual-oriented
model and assumes differences in the developmental trajectories of individuals within a group. Individuals with the same
developmental trajectory are grouped together. Individuals based on shared developmental trajectories are frequently
employed to examine the longitudinal progression of postoperative pain.'?

Therefore, this study aims to dynamically track and investigate the status of movement-evoked pain within 72 hours
post-knee arthroplasty, identify its longitudinal trajectory, and analyze predictive factors across different trajectory
categories. These findings may help identify key populations and inform management strategies to mitigate movement-
evoked pain after knee arthroplasty.

Materials and Methods

Participants and Procedure

This cross-sectional survey of participants was recruited using convenience sampling from a tertiary care hospital in Dalian,
China, between November 2022 and October 2023. The study adhered to the principles of the Declaration of Helsinki and
received approval from the Ethics Committee of the First Hospital of Dalian Medical University (PJ-KS-KY-2023-40).

Participants were included based on the following criteria: 1)Patients diagnosed with knee osteoarthritis according to the
Diagnostic Guidelines for Osteoarthritis (2021 edition)'* who were admitted for knee arthroplasty; 2) Age > 18 years;
3) Unimpaired consciousness and communication; 4) Informed consent and voluntary participation in the study. Participants
with other serious illnesses such as heart disease, cancer, etc, or those wishing to withdraw were excluded, and their relevant
data were not included in the study for analysis. Eligible participants were invited to participate by the investigators, who
provided detailed information about the study’s purpose, methods, benefits, and potential risks. After receiving complete
information, participants signed an informed consent form and completed a questionnaire in the inpatient unit. Socio-
demographic, clinical, and therapeutic information was collected from hospital records.

Participants completed pain catastrophizing and social support scales one day prior to knee arthroplasty (T1) and
assessed their pain using the Numeric Rating Scale at 24 hours (T2), 48 hours (T3), and 72 hours (T4) postoperatively.
The completed questionnaires were reviewed and collected by the researcher to minimize data omission.

All participants received training on using the Numeric Rating Scale during their hospital stay. All surgeries were
performed by the same surgical team under general anesthesia. The same analgesic regimen was administered, and functional
knee exercises were conducted by the same group of physicians. Data collection was performed face-to-face by the
investigator, ensuring that guidelines and questions were addressed uniformly. Participants’ inquiries were responded to
promptly, and the completed surveys were verified for completeness. The survey took approximately 25 minutes to complete.

Sample size calculation was conducted based on M. Kendall’s empirical estimation method, requiring at least 5—10
times the number of dependent variables.'® In this study, a sample size of 178 cases was determined by multiplying the
number of independent variables by seven, accounting for a 10% non-response rate.

Measures

Sample Characteristics

Socio-demographic and clinical data collected included participants’ age, gender, height, weight, marital status, educa-
tion, occupation, and disease duration.
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Social Support

Social support was evaluated using the Chinese version of the Social Support Revaluated Scale (SSRS).'® This scale
comprises three dimensions: objective support, subjective support, and utilization of support, with a total of 10 items.
Scores range from 12 to 66, with higher total scores indicating better social support. In this study, the Cronbach’s o
coefficient for the SSRS was 0.736.

Pain Catastrophizing

The Chinese version of the Pain Catastrophizing Scale (PCS) was used to assess pain catastrophizing.!” This scale
includes three dimensions: rumination, exaggeration, and helplessness, comprising a total of 13 items. Each item is
scored from ‘not at all’ (0 points) to “all the time” (4 points), yielding a total score ranging from 0 to 52. Higher scores
reflect greater levels of pain catastrophizing. In this study, the Cronbach’s a coefficient for the PCS was 0.899.

Numerical Rating Scale

The NRS is a self-reported tool for patients to rate the intensity of their pain, consisting of 11 points (0—10), where each
number represents a different pain level. Higher scores indicate more severe pain.'® In this study, the NRS was utilized to
assess the degree of postoperative movement-evoked pain in knee arthroplasty patients.

Analytic Approach
Statistical data analysis was conducted using SPSS 25.0 and Mplus 8.7 software. Initially, descriptive analyses were
performed to report sample characteristics, with continuous variables summarized as means and standard deviations, and
categorical variables presented as frequencies and percentages. Subsequently, Mplus 8.7 was utilized to establish a latent
class model, starting with a single category and incrementally increasing the number of categories to construct a trajectory for
the development of movement-evoked pain after knee arthroplasty. The best-fitting model was selected based on model fit
indices and clinical significance. Lower Bayesian Information Criterion (BIC), sample size-adjusted BIC (aBIC), and Akaike
Information Criterion (AIC) indicate a better model fit. The Lo-Mendell-Rubin (LMR) and the Bootstrapped Likelihood
Ratio Test (BLRT) are standard tests for model fit; a P-value < 0.05 suggests that the model with K categories is superior to
the model with K-1 categories. Additionally, higher entropy values (closer to 1) indicate greater classification accuracy.
After determining the trajectory categories, statistical analyses were performed using the Chi-square (X?) test and
one-way ANOVA. Statistically significant variables were further analyzed through multivariate logistic regression to
explore potential predictors of the developmental trajectory of movement-evoked pain after knee arthroplasty. A P-value
< 0.05 was considered statistically significant.

Results

Sample Characteristics

In this study, 178 patients with knee arthroplasty were included. The number of patients who completed T1, T2, T3, and
T4 after surgery was 187, 183, 183, and 178 respectively. 4 patients were excluded because they did not have surgery,
and 5 patients were discharged from the hospital before 72 hours postoperatively, so the total number of change cases of
187 to 178, and the total loss rate was 2.67%. General information is shown in Table 1.

Identification and Determination of the Trajectory of Movement-Evoked Pain
Development After Knee Arthroplasty

The fitting of pain scores during functional joint exercises at T2, T3, and T4 post-knee arthroplasty was analyzed using
Growth Mixture Models (GMMs) to establish potential categories for the trajectory of movement-evoked pain develop-
ment. When the development trajectory of movement-evoked pain was 3 categories, the values of BIC, aBIC, and AIC in
the GMM model were lower than the 2 categories, which indicates that the development trajectory of movement-evoked
pain in 3 categories was better than the 2 categories. When the development trajectory of movement-evoked pain was 4
categories, the p-value did not reach the significant level (p > 0.05), therefore, the development trajectory of movement-
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Table | Baseline Data for Knee Replacement Patients (N=178)

n (%)
Gender Male 38 (21.35)
Female 140 (78.65)
Ethnic group Han 169 (94.94)
Others 9 (5.06)
Age 50-69 107 (60.11)
70-89 71 (39.89)
BMI <28 100 (56.18)
228 78 (43.82)
Place of residence Rural 84 (47.19)
Urban 94 (52.81)
Education Junior high school or lower 141 (79.21)
Senior high school or higher 37 (20.79)
Insurance type Rural cooperative medical insurance 90 (50.56)

Urban resident’s basic medical insurance | 88 (49.44)

Disease duration <5 63 (35.39)
>5 115 (64.61)
Comorbidities No 64 (35.96)
Yes 114 (60.04)
Preoperative walking status Walk on one’s own 150 (84.27)
Auxiliary 28 (15.73)
Whether the knee arthroplasty was the first time | Yes 137 (76.97)
No 41 (23.03)
Operation time 60—-120min 56 (31.46)
>120min 122 (68.54)
Type of operation Knee surface arthroplasty 176 (98.88)
Unicondylar arthroplasty 2 (1.12)
Preoperative pain scores 0-6 92 (51.69)
7-10 86 (48.31)

evoked pain in 3 categories was better than the 4 categories. In conclusion. The best model is 3 categories. The model fit
indices for each category are presented in Table 2.

Based on the GMM analysis, three distinct trajectories for the development of movement-evoked pain were identified
(Figure 1). The categories were named according to their developmental characteristics. Category 1: This group exhibited
moderate pain at 24 hours postoperatively, with pain scores initially rising and then declining over time. It is referred to
as the “moderate pain-first-rise-then-fall” group, accounting for 47.75% (n=85) of the sample. Category 2: Patients in this
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Table 2 GMM Fitting Indices for Developmental Trajectory of Postoperative Movement-Evoked Pain

(N=178)
Category AIC BIC aBIC Entropy P Categorical Probability
LMR | BLRT
| 2400.002 | 2419.093 | 2400.091 - - - 1.0
2 2236.165 | 2267.983 | 2236.314 0.817 <0.001 | <0.001 0.489/0.511
3 2167.154 | 2211.699 | 2167.362 0.860 0.003 | <0.00I 0.477/0.119/0.404
4 2045.021 | 2102.293 | 2045.289 0.981 0.176 | <0.001 0.247/0.118/0.275/0.360

Abbreviations: AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; aBIC, sample size-adjusted BIC; LMR,
Lo-Mendell-Rubin; BLRT, Bootstrapped Likelihood Ratio Test.

category also reported moderate pain at 24 hours post-surgery, but their pain scores gradually declined in subsequent
assessments. This group is termed the “moderate pain-continuously declining” group, comprising 11.80% (n=21) of the
participants. Category 3: This group experienced severe pain at 24 hours postoperatively, with pain scores showing
fluctuations but overall remaining stable This category is named the “severe pain-continuously stable” group, accounting
for 40.45% (n=72) of the total participants.

Comparison of Differences in Movement-Evoked Pain After Knee Arthroplasty
Repeated measures ANOVA results showed time point and category interaction terms were statistically significant
(F=22.479, P<0.001). Further simple effects analyses showed that intragroup and intergroup differences in postoperative
movement-evoked pain at different time points after knee arthroplasty (P<0.001). The results of the simple effects
analysis are shown in Table 3.

Results of a Predictor Analysis of Categories of Trajectory for the Development of
Movement-Evoked Pain After Knee Arthroplasty

Results of Univariate Analysis

The results of the X test showed statistically significant differences in age, gender, education, disease duration, operation time,
and preoperative pain scores for the 3 potential categories of movement-evoked pain after knee arthroplasty (P<0.05). One-way
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Figure | GMM Development Trajectory of Movement-Evoked Pain Among Patients After Knee Arthroplasty.
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Table 3 The Simple Effect Analysis of Movement-Evoked Pain of Each
Classes of Patients After Knee Replacement at Each Time Point (N=178)

Category F P

Intragroup | Moderate pain-first-rise-then-fall group 57.117 <0.001

Moderate pain-continuously declining group | 311.666 | <0.001

Severe pain-continuously stable group 195.246 | <0.001
Intergroup | T2 39.455 <0.001
T3 9.914 <0.001
T4 14.660 | <0.001

ANOVA results showed statistically significant differences in patients’ social support and pain catastrophizing scores between the
three categories(P<0.001). The results of the univariate analysis for the three categories are shown in Table 4.

Results of Multivariate Logistic Regression

Variables that were statistically significant in the univariate analysis (age, gender, education, disease duration, operation
time, preoperative pain scores, social support, and pain catastrophizing) were analyzed by multivariate logistic regres-
sion. Categorical variables were included after the assignment and continuous variables were included at their original
values. Using category 3 as the reference group, results of comparative analyses of Categories 1 and 2 versus Category 3
were obtained. Then using category 2 as the reference group, results of comparative analyses between category 1 and
category 2 were obtained. The results showed that social support, pain catastrophization, education, disease duration, and

Table 4 Univariate Analysis of General Demographics, Social Support, and Pain Catastrophization of Patients in Each Trajectory
Category (N=178)

Categories Moderate Moderate Pain- Severe Pain- P
Pain-First-Rise- Continuously Continuously
Then-Fall Group | Declining Group Stable Group
Age 50-69 43 (50.6) 7 (333) 45 (62.5) 0.048
70-89 42 (49.4) 14 (66.7) 27 (37.5)
Gender Male 17 (20.0) 9 (42.9) 12 (16.7) 0.045
Female 68 (80.0) 12 (57.1) 60 (83.3)
Education Junior high school or lower 62 (72.9) 14 (66.7) 65 (90.3) 0.005
Senior high school or higher | 23 (27.1) 7 (33.3) 79.7)
Disease duration <5 20 (23.5) 7 (33.3) 36 (50.0) 0.002
>5 65 (76.5) 14 (66.7) 36 (50.0)
Operation time 60-120 26 (30.6) 13 (61.9) 17 (23.6) 0.004
>120 59 (69.4) 8 (38.1) 55 (76.4)
Preoperative pain scores 0-6 50 (58.8) 13 (61.9) 29 (40.3) 0.039
7-10 35 (41.2) 8 (38.1) 43 (59.7)
Social support - 20.26+5.19 43.43%6.12 35.01%6.72 <0.001
Pain catastrophization - 34.94+8.96 23.10+9.38 41.82+4.52 <0.001
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Table 5 Results of Multivariate Logistic Regression Analysis of the Development Trajectory of Movement-
Evoked Pain After Knee Arthroplasty (N=178)

Independent B Standard Wald X2 | P OR 95% CI
Variable Error

Category VS Intercept 0.608 2.669 0.052 0.82 - -

Category 3 .
Education 1.272 0.636 4.004 0.045 | 3.569 | 1.026~12.409
Disease duration 1.235 0.502 6.051 0.014 | 3.439 | 1.285~9.203
Social support 0.192 0.049 15.544 0.000 | 1.212 | 1.101~1.333
Pain —0.225 | 0.049 21.016 0.000 | 0.798 | 0.725~0.879
catastrophization

Category 2 VS Intercept —3.084 | 4.404 0.49 0484 | - -

Category 3 ]
Social support 0.346 0.092 14.077 0.000 | 1.414 | 1.18~1.694
Pain —0.322 | 0.057 31.988 0.000 | 0.724 | 0.648~0.81
catastrophization
Operation time —2.569 | 0.87 8.72 0.003 | 0.077 | 0.014~0.422

Category VS Intercept 3.692 3.751 0.969 0.325 | - -

Category 2
Pain 0.097 0.03 10.205 0.001 | 1.102 | 1.038~1.17
catastrophization
Operation time 1.847 0.726 6.482 0011 | 6.342 | 1.53~26.293

Abbreviations: Category |, “moderate pain-first-rise-then-fall” group; Category 2, “moderate pain-continuously declining” group;

Category 3, “ severe pain-continuously stable” group.

operate time were predictors of potential categories of movement-evoked pain after knee arthroplasty (P < 0.05). Results
of multivariate logistic regression analysis were shown in Table 5.

Discussion
Movement-Evoked Pain After Knee Arthroplasty: Identification of Three Distinct

Developmental Trajectory Categories

In this study, we identified three potential categories of movement-evoked pain development trajectories after knee
arthroplasty using a growth mixture model. The categories were: 1) moderate pain—rising then falling group (47.7%),
2) moderate pain—continuously declining group (11.9%), and 3) severe pain—continuously stable group (40.4%).

Further analysis using repeated measures ANOVA revealed significant differences in movement-evoked pain both
within and between groups at different postoperative time points, indicating significant group heterogeneity in move-
ment-evoked pain within the first 72 hours post-surgery.

In our study, the moderate pain—continuously declining group comprised only 11.80% of the total, suggesting that
this trajectory is relatively uncommon. Conversely, the moderate pain—rising then falling group, which accounted for
47.75% of patients, emerged as the most prevalent type in clinical practice. This group showed an increasing trend of
pain at 48 hours after knee arthroplasty, suggesting that analgesic measures should be strengthened at 48 hours after knee
arthroplasty. In the choice of analgesic drugs, analgesia with ketorolac tromethamine is more recommended to reduce
postoperative movement-evoked pain."

The severe pain—continuously stable group, representing 40.45% of participants, consistently experienced severe
pain levels after surgery. This indicates that patients in this category are at high risk and warrant increased clinical
attention. Healthcare professionals should prioritize the identification of predictors for this population as early as possible
and take measures to reduce movement-evoked pain after knee arthroplasty.
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In our study, the results show that education and disease duration are predictors of movement-evoked pain after knee
arthroplasty. Patients with low education and short disease duration were more likely to enter the severe pain-
continuously stable group, the main reason may be the fact that patients with different levels of education have different
perceptions of pain, and the patients with low education are more biased towards the perception of pain as an injurious
signal and uncontrollable, and they are less able to manage pain effectively.”*' Patients with higher levels of education
are more likely to be successful in pain-related perceptions and taking measures than patients with lower levels of
education.”” Therefore, health education on pain-related knowledge should be given in advance to patients with a low
level of education to strengthen their knowledge of pain and improve their ability to cope with pain, thus reducing
postoperative movement-evoked pain.

The patients with short disease duration are more likely to have movement-evoked pain after knee arthroplasty. The results
are similar to the findings of Weiwei Kong.'? The reason for this may be related to the fact that the longer the patient’s disease
duration, the longer he suffers from pain, which increases the threshold of pain. As a result, patients with shorter disease
duration were more likely to enter the severe pain-continuously stable group compared to patients with longer disease duration.

For patients with short disease duration, we can take measures to reduce postoperative movement-evoked pain, such
as fast-acting non-steroidal anti-inflammatory drugs, which can be given in advance to minimize pain caused by
functional exercises after knee arthroplasty and to promote patient comfort.

Predictors of Severe Pain in Knee Arthroplasty: Operation Time, Social Support, and
Pain Catastrophization

Our study shows that operation time, social support, and pain catastrophization are significant predictors of movement-
evoked pain after knee arthroplasty. Patients with longer operation time, lower social support, and higher pain
catastrophization levels are more likely to experience severe movement-evoked pain.

Longer operation time are associated with increased movement-evoked pain, aligning with findings from Yiyang Li et al.*®
The reason may be that a tourniquet is used in knee arthroplasty in order to reduce intraoperative bleeding, obtain a clearer
surgical field of vision, and the purpose of better fit the prosthesis. The prolonged use of a tourniquet during surgery to
minimize bleeding can lead to increased swelling and pain at the surgical site.>* In addition, the operation time tends to be
directly proportional to the complexity of the surgical procedure; with the longer operation time, the more complex the
operation is likely to be.”> Therefore, Longer operation time has a passive influence on postoperative knee mobility and the
level of postoperative movement-evoked pain. This underscores the importance of striving to minimize operation times where
possible to reduce postoperative pain and enhance recovery.

Social support plays a critical role in pain management. It has been shown to facilitate more effective pain adaptation,
and a lack of support can exacerbate pain levels.”® There are various mechanisms that social support influences pain in
postoperative movement-evoked pain. Higher social support allows the patient to express the presence of pain, so measures
to relieve pain can be given to reduce the level of pain. At the same time, patients with high social support receive more
help in decision-making to cope with pain, which is able to increase positive health behaviors and outcomes.*’

Pain catastrophization is a notable predictor of high-level movement-evoked pain in knee arthroplasty patients
postoperatively. It is similar to the study of Noiseux et al.*® Pain catastrophization, as a negative psychological emotion,
is an irrational cognition that individuals are experiencing or expect to experience pain.”’ This negative psychological
response can lead to overreactions to pain and reduced pain tolerance.”

Transforming patients’ perceptions of pain and adapting to maladaptive feelings can reduce pain catastrophization in
patients. Common interventions to reduce the level of pain catastrophization in patients are cognitive behavioral therapy,
acceptance therapy, qigong, and yoga exercises.’'** In addition, social support moderates the effect of pain catastrophiz-
ing on postoperative pain in patients with knee arthroplasty.’® Healthcare workers should pay attention to the negative
emotional state and social support. Healthcare workers should also give patients correct guidance and interventions. They
can promote patients’ positive acceptance and coping with adverse emotions. These measures can enhance patients’ pain

tolerance and reduce postoperative movement-evoked pain.
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There are some shortcomings in our study. Firstly, in this study, the sample was drawn from a single tertiary care
hospital. This may have some bias in the selection of the population. Secondly, this study did not analyze patients who were
excluded, which may also have biased the results of the study. Finally, our assessment of movement-evoked pain was
limited to the first 72 hours postoperatively, potentially affecting the generalizability of the results. Future research should
involve multicenter studies with larger sample sizes and extended follow-up periods to explore pain management strategies
in different healthcare settings to more effectively reduce movement-evoked pain after knee arthroplasty.

Conclusion

This study identifies there are three potential categories of movement-evoked pain developmental trajectories after knee
arthroplasty. The most common type in the clinic was the moderate pain- rising then falling group. Social support, pain
catastrophization, education, disease duration, and operation time were significant predictors of potential categories of
movement-evoked pain after knee arthroplasty.

Data Sharing Statement

The data of this study came from the same dataset as the data of the previous article online.*® But the research content
and statistical methods are completely different. The article published online explores that social support had a significant
moderating effect on the relationship between pain catastrophizing and acute post-surgical pain. This article focuses on
tracking the trajectory of movement-evoked pain at 72 hours after knee arthroplasty and analyzes the predictors between
different trajectory categories to identify people who are prone to severe movement-evoked pain after knee arthroplasty.
Data used for this study can be obtained from the corresponding author upon reasonable request.

Ethics Statement

The study complied with the principles outlined in the Declaration of Helsinki and was also approved by the Ethics
Committee of the First Hospital of Dalian Medical University (PJ-KS-KY-2023-40). All participants signed an informed
consent form before participating in this study.
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