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Abstract: Objectives: To analyze the factors influencing chronic pain in patients with knee osteoarthritis after total
knee replacement surgery (TKRS) and to construct a nomogram risk prediction model, providing an economically
effective screening method for clinical use. Methods: This retrospective study included 100 consecutive patients at
the Jinan Central Hospital, with knee osteoarthritis who underwent TKRS from January 2023 to December 2023.
Patients were divided into the observation group (n=55) and the control group (n=45) based on the presence of
chronic pain. Logistic regression was performed to explore factors associated with chronic pain, including medical
records, laboratory data, previous history, and independent clinical risk factors. The identified independent factors
were then incorporated to construct a nomogram for chronic pain prediction. Results: Six variables were identified
as independent predictors of chronic pain after TKRS: age, BMI, diabetes, severity of preoperative pain, severity of
postoperative acute pain, and postoperative wound infection (P<0.05). The area under the curve (AUC) of this no-
mogram was 0.836 [95% confidence interval (Cl): 0.615-0.884], demonstrating good calibration and clinical practi-
cability. Conclusion: Age, BMI, diabetes, severity of preoperative pain, severity of postoperative acute pain, and post-
operative wound infection are risk factors for chronic pain after TKRS. The predictive nomogram developed in this
study shows good prediction ability and accuracy for chronic pain in patients with knee osteoarthritis after surgery.
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Introduction

Knee osteoarthritis is the most common chron-
ic disease seen in orthopedics, predominantly
affecting middle-aged and elderly women over
50 years old, with a prevalence rate of 25% to
40% [1, 2]. The pathological characteristics of
knee osteoarthritis include destruction of knee
joint cartilage, leading to pain, stiffness, and
reduced range of motion. This can result in the
formation of bone spurs, inflammation, and
osteophytes [3]. As the disease progresses,
the joint space narrows, and surrounding tis-
sues may become inflamed. Clinically, knee
osteoarthritis presents symptoms such as
pain, swelling, and knee joint stiffness [4].
When the condition worsens, total knee
replacement surgery (TKRS) is the primary
treatment option [5]. Currently, over 600,000
knee joint replacement surgeries are per-

formed annually in the United States, and over
200,000 patients undergo TKRS each year in
China [6].

A major complication after TKRS is postopera-
tive chronic pain [7]. Studies indicate that
approximately 10% to 34% of patients undergo-
ing TKRS will experience chronic pain postop-
eratively, which can persist for months to years
[8]. The International Association for the Study
of Pain (IASP) defines chronic pain as pain per-
sisting beyond the expected healing time, not
attributable to other causes such as infection,
surgical failure, or malignant tumor recurrence
[9]. Multiple factors can influence the occur-
rence of chronic pain after knee replacement
surgery. Research has investigated whether
social factors such as gender, age, education
level, economic status, and working conditions
are related to chronic pain post-surgery [10].
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For example, Duong et al. found that patients
with lower education levels were three times
more likely to experience chronic postsurgical
pain (CPSP) [11]. Lower education levels may
be associated with poorer pain awareness and
coping abilities for the negative emotions
brought about by pain [12].

However, some factors remain controversial.
Some studies suggest that perioperative fac-
tors, such as the type of surgery, implant type,
and surgery duration, have little impact on long-
term pain outcomes [13]. In contrast, other
studies indicate that surgery duration does
affect the occurrence of chronic pain after knee
replacement surgery [14]. Therefore, there is a
need for more risk prediction tools to identify
high-risk patients for chronic pain after TKRS in
advance and to provide targeted interventions.
The application of multidisciplinary and individ-
ualized intervention measures is essential to
ensure optimal treatment for patients.

This study adopts a retrospective analysis to
investigate the independent risk factors for
chronic pain in patients with knee osteoarthri-
tis after TKRS and to construct a clinical nomo-
gram model. The aim is to provide a scientific
basis for assessing the risk of chronic pain in
patients with knee osteoarthritis after TKRS
and to implement appropriate preventive mea-
sures, thereby reducing complications and
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(n=45)

improving postoperative quality of life for
patients.

Materials and methods
Research design and participants

This retrospective study was reviewed and
approved by the Ethics and Research Com-
mittee of Jinan Central Hospital.

Inclusion criteria: 1) Patients aged 18 and
above. 2) Patients with knee osteoarthritis who
underwent TKRS from January 2023 to
December 2023.

Exclusion criteria: 1) Patients with clear causes
of pain such as a history of trauma, infection,
previous knee surgery, postoperative deep vein
thrombosis, diabetic peripheral neuropathy, or
a history of chronic low back and leg pain. 2)
Patients unable to cooperate due to communi-
cation barriers. 3) Patients with rheumatoid
arthritis, a history of long-term drug abuse,
muscle diseases or neurological disorders
restricting lower limb movement, or mental dis-
orders hindering questionnaire comprehen-
sion. Based on these criteria, 100 TKRS pa-
tients were included. The experimental design
flowchart is shown in Figure 1.

Definitions of chronic pain

The International Association for the Study of
Pain (IASP) defines chronic pain as pain persist-
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ing for more than 3 months postoperatively,
excluding other causes such as infection, surgi-
cal failure, or malignant tumor recurrence [15].

Data collection

Demographic and clinical characteristics were
obtained from the hospital’s electronic case
system, including: age, sex, education, body
mass index (BMI), activities of daily living,
length of disease, preoperative visual analog
scale (VAS) score, distance of preoperative
walking, hip-knee-ankle angle (HKA), medical
complications (e.g., hypertension, diabetes,
coronary heart disease, stroke), anxiety and
depression, American Society of Anesthesio-
logists (ASA) score, New York Heart Associa-
tion (NYHA) functional classification, operation
time, amount of bleeding during surgery, trans-
fusion, tourniquet time during surgery, single
or double joint replacement, anesthesia and
surgical data, presence of drainage tube after
surgery, early postoperative pain intensity and
duration, use of diazepam and dezocine during
hospitalization, patient-controlled analgesia,
postoperative medication and quadriceps mus-
cle training, deep heat therapy during hospital-
ization, and postoperative VAS score. Hospi-
talization time was precisely recorded from
admission to discharge to ensure accuracy and
reliability.

Statistical analysis

SPSS 26.0 and R (R4.0.2) software were used
for statistical analysis. The sample size was cal-
culated by power analysis and estimated as:
corrected sample size = sample size/(1 - [%
attrition/100]), resulting in a sample size of
around 100. All count and measurement vari-
ables were converted into categorical variables
(percentage representation), and then single-
factor and multi-factor binary logistic regres-
sion was used to analyze risk factors, determin-
ing independent risk factors for chronic pain
after surgery. The least absolute shrinkage and
selection operator (LASSO) regression method
was used to select data dimensions and prog-
nosis factors. Independent risk factors were
introduced into R software to construct a nomo-
gram model for predicting chronic pain after
knee arthroplasty. The model was evaluated by
calculating the C-index, drawing ROC curves,
and calculating the area under the curve (AUC)
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to assess accuracy and discrimination, as well
as drawing calibration curves to evaluate the
model’s calibration for predicting chronic pain.
The model was internally validated through
bootstrapping. Decision curve analysis was
used to evaluate clinical utility. A difference
was considered statistically significant at
P<0.05.

Results

Comparison of clinical characteristics between
the observation and control group

The characteristics in terms of gender, educa-
tional level, disease duration, preoperative
walking distance, hospitalization time, surgical
time, unilateral/bilateral knee replacement,
surgical bleeding volume, anesthesia ASA
score, NYHA score, and physical therapy were
similar in both groups (all P>0.05). However,
significant differences were observed between
the two groups in terms of age, body mass
index (BMI), hip-knee-ankle angle, preoperative
VAS score, postoperative functional exercise,
diabetes, postoperative VAS score, and postop-
erative wound infection (all P<0.05) (Table 1).

Univariate and multivariate analysis

Univariate and multivariate analysis confirmed
risk factors associated with chronic pain after
TKRS surgery (Tables 2 and 3). Independent
risk factors included: age (95% CI 0.0008-
0.0321; P=0.0085), BMI (95% ClI 1.6987-
14.6525; P=0.0048), preoperative VAS score
(95% Cl 1.8974-38.2054; P=0.0074), postop-
erative VAS score (95% Cl 1.2354-6.5974;
P=0.0165), postoperative wound infection
(95% Cl 2.3247-12.2506; P=0.001), and dia-
betes (95% Cl 1.5874-8.9874; P=0.0045).
Additionally, a predictive model for chronic pain
after TKRS was established using the LASSO
regression technique for multivariate logistic
regression analysis of the six variables (Figure
2).

Comparison of clinical baseline characteristics
between training and validation sets

Patients were divided into a training set (n=71)
and a validation set (n=29) in a 7:3 ratio.
Characteristics such as age, BMI, gender, edu-
cational level, disease duration, preoperative
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Table 1. Comparison of demographic and clinical characteristics between the observation and control
group

Influence factor Observation group (n=55) Control group (n=45) t P
Gender 0.562 0.757
Male 12 (21.82%) 10 (22.22%)
Female 43 (78.18%) 35 (77.78%)
Age 10.285 0.003
<60 5 (9.09%) 4 (8.89%)
60-70 17 (30.91%) 15 (33.33%)
>70 33 (60.00%) 26 (57.78%)
BMI 8.474  0.010
18.5-23.9 10 (18.18%) 9 (20.00%)
24-27.9 23 (41.82%) 22 (48.89%)
>28 22 (40.00%) 14 (31.11%)
Educational level 0.381 0.537
Junior high school or below 30 (54.55%) 25 (25.56%)
Middle school above high school below 18 (32.73%) 12 (26.67%)
High school or above 7 (12.72%) 8 (17.77%)
Sleep
Good 20 (36.36%) 32 (71.11%)
Commonly 18 (32.73%) 10 (22.22%)
Bad 17 (30.91%) 3(6.67%)
Disease duration 0.628 0.428
<5 years 18 (32.73%) 16 (35.56%)
5-10 years 21 (38.18%) 14 (31.11%)
>10 years 16 (29.09%) 15 (33.33%)
Preoperative walking distance 0.186 0.666
>100 kilometre 40 (72.73%) 34 (75.56%)
<100 kilometre 15 (17.27%) 11 (24.44%)
Hospitalization time 0.247 0.619
<11.3 27 (49.09%) 24 (53.33%)
>11.3 28 (50.91%) 21 (46.67%)
Hip knee ankle angle 8.756  0.009
-3(-3)-3(3) 4 (7.27%) 12 (26.67%)
3-10/-10~-3 18 (32.73%) 23 (51.11%)
>10 33 (60.00%) 10 (22.22%)
Preoperative VAS score 8.756  0.001
<6 18 (32.73%) 30 (66.67%)
>6 37 (62.27%) 15 (33.33%)
Postoperative functional exercise 0.342 0.036
Good 9 (16.36%) 14 (31.11%)
Commonly 22 (40.00%) 16 (35.56%)
Bad 24 (43.64%) 15 (33.33%)
Diabetes 11.286 0.007
No 15 (27.27%) 21 (46.67%)
Had 40 (72.73%) 24 (53.33%)
Surgical time 0.247 0.119
<150 19 (34.55%) 17 (37.78%)
150-165 13 (23.64%) 14 (31.11%)
>165 23 (41.81%) 14 (31.11%)
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Unilateral/Bilateral Knee Replacement 2.206 0.137
Unilateral 45 (81.82%) 32(71.11%)
Bilateral 10 (18.18%) 23 (28.89%)

Surgical bleeding volume 0.628 0.428
<50 14 (25.45%) 9 (20.00%)
50-100 17 (30.91%) 16 (35.56%)
100-200 19 (34.55%) 10 (22.22%)
>200 5 10 (22.22%)

Postoperative VAS score 8.474 0.010

<3 27 (49.09%) 32 (71.11%)
>3 28 (50.91%) 13 (28.89%)

Postoperative wound infection 10.285 0.003
No 17 (30.91%) 36 (57.78%)
Had 38 (69.09%) 19 (42.22%)

Anesthesia ASA score 0.628 0.428
<2 34 (61.82%) 28 (62.22%)
>3 21 (38.18%) 17 (37.78%)

Heart NYHA score 0.381 0.537
<2 37 (67.27%) 28 (62.22%)
>3 18 (32.73%) 17 (37.78%)

Physical therapy 0.628 0.428
No 28 (50.91%) 21 (46.67%)
Yes 27 (49.09%) 24 (53.33%)

BMI, body mass index; VAS, visual analog scale; ASA, American Society of Anesthesiologists; NYHA, New York Heart Associa-

tion.

Table 2. Logistic univariate analysis

Prediction model

Intercept and variables

Regression coefficient

SE Wald Odds ratio (95% Cl) P

Age -0.536
BMI 0.874
Hip knee ankle angle 1.087
Preoperative VAS score 1.114
Postoperative VAS pain score 1.487
Postoperative wound infection 1.087
Postoperative functional exercise 1.487
Diabetes 0.987

0.254 3.874 0.587 (0.354-0.998) 0.048
0.223 14.587 2.356(1.523-3.674) 0.000
0.278 15.981 2.987 (1.747-5.087) 0.001
0.338 10.897 3.057 (1.587-5.980) 0.001
0.354 17985 4.652(2.178-8.369) 0.003
0.398 8.697 2.987(1.421-6.038) 0.001
0.368 4.528 1.558(1.023-3.754) 0.037
0.368 4.129 1.987(1.024-3.726) 0.045

BMI, body mass index; VAS, visual analog scale.

walking distance, hospitalization time, surgical
time, unilateral/bilateral knee replacement,
surgical bleeding volume, anesthesia ASA
score, NYHA score, and physical therapy were
similar in both groups (all P>0.05). However,
significant differences were found in hip-knee-
ankle angle, preoperative VAS score, postoper-
ative functional exercise, diabetes, postopera-
tive VAS score, and postoperative wound infec-
tion (all P<0.05) (Table 4).
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Development of the nomogram model

Risk predictors for chronic pain were included
in a prediction model established using R soft-
ware (R 3.6.3). The prediction probability cor-
responding to the sum of the integral of each
factor was the risk value of chronic pain after
TKRS (Figure 3). The regression equation
model based on these factors was: logit (P) =
-3.820 + 0.220 * age + BMI * 0.212 + preop-
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Table 3. Multivariate regression analysis

Intercept and variables

Prediction model

Regression coefficient 0Odds ratio (95% Cl) P

Age -5.1465 0.0059 (0.0008-0.0321) 0.0085
BMI 1.5748 4.9874 (1.6987-14.6525) 0.0048
Preoperative VAS score 1.9874 7.3354 (1.8974-38.2054) 0.0074
Postoperative VAS score 1.0245 2.8974 (1.2354-6.5974) 0.0165
Postoperative wound infection 1.5598 4.7852 (2.3247-12.2506) 0.0001
Diabetes 1.2587 3.5478 (1.5874-8.9874) 0.0045
BMI, body mass index; VAS, visual analog scale.
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Figure 2. Predictor selection using LASSO regression analysis with 10-fold cross-validation. A. Tuning parameter
(lambda) selection of deviance in the LASSO regression based on the minimum criteria (left dotted line) and the
1-SE criteria (right dotted line); B. A coefficient profile plot was created against the log (lambda) sequence. LASSO,
least absolute shrinkage and selection operator; SE, standard error.

erative VAS score * 0.219 + postoperative VAS
score * 0.416 + postoperative wound infection
*0.328 + diabetes * 0.218.

Discrimination and calibration of the predic-
tion model

The unadjusted concordance index (C-index)
for the training set was 0.792 [95% ClI, 0.615-
0.934], and for the validation set was 0.782
[95% CI, 0.703-0.924]. The calibration plot for
the training and validation sets is shown in
Figure 4. The AUC for the training set was
0.8355882 (Figure 5A), and the validation set
was 0.7975882 (Figure 5B), indicating that the
nomogram model had good discrimination and
consistency in predicting the risk of chronic
pain after TKRS.
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Decision curve analysis (DCA)

DCA demonstrated that if the threshold proba-
bility of chronic pain was 15% to 60%, the valid-
ity of the model was increased (Figure 6). DCA
findings suggest that with a predicted occur-
rence probability of chronic pain after TKRS in
the range of 15%-60%, application of the nomo-
gram to predict the risk of chronic pain is more
beneficial.

Discussion

This study found that age is an independent
risk factor for chronic pain, with younger
patients being more likely to experience it.
Some scholars have observed that younger age
can predict the severity of postoperative acute
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Table 4. Comparison of clinical baseline characteristics between the training and validation sets

Training set (n=71) Validation set (n=29) t/x? P
Gender 0.197 0.874
Male 19 (26.76%) 3 (10.34%)
Female 52 (73.24%) 26 (89.66%)
Age 0.489 0.628
<60 6 (8.45%) 3 (10.34%)
60-70 21 (29.58%) 11 (37.93%)
>70 44 (6.97%) 15 (51.72%)
BMI 0.412 0.687
18.5-23.9 14 (19.72%) 5 (17.24%)
24-27.9 31 (43.66%) 14 (48.28%)
>28 26 (36.62%) 10 (34.48%)
Educational level 0.347 0.741
Junior high school or below 38 (53.52%) 17 (58.62%)
Middle school above high school below 21 (29.58%) 9 (31.04%)
High school or above 12 (16.90%) 3(10.34%)
Sleep 0.321 0.746
Good 36 (50.70%) 16 (55.17%)
Commonly 20 (28.17%) 8 (27.59%)
Bad 15 (21.13%) 5 (17.24%)
Disease duration 1.089 0.274
<5 years 23 (32.39%) 11 (37.93%)
5-10 years 23 (32.39%) 12 (41.38%)
>10 years 25 (35.22%) 6 (20.69%)
Preoperative walking distance 1.234 0.066
>100 kilometre 50 (70.24%) 24 (82.76%)
<100 kilometre 21 (29.58%) 5 (17.24%)
Hospitalization time 1.089 0.274
<11.3 37 (52.11%) 17 (58.62%)
>11.3 34 (47.89%) 12 (41.38%)
Hip knee ankle angle 11.578  0.007
-3(-3)-3(3) 11 (15.49%) 5 (17.24%)
3-10/-10~-3 28 (39.44%) 13 (44.83%)
>10 32 (45.07%) 11 (37.93%)
Preoperative VAS pain score 9.562 0.037
<6 25 (35.21%) 13 (44.83%)
>6 46 (64.79%) 16 (55.17%)
Postoperative functional exercise 8.074 0.032
Good 15 (21.13%) 8 (27.59%)
Commonly 26 (36.62%) 12 (41.38%)
Bad 30 (42.25%) 9 (31.03%)
Diabetes 7.406 0.028
No 21 (29.58%) 15 (51.72%)
Had 50 (70.42%) 14 (48.28%)
Surgical time 0.597 0.487
<150 27 (38.03%) 9 (31.03%)
150-165 18 (25.35%) 9 (31.03%)
>165 26 (36.62%) 11 (37.94%)

4485 Am J Transl Res 2024;16(9):4479-4491



Influencing factors of chronic pain and construction of nomogram

Unilateral/Bilateral Knee Replacement
Unilateral 50 (70.42%)
Bilateral 21 (29.58%)

Surgical bleeding volume

<50 14 (19.72%)

50-100 25 (35.21%)

100-200 24 (33.80%)

>200 8 (11.27%)
Postoperative VAS score at

<3 42 (59.15%)

>3 29 (40.85%)
Postoperative wound infection

No 36 (50.70%)

Had 35 (49.30%)
Anesthesia ASA score

<2 42 (59.15%)

>3 29 (40.85%)
Heart NYHA score

<2 45 (63.38%)

>3 26 (36.62%)
Physical therapy

No 36 (50.70%)

Yes 35 (49.30%)

2.874  0.074
7 (24.14%)
22 (75.86%)

0.978  0.354
9 (31.03%)
8 (27.59%)
5 (17.24%)
7 (24.14%)

10.687  0.005
11 (37.93%)
18 (62.07%)

6.142  0.045
17 (58.62%)
12 (41.38%)

0.468 0.524
20 (68.97%)
9 (31.03%)

0.084 0.781
20 (68.97%)
9 (31.03%)

0.247  0.619

13 (44.83%)
16 (55.17%)

TKRS, total knee replacement surgery; BMI, body mass index; VAS, visual analog scale; ASA, American Society of Anesthesiolo-

gists; NYHA, New York Heart Association.
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Figure 3. The nomogram for predicting the risk of chronic pain after TKRS.
TKRS, total knee replacement surgery; BMI, body mass index; VAS, visual
analog scale.

than in men [17, 18]. However,
studies focusing on children
have found that the incidence
of chronic pain in children is
lower compared to adults,
which may be related to the
greater plasticity of the central
nervous system in children
[19]. The higher incidence of
chronic pain in young adults is
estimated to be related to their
higher levels of daily physical
activity [20], and the pain per-
ception system gradually de-
creases in function with age,
leading to a decrease in sensi-
tivity to pain in older individu-
als [21]. Therefore, younger
adults should pay more atten-
tion to pain assessment and
prevention before surgery.

pain [16]. Several large-scale surveys have
shown that the prevalence of chronic neuro-
pathic pain in women is significantly higher
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Postoperative wound infection is also a signifi-
cant risk factor for chronic pain. The presence
of an infection at the surgical site can cause
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Figure 5. ROC curves for the predicting the risk of chronic pain after TKRS. A. The Training set; B. The Validation set.
TKRS, total knee replacement surgery.

inflammation and tissue damage, resulting in vent postoperative wound infections and sub-
persistent pain even after the infection has sequent chronic pain after TKRS, it is essential
been treated [22]. Infections can also delay to follow proper infection control protocols
the healing process, leading to prolonged pain before, during, and after the surgery. This inclu-
and discomfort [23]. Additionally, postoperative des ensuring a sterile surgical environment,
wound infections can increase the risk of com- using prophylactic antibiotics, and closely mon-
plications such as implant loosening or failure, itoring the wound for signs of infection postop-
which can contribute to chronic pain in the eratively. Patients should also be educated on
affected joint. In some cases, the infection may proper wound care and hygiene practices to
spread to the surrounding tissues or bones, reduce the risk of infection. Early detection and
causing further damage and pain [24]. To pre- prompt treatment of any signs of infection are
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Figure 6. Decision curve analysis for the predicting the risk of chronic pain after TKRS. A. The Training set; B. The
Validation set. TKRS, total knee replacement surgery.

crucial in preventing complications and mini- result in central sensitization, where the ner-
mizing the risk of chronic pain following vous system becomes hypersensitive to pain
surgery. signals, leading to an increased perception of
pain postoperatively [33]. Additionally, preexist-
Our research also found that the severity of ing inflammation and damage in the knee joint
postoperative acute pain is a risk factor for can contribute to persistent pain after surgery,
chronic pain. Studies have shown that acute as the surgical procedure may not completely
pain during thoracotomy surgery is associated resolve these underlying issues [34]. To pre-
with the development of CPSP [25]. Other vent chronic pain after TKRS in patients with
research has indicated that both the severity of severe preoperative pain, several strategies
acute postoperative pain and the dosage of can be implemented. Firstly, effective preoper-
analgesic drugs used postoperatively are the ative pain management, such as the use of
best predictors of chronic pain [26-29]. Intense medications, physical therapy, and other non-
early postoperative pain is a manifestation of a pharmacological interventions, can help reduce
large number of noxious stimuli entering the pain levels before surgery, potentially minimiz-
central nervous system, leading to central sen- ing the risk of developing chronic pain postop-
sitization. Therefore, even after peripheral nox- eratively. Secondly, optimizing the surgical
ious stimuli weaken or disappear, pain can per- technique and postoperative care to minimize
sist for a long time [30]. It is evident that ade- tissue damage and inflammation can also help
quately controlling acute postoperative pain is reduce the likelihood of persistent pain after
an effective measure to reduce the occurrence surgery. Lastly, providing comprehensive post-
of CPSP. However, despite the availability of operative rehabilitation and pain management
various drugs and techniques for controlling programs can aid in the recovery process and
early postoperative pain, managing acute post- improve outcomes, potentially reducing the risk
operative pain remains a challenging issue in of chronic pain development.
clinical practice [31]. Currently, there is no uni-
fied evidence to suggest that preemptive anal- A higher BMI increases the likelihood of experi-
gesia, local anesthetic techniques, or multi- encing chronic pain after TKRS. Excess body
modal analgesia have significant advantages in weight puts additional stress on the knee joint,
reducing the severity of acute postoperative leading to increased wear and tear on the joint
pain and the incidence of CPSP [32]. components. This can result in a higher risk of
complications during and after surgery, such as
The severity of preoperative pain is also a risk poor wound healing, infection, and implant fail-
factor for CPSP. Severe preoperative pain can ure, all of which can contribute to chronic pain
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[35]. Furthermore, individuals with a higher
BMI often have poorer overall physical health,
including reduced muscle strength and flexibil-
ity, which can affect their ability to recover
effectively from surgery. This can lead to pro-
longed rehabilitation periods and a higher likeli-
hood of developing chronic pain due to muscle
imbalances and poor joint mechanics [36]. To
prevent chronic pain after TKRS in individuals
with a higher BMI, it is important to address
these factors both before and after surgery.
Preoperative interventions such as weight loss
programs, physical therapy to improve muscle
strength and flexibility, and optimizing overall
health can help reduce the risk of complica-
tions and improve surgical outcomes. Posto-
perative rehabilitation should focus on gradual
and progressive strengthening exercises, range
of motion exercises, and proper biomechanics
to promote optimal healing and reduce the like-
lihood of chronic pain development.

Diabetes is another risk factor for chronic pain
after TKRS. Diabetes can lead to nerve dam-
age, known as diabetic neuropathy, which can
result in heightened sensitivity to pain and dif-
ficulty in pain management post-surgery [37].
Additionally, diabetes can impair the body’s
ability to heal and recover, prolonging the post-
operative pain experience. Furthermore, dia-
betic patients may have pre-existing vascular
issues that can affect blood flow to the surgical
site, leading to delayed healing and increased
pain [38]. To prevent chronic pain in diabetic
patients following TKRS, several strategies can
be implemented. Firstly, optimizing blood sugar
control before and after surgery is crucial in
reducing the risk of complications and promot-
ing proper healing. Close monitoring of blood
glucose levels and adherence to a diabetic diet
and medication regimen can help in this regard.
Secondly, early mobilization and physical thera-
py post-surgery can aid in improving circulation,
reducing inflammation, and promoting faster
recovery, thereby minimizing the risk of chronic
pain development. Lastly, proper pain manage-
ment strategies, including the use of medica-
tions, physical therapy, and alternative thera-
pies such as acupuncture or nerve blocks,
should be tailored to the individual needs of
diabetic patients to effectively manage post-
operative pain and prevent the development of
chronic pain.

This study also has certain limitations. Firstly, it
is a retrospective study, which may result in

4489

lower validation strength. Additionally, since
perioperative data of patients were collected in
a retrospective manner, the completeness and
consistency of the data cannot be fully guaran-
teed, making it difficult to comprehensively
evaluate the factors contributing to the occur-
rence of chronic pain. Therefore, in future stud-
ies, we will adopt a prospective research design
to further investigate this topic. We will compre-
hensively, objectively, and accurately collect
clinical data, strengthen postoperative follow-
up, increase the number and duration of follow-
up visits, in order to obtain more convincing
evidence to guide clinical practice.

In summary, we developed a clinical risk predic-
tion model to determine the probability of
developing chronic pain in patients with knee
osteoarthritis after TKRS. Our prediction model
showed good accuracy for both the develop-
ment and validation datasets. Moreover, we
determined that age, BMI, diabetes, the sever-
ity of preoperative pain and postoperative
acute pain, and postoperative wound infection
were the risk factors for chronic pain after
TKRS.
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