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Purpose: Chronic pain management continues to present a significant challenge following arthroscopic shoulder surgery. Our purpose
was to detect chronic postsurgical pain (CPSP) in patients who had undergone arthroscopic rotator cuff repair (ARCR) and develop
a nomogram capable of predicting the associated risk.

Patients and Methods: We collected the demographic and clinical data of 240 patients undergoing ARCR in our hospital from
January 2021 to May 2022. The pain level was monitored and evaluated three months after ARCR. LASSO regression was used to
screen out pain-predicting factors, which were subsequently used to construct a nomogram. Internal validation was carried out using
Bootstrap resampling. The data of 78 patients who underwent ARCR in our hospital from August 2022 to December 2022 were also
collected for external verification of the nomogram. The predictive model was evaluated using the receiver operating characteristic
curve (ROC), calibration curve, and decision curve analysis (DCA).

Results: Age, duration of preoperative shoulder pain (DPSP), C-reactive protein (CRP), number of tear tendons, and American
Shoulder and Elbow Surgical Score (ASES) were screened by LASSO regression as predictive factors for CPSP. These factors were
then used to construct a chronic pain risk nomogram. The area under the curve (AUC) of the predictive and validation models were
0.756 (95% CI: 0.6386-0.8731) and 0.806 (95% CI: 0.6825-0.9291), respectively. Furthermore, the calibration curves and decision
curve analysis (DCA) for both models indicated strong performance, affirming the reliability of this predictive model.

Conclusion: The CPSP risk model that has been developed exhibits strong predictive capabilities and practical utility. It offers
valuable support to clinical healthcare professionals in making informed treatment decisions, reducing the unnecessary use of
analgesic drugs, and optimizing the allocation of medical resources.
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Introduction

The shoulder has become the third most common pain site in the motor system after the back and knee, which is the
leading cause of musculoskeletal disabilities.' Approximately 4.5 million patients visit healthcare facilities in the United
States annually due to shoulder pain.” For most patients, a damaged rotator cuff is the primary cause of their shoulder
pain. Studies have shown that rotator cuff injuries occur in 13% to 37% of the general population, and their prevalence
increases with age.’* Rotator cuff injuries can be treated through either conservative or surgical approaches. However,
conservative treatment is often less effective, with the result that a majority of patients eventually require surgical
intervention when conservative treatment proves unsuccessful.” Currently, arthroscopic rotator cuff repair (ARCR) is the
“gold standard” in the treatment of rotator cuff injury, offering advantages such as minimal incision size, reduced deltoid
muscle damage, and notably improved shoulder joint function on the affected side.®” It is noteworthy that the surgical
rate for this procedure has surged by 600% from 1996 to 2006."
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Despite advancements in surgical procedures, effective pain management remains a challenging aspect of shoulder
arthroscopy, often resulting in the experience of moderate to severe pain post-surgery. The duration of pain that persists
for three months or longer following a surgical procedure is referred to as chronic postsurgical pain (CPSP).” The onset
of CPSP can significantly hinder the recovery process, elevate financial burdens, increase medical resource utilization,
and negatively affect the quality of family life.'®'" Historically, opioids have long been considered the gold standard for
ensuring adequate pain management following orthopedic surgical procedures.'? Opioids are associated with a range of
adverse effects, including nausea, vomiting, and constipation. At higher doses, these medications can lead to severe
complications such as respiratory depression and hypoxia.'*'* The elevated utilization of opioid-based painkillers to
manage CPSP can be dangerous, as these medications causing more deaths annually among Americans than heroin and
cocaine combined.'® In recent years, multimodal pain management approaches have proven highly beneficial in
addressing post-orthopedic surgery pain.'®'® Individualized postoperative pain management should begin well in
advance of the surgery date. The multimodal analgesia protocol operates as a comprehensive checklist, enabling the
assessment and prescription of the most appropriate analgesic category tailored to the specific patient and the expected
pain intensity. Therefore, it is essential to identify high-risk patients for chronic pain preoperatively. Previous research on
postoperative pain after ARCR has primarily concentrated on risk factors such as age, gender, and the type of surgical
procedure.'*?® Unfortunately, there are currently no available assessment techniques to reliably identify patients at a high
risk of developing CPSP.

The objective of this study was to establish and validate a predictive nomogram for CPSP following ARCR. Such
a nomogram can assist healthcare professionals in formulating preventive and personalized treatment approaches during
the perioperative phase. This, in turn, can lead to a reduction in the incidence of CPSP, efficient allocation of medical
resources, enhanced clinical outcomes, and ultimately, an improvement in the quality of life for patients.

Materials and Methods
This study adhered to the principles outlined in the Declaration of Helsinki. Ethical clearance for this research was
granted by Yangzhou University, China (YZUHL20210112), and patients either provided written or verbal consent to
participate. Patients included in the study from January to September 2021 were part of a retrospective cohort study, and
data was extracted from hospital records. These patients provided verbal consent. Due to the COVID-19 pandemic,
discharged patients were followed up via telephone. During these follow-ups, the study’s purpose, procedures, benefits,
risks, and other pertinent details were explained to the patients and their families to secure their cooperation. The
Institutional Review Board has approved the use of verbal consent for these patients.

Starting from October 2021, the study shifted to a prospective cohort design. As a result, this subset of patients
provided written consent statements.

Patient Source

This study encompassed a total of 318 patients who underwent ARCR at our hospital and had complete clinical data
available. All surgical procedures were carried out by the same team of physicians, and every patient received a follow-
up assessment three months after surgery. The data collected for this study spanned from January 2021 to May 2022 and
comprised 240 patients, forming the training cohort for model development. Subsequently, between August 2022 and
December 2022, an additional 78 patients were included in the validation cohort for the model. All patients attended
clinic visits for reexamination at one month and three months after the surgery to evaluate their postoperative pain. In
cases where patients were unable to visit the clinic, follow-up assessments were conducted via telephone.

Inclusion and Exclusion Criteria

Inclusion criteria: (1) Age >18 years; (2) preoperative MRI examination showing partial or full rotator cuff tear; (3)
Arthroscopic rotator cuff repair performed by the same team of physicians; and (4) no communication barriers. Exclusion
criteria: (1) pain in other parts except for the surgical site; (2) secondary surgery; (3) combined mental and psychological
disorders, vital tissue and organ dysfunction; (4) failure to complete 3-month follow-up.
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Instrument and Outcome Measures

Three scales were used to collect data. (1) The Numerical Rating Scale (NRS): This scale quantified subjective pain
intensity on an 11-point continuum, ranging from 0 (indicating no pain) to 10 (representing the most severe pain). Pain
ratings of NRS >4 were classified as indicating moderate to severe pain.”' Research has indicated that the NRS is more
convenient and user-friendly when compared to other pain scales, which results in better patient compliance.*” (2) The
American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form (ASES): This tool assessed shoulder
function through two dimensions: pain (one item) and daily living function (ten items). Pain levels were assessed using
a visual analogue scale (VAS), with 0 representing “no pain” and 10 representing “maximum pain”. Daily life functions
were evaluated using a 4-point Likert scale, with “0= unable to do” and “3= not difficult”. Shoulder scores were
calculated using the formula: (10 - VAS pain score) * 5 + (5/3 * the sum of the 10 daily living function scores). The
maximum score achievable is 100, indicating optimal shoulder function.”® (3) The Constant-Murley Score (CMS): This
assessment tool evaluated overall shoulder joint function. It consisted of two subjective measures, pain, and Activities of
Daily Living (ADL), with a score range of up to 35 points, and two objective measures, range of motion (ROM) and
strength, with a score range of up to 65 points. The total score on this scale is 100 points, with a higher score signifying
better shoulder functioning.**

CPSP was defined as an NRS score >4 points 3 recorded months after ARCR.

Surgical Procedures

The surgical procedure for ARCR closely adhered to established protocols as outlined in prior studies.?® In brief, after
successful anesthesia, the patient was placed in the lateral decubitus position, and routine disinfection was performed
with a sterile sheet. Subsequently, access was gained to both the anterior and posterior channels of the right glenohumeral
joint. Sequential examination of the glenohumeral joint was performed, and any inflamed tissue was meticulously
removed using a plasma knife.

The arthroscope was then transitioned to the subacromial space, with the establishment of lateral and posterior lateral
channels. Here, the damaged tendon was meticulously explored, and the insertion of the affected tendon was securely
fixed using an anchor and mattress suture technique.

Closure of the incision was accomplished through sutures, and cotton pads were applied over the surgical area as
a protective dressing. The shoulder and arm of the operated limb were immobilized to prevent inadvertent movement.
Postoperatively, patients received cefazolin for anti-inflammatory purposes and parecoxib for analgesic treatment.

Variable Collection

We set up a data collection team comprising a physician, a nurse, and a therapist. The factors and variables that could
impact postoperative pain were identified by reviewing published literature and drawing on clinical experience. At the
time of admission, various preoperative factors were recorded, such as age, sex, body mass index (BMI), smoking
history, alcohol history, trauma history, pain site, duration of preoperative shoulder pain (DPSP), complications
(hypertension, diabetes, cerebral infarction), frozen shoulder, osteoporosis, blood routine and blood biochemical indica-
tors (leukocyte, erythrocyte sedimentation rate, c-reactive protein, creatinine, bilirubin), Preoperative NRS, ASES, and
Constant-Murly scores. Intraoperative factors were collected after completion of the surgery, including the number,
location, and area of tendon tears (small tear<lcm, medium tear 1-3cm, large tear 3—5cm, massive tear >5cm), full-
thickness tear, surgery times, Acromioplasty, number of anchors, bone morphogenetic protein (BMP) and chitin injection.

Statistical Analysis

All data were statistically analyzed using SPSS software (version 27.0) and R-studio software (version 4.2.2). For
continuous variables following a normal distribution, descriptive statistics were presented as Mean + SD, and
group comparisons were conducted using the #-test. For non-normally distributed continuous variables, median
values with Interquartile Range (IQR) were utilized, and between-group comparisons were performed using the
rank-sum test. Categorical variables were expressed as counts (n) and percentages (%) and were analyzed using
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the chi-square test. Statistical significance was determined at a threshold of p<0.05. The least absolute shrinkage
and selection operator (LASSO) method was used in R-studio software to screen the predictive factors of chronic
pain after ARCR. A nomogram was created with a “rms” package, and 200 Bootstrap samples were completed
with an insert package for internal model validation. The receiver operating characteristic (ROC) curve, calibration
curve, and decision curve analysis (DCA) were generated to evaluate the predictive performance of the prediction
model.

Results

Variable Distribution Information for Training and Validation Cohort

A total of 318 patients were included in our study based on our inclusion and exclusion criteria. Table 1 presents
a comparison of the baseline characteristics of the patients in the training and validation cohorts, consisting of 240 and 78
patients, respectively. Among the variables examined, excepting pain site, DPSP, history of trauma, frozen shoulder
status, performance of Acromioplasty, and preoperative NRS scores, there were no significant differences between the
two groups. However, it’s noteworthy that the rate of postoperative chronic pain differed slightly, with 12.1% among
patients in the training cohort and 17.9% among those in the validation cohort.

Univariate Analysis of Training Cohort

According to the definition of CPSP, the training cohort was divided into a pain group (n=29) and a control group
(n=211). As shown in Table 2, several tear tendons (p=0.021), ASES (p=0.003), intraoperative chitin injection (p=0.041),
and postoperative 1-month NRS (p<0.001) showed significant differences between the two groups.

LASSO Regression Screening Variables

Considering the excessive number of variables and there is collinearity between them, we adopted the LASSO regression
method to further screen variables. Figure 1 illustrates the path of individual variables in LASSO regression across
different penalty factors. LASSO regression can eliminate the coefficients of irrelevant features by setting them to zero,
and through the utilization of 10-fold cross-validation, we identified the variables with non-zero coefficients, as depicted
in Figure 2. According to the results of regression analysis, we screened five possible independent risk factors, including
age, DPSP, CRP, ASES, and the number of tear tendons.

Development and Validation of Nomogram

We created a predictive risk nomogram for CPSP using the five identified predictive factors, as shown in Figure 3. The
scoring criteria were formulated according to the size of the regression coefficients of all predictive indicators. By
computing the total score for the multiple predictive indicators of each patient, we can determine the probability of CPSP
for that patient. Meanwhile, the ROC curves of the training cohort and the external validation cohort of the prediction
model were obtained, with the AUC of 0.756 (95% CI: 0.6386—0.8731) and 0.806 (95% CI: 0.6825-0.9291), respec-
tively, indicating that the model had the good distinguishing ability (Figure 4a and d). Furthermore, the calibration curves
for both cohorts demonstrated favorable calibration (Figure 4b and e). The results from Decision Curve Analysis (DCA)
suggested that this nomogram holds significant practical utility in a clinical setting for predicting the likelihood of
chronic pain following arthroscopic rotator cuff repair (Figure 4c and f). By applying this nomogram to a 45-year-old
woman who had been experiencing shoulder pain for 16 months before surgery, had elevated C-reactive protein levels,
suffered from tears in both the supraspinatus and infraspinatus tendons, and presented with an ASES score of 45 upon
admission, we can calculate her total score as follows: Total Score = Age (55) + DPSP (10) + CRP (20) + Number of
Tear Tendons (58) + ASES Score (50) = 193. Based on this total score, the patient has an estimated probability of
approximately 70% of developing CPSP. This assessment allows for the identification of high-risk individuals on the day
of surgery, enabling the implementation of individualized perioperative pain management strategies tailored to the
specific needs of each patient.
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Table | Comparison of Variable Distribution Information for Training and Validation
Cohort

Variables Training cohort | Validation cohort | P
(n=240) (n=78)
Sex 0.83
Male 86(35.83%) 29(37.18%)
Female 154(64.17%) 49(62.82%)
Age 58.35+9.44 58.37+9.48 0.989
BMI 24.23+3.08 24.34£2.71 0.784
Pain Site 0.001
Left 113(47.1%) 20(25.6%)
Right 127(52.9%) 58(74.4%)
DPSP(months) 52, 11) 3(2, 6) 0.023
Smoking 0.415
No 230(95.8%) 78(100%)
Yes 10(4.2%) 0(0)
Drinking 0.342
No 234(97.5%) 78(100%)
Yes 6(2.5%) 0(0)
Trauma 0.022
No 152(63.3%) 38(48.7%)
Yes 88(36.7%) 40(51.3%)
Hypertension 0.33
No 168(70%) 50(64.1%)
Yes 72(30%) 28(35.9%)
Diabetes 0.649
No 208(86.7%) 66(84.6%)
Yes 32(13.3%) 12(15.4%)
Complication 0512
No 219(91.3%) 73(93.6%)
Yes 21(8.8%) 5(6.4%)
Frozen shoulder <0.001
No 153(63.7%) 78(100%)
Yes 87(36.3%) 0(0)
Osteoporosis 0.429
No 237(98.8%) 78(100%)
Yes 3(1.3%) 0(0)
WBC |
Normal 232(96.7%) 75(96.2%)
High 8(3.3%) 3(3.8%)
Serum Creatinine 0.924
Normal 143(59.6%) 46(59%)
Low 97(40.4%) 32(41%)
(Continued)
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Table | (Continued).
Variables Training cohort | Validation cohort | P
(n=240) (n=78)
Bilirubin 0.608
Normal 197(82.1%) 62(79.5%)
High 43(17.9%) 16(20.5%)
ESR 0.224
Normal 232(96.7%) 78(100%)
High 8(3.3%) 0(0)
CRP 0.468
Normal 227(94.6%) 76(97.4%)
High 13(5.4%) 2(2.6%)
Acromioplasty 0.01
No 200(83.3%) 74(94.9%)
Yes 40(16.7%) 4(5.1%)
ASES 46.91+12.54 48.02+15.07 0518
CONSTANT 45.05+12.04 46.08+14.38 0.531
Surgery Time(minutes) 89.24+38.91 93+35.65 0.45
Number Of Tear Tendons I(1, 1) (1, 1) 0.51
Tear Site 0.774
No 25(10.4%) 6(7.7%)
Supraspinatus 166(69.2%) 53(67.9%)
Infraspinatus 2(0.8%) 0(0)
Subscapular 2(0.8%) 1(1.3%)
Multiplesites 45(18.8%) 18(23.1%)
Full-thickness Tear 0.067
No 174(72.5%) 48(61.5%)
Yes 66(27.5%) 30(38.5%)
Tear Area 0.601
<lem 25(10.4%) 7(9%)
1-3cm 152(63.3%) 46(59%)
3-5cm 63(26.3%) 25(32%)
Number Of Anchors 2(2, 3) 2(2, 3) 0.76
Chitin Injection 0.773
No 149(62.1%) 47(60.3%)
Yes 91(37.9%) 31(39.7%)
BMP Injection 0.28
No 233(97.1%) 78(100%)
Yes 7(2.9%) 0(0)
Preoperative NRS 4(3, 5.75) 43, 5) 0.048
Postoperative | month NRS 33, 4) 3.53, 4) 0.328
Postoperative 3 months NRS | 1(0, 2) 1(0, 2.25) 0.351
Abbreviations: BMI, Body mass index; DPSP, Duration of preoperative shoulder pain; ESR, Erythrocyte
sedimentation rate; CRP, C-reactive protein; BMP, Bone morphogenetic protein.
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Table 2 Univariate Analysis of Training Cohort

Variables Pain Group Normal Group P
(n=29) (n=211)
Sex 0.136
Male 14(48.3%) 72(34.1%)
Female 15(51.7%) 139(65.9%)
Age 56.93+8.73 58.55+9.53 0.388
BMI 24.11%2.57 24.25+3.15 0.822
Pain Site 0.292
Left 11(37.9%) 102(48.3%)
Right 18(62.1%) 109(51.7%)
DPSP(months) 4(1.25,8) 5(2,11) 0.677
Smoking |
No 28(96.6%) 202(95.7%)
Yes 1(3.4%) 9(4.3%)
Drinking 0.775
No 29(100%) 205(97.2%)
Yes 0(0) 6(2.8%)
Trauma 0.574
No 17(58.6%) 135(64%)
Yes 12(41.4%) 76(36%)
Hypertension 0.762
No 21(72.4%) 147(69.7%)
Yes 8(27.6%) 64(30.3%)
Diabetes |
No 25(86.2%) 183(86.7%)
Yes 4(13.8%) 28(13.3%)
Complication 0.467
No 28(96.6%) 191(90.5%)
Yes 1(3.4%) 20(9.5%)
Frozen shoulder 0.301
No 21(72.4%) 132(62.6%)
Yes 8(27.6%) 79(37.4%)
Osteoporosis |
No 29(100%) 208(98.6%)
Yes 0(0) 3(1.4%)
WBC 0.607
Normal 29(100%) 203(96.2%)
High 0(0) 8(3.8%)
Serum Creatinine 0.606
Normal 16(55.2%) 127(60.2%)
High 13(44.8%) 84(39.8%)
Bilirubin 0919
Normal 24(82.8%) 173(82%)
High 5(17.2%) 38(18%)
(Continued)
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Table 2 (Continued).

Variables Pain Group Normal Group P
(n=29) (n=211)
ESR |
Normal 28(96.6%) 204(96.7%)
High 1(3.4%) 7(3.3%)
CRP 0416
Normal 26(89.7%) 201(95.3%)
High 3(10.3%) 10(4.7%)
Acromioplasty 0.859
No 25(86.2%) 175(82.9%)
Yes 4(13.8%) 36(17.1%)
ASES 40.53+13.91 47.78+12.12 0.003
CONSTANT 42.35+9.68 45.42+12.3 0.198
Surgery Time(minutes) 96.55+£50.9 88.23+37 0.281
Number Of Tear Tendons 1(1,2) I1(1,1) 0.021
Tear Site 0.248
No 0(0) 25(11.8%)
Supraspinatus 21(72.4%) 145(68.7%)
Infraspinatus 0(0) 2(1.0%)
Subscapular 0(0) 2(1.0%)
Multiplesites 8(27.6%) 37(17.5%)
Full-thickness Tear 0.649
No 20(69%) 154(73%)
Yes 9(31%) 57(27%)
Tears Area 0.143
<lem 0(0) 25(11.8%)
1-3cm 20(69%) 132(62.6%)
3-5cm 9(31%) 54(25.6%)
Number Of Anchors 2(2,3) 2(2,3) 0.421
Chitin Injection 0.041
No 13(44.8%) 136(64.5%)
Yes 16(55.2%) 75(35.5%)
BMP Injection 0.684
No 29(100%) 204(96.7%)
Yes 0(0) 7(3.3%)
Preoperative NRS 5(3.5,6) 4(3,5) 0.072
Postoperative Imonth NRS 5(5,6) 3(34) <0.001

Comparison of Roc and Net Reclassification Index
To evaluate the accuracy of our newly developed CPSP prediction nomogram, we compared it with the ASES scoring

Abbreviations: BMI, Body mass index; DPSP, Duration of preoperative shoulder pain; ESR, Erythrocyte
sedimentation rate; CRP, C-reactive protein; BMP, Bone morphogenetic protein.

system. In terms of predicting chronic pain at 3 months post-surgery, the ASES scoring system had an area under the
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Figure | Variation trajectory of variables in LASSO regression under different penalty factors.

ROC curve of 0.606 (95% CI: 0.535-0.677). However, our newly created nomogram outperformed the ASES system,
showing a higher net reclassification index of 13.28%, as illustrated in Figure 5.

Discussion
Research has indicated that the overall rate of post-surgical pain ranges from 10% to 50%, with approximately 2% to
10% of patients eventually experiencing severe chronic pain.”® Daisy et al*’ conducted a one-year follow-up study on
908 patients who underwent outpatient surgery and reported a CPSP incidence of 15.3%. Our study found that the
incidence of CPSP was 12.1% in the training cohort, 17% in the validation cohort, and 13.5% overall, which is consistent
with previous research. Hence, the issue of chronic pain following ARCR demands careful consideration. Given the
absence of a consensus on the risk factors linked to inadequate pain control after ARCR, we embarked on a prospective
study aimed at investigating the predictive factors contributing to CPSP both before and during surgery. Subsequently, we
developed and validated risk prediction nomograms, which enabled us to identify high-risk patients susceptible to CPSP.
This approach allows for timely interventions to address the issue of chronic pain in these individuals.

In our study, we employed the LASSO regression method as a strategy to mitigate the impact of overfitting and
collinearity, thereby enhancing the accuracy of variable prediction.® One significant factor we investigated was age,
which emerged as a crucial determinant in the development of chronic pain. This finding is consistent with several

29731 which have also noted that younger patients tend to experience higher levels of postoperative pain

previous studies,
intensity when compared to older patients. The relationship between age and pain perception can be attributed to various
factors associated with the aging process. As individuals age, the function and electrophysiology of the peripheral
nervous system can be affected. This includes reduced nerve regeneration and diminished neurotransmitter content.

Furthermore, there is a decrease in nerve density in facial skin and the density of epidermal nerve fibers. Epidermal nerve
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Figure 5 Compared to the ASES, the net weight classification diagram of the CPSP prediction nomogram.

endings play a role in converting external stimuli into electrical signals, which can influence pain perception and
sensitivity. These age-related changes in neural function may contribute to the observed differences in postoperative
pain experiences between younger and older patients. A reduction in the density of epidermal nerves leads to decreased
sensitivity to mechanical stimuli, touch, and other sensations, which consequently causes a decline in pain sensitivity
with age.*** Although age is a non-interventive risk factor, gaining insight into high-risk groups allows for the
development of personalized analgesia plans and the provision of appropriate health education in advance. Likewise,
the duration of preoperative shoulder pain is a crucial predictor of CPSP. As the duration of preoperative pain increases,
adverse clinical outcomes follow. Numerous previous studies focusing on the shoulder and neck have identified pain
duration as a prognostic factor for both pain intensity and functional outcomes.>>° This may be related to prior
memories of pain. Bill et al*’ conducted a study on the connection between memory and chronic pain, and the results
showed that chronic pain has an emotional connection with previous pain stimuli. The persistent operation of pain
plasticity mechanisms, akin to memory retention or the inability to erase pain-related memories, can contribute to the
transition from acute pain to chronic pain.

The supraspinatus muscle is the most frequently affected site in cases of rotator cuff tears. As the size of the
supraspinatus tear increases, it has the potential to involve the infraspinatus or subscapularis muscles as well. In our
study, we observed that supraspinatus tears accounted for 68.9% of all cases, and in the pain group, the median number of
damaged tendons was 1 (1, 2), with a significant p-value of 0.021. Existing literature on the association between damaged
tendons and pain presents mixed findings. While some researchers argue that the severity of the affected tendon and tears
does not correlate with pain, other studies have yielded different conclusions.>® While some researchers have found that
intact healthy tendons generally lack innervation, injured tendons tend to undergo extended nerve growth, especially
during the tendon repair process. This extensive nerve growth into the tendon has been associated with the abnormal
expression of pro-inflammatory and nociceptive tissue responses.>”*° This may lead to an increase in the number of
tendons involved and a greater tendency for the patient to develop pain. It is well known that inflammation is an

important factor in rotator cuff tears.*'
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C-reactive protein (CRP) is a widely used marker of systemic inflammation. Studies have shown a strong correlation
between elevated levels of CRP and increased pain sensitivity, indicating that CRP levels can serve as a predictor of
CPSP.*> Hodges et al conducted a cross-sectional observational study investigating the connection between musculoske-
letal pain and fluctuations in CRP levels. They analyzed and compared 17,624 patients with chronic pain, 11,962 patients
with acute pain, and 29,604 patients without pain. The results showed that individuals with chronic pain exhibited
significantly higher CRP levels compared to those with acute pain and individuals without pain.** Interestingly, a recent
study showed that limited vitamin D synthesis is associated with higher CRP concentrations.** Supplementing sufficient
vitamin D can increase anti-inflammatory activity and reduce the production of proinflammatory cytokines. Skrobot
et al*® investigated the impact of vitamin D supplementation on inflammation markers and pain severity in patients who
had undergone posterior lumbar intervertebral fusion (PLIF) surgery over a five-week period. The findings demonstrated
that vitamin D supplementation could effectively lower systemic inflammatory markers and alleviate the intensity of pain
experienced by patients. Based on the insights from these studies, preoperative vitamin D supplementation has the
potential to mitigate postoperative pain, particularly in patients with elevated CRP levels.

ASES is one of the self-reported outcome assessment tools for patients after ARCR. Its superiority over other specific
patient self-reported outcome measurement tools in detecting changes in clinical status after ARCR and shoulder
arthroplasty has been demonstrated in previous research studies.***’” In our study, patients with lower ASES scores
are more prone to chronic pain, and their post-surgery shoulder function recovery is considerably less compared to
patients with higher ASES scores before undergoing surgery. Previous studies have shown that preoperative pain related
status measured using the patient self-reported outcome assessment tool can predict the pain intensity of patients after
surgery.*®*° In this context, the ASES has demonstrated its predictive capability for forecasting the onset of chronic pain
three months after surgery, with an associated area under ROC curve of 0.606. However, our newly developed
nomogram, boasting a net weight classification index of 13.28%, exhibits superior predictive prowess for chronic
postsurgical pain (CPSP) when compared to the ASES.

Intraoperative BMP injection was identified as a significant factor through LASSO regression screening. However, it
was not included in the final model due to the limited number of injections administered. BMP, renowned for its robust
osteoinductive properties, plays a pivotal role in osteogenesis and chondrogenesis processes.’® The clinical use of
thBMP-2 was approved by the US Food and Drug Administration (FDA) in 2002 for surgical procedures.’’ Notably,
some researchers have employed thBMP-2 in conjunction with hydroxyapatite for posterolateral lumbar fusion surgery.
As per their findings, both study groups exhibited notable enhancements in pain scores, functional scores, and quality of
life scores when compared to the baseline group, with no significant adverse effects related to the treatment observed.>
Greiner et al’® implanted rhBMP-12/resorbable collagen sponge at the tendon bone interface and reported no adverse
clinical outcomes during their 26-week follow-up. Moreover, they found that thBMP-12, when used at a concentration of
0.015 mg/mL, poses no safety concerns in the context of rotator cuff repair. In our study, we administered rhBMP-2
directly into the tendon-bone interface, without utilizing biomaterials as a carrier, at a concentration of approximately
0.010 mg/mL. We diligently monitored patients for nearly 2 years. Notably, in our research, patients who received
intraoperative rhBMP-2 injections did not report postoperative chronic pain, possibly owing to the positive influence of
rhBMP-2 on the healing of the tendon-bone interface. Nevertheless, it’s crucial to acknowledge that the number of
injections administered was limited, and further extensive data are needed to firmly establish the link between these
injections and pain reduction. Furthermore, a deeper investigation into the precise mechanism of action is warranted.

We screened age, DPSP, CRP, the number of torn tendons, and ASES as potential risk factors for chronic pain
following ARCR. Subsequently, we developed a chronic pain risk nomogram that exhibited robust performance. The
AUC for the training cohort was 0.756, and for the validation cohort, it was 0.806. Unlike complex equation formulas,
the nomogram offers a more user-friendly and visually accessible tool for clinical application. DCA further confirms the
clinical utility and value of this nomogram.

This study also has several limitations. Firstly, it is a single-center study with a relatively limited sample size.
Secondly, we did not incorporate certain relevant factors such as psychological aspects, sleep patterns, and lifestyle
choices into the variables under consideration. Finally, the follow-up period for monitoring pain-related symptoms was
limited to three months, and it would be beneficial to conduct more extended follow-ups to assess the pain status of
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patients over a longer duration post-surgery. The predictive nomogram serves as a valuable tool for identifying patients at
high risk of CPSP early in the process. In our future research, we intend to focus on strategies for preventing CPSP,
particularly by addressing preoperative pain as a significant risk factor. This may involve effective preoperative pain
management or early administration of analgesics to patients at high risk, with the goal of potentially reducing the
incidence of CPSP.

Conclusion

The CPSP nomogram developed in this study for ARCR demonstrates strong predictive capabilities and clinical utility. It
enables healthcare professionals to effectively identify high-risk patients, implement early interventions, offer targeted
health education and psychological support, and tailor perioperative and post-discharge pain management. This approach
not only reduces the unnecessary use of analgesic medications but also conserves valuable medical resources.
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