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Abstract: Objective: Chronic pain after blunt thoracic trauma remains a frequent and debilitating problem driven by com-
plex neuropathic mechanisms and insufficient acute pain control. Pregabalin has emerged as a potential non
opioid option, though evidence remains inconsistent. Given these gaps, the present study aims to evaluate the
therapeutic efficacy of oral pregabalin in managing chronic post traumatic thoracic pain.
Methods: This randomized, double blind clinical trial was conducted from early 2024 to the end of September
2025 at Shahid Bahonar Hospital in Kerman. A total of 50 patients (25 in each group) were enrolled through
convenience sampling. Participants received pregabalin or a placebo alongside naproxen for 12 weeks. The
primary outcome was chronic pain intensity, while secondary outcomes included changes in pain scores, addi-
tional naproxen use, the 30% treatment response rate, adverse events, and quality of life.
Results: Across the 12 week follow up, additional naproxen use remained consistently lower in the pregabalin
group, with significant between group differences from week 2 onward (P=0.042 to P=0.001). Pain intensity
similarly declined more steeply with pregabalin (repeated measures P=0.001) compared with the control group
(P=0.236). Persistent chronic pain was markedly less frequent with pregabalin (8 vs. 19 patients; P=0.001). SF 36
scores improved significantly across all subscales in the pregabalin group (P<0.05) and remained higher than in
controls post treatment (P=0.018–0.025).
Conclusion: Adjunctive pregabalin significantly reduced the severity and persistence of chronic post traumatic
chest pain when added to naproxen therapy. Its effects are likely mediated through modulation of neuropathic
pathways and central sensitization, resulting in decreased analgesic requirements. While no major safety con-
cerns emerged, conclusions regarding tolerability are limited by sample size and warrant confirmation in larger
trials.
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1. Introduction

Chronic pain following blunt thoracic trauma represents one

of the major challenges in emergency medicine, trauma care,

and pain management, and can lead to considerable clinical

and functional consequences for affected patients (1). De-

spite significant advances in the diagnosis and management

of thoracic injuries, a substantial proportion of patients con-

tinue to experience persistent or recurrent pain for weeks to

months beyond the acute stage (2). The reported prevalence

of chronic pain after blunt chest trauma ranges from 20%

to 60% across different studies, and is influenced by factors

such as injury severity, the presence of multiple rib fractures,

associated injuries, and insufficient acute pain control strate-

gies (3). This chronic pain can impair daily activities, quality

of life, respiratory function, and rehabilitation, and may ulti-

mately result in substantial medical and socioeconomic bur-

dens (4).

The pathophysiological mechanisms underlying chronic

pain after thoracic trauma are complex and involve a com-

bination of neuropathic and neuropathic like pain, persis-

tent tissue inflammation, intercostal nerve injury, alterations

in central pain processing, and both peripheral and central

sensitization (5,6). Evidence increasingly suggests that neu-

ropathic components play a more prominent role in these

patients than previously assumed, underscoring the need for

therapeutic agents that target the central nervous system (7).

Among such agents, pregabalin—an analog of gabapenti-

noids and an inhibitor of the α2 subunit of voltage gated

calcium channels—has been well established as an effec-
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tive medication for neuropathic pain and has recently at-

tracted significant attention for use in chronic pain following

trauma, particularly blunt thoracic trauma (8,9).

Pregabalin reduces central sensitization and decreases the

activity of nociceptive neurons in the spinal cord by inhibit-

ing the release of excitatory neurotransmitters such as glu-

tamate, norepinephrine, and substance P (10). This mecha-

nism makes it a potentially effective option for managing se-

vere, persistent, and treatment resistant pain in patients with

blunt thoracic injuries (11). In addition to its analgesic ef-

fects, pregabalin may improve pain related anxiety, sleep dis-

turbances, and functional limitations—factors that are clin-

ically important in the rehabilitation process. Furthermore,

given the potential adverse effects of opioids and increas-

ing concerns about dependence and long term opioid use,

the incorporation of non opioid agents such as pregabalin

into multimodal pain management protocols has become in-

creasingly emphasized (12).

Although several studies have confirmed the efficacy of

pregabalin in diabetic neuropathy, fibromyalgia, posther-

petic neuralgia, and postoperative pain, evidence regarding

its effectiveness in chronic pain resulting from blunt tho-

racic trauma remains limited, heterogeneous, and some-

times contradictory (13). Some studies have reported signif-

icant pain reduction, improved functional capacity, and de-

creased opioid requirements in patients treated with prega-

balin, whereas others have shown only modest or non signif-

icant benefits (14). Differences in study design, dosing regi-

mens, timing of treatment initiation, and patient character-

istics may partly explain this variability. Therefore, a system-

atic and rigorous evaluation of the clinical efficacy of prega-

balin in this patient population is warranted (15).

Given the substantial burden of chronic pain after blunt tho-

racic trauma, its detrimental effects on quality of life and res-

piratory performance, and the growing need for safe and ef-

fective non opioid therapeutic options, targeted research in

this field is of high importance. The present study was con-

ducted to assess the therapeutic efficacy of oral pregabalin

in controlling chronic pain in patients with blunt thoracic

trauma.

2. Methods

2.1. Study design

This randomized, double blind clinical trial was conducted

from early 2024 to the end of September 2025 at Shahid Ba-

honar Hospital in Kerman, the trauma referral center of Ker-

man University of Medical Sciences, in full accordance with

the predefined inclusion and exclusion criteria.

2.2. Sampling

The sample size was calculated based on the findings of Si-

hoe et al. (16), who reported a 30% reduction in pain as a

clinically meaningful outcome. Using the mean pain score

reported in the reference study (mean=6.0) and a standard

deviation of 2.0, an anticipated mean difference of 1.8 points

was assumed, corresponding to a large, standardized effect

size (Cohen’s d=0.9). An a priori power analysis was con-

ducted using G*Power software (version 3.1.9.7) for a two

tailed independent samples t test, with a Type I error rate

(α) of 0.05, statistical power of 80%, and an allocation ratio

of 1:1. Based on these parameters, a total sample size of 50

participants (25 per group) was required. Participants were

recruited using convenience sampling, with eligible patients

presenting consecutively to the hospital trauma care center

until the target sample size was achieved. Longitudinal pain

outcomes were analyzed using mixed effects models to ac-

count for within subject correlations across repeated mea-

surements, which inherently addresses the issue of multiplic-

ity without the need for Bonferroni correction. For secondary

outcomes, including SF 36 subscale scores, effect sizes were

reported using partial eta squared (η2
p), with values of 0.01,

0.06, and 0.14 interpreted as small, medium, and large ef-

fects, respectively.

2.3. Inclusion and exclusion criteria

The inclusion criteria consisted of patients aged 18 to 75

years with blunt thoracic trauma, in whom at least 12 weeks

had passed since the initial injury, and who continued to ex-

perience chronic chest pain with a minimum intensity of 4

out of 10 on the visual analog scale (VAS). Eligible partici-

pants were required to have an intact level of consciousness,

stable hemodynamic status, and adequate ability to cooper-

ate with clinical assessments. Patients were excluded if they

had a history of regular gabapentinoid use, severe cardiopul-

monary disease, renal or hepatic failure, untreated neuropsy-

chiatric disorders, or a known hypersensitivity to pregabalin.

Additional exclusion criteria included pregnancy or breast-

feeding, concurrent use of medications affecting the cen-

tral nervous system, penetrating chest trauma, a history of

seizures or any active neurological disorder, clinical deterio-

ration during the study, unwillingness to continue participa-

tion, or failure to complete the prescribed treatment course

and follow up evaluations.

2.4. Randomization

In this study, randomization was performed in a 1:1 ratio us-

ing a standardized and reproducible procedure. A list of ran-

dom allocation codes was first generated through the online

platform Randomization.com (or another validated random

number generator), producing a sequence of assignments

with an equal 1:1 distribution for the intervention and con-

trol groups. To ensure balanced group sizes and minimize

the risk of allocation imbalance, block randomization with

fixed or variable block sizes was employed, and the block

sizes were not disclosed to the investigators involved in pa-

tient assessment to prevent bias. The resulting allocation

codes were placed in opaque, identical, sealed, and consecu-

tively numbered envelopes. An allocation officer, blinded to

all clinical characteristics of the participants, assigned each
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Figure 1 Patient enrollment and follow-up process based on the CONSORT flowchart

Figure 2 12 week VAS pain trend in pregabalin vs. control groups

eligible patient to one of the two study groups strictly ac-

cording to the envelope sequence. This approach ensured

allocation concealment, prevented prediction of upcoming

assignments, and supported the integrity of true randomiza-

tion within a double blind trial design.

2.5. Blinding

In this study, a double blind design was employed, such

that both the participants and the treating physicians—who

were also responsible for outcome assessment and statistical

analysis—were unaware of the type of intervention adminis-

tered and the participants’ group allocation. Pregabalin and

placebo were manufactured and packaged to be identical in

appearance, color, size, dosage form, and packaging, thereby

preventing any distinguishable differences between the in-

terventions for either the participants or the clinical staff.

2.6. Procedure

In this study, all patients received naproxen 500 mg twice

daily to ensure ethical pain management and prevent under-

treatment. Participants then received the intervention corre-

sponding to their assigned group. In the intervention group,
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Figure 3 Pre and post intervention comparison of SF 36 subscale scores between the pregabalin and control groups

Table 1 Baseline demographic, clinical characteristics, and trauma etiology of patients in the two study groups

Variable Study group (n=50) P-value
Control group Intervention group
(n=25) (n=25)

Age (years), mean ± SD 45.8±11.7 46.2±10.9 0.894∗
Sex, male n (%) 17 (68%) 19 (76%) 0.752∗∗

Duration of chronic pain (months), mean
± SD

8.3±2.4 8.8±2.7 0.375∗

Baseline pain intensity (VAS), mean ± SD 6.7±1.0 6.6±1.1 0.732∗

Trauma etiology, n (%) Motor vehicle collision 14 (56%) 12 (48%)
0.183∗∗Fall from height 8 (32%) 9 (36%)

Other causes 3 (12%) 4 (16%)

History of smoking, n (%) 6 (24%) 7 (28%) 0.755∗∗

Injury characteristic 1–2 rib fractures, n (%) 14 (56%) 13 (52%)

0.859∗∗
≥3 rib fractures, n (%) 11 (44%) 12 (48%)
Displaced rib fractures, n (%) 9 (36%) 10 (40%)
Non-displaced rib fractures, n (%) 16 (64%) 15 (60%)
Flail chest, n (%) 0 (0%) 0 (0%)

∗ Independent Samples t-test
∗∗ Chi-squared test

patients initiated oral pregabalin at a starting dose of 25 mg

per day, which was gradually titrated to 300 mg per day (ad-

ministered in two divided doses) by the end of the first week.

Pregabalin intake continued regularly for 12 weeks, taken

twice daily at 12 hour intervals. All tablets were administered

with a full glass of water after meals. Patients were also ad-
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Table 2 Weekly additional naproxen use and persistent pain outcomes

Week Intervention group (n=25) Control group (n=25) Between group P value*
Mean ± SD Mean ± SD Mean difference (95% CI)

Week 1 320 ± 90 480 ± 120 160 (219 to 101) 0.091
Week 2 300 ± 85 470 ± 115 170 (226 to 114) 0.042
Week 3 280 ± 80 460 ± 110 180 (234 to 126) 0.015
Week 4 260 ± 75 450 ± 105 190 (241 to 139) 0.001
Week 5 240 ± 70 440 ± 100 200 (249 to 151) 0.004
Week 6 230 ± 68 430 ± 98 200 (248 to 152) 0.003
Week 7 220 ± 65 420 ± 96 200 (247 to 153) 0.006
Week 8 210 ± 63 410 ± 94 200 (246 to 154) 0.009
Week 9 200 ± 60 400 ± 92 200 (245 to 155) 0.011
Week 10 190 ± 58 390 ± 90 200 (244 to 156) 0.014
Week 11 180 ± 55 380 ± 88 200 (243 to 157) 0.017
Week 12 170 ± 52 370 ± 85 200 (242 to 158) 0.001
Outcome Intervention (n=25) Control (n=25) ARR RRR 95% CI (Risk Difference) P value**
Chronic
Pain

8 (32%) 19 (76%) 44% 58% 21% to 67% 0.001

* Independent Samples t test
** Chi squared test
ARR: Absolute Risk Reduction; RRR: Relative Risk Reduction; CI: Confidence Interval

vised that, if they experienced breakthrough pain during the

day, they were allowed to take up to two additional doses of

naproxen.

In the control group, patients received the same fixed reg-

imen of naproxen 500 mg twice daily, along with placebo

tablets identical in appearance, size, and color to pregabalin.

To maintain proper blinding and avoid bias, placebo intake

began with 1 tablet per day during the first week and in-

creased to 2 tablets per day by the end of that week. The

intervention period lasted 12 weeks in both groups. The

primary outcome was chronic pain intensity at 12 weeks,

reflecting the treatment effect on established chronic pain

rather than prevention of pain chronicity, measured using

the visual analog scale (VAS) at the end of the study (17). Per-

sistent chronic pain at study completion was operationally

defined as a VAS score greater than 4 despite treatment, con-

sistent with commonly used clinical thresholds. Secondary

outcomes included changes in pain severity at 4 week inter-

vals, the amount of additional naproxen taken, the treatment

response rate (defined as achieving at least a 30% reduction

in pain intensity from baseline), quality of life, and all adverse

drug reactions documented throughout the study.

Quality of life was evaluated using the validated and widely

utilized SF 36 questionnaire. This instrument contains 36

items covering eight core dimensions of physical and psy-

chological health: physical functioning, role limitations due

to physical problems, bodily pain, general health, vital-

ity/fatigue, social functioning, role limitations due to emo-

tional problems, and mental health. The scoring system

ranges from 0 to 100, with higher scores indicating a better

quality of life. Due to its strong validity, reliability, suitabil-

ity for both individual and study level comparisons, and high

sensitivity to clinical changes, the SF 36 is regarded as one of

the most standard and robust tools for assessing health re-

lated quality of life in interventional research (18).

All pain intensity and quality of life outcomes (VAS and SF 36

questionnaires) were self reported by the participants, and

no guidance, explanation, or interpretation was provided by

the study personnel, in order to minimize detection bias as-

sociated with outcome assessment.

2.7. Statistical analysis

Data were analyzed using SPSS version 25. Normality was

assessed using the Kolmogorov–Smirnov test (α=0.05), sup-

plemented by descriptive and graphical methods, including

evaluation of skewness and kurtosis values and visual in-

spection of data distributions, which confirmed that all con-

tinuous variables followed a normal distribution. Quantita-

tive variables were summarized as mean±standard deviation,

and categorical variables as frequency and percentage. Be-

tween group comparisons were performed using the Inde-

pendent Samples t test for continuous variables (α=0.05) and

the chi squared test or Fisher’s exact test for categorical vari-

ables, depending on cell adequacy (α=0.05). Given the sam-

ple size (n=25 per group) and the robustness of parametric

tests to moderate deviations from normality, these analyses

were considered appropriate.

Longitudinal changes in pain intensity, weekly additional

analgesic consumption, and SF 36 scores were evaluated

using repeated measures analysis, with a significance level

of 0.05 applied to assess both within group changes and

between group differences over time. Additionally, non

parametric sensitivity analyses were conducted for VAS out-

comes, yielding results consistent with the primary paramet-

ric analyses. Longitudinal changes in pain intensity, weekly

consumption of additional analgesics, and SF 36 question-

naire scores were examined using repeated measures analy-

sis of variance (repeated measures ANOVA). The assumption
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of sphericity was assessed using Mauchly’s test, and when

this assumption was violated, Greenhouse–Geisser correc-

tion was applied to adjust the degrees of freedom. These

analyses were conducted to evaluate both within group

changes over time and between group differences across

measurement time points.

3. Results

During the specified study period, 83 patients were assessed

for eligibility, of whom 33 did not meet the inclusion and ex-

clusion criteria and were therefore not enrolled. The study

commenced with 50 eligible participants, who were ran-

domly assigned to two equal groups of 25 patients and re-

ceived their allocated interventions. All participants com-

pleted the 12 week follow up, and their data were included

in the final analysis. No attrition occurred in this study (Fig-

ure 1).

None of the baseline characteristics differed significantly

between the two groups, although the comparison pattern

shows that some variables were slightly higher in one group

than the other; however, these differences were not statisti-

cally meaningful (all P values were non significant). The pa-

tients’ ages were comparable between the two groups, with

no observable difference (P=0.894). The proportion of male

participants was slightly higher in the intervention group

than in the control group, but this increase was not statisti-

cally significant (P=0.752). The duration of chronic pain and

baseline pain intensity were marginally higher in the inter-

vention group, although these differences were not signifi-

cant (P=0.375 and P=0.732). Regarding trauma etiology, mo-

tor vehicle collisions were somewhat more frequent in the

control group, whereas falls from height and other causes

were slightly more common in the intervention group; nev-

ertheless, these differences were not statistically significant

(P=0.183). A history of smoking was also reported slightly

more often in the intervention group, but this difference did

not reach statistical significance (P=0.755) (Table 1).

The weekly consumption of additional naproxen was consis-

tently higher in the control group compared with the prega-

balin group throughout the follow up period. Except for week

1, the between group differences were evident in all sub-

sequent weeks and statistically significant (week 2: control

higher, P=0.042; week 3: P=0.015; week 4: P=0.001; week 5:

P=0.004; week 6: P=0.003; week 7: P=0.006; week 8: P=0.009;

week 9: P=0.011; week 10: P=0.014; week 11: P=0.017; week

12: P=0.001). According to the repeated measures analysis,

the progressive decline in additional analgesic use in the in-

tervention group (P=0.014) compared with the control group

(P=0.551) indicates more effective pain control over time. At

the end of the study, the prevalence of persistent chronic pain

was also markedly lower in the pregabalin group than in the

control group (8 vs. 19 patients; P=0.001) (Table 2).

The trajectory of pain intensity based on VAS demonstrated

clear differences between the pregabalin and control groups

over time. At baseline, pain scores were statistically com-

parable between the two groups (P=0.732). However, from

week 2 onward, the pregabalin group exhibited significantly

lower pain levels, beginning with a marked reduction at

week 2 (P=0.042). This advantage persisted through week

4 (P=0.001) and continued in week 6 (P=0.003). A similar

pattern was observed at week 8 (P=0.009), with the prega-

balin group maintaining significantly greater pain reduction.

The superiority of pregabalin remained evident at weeks

10 (P=0.014) and 12 (P=0.019), with consistently lower VAS

scores compared to the control group. In the repeated mea-

sures analysis, the pregabalin group showed a pronounced

and progressive decline in pain intensity over time (P=0.001),

whereas the control group demonstrated only a minimal re-

duction with a much flatter trajectory (P=0.236) (Figure 2).

The analysis of SF 36 quality of life scores showed that

the pregabalin group experienced significant improvements

across all subscales and in the overall score compared with

baseline (P<0.05), whereas most changes observed in the

control group were small and statistically non significant

(P>0.05). Between group comparisons at the end of the inter-

vention further demonstrated that post treatment scores for

physical functioning (P=0.021), role limitations due to physi-

cal problems (P=0.025), bodily pain (P=0.018), general health

(P=0.023), vitality (P=0.024), social functioning (P=0.020),

role limitations due to emotional problems (P=0.018), mental

health (P=0.021), and the overall quality of life score (P=0.019)

were all significantly higher in the pregabalin group com-

pared with the control group (Figure 3).

No severe adverse events or treatment discontinuations oc-

curred during the study. The most frequently reported ad-

verse effects were dizziness, somnolence, dry mouth, mild

peripheral edema, and transient nausea. Dizziness was

slightly more common in the pregabalin group, whereas

somnolence and dry mouth were reported somewhat more

frequently in the control group; peripheral edema occurred

marginally more often in the pregabalin group, and nausea

was slightly more frequent in the control group. Statistical

analysis using the chi squared test for events with adequate

counts and Fisher’s exact test for less common events showed

that none of these between group differences reached statis-

tical significance: dizziness (P=0.276, χ2 test), somnolence

(P=0.318, χ2 test), dry mouth (P=0.442, χ2 test), peripheral

edema (P=0.391, Fisher’s exact test), and nausea (P=0.527,

Fisher’s exact test). No cases of skin rash, clinically meaning-

ful hemodynamic changes, or neurologic complications were

observed. Overall, both groups exhibited comparable safety

and tolerability profiles, and all differences in adverse event

rates between the pregabalin and control groups remained

statistically non significant (P>0.05).

4. Discussion

The findings of this study indicate that the addition of prega-

balin as an adjuvant therapy in patients with chronic pain fol-

lowing blunt chest trauma leads to substantial improvements

in pain control, reduced need for supplemental anti inflam-
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matory medication, and marked enhancement in overall

quality of life. The trajectory of pain intensity and the pat-

tern of additional analgesic use clearly demonstrated that

patients receiving pregabalin experienced a faster and more

sustained reduction in pain and required fewer rescue med-

ications throughout follow up. Concurrently, the prevalence

of persistent chronic pain at the end of the study was notice-

ably lower in the pregabalin group, underscoring the drug’s

potential role in mitigating long term pain after thoracic

trauma. These observations align with existing literature and

support the notion that pregabalin is particularly beneficial

in managing neuropathic or mixed nociceptive–neuropathic

pain associated with chest wall injury (19,20)

Blunt thoracic trauma frequently results in microscopic in-

jury to intercostal nerves, persistent soft tissue inflamma-

tion, and maladaptive neuroplastic changes (21). These

mechanisms can give rise to chronic neuropathic pain or a

mixed pain phenotype that is difficult to control with stan-

dard anti inflammatory agents alone, as such medications

primarily address nociceptive pathways and exert limited in-

fluence on abnormal neuronal signaling (22). Consequently,

introducing a pharmacologic agent with a distinct mecha-

nism of action—such as pregabalin—can address this ther-

apeutic gap and reduce the likelihood of acute pain evolving

into chronic pain (23).

The observed improvements in quality of life domains fur-

ther strengthen the clinical significance of these findings. En-

hanced physical functioning, reduced role limitations due

to physical and emotional factors, improved vitality, better

sleep patterns, and decreased anxiety related to chronic pain

suggest that pregabalin’s impact extends beyond analgesia

alone (24). These effects are consistent with previous studies

involving neuropathic pain populations following peripheral

nerve injury or major surgery, highlighting the close inter-

play between effective pain control and broader functional

and psychological outcomes (25).

Another key aspect is the safety and tolerability profile of pre-

gabalin. Although adverse events such as dizziness, som-

nolence, dry mouth, mild edema, and transient nausea oc-

curred in both groups, none showed statistically meaningful

differences, and no serious events were reported. This favor-

able tolerability is clinically important, especially in trauma

patients who often require multiple concomitant medica-

tions(26). Taken together, the study indicates that a com-

bined therapeutic approach incorporating standard care and

pregabalin offers meaningful advantages over routine man-

agement alone in preventing pain chronicity and improving

functional outcomes (27). Given that chronic post traumatic

pain remains a major cause of disability and reduced quality

of life in patients with chest trauma, employing a medication

that specifically targets neuropathic pain pathways is of sub-

stantial clinical value (28).

Overall, pregabalin appears to mitigate pain progression

through modulation of excitatory neurotransmission, atten-

uation of central sensitization, and reduced reliance on sup-

plemental analgesics (26). These findings provide a founda-

tion for future multicenter studies with larger sample sizes to

further evaluate the long term efficacy and safety of prega-

balin in this patient population (29).

5. Limitations

This study has several limitations. It was conducted at a sin-

gle trauma center with a relatively small sample size, which

may affect the generalizability of the findings. The single

blind design introduces the possibility of performance or re-

porting bias. Additionally, a longer follow up was not avail-

able to evaluate sustained long term outcomes beyond the

study period. Future multicenter trials with extended follow

up are warranted to confirm the long term efficacy and safety

of pregabalin in post traumatic chronic pain.

6. Conclusion

Adjunctive pregabalin significantly reduced the severity and

persistence of chronic post traumatic chest pain when added

to naproxen therapy. Its effects are likely mediated through

modulation of neuropathic pathways and central sensitiza-

tion, resulting in decreased analgesic requirements. While no

major safety concerns emerged, conclusions regarding toler-

ability are limited by sample size and warrant confirmation

in larger trials.
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study were part of standard therapeutic care, and partici-

pation in the study did not impose any additional finan-

cial burden on the patients. Participants and, when appli-

cable, their legal guardians were informed that the treat-

ment approaches used in the study were clinically equiva-

lent and associated with no differences in cost. The study

protocol was reviewed and approved by the Ethics Commit-

tee of Kerman University of Medical Sciences (Ethics Code:

IR.KMU.AH.REC.1404.129). The trial was prospectively reg-

istered in the Iranian Registry of Clinical Trials (IRCT)

under the registration number IRCT20251205068217N1

(https://irct.behdasht.gov.ir/trial/87992). All study proce-

dures were conducted in full compliance with the ethical

standards of the Declaration of Helsinki and relevant insti-

tutional guidelines. As the authors are non native English

speakers, a large language model (LLM), such as ChatGPT,

was used to refine the language for clarity and grammatical

accuracy. The authors confirm that this tool was utilized ex-

clusively for linguistic and stylistic improvement and was not

involved in data analysis, interpretation, study design, or sci-

entific decision making.

7.6. Availability of data and material

The datasets used and analyzed during the current study are

available from the corresponding author upon reasonable re-

quest.
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