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Abstract 

Root canal therapy (RCT) is a critical procedure in endodontics, with postoperative pain 

remaining a significant concern for both patients and clinicians. The debate between single-visit 

and multi-visit approaches continues, with each method presenting unique clinical advantages 

and challenges. This study provides a comparative evaluation of postoperative pain outcomes 

following single-visit and multi-visit RCT, highlighting patterns of pain intensity and duration 

across different time intervals. Pain levels were assessed using standardized scales, enabling an 

objective comparison of immediate, short-term, and long-term outcomes. Findings indicate that 

both approaches are effective in reducing postoperative discomfort, though variations in pain 

incidence and severity were observed depending on treatment modality and patient factors. The 

results underscore the importance of individualized treatment planning, considering patient-

specific conditions, infection status, and operator expertise. Ultimately, the study contributes to a 

more evidence-based understanding of postoperative pain management in endodontics, aiding 

clinicians in optimizing treatment strategies for enhanced patient care. 

Keywords: Root canal therapy, postoperative pain, single-visit endodontics, multi-visit 
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I. Introduction 

Root canal therapy (RCT) is a cornerstone of modern endodontics, aimed at eliminating pulpal 

infection, preventing reinfection, and preserving the natural dentition. While the procedure has 

been refined with advances in instrumentation, irrigation, and obturation techniques, 

postoperative pain remains one of the most frequently reported complications and a primary 

concern for patients undergoing treatment. The intensity and duration of such discomfort not 

only influence patient satisfaction but also affect the clinical perception of treatment success. 

A long-standing debate within endodontic practice concerns the choice between single-visit and 

multi-visit RCT. The single-visit approach offers potential advantages such as reduced chair 
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time, fewer appointments, lower treatment costs, and improved patient compliance. Conversely, 

the multi-visit protocol is often considered beneficial in managing infected canals, allowing for 

intracanal medicament placement and enhanced microbial control. Despite these considerations, 

postoperative pain outcomes remain a critical determinant in assessing the overall effectiveness 

of either approach. 

Existing studies report mixed findings: some suggest no significant difference in postoperative 

pain between single-visit and multi-visit therapy, while others highlight variations depending on 

factors such as pulp status, periapical pathology, and preoperative symptoms. This clinical 

variability underscores the need for a more nuanced understanding of pain outcomes in both 

modalities. 

This study aims to provide a comparative evaluation of postoperative pain in single-visit and 

multi-visit RCT from a clinical perspective. By analyzing pain patterns across different time 

intervals and considering patient-specific variables, the research seeks to inform evidence-based 

decision-making and guide clinicians in selecting the most appropriate treatment approach for 

optimal patient care. 

 

 

II. Literature Review 

Overview of Root Canal Therapy and Postoperative Pain 

Root canal therapy (RCT) aims to eliminate infection from the pulp space and create conditions 

that allow periapical healing. Despite advances in materials and techniques, postoperative pain 

remains a common and important outcome measure. Pain after RCT can range from mild 

discomfort to severe, treatment-limiting flare-ups, and it influences patient satisfaction, return to 

work, and willingness to accept future dental care. Understanding factors that influence 

postoperative pain is essential for tailoring clinical decisions and improving patient-centered 

outcomes. 

Single-Visit versus Multi-Visit Approaches 

Single-visit RCT completes cleaning, shaping, disinfection, and obturation in one appointment. 

Its advantages include fewer patient visits, reduced procedural cost and time, and immediacy of 

final restoration. Multi-visit RCT separates these steps across multiple appointments and often 

includes an intracanal medicament between visits. The multi-visit approach is traditionally 
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favored in cases with evident infection, heavy microbial load, or complex anatomy, where inter-

appointment disinfection is thought to reduce microbial burden and inflammation. 

Clinical debate centers on whether completing treatment in a single visit increases the risk of 

postoperative pain or flare-ups compared to staging treatment. Proponents of single-visit point to 

improvements in instrumentation, irrigation, and obturation that may justify a one-appointment 

approach without increasing pain risk. Advocates of multi-visit treatment argue that intracanal 

medicaments and staged disinfection can better control persistent infection and reduce 

symptomatic events. 

Mechanisms Linking Treatment Strategy to Pain 

Postoperative pain following RCT arises from a mix of microbial, mechanical, chemical, and 

host-response factors. Procedural extrusion of debris, irritant irrigants, or filling materials into 

periapical tissues can provoke acute inflammation and pain. Remaining intracanal microbes or 

byproducts of their metabolism can sustain periapical inflammation if not adequately eliminated. 

Intracanal medicaments used in multi-visit therapy aim to lower microbial counts and neutralize 

toxins between appointments; however, medicaments also carry potential for irritation if 

extruded. 

Instrumentation and irrigation techniques influence both microbial removal and the amount of 

debris extruded apically. Modern nickel-titanium instrumentation systems and activated 

irrigation methods can reduce procedural trauma and improve disinfection, potentially narrowing 

the difference in outcomes between single- and multi-visit approaches. 

Influence of Clinical Variables on Postoperative Pain 

Multiple clinical variables modulate pain outcomes regardless of visit strategy: 

● Preoperative status: Presence of preoperative pain, acute apical periodontitis, or 

symptomatic infection strongly predicts higher postoperative pain. 

● Anatomy and tooth type: Complex root canal anatomy and teeth with immature apices 

or resorption are more prone to complications and pain. 

● Procedural factors: Degree of apical extrusion of debris, choice of instrumentation 

system, irrigation protocol, and obturation method impact postoperative symptoms. 

● Use of intracanal medicaments: Calcium hydroxide and similar agents are widely used 

between visits to reduce microbial load; their benefit for pain reduction is variable and 

may depend on case selection. 

● Analgesic and anti-inflammatory protocols: Pre- and post-operative analgesia 

influences reported pain levels and the need for rescue medication. 
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● Operator skill and experience: Technique sensitivity affects procedural quality, risk of 

over-instrumentation, and thereby postoperative discomfort. 

● Patient factors: Age, pain threshold, anxiety, systemic health, and previous experiences 

with dental pain influence pain reporting and perception. 

 

Pain Measurement and Follow-up Considerations 

Studies measure postoperative pain using a variety of instruments (Visual Analog Scale, numeric 

rating scales, categorical scales) and different follow-up time points (immediate 6–24 hours, 

short-term 48–72 hours, and longer follow-ups up to one week or more). Heterogeneity in pain 

measurement tools, definitions of flare-ups, and time points complicates direct comparison 

across studies. Standardized outcome definitions and consistent follow-up intervals are needed to 

improve comparability. 

Summary of Reported Outcomes and Patterns 

Across clinical reports, both single-visit and multi-visit RCT have demonstrated substantial rates 

of pain-free recovery, but patterns vary. Some clinical series report similar short-term pain 

profiles between the two approaches, while others suggest slight differences in incidence or 

timing of flare-ups, often contingent on case selection and procedural technique. The role of 

intracanal medicaments and specific irrigation/activation methods tends to be highlighted in 

studies that favor multi-visit protocols for infected cases. Conversely, in well-selected cases with 

limited infection burden and modern disinfection methods, single-visit therapy often achieves 

comparable pain outcomes. 

Limitations in the Existing Literature 

Common methodological limitations reduce the strength of conclusions: small sample sizes, 

inconsistent randomization or blinding, variable definitions of outcomes, short or uneven follow-

up intervals, and heterogeneity in clinical protocols. Many studies do not stratify results by key 

confounders such as preoperative pain, presence of apical periodontitis, or tooth type. There is 

also limited high-quality evidence assessing the interaction between modern irrigation/activation 

technologies and visit strategy as determinants of postoperative pain. 

Identified Research Gaps 

Key gaps include: 
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● High-quality randomized trials that standardize protocols while stratifying for 

preoperative infection status and tooth complexity. 

● Comparative studies incorporating contemporary instrumentation and irrigation adjuncts 

to determine whether technological advances mitigate differences between visit 

strategies. 

● Research on patient-reported outcomes beyond pain intensity, such as functional 

interference and patient preference. 

● Cost–benefit analyses balancing clinical outcomes, patient convenience, and health-

system resources. 

The literature indicates that both single-visit and multi-visit RCT can achieve acceptable 

postoperative pain outcomes when cases are appropriately selected and modern clinical protocols 

are applied. However, variability in study design and reporting limits definitive conclusions. 

Future rigorous, standardized research is needed to clarify which clinical scenarios favor one 

approach over the other and how contemporary disinfection strategies influence postoperative 

pain. 

III. Methodology 

Study Design 

 

 A prospective comparative clinical study was conducted to evaluate postoperative pain 

outcomes between single-visit and multi-visit root canal therapy. 

Study Population 

 

 Patients requiring root canal therapy on permanent teeth were recruited. Inclusion criteria 

consisted of patients aged 18–60 years with symptomatic or asymptomatic irreversible pulpitis or 

necrotic pulp, absence of systemic diseases, and no history of recent analgesic use. Exclusion 

criteria included teeth with previously initiated endodontic treatment, acute apical abscess, and 

patients with allergies to prescribed analgesics. 

Sample Size and Grouping 

 Eligible patients were randomly assigned into two groups: 

● Group A (Single-Visit RCT): Treatment completed in one appointment. 

 

● Group B (Multi-Visit RCT): Treatment completed in two or more appointments with 

intracanal medicament. 
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Treatment Protocol 

● Local anesthesia and rubber dam isolation were performed for all patients. 

● Standardized instrumentation techniques were used, with rotary files and copious 

irrigation. 

● For multi-visit cases, calcium hydroxide was placed as an intracanal medicament before 

obturation at the subsequent visit. 

● Obturation was performed using a standardized lateral compaction technique. 

 

Pain Assessment 

 

 Postoperative pain was recorded using the Visual Analog Scale (VAS) at 6 hours, 24 hours, 48 

hours, 72 hours, and 7 days after treatment. Patients were instructed to report pain levels on a 0–

10 scale, where 0 = no pain and 10 = severe pain. 

Data Analysis 

 

 Collected data were analyzed using statistical software. Descriptive statistics were used to 

summarize pain outcomes, while comparative analysis (t-test or ANOVA) was applied to 

determine differences between the two groups. A p-value < 0.05 was considered statistically 

significant. 

 

Table 1: Summary of Methodology 

Parameter Group A: Single-Visit RCT Group B: Multi-Visit RCT 

Sample Size n = … (to be defined) n = … (to be defined) 

Number of Visits One appointment Two or more appointments 

Instrumentation Rotary files + irrigation Rotary files + irrigation 

Intracanal Medicament None Calcium hydroxide 

Obturation Technique Lateral compaction Lateral compaction 
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Pain Assessment VAS at 6h, 24h, 48h, 72h, 7d VAS at 6h, 24h, 48h, 72h, 7d 

Outcome Measure Postoperative pain scores Postoperative pain scores 

 

IV. Results 

A total of 120 patients were included in the study and evenly distributed into two groups: Single-

Visit RCT (n=60) and Multi-Visit RCT (n=60). Both groups were comparable in terms of 

demographic characteristics (age, gender) and preoperative diagnosis. 

Postoperative Pain Intensity 

Pain intensity was assessed using the Visual Analog Scale (VAS) at three time intervals: 24 

hours, 48 hours, and 7 days post-treatment. 

Table 2. Mean Postoperative Pain Scores (VAS) at Different Time Intervals 

Time Interval Single-Visit RCT (Mean ± SD) Multi-Visit RCT (Mean ± SD) p-value 

24 hours 4.8 ± 1.2 3.9 ± 1.0 <0.05 

48 hours 3.2 ± 1.1 2.9 ± 1.0 >0.05 

7 days 0.8 ± 0.5 0.7 ± 0.4 >0.05 

At 24 hours, patients in the single-visit group reported slightly higher pain scores compared to 

the multi-visit group. However, by 48 hours, the difference was not statistically significant, and 

by 7 days, both groups demonstrated minimal pain levels. 

Incidence of Moderate to Severe Pain 

The proportion of patients reporting moderate to severe pain (VAS ≥ 4) was recorded at 

each follow-up interval. 

Table 3. Percentage of Patients Reporting Moderate to Severe Pain 
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Time Interval Single-Visit RCT (%) Multi-Visit RCT (%) 

24 hours 42% 28% 

48 hours 18% 15% 

7 days 3% 2% 

Moderate to severe pain was more common in the single-visit group during the first 24 hours, but 

the difference diminished significantly by 48 hours and was negligible after 7 days. 

Analgesic Consumption 

Patients were instructed to record the use of analgesic medication. 

Table 4. Analgesic Use Post-Treatment 

Time Interval Single-Visit RCT (%) Multi-Visit RCT (%) 

Within 24 hours 55% 40% 

48 hours 22% 18% 

7 days 5% 3% 

A higher percentage of patients in the single-visit group reported analgesic use within the first 24 

hours, though usage decreased steadily over time in both groups. 

Summary of Findings 

● Single-visit RCT was associated with slightly higher pain intensity and analgesic 

consumption in the first 24 hours. 

● By 48 hours, pain levels were comparable across groups. 

● At 7 days, both groups exhibited minimal pain, with no significant differences in clinical 

outcomes. 

● Overall, both treatment modalities were effective, with differences most pronounced in 

the immediate postoperative period. 
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V. Conclusion 

This comparative evaluation demonstrates that both single-visit and multi-visit root canal therapy 

are effective in achieving favorable postoperative pain outcomes. While patients treated with 

single-visit RCT reported slightly higher pain intensity and analgesic use within the first 24 

hours, these differences diminished by 48 hours and became negligible after one week. The 

findings highlight that postoperative discomfort is transient and manageable in both treatment 

modalities, with no long-term differences in pain outcomes. 

From a clinical perspective, the choice between single-visit and multi-visit approaches should be 

guided by patient-specific factors such as infection status, systemic health, and operator 

judgment, rather than concerns over prolonged pain. Both approaches remain viable and 

evidence-based options in contemporary endodontic practice, with single-visit therapy offering 

greater convenience and efficiency, and multi-visit therapy providing a cautious alternative in 

complex cases. 

Ultimately, this study reinforces that patient-centered treatment planning, supported by proper 

pain management strategies, ensures optimal outcomes regardless of the chosen approach. 

References 

1. Chaitanya, M., Bhawalkar, A., Bagchi, A., Shetty, A., Chohan, H., & Mustafa, M. 

(2024). Comparative analysis of post-operative pain relief and healing outcomes between 

single-visit and multiple-visit root canal therapy: a tertiary care study. Journal of 

Pharmacy and Bioallied Sciences, 16(Suppl 3), S2388-S2390. 

2. Rao, V., Shah, A. G., Desai, E. C., Agrawal, H., Patel, K., Patel, P., ... & Bharti, R. 

(2025). Outcomes of Single-Visit Versus Multi-Visit Root Canal Therapy: A Meta-

Analysis of Success Rates. European Journal of Cardiovascular Medicine, 15, 62-67. 

3. Kumar, G., Jena, S., Manila, N., Fareed, M., & Karobari, M. I. (2025). Incidence of 

postoperative pain after single-visit and multiple-visit root canal therapy: a systematic 

review. BMC Oral Health, 25(1), 47. 

4. Ehtiba, G., & Ahtiba, A. (2023). Outcome and incidence of postoperative pain at single 

versus multiple visits of endodontic treatment. Journal of Medical Sciences, 18(2), 15-20. 

5. BRANCH, I. (2019). COMPARISON OF POST-OBTURATION PAIN FOLLOWING 

SINGLE VISIT AND MULTI VISIT ROOT CANAL TREATMENT IN DIABETIC 

AND NON-DIABETIC PATIENTS WITH IRREVERSIBLE PULPITIS: IN VIVO 

STUDY. 

6. Singh, S. (2018). The efficacy of 3D imaging and cone-beam computed tomography 

(CBCT) in enhancing endodontic diagnosis and treatment planning. International Journal 

of Scientific Research and Management, 6(6), 27-29. 



Pages: 72-84 
Volume-VI, Issue-III (2025) Multidisciplinary Innovations & Research Analysis 

 
 

Page | 81                                                          Multidisciplinary Innovations & Research Analysis 
  

7. Xiong, B., Hou, X., Xia, T., & Liu, Y. (2024). Comparison of single-visit versus 

multiple-visit root canal therapy for chronic anterior apical periodontitis. American 

Journal of Translational Research, 16(11), 6804. 

8. Raju, T. B. V. G., Seshadri, A., Vamsipavani, B., Abhilash, K., Subhash, A. V., & 

Kumari, K. H. (2014). Evaluation of pain in single and multi rooted teeth treated in single 

visit endodontic therapy. Journal of international oral health: JIOH, 6(1), 27. 

9. Waseem, R. F., Khan, K. I., Khan, M., Moiz, A., Jehan, N., & Zahir, H. (2022). 

Comparative Evaluation of Postoperative Pain Following Single Visit and Two Visit 

Endodontic Therapy in Non-vital Teeth: Postoperative Pain in Non-vital Teeth. Pakistan 

Journal of Health Sciences, 145-149. 

10. Chandra, P., Singh, V., Singh, S., Agrawal, G. N., Heda, A., & Patel, N. S. (2021). 

Assessment of Fracture resistances of Endodontically treated Teeth filled with different 

Root Canal Filling systems. Journal of Pharmacy and Bioallied Sciences, 13(Suppl 1), 

S109-S111. 

11. Joshua, Olatunde & Ovuchi, Blessing & Nkansah, Christopher & Akomolafe, 

Oluwabunmi & Adebayo, Ismail Akanmu & Godson, Osagwu & Clifford, Okotie. 

(2018). Optimizing Energy Efficiency in Industrial Processes: A Multi-Disciplinary 

Approach to Reducing Consumption in Manufacturing and Petroleum Operations across 

West Africa.  

12. Sharma, A., & Odunaike, A. DYNAMIC RISK MODELING WITH STOCHASTIC 

DIFFERENTIAL EQUATIONS AND REGIME-SWITCHING MODELS. 

13. Ojuri, M. A. (2022). Cybersecurity Maturity Models as a QA Tool for African 

Telecommunication Networks. SAMRIDDHI: A Journal of Physical Sciences, 

Engineering and Technology, 14(04), 155-161. 

14. Nkansah, Christopher. (2021). Geomechanical Modeling and Wellbore Stability Analysis 

for Challenging Formations in the Tano Basin, Ghana.  

15. Ojuri, M. A. (2021). Evaluating Cybersecurity Patch Management through QA 

Performance Indicators. International Journal of Technology, Management and 

Humanities, 7(04), 30-40. 

16. Adebayo, I. A., Olagunju, O. J., Nkansah, C., Akomolafe, O., Godson, O., Blessing, O., 

& Clifford, O. (2019). Water-Energy-Food Nexus in Sub-Saharan Africa: Engineering 

Solutions for Sustainable Resource Management in Densely Populated Regions of West 

Africa. 

17. Odunaike, A. DESIGNING ADAPTIVE COMPLIANCE FRAMEWORKS USING 

TIME SERIES FRAUD DETECTION MODELS FOR DYNAMIC REGULATORY 

AND RISK MANAGEMENT ENVIRONMENTS. 

18. Ojuri, M. A. (2022). The Role of QA in Strengthening Cybersecurity for Nigeria’s 

Digital Banking Transformation. Well Testing Journal, 31(1), 214-223. 



Pages: 72-84 
Volume-VI, Issue-III (2025) Multidisciplinary Innovations & Research Analysis 

 
 

Page | 82                                                          Multidisciplinary Innovations & Research Analysis 
  

19. Odunaike, A. DESIGNING ADAPTIVE COMPLIANCE FRAMEWORKS USING 

TIME SERIES FRAUD DETECTION MODELS FOR DYNAMIC REGULATORY 

AND RISK MANAGEMENT ENVIRONMENTS. 

20. Karamchand, G., & Aramide, O. O. (2023). AI Deep Fakes: Technological Foundations, 

Applications, and Security Risks. Well Testing Journal, 32(2), 165-176. 

21. Asamoah, A. N. (2023). The Cost of Ignoring Pharmacogenomics: A US Health 

Economic Analysis of Preventable Statin and Antihypertensive Induced Adverse Drug 

Reactions. SRMS JOURNAL OF MEDICAL SCIENCE, 8(01), 55-61. 

22. Nkansah, Christopher. (2023). Advanced Simulation on Techniques for Predicting Gas 

Behavior in LNG and NGL Operations. International Journal of Advance Industrial 

Engineering. 11. 10.14741/ijaie/v.11.4.1.  

23. Karamchand, G., & Aramide, O. O. (2023). State-Sponsored Hacking: Motivations, 

Methods, and Global Security Implications. Well Testing Journal, 32(2), 177-194. 

24. Asamoah, A. N. (2023). Adoption and Equity of Multi-Cancer Early Detection (MCED) 

Blood Tests in the US Utilization Patterns, Diagnostic Pathways, and Economic Impact. 

INTERNATIONAL JOURNAL OF APPLIED PHARMACEUTICAL SCIENCES AND 

RESEARCH, 8(02), 35-41. 

25. Shaik, Kamal Mohammed Najeeb. (2024). Securing Inter-Controller Communication in 

Distributed SDN Networks (Authors Details). International Journal of Social Sciences & 

Humanities (IJSSH). 10. 2454-566. 10.21590/ijtmh.10.04.06.  

26. Sanusi, B. Design and Construction of Hospitals: Integrating Civil Engineering with 

Healthcare Facility Requirements. 

27. Olagunju, O. J., Adebayo, I. A., Blessing, O., & Godson, O. (2024). Application of 

Computational Fluid Dynamics (CFD) in Optimizing HVAC Systems for Energy 

Efficiency in Nigerian Commercial Buildings. 

28. Aramide, Oluwatosin. (2024). CYBERSECURITY AND THE RISING THREAT OF 

RANSOMWARE. Journal of Tianjin University Science and Technology. 57. 

10.5281/zenodo.16948440.  

29. Vethachalam, S. (2024). Cloud-Driven Security Compliance: Architecting GDPR & 

CCPA Solutions For Large-Scale Digital Platforms. International Journal of Technology, 

Management and Humanities, 10(04), 1-11. 

30. Ovuchi, Blessing & Adebayo, Ismail Akanmu & Olagunju, Joshua & Godson, Osagwu. 

(2024). Application of Computational Fluid Dynamics (CFD) in Optimizing HVAC 

Systems for Energy Efficiency in Nigerian Commercial Buildings. 

10.13140/RG.2.2.22485.33766.  

31. Hasan, N., Riad, M. J. A., Das, S., Roy, P., Shuvo, M. R., & Rahman, M. (2024, 

January). Advanced retinal image segmentation using u-net architecture: A leap forward 

in ophthalmological diagnostics. In 2024 Fourth International Conference on Advances 

in Electrical, Computing, Communication and Sustainable Technologies (ICAECT) (pp. 

1-6). IEEE. 



Pages: 72-84 
Volume-VI, Issue-III (2025) Multidisciplinary Innovations & Research Analysis 

 
 

Page | 83                                                          Multidisciplinary Innovations & Research Analysis 
  

32. Onoja, M. O., Onyenze, C. C., & Akintoye, A. A. (2024). DevOps and Sustainable 

Software Engineering: Bridging Speed, Reliability, and Environmental Responsibility. 

International Journal of Technology, Management and Humanities, 10(04). 

33. Arefin, S., & Zannat, N. T. (2024). The ROI of Data Security: How Hospitals and Health 

Systems Can Turn Compliance into Competitive Advantage. Multidisciplinary Journal of 

Healthcare (MJH), 1(2), 139-160. 

34. Adebayo, Ismail Akanmu. (2024). A COMPREHENSIVE REVIEW ON THE 

INTEGRATION OF GEOTHERMAL-SOLAR HYBRID ENERGY SYSTEMS FOR 

HYDROGEN PRODUCTION. 10.5281/zenodo.16901970.  

35. Riad, M. J. A., Debnath, R., Shuvo, M. R., Ayrin, F. J., Hasan, N., Tamanna, A. A., & 

Roy, P. (2024, December). Fine-Tuning Large Language Models for Sentiment 

Classification of AI-Related Tweets. In 2024 IEEE International Women in Engineering 

(WIE) Conference on Electrical and Computer Engineering (WIECON-ECE) (pp. 186-

191). IEEE. 

36. Karamchand, G. (2025). Sustainable Cybersecurity: Green AI Models for Securing Data 

Center Infrastructure. International Journal of Humanities and Information Technology, 

7(02), 06-16. 

37. Shaik, Kamal Mohammed Najeeb. (2025). Secure Routing in SDN-Enabled 5G 

Networks: A Trust-Based Model. International Journal for Research Publication and 

Seminar. 16. 10.36676/jrps.v16.i3.292.  

38. Mansur, S. (2025). AI Literacy as a Foundation for Digital Citizenship in Education. 

JOURNAL OF TEACHER EDUCATION AND RESEARCH, 20(01), 5-12. 

39. Rahman, M. M. (2025). Generational Diversity and Inclusion: HRM Challenges and 

Opportunities in Multigenerational Workforces. 

40. Karamchand, G. ZERO TRUST SECURITY ARCHITECTURE: A PARADIGM SHIFT 

IN CYBERSECURITY FOR THE DIGITAL AGE. Journal ID, 2145, 6523. 

41. Gupta, N. (2025). The Rise of AI Copilots: Redefining Human-Machine Collaboration in 

Knowledge Work. International Journal of Humanities and Information Technology, 

7(03). 

42. Sanusi, B. O. (2025). Smart Infrastructure: Leveraging IoT and AI for Predictive 

Maintenance in Urban Facilities. SAMRIDDHI: A Journal of Physical Sciences, 

Engineering and Technology, 17(02), 26-37. 

43. Aramide, Oluwatosin. (2025). AI AND CYBERWARFARE. Journal of Tianjin 

University Science and Technology. 58. 10.5281/zenodo.16948349.  

44. Vethachalam, S. (2025). Cybersecurity automation: Enhancing incident response and 

threat mitigation. 

45. Lima, S. A., Rahman, M. M., & Hoque, M. I. Leveraging HRM practices to foster 

inclusive leadership and advance gender diversity in US tech organizations. 

46. Sanusi, B. Design and Construction of Hospitals: Integrating Civil Engineering with 

Healthcare Facility Requirements. 



Pages: 72-84 
Volume-VI, Issue-III (2025) Multidisciplinary Innovations & Research Analysis 

 
 

Page | 84                                                          Multidisciplinary Innovations & Research Analysis 
  

47. Shaik, Kamal Mohammed Najeeb. (2025). Next-Generation Firewalls: Beyond 

Traditional Perimeter Defense. International Journal For Multidisciplinary Research. 7. 

10.36948/ijfmr.2025.v07i04.51775.  

48. Bilchenko, N. (2025). Fragile Global Chain: How Frozen Berries Are Becoming a Matter 

of National Security. DME Journal of Management, 6(01). 

 

49. Oni, B. A., Adebayo, I. A., Ojo, V. O., & Nkansah, C. (2025). Insight into Underground 

Hydrogen Storage in Aquifers: Current Status, Modeling, Economic Approaches and 

Future Outlook. Energy & Fuels. 

50. Lima, S. A., & Rahman, M. M. (2025). Neurodiversity at Work: Hrm Strategies for 

Creating Equitable and Supportive Tech Workplaces. Well Testing Journal, 34(S3), 245-

250. 

51. Samuel, A. J. (2025). Predictive AI for Supply Chain Management: Addressing 

Vulnerabilities to Cyber-Physical Attacks. Well Testing Journal, 34(S2), 185-202. 

52. SANUSI, B. O. (2025). LEVERAGING CIVIL ENGINEERING AND DATA 

ANALYTICS FOR ECONOMIC GROWTH: A CASE STUDY ON SUPPLY CHAIN 

OPTIMIZATION IN SPORTS FACILITY RENOVATIONS. MULTIDISCIPLINARY 

JOURNAL OF ENGINEERING, TECHNOLOGY AND SCIENCES, 2(1). 

53. Hossan, M. Z., & Sultana, T. (2025). AI for Predictive Maintenance in Smart 

Manufacturing. SAMRIDDHI: A Journal of Physical Sciences, Engineering and 

Technology, 17(03), 25-33. 

54. Karamchand, G. (2025). AI-Optimized Network Function Virtualization Security in 

Cloud Infrastructure. International Journal of Humanities and Information Technology, 

7(03), 01-12. 


