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Abstract: Pain management is a crucial aspect of 

endodontic care, ensuring the comfort and well-being 

of patients throughout the treatment process. This 

review examines a variety of pain control techniques 

used in endodontic procedures, focusing on local 

anesthesia, pharmacological interventions, and non-

pharmacological strategies. It highlights 

advancements in local anesthetic agents, such as the 

development of newer anesthetics, adjunctive drugs, 

and techniques designed to improve the efficacy and 

duration of anesthesia. The review also discusses 

emerging technologies, including lasers and 

ultrasonic devices, which are helping to reduce pain 

during root canal treatments by minimizing tissue 

trauma and enhancing treatment 

precision.Furthermore, the review addresses 

challenges such as patient variability in response to 

pain, anxiety, and the management of post-operative 

pain.The review emphasizes the importance of 

customizing pain management strategies based on 

individual patient factors, including age, health 

status, and anxiety levels, in order to optimize 

treatment outcomes and increase patient satisfaction. 
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I. Introduction 
Pain is an unpleasant sensory and emotional 

experience that is typically associated with actual or 

potential tissue damage [1].Pain is a complex and 

multifaceted experience that varies from individual to 

individual, and dental treatments like root canals 

often provoke significant anxiety and fear [2]. 

Despite common concerns about pain, research 

reveals that patients who have undergone root canal 

treatments are actually six times more likely to 

describe the experience as "painless" compared to 

those who have not had the procedure. However, pain 

management, particularly when combined with 

anxiety, remains a challenge [3]. Pain can arise 

before, during, or after a dental procedure, with pre-

treatment discomfort often being more intense [4]. 

Post-procedure pain tends to be milder, but 

conditions like irreversible pulpitis—characterized 

by severe, spontaneous pain—can make pain 

management difficult, often requiring additional 

strategies beyond local anesthesia [5].Factors such as 

genetics, emotional state, age, gender, and previous 

dental experiences all influence how pain is 

perceived. Women, for example, may experience 

pain more intensely due to hormonal differences, 

while anxiety can exacerbate pain perception, 

creating a cycle of fear and discomfort [6]. Studies 

show that 4% to 40% of people experience dental 

anxiety, with women being more affected than men 

[7].One approach to addressing dental anxiety is the 

“iatrosedative technique,” developed in 1983 [8]. 

This method focuses on reassuring the patient, 

explaining the procedure, and offering them a sense 

of control, all of which can significantly reduce 

anxiety and pain perception [9]. This approach, 

alongside careful planning for additional anesthesia 

in patients who have had previous difficulties with 

numbing, is vital for improving patient comfort 

during endodontic procedures [10]. Modern 

advancements in pain management, including both 

physiological and psychological strategies, are 

transforming endodontics [11]. By incorporating new 

technologies and a deeper understanding of the 

psychological factors at play, dentists can provide a 

more comfortable, less stressful treatment 

experience, all while ensuring the effectiveness of 

traditional root canal procedures. These emerging 

trends are helping to reshape the way dental 

professionals approach pain management, offering 

patients relief from both physical pain and the anxiety 

that often accompanies it [12]. 

 

II. Methodology 
The methodology for this review article, 

was designed to critically evaluate and synthesize the 

current advancements in pain management 

techniques used during endodontic procedures, with 

a particular focus on innovative technologies that aim 
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to enhance patient comfort. The study methodology 

followed a systematic approach, combining an 

extensive literature review with expert insights to 

provide a comprehensive understanding of the 

evolving landscape of painless endodontics. The 

following steps outline the methodology adopted: 

 

1. Literature Review: A comprehensive and 

systematic literature search was conducted using 

prominent academic databases, including PubMed, 

Google Scholar, and the Cochrane Library. The 

search incorporated keywords such as "pain 

management in endodontics," "local anesthesia in 

dentistry," "sedation techniques in root canal 

therapy," "laser technology in endodontics," and 

"emerging technologies in pain management."  

 

The inclusion criteria for the literature review 

consisted of: 

 Peer-reviewed articles, clinical trials, 

systematic reviews, meta-analyses, and case studies 

published between 1999 and 2024. 

 Studies focusing on various pain control 

methods employed in endodontics, including local 

anesthesia, sedation, and advanced technologies. 

 Research that specifically addressed 

advancements in anesthetic agents, sedation 

techniques, and technological innovations in root 

canal therapy. 

2. Data Extraction and Synthesis: Data was 

extracted from the selected studies, focusing on the 

following key aspects: 

 The efficacy and safety of local anesthetics, 

including comparative studies on anesthetic agents 

such as articaine, lignocaine, and new formulations. 

 Technological innovations in endodontics, 

such as laser-assisted root canal therapy, ultrasonic 

devices for irrigation, and computer-controlled local 

anesthetic delivery systems. 

 Patient management techniques, 

particularly those addressing anxiety and pain 

perception, including sedation protocols like nitrous 

oxide, and psychological strategies to reduce 

discomfort. 

 The role of premedication (e.g., NSAIDs, 

corticosteroids) in enhancing anesthesia 

effectiveness, particularly in cases of irreversible 

pulpitis or inflammation. 

3. Critical Appraisal of Studies: Each selected 

study was critically appraised to assess its quality and 

methodological rigor. The studies were categorized 

by their focus area (e.g., local anesthetics, sedation, 

laser technology) and the level of evidence they 

provided. A qualitative analysis was performed to 

identify common trends, strengths, and limitations in 

the application of pain management techniques in 

endodontic care. This analysis allowed for the 

identification of effective strategies that have been 

shown to improve patient comfort, reduce procedural 

pain, and facilitate smoother recovery. 

4. Expert Consultations: To complement the 

academic literature, consultations were conducted 

with dental professionals, including endodontists and 

practitioners experienced in pain management 

techniques. These experts provided valuable clinical 

insights into the practical application of emerging 

technologies and pain management strategies. Their 

input was particularly useful in understanding the 

real-world challenges and successes in integrating 

advanced technologies such as lasers and ultrasonic 

devices into routine clinical practice. 

5. Exploration of Emerging Technologies: The 

review focused on highlighting the most recent and 

emerging technologies that are revolutionizing pain 

management in endodontics. Particular emphasis was 

placed on: 

 Laser-assisted endodontics: The use of 

lasers to clean and disinfect root canals, thereby 

minimizing tissue trauma and improving precision. 

 Ultrasonic devices: High-frequency 

ultrasonic waves used for effective irrigation and 

disinfection, contributing to less discomfort during 

the procedure. 

 Computer-controlled local anesthetic 

delivery systems (CCLAD): These systems offer 

precise control over the rate of anesthetic delivery, 

leading to a more comfortable injection experience 

and improved anesthesia outcomes. 

 Biocompatible materials and regenerative 

techniques: Advances in materials science have led to 

the development of new biocompatible materials that 

promote faster healing and reduce post-procedural 

pain. 

6. Data Presentation and Analysis: The 

findings from the literature review and expert 

consultations were synthesized and presented in a 

structured format, emphasizing the comparative 

effectiveness of different pain management 

techniques.  

7. Discussion and Recommendations: The 

article concludes with a discussion of the 

implications of the emerging trends and technologies 

for clinical practice. Based on the findings from the 

literature and expert consultations, recommendations 

are made for dental professionals on how to 

incorporate these advancements into their practice to 

enhance patient comfort and improve treatment 

outcomes. The review also highlights areas for future 

research, particularly in terms of refining existing 

techniques and exploring new methods for 

optimizing pain management in endodontic 

procedures. 
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In total, 10 articles were selected for the literature 

review, ensuring a diverse range of perspectives and 

findings to inform the discussion of emerging trends 

and technologies in painless endodontics as shown in 

this Prisma chart [Figure 1]. 

 

 
Figure 1: Prisma Flowchart of the Study 

 

III. Discussion 
Endodontic treatments, particularly root 

canal therapy, have historically been linked to patient 

anxiety and concerns about pain. However, ongoing 

advancements in dental technology and pain 

management strategies have significantly enhanced 

the overall patient experience, making the procedure 

more manageable [13]. As research continues to 

explore new methods for pain relief, dentists now 

have a variety of tools designed to minimize 

discomfort during treatments. Innovations such as 

improved local anesthetics, advanced sedation 

techniques, laser therapy, and computer-guided 

injections are transforming endodontic care. These 

developments not only contribute to greater comfort 

during procedures but also lead to better patient 

outcomes and quicker recovery periods [14]. 

 

Premedication: When pulp tissue is inflamed, there 

is often an increase in tetrodotoxin-resistant sodium 

channels, which can hinder the effectiveness of local 

anesthetics. Inflammation also leads to higher levels 

of prostaglandins, which can further influence the 

response to anesthesia. To improve anesthesia 

outcomes, premedications such as non steroidal anti 

inflammatory drugs (NSAIDs) or corticosteroids 

might be considered, though research results are 

inconclusive [15]. Some studies suggest that NSAIDs 

may be beneficial for conditions like irreversible 

pulpitis, especially when the patient hasn’t 

experienced spontaneous pain. However, 

premedication with medications like alprazolam 

generally shows little to no improvement in 

anesthesia success rates [16]. 

Topical Anesthesia: Local anesthesia is a 

fundamental aspect of pain management in dental 

procedures, but the injection process can often lead to 

anxiety in patients. While the insertion of the needle 

typically causes only mild discomfort, the pain from 

injecting the anesthetic solution is usually more 

noticeable. The effectiveness of topical anesthetics in 

alleviating this pain remains uncertain. Some studies 

suggest that topical anesthesia can reduce discomfort 

during needle insertion, but it does not significantly 

lessen the pain of the anesthetic injection itself [17]. 

One potential approach to improving the injection 

experience is the use of vibratory devices, which 

operate on the gate control theory of pain [18]. This 

theory posits that non-painful stimuli, like vibration, 

can disrupt the transmission of pain signals. 

However, evidence on the effectiveness of vibratory 

devices is inconsistent. Other strategies, such as 

cooling the tissue prior to injection, warming the 

anesthetic solution, or using buffered local 

anesthetics, have also been studied. Cooling the 

tissue, similar to vibration, works by providing a 

competing sensory stimulus that may reduce pain. 

Buffered local anesthetics have shown promise in 

decreasing injection pain in some studies, but the 

results are not universally reliable [19]. 

 

CCLAD: These systems, designed for the precise 

administration of local anesthesia, have proven 

effective in reducing the pain associated with 

injections. These systems offer two injection speeds: 

a fast rate (1.4 mL/min) and a slow rate (1.4 mL/4 

minutes and 45 seconds), with the slower rate 

typically used for intraligamentary injections [20]. 

Several factors that may affect injection pain, such as 

the type of anesthetic solution, needle size, and 

injection speed, have been researched [21]. Local 

anesthetics vary in pH, and it is believed that lower 

pH levels can cause a burning sensation during 

injection due to the acidic nature of the solution [22]. 

The impact of volume on injection pain and success 

has also shown mixed results. Additionally, the 

presence of a vasoconstrictor in the anesthetic 

solution can influence pain levels, though its 

concentration does not appear to have the same effect 

[23]. Studies have demonstrated that the size of the 

needle (e.g., #25 or #27 gauge) does not significantly 

impact pain during inferior alveolar nerve block, 
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buccal, or palatal injections [24]. It was once thought 

that faster injection rates might result in higher 

success rates by exposing a larger area of the nerve to 

the anesthetic, but recent studies indicate that faster 

injections cause more pain without affecting the 

success rate of inferior alveolar nerve block or 

incisive/mental nerve blocks [25]. 

 

Comparison between different anesthetic 

solutions: 
Numerous studies have compared lignocaine and 

articaine, including a recent systematic review and 

meta-analysis by Miglani et al., which found no clear 

advantage of articaine over lignocaine when used for 

either mandibular block or maxillary infiltration [26]. 

In a study examining the success of various 

anesthetic solutions for mandibular molar pulpal 

anesthesia following primary buccal infiltration, the 

success rate was 55% for 4% articaine, 33% for 4% 

lignocaine, and 32% for 4% prilocaine. While 4% 

articaine had the highest success rate, a 55% success 

rate was not considered sufficient to justify the 

technique [27]. 

 

Overcoming Anesthetic Failure: 

Supplementary Techniques: 

Intraligamentary Anesthesia: 

It is performed by injecting the anesthetic solution 

into the periodontal ligament to block the pulpal 

nerve supply. This technique is quick and effective, 

with an immediate onset and duration of about 15 

minutes. To ensure success, the site should be 

swabbed with an antiseptic before injection. The 

injection of 0.2 mL of anesthetic per root should be 

carried out using either conventional or specialized 

syringes. The needle should be maintained in place 

for 5 to 10 seconds to ensure proper anesthesia [28]. 

Intraosseous Anesthesia: 

It is a more invasive procedure than intraligamentary 

anesthesia and requires specialized equipment such 

as the Stabident or X-Tip perforator. The process 

begins by anesthetizing the gingiva before using the 

perforator to create a hole in the bone. Then, 1 mL of 

anesthetic is injected over a period of 2 minutes. This 

technique has a rapid onset, and its effects generally 

last between 15 and 30 minutes. Both 

intraligamentary and intraosseous anesthesia should 

be used cautiously in patients with cardiac conditions 

[29]. 

Buccal Infiltration: 

It is often used as a supplementary technique when 

inferior alveolar nerve block fails, particularly for 

mandibular molars. Articaine is especially effective 

in buccal infiltration, thanks to its greater diffusion 

through bone compared to lignocaine. Additionally, 

buccal infiltration with Ketorolac can increase 

success rates for patients with acute irreversible 

pulpitis [30]. 

Intrapulpal Injection: In cases where standard and 

supplementary techniques fail, intrapulpal injection 

may be considered. This technique is typically 

painful and should be used as a last resort. A small 

round bur is used to create an opening into the pulp, 

and the anesthetic is injected with back pressure. For 

multi-rooted teeth, a separate intraradicular injection 

may be required [31]. 

Effective Pain Management Tips: 

Minimizing Anxiety: It's important to help patients 

feel calm and at ease before beginning any procedure. 

Dental professionals should take the time to 

thoroughly explain the treatment process, 

emphasizing efforts to reduce discomfort. Clear 

communication can go a long way in easing patients' 

concerns. Using placebo steps to build trust and 

confidence is also beneficial. Patients should be made 

aware of the potential level of pain involved, 

especially when performing more painful procedures 

such as intrapulpal injections [32]. 

Topical Anesthesia: It should be applied as a 

standard practice, even for procedures like inferior 

alveolar nerve blocks. It helps reduce anxiety and can 

serve as a psychological aid. For optimal effect, 

topical anesthetic should be allowed to sit for at least 

2 minutes before the injection. It is recommended to 

wait 10 minutes for infiltration anesthesia and 15 

minutes for inferior alveolar nerve blocks before 

proceeding, giving the anesthetic adequate time to 

work [33]. 

Slow Injections: Local anesthetic injections should 

be administered gradually, at a pace of about 1 mL 

per minute. Ensuring that the patient’s facial muscles 

are relaxed during the injection can help minimize 

discomfort and improve the overall experience [34]. 

 

Longer Wait Period for Non-Responders: For 

patients with a history of inadequate response to local 

anesthesia, extending the waiting time and utilizing 

additional techniques may be necessary. Patients 

should never feel compelled to endure pain, and if 

discomfort persists, an additional dose of anesthetic 

should be given, as other pain-relieving medications 

may take up to 30 minutes to take effect [35]. 

 

[Table 1] summarizes the emerging trends and 

technologies aimed at achieving painless endodontic 

procedures, highlighting advancements that improve 

patient experience and treatment outcomes. A 

detailed summary table has been created to provide a 

concise overview of these trends and technologies, 

including their respective benefits, limitations, and 

clinical applications. The table also includes 

references to key studies that contributed to the 
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development of each technique, offering readers a 

comprehensive overview of the state of the art in 

painless endodontics 

 

         Table 1: Emerging Trends and Technologies in Painless Endodontics 

 

S.NO

. 

 

Category 

      

 

 

Authors 

 

Yea

r 

 

Studies Emerging Trends 

& Technologies 
 

1. Ultrasonic Devices Mozo et 

al. 

[36] 

 

2011 

Study on ultrasonic 

irrigation systems for 

effective root canal 

disinfection. 

High-frequency ultrasonic 

vibrations to clean and shape 

root canals more effectively 

with less trauma. 

2. Topical Anesthetics Friedma

n et al. 

[37]. 

1999 Study on the 

effectiveness of topical 

anesthetics in 

endodontic procedures. 

Gels, sprays, and creams that 

numb the area before 

injections to reduce pain at 

the injection site. 

3. Sedation 

Techniques 

Dong et 

al. 

L38] 

2019 Review on sedation in 

endodontics: 

effectiveness and safety 

of nitrous oxide. 

Use of sedation methods, like 

nitrous oxide, to ease patient 

anxiety and discomfort during 

the procedure. 

4. Advancements in 

 imaging 

  Kumari 

G et al. 

            

[39] 

2024 Study on the use of 

Cone Beam Computed 

Tomography (CBCT) 

for accurate endodontic 

diagnosis and treatment 

planning. 

CBCT technology provides 

detailed 3D images for better 

treatment planning and 

precision. 

5. Long-acting 

Anesthetics 

Leone et 

al. 

[40] 

2019 Study on extended-

release local anesthetics 

for endodontic 

applications. 

New formulations of 

anesthetics for extended 

numbness, helping to reduce 

pain after procedures. 

6. Biocompatible 

Materials 

Farheen 

et al. 

[41] 

2024 Study on biocompatible 

materials and their 

impact on root canal 

sealing and patient 

recovery 

New materials used for 

sealing and filling root canals, 

promoting faster healing and 

less irritation. 

7. Laser Technology David et 

al. 

[42]  

2015 Study on laser-assisted 

endodontics uses laser 

energy to clean and 

disinfect root canals, 

reducing tissue trauma. 

Laser-assisted endodontics 

uses laser energy to clean and 

disinfect root canals, reducing 

tissue trauma. 

8. Local 

Anesthetics 
 

Heavner 

et al. 

[43] 

2007 Study on long-acting 

anesthetics and their 

efficacy in reducing 

post-treatment pain. 

- Long-acting anesthetics 

- Topical anesthetics (e.g., 

gels, sprays) 

- Sedation techniques (e.g., 

nitrous oxide) 
 

9. Regenerative 

Endodontics 

     Kim 

et al. 

          

[44] 

2018 Study on regenerative 

techniques and their 

potential in reducing 

pain and improving 

long-term outcomes. 

Focuses on regenerating the 

pulp tissue inside teeth, 

reducing the need for 

conventional root canal 

therapy. 

       

10. 

Minimally Invasive 

Techniques 

Fuchs et 

al. 

2002 Study on techniques like 

small-diameter 

Research on minimally 

invasive endodontics and its 
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[45] instruments and 

computer-assisted 

navigation reduce tissue 

damage and discomfort. 

role in reducing pain and 

improving outcomes. 

 

Future prospects:  
The future of painless endodontics looks promising, 

with continual advancements in technology and 

patient care methods leading to more effective and 

comfortable procedures. Emerging trends and 

innovations are expected to revolutionize pain 

management in root canal treatments, offering even 

better outcomes and improved patient experiences. 

1. Advanced Anesthesia Techniques: New 

approaches to local anesthesia are likely to improve 

the effectiveness and speed of numbing agents. For 

instance, computer-controlled local anesthesia 

delivery systems (such as the Wand or Compudent) 

offer more precise control over the amount and 

delivery of anesthetic, reducing pain and discomfort 

during administration. Future advancements may 

lead to even more targeted anesthesia that can better 

address challenging areas like mandibular molars 

with irreversible pulpitis [46]. 

2. Laser-Assisted Endodontics: Lasers have 

already been integrated into endodontic treatments, 

helping with cleaning and disinfection of root canals. 

In the future, lasers could be used more widely for 

cutting and shaping, potentially eliminating the need 

for mechanical instruments that can cause 

discomfort. Erbium or CO2 lasers may help minimize 

post-treatment pain and reduce the need for 

anesthesia in some cases [47]. 

3. Regenerative Endodontics: Stem cell 

research and tissue regeneration are exciting areas of 

development. Regenerative endodontics aims to 

repair or regenerate the damaged pulp tissue, 

reducing the need for traditional root canal 

treatments. This could result in less pain during and 

after treatment, as well as more natural healing 

processes [48]. 

4. Improved Anxiety Management: Anxiety 

reduction will continue to be a focus in painless 

endodontics. Virtual reality andhypnosis are among 

the cutting-edge psychological techniques being 

explored to help patients manage fear and stress 

during dental procedures. VR has already shown 

promising results in reducing anxiety in dental 

patients, and as technology improves, these methods 

may become more widely adopted [49]. 

5. Personalized Pain Management: With 

advancements in genetics and pharmacogenomics, 

future pain management may be tailored to individual 

patients. Understanding how a patient’s genetic 

makeup affects their response to pain, anesthetics, 

and painkillers will allow for a more customized 

approach to care. This personalized approach could 

lead to more effective pain control and fewer side 

effects from treatments [50]. 

6. Minimally Invasive Techniques: 

Endodontic treatments are already moving toward 

less invasive procedures, and this trend will continue. 

Micro-endodontic techniques using smaller 

instruments and less aggressive procedures may 

reduce trauma to surrounding tissues, leading to less 

pain both during and after treatment [51]. 

7. Artificial Intelligence (AI) and Robotics: 

AI-driven diagnostic tools and robotic-assisted 

endodontic systems could revolutionize root canal 

procedures. AI might help with diagnosing the extent 

of infection and precisely determining where to 

deliver anesthetics, while robotic systems could assist 

in performing treatments with a higher degree of 

precision, reducing the chances of errors that lead to 

pain [52]. 

8. Nanotechnology: The use of nanomaterials 

in endodontics could improve both pain management 

and healing. Nanoparticles might be used to enhance 

the effectiveness of local anesthetics or to accelerate 

healing post-treatment by promoting tissue 

regeneration and reducing inflammation [53]. 

The future of painless endodontics holds great 

promise with technological innovations making 

procedures more efficient, less invasive, and more 

comfortable. By incorporating advanced anesthesia 

techniques, laser treatments, regenerative therapies, 

personalized pain management, and cutting-edge 

psychological methods, dental professionals will be 

able to provide more effective and less painful 

treatments. These advancements will likely result in 

improved patient outcomes, reduced anxiety, and 

higher satisfaction levels in endodontic care [54]. 

 

IV. Conclusion: 
In recent years, advancements in pain 

management have significantly improved the 

experience of patients undergoing endodontic 

procedures. The evolving landscape of painless 

endodontics emphasizes the importance of 

combining cutting-edge technology with patient-

centered care. New anesthetic techniques, such as 

computer-controlled local anesthesia delivery 

systems, and technologies like laser-assisted 

treatments, have enhanced the precision and 

effectiveness of pain control during root canal 

treatments. Additionally, psychological techniques, 

such as cognitive behavioral therapy and mindfulness 
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practices, are being integrated into treatment plans to 

reduce anxiety and improve pain perception. As our 

understanding of pain perception and the biological 

mechanisms of dental pain continues to grow, 

personalized approaches to pain management are 

becoming more prevalent. By taking into account 

individual genetic factors, psychological states, and 

past experiences, dental professionals are better 

equipped to provide tailored care, ensuring a more 

comfortable and less fearful experience for patients. 

While achieving completely pain-free endodontic 

procedures is still a challenge, the future of painless 

endodontics looks promising. Continuous research 

and technological innovations will further improve 

the effectiveness of pain management, ultimately 

leading to better patient outcomes and higher levels 

of satisfaction. 
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