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Abstract: 

Dental anxiety in children remains a major challenge in paediatric dentistry and safer adjuncts such as nitrous oxide and melatonin 
are being explored to improve behavior management. Therefore, it is of interest to compare tell-show-do, nitrous oxide inhalation 
sedation, oral melatonin and their combination in children aged 5–12 years with negative behavior who required treatment under 
local anesthesia. Anxiety was assessed using a Visual Analogue Scale and pulse rate before and after intervention and the 
combination of nitrous oxide with melatonin produced the greatest reduction in anxiety and physiologic stress, followed by nitrous 
oxide alone and melatonin alone. The control group showed the least improvement and greater physiologic reactions. Thus, we show 
that combining nitrous oxide and melatonin may offer a promising and safe approach for managing dental anxiety in children. 
 
Keywords: anxiety, nitrous oxide, melatonin, pediatric dentistry, inhalation sedation, dental fear. 

 
Background: 
Children's dental anxiety is one of the most frequent behavioral 
problems that is seen in pediatric dentistry and has a significant 
impact on treatment acceptance, cooperation and oral health 
outcomes [1]. Fear of injections, unfamiliar clinical 
environments, painful previous experiences and separation from 
parents are all significant factors in dental anxiety among 
children undergoing dental procedures. Higher anxiety can 
result in avoidance of dental care, behavioral management issues 
and sub-optimal treatment [2]. A number of pharmacological 
and non-pharmacological methods have been developed to 
reduce dental anxiety in children. Nitrous oxide inhalation 
sedation is one of the most accepted and safe sedation 
techniques in dentistry because of its anxiolytic, analgesic, 
titratable and rapid recovery properties [3]. Horace Wells 
introduced nitrous oxide sedation into dentistry [4]. Melatonin 
has recently been studied as an anxiolytic in children. Melatonin 
is a naturally occurring neurohormone produced by the pineal 
gland which controls sleep and circadian rhythm. Melatonin has 
been shown to have sedative, anxiolytic, analgesic and 
antioxidant effects with little to no side effects and does not 
cause significant respiratory depression or cognitive 
impairment, unlike benzodiazepines, making it a potentially 
safer option in children [5, 6]. Therefore, it is of interest to 
evaluate the efficacy of Nitrous oxide sedation, oral melatonin 
and Nitrous oxide sedation combined with oral melatonin in 
pediatric dental anxiety were comparatively assessed. 
 
Materials and Methods: 
Study design: 

The study was an in vivo, randomized clinical trial carried out in 
the Department of Pediatric and Preventive Dentistry with 60 
children aged 5-12 years. 
 
Inclusion criteria: 

[1] Children aged between 5–12 years  
[2] Children who need dental treatment using local anaesthetic.  

[3] Children showing Frankl behavior ratings 2 and 3  
[4] Children who are healthy but fall into ASA I category.  
 
Exclusion criteria: 
[1] Medically compromised children  
[2] Children with respiratory disorders or nasal obstruction.  
[3] Children who are allergic to melatonin or nitrous oxide.  
[4] Children for whom parents did not consent  
[5] Children taking sedative and/or anxiolytic drugs  
 
Group allocation: 

Children were randomly divided into four groups of 15 each: 
Group 1: Control group (tell show do)  
Group 2: Nitrous oxide inhalation sedation 
Group 3: Oral melatonin 
The combination of nitrous oxide and melatonin was used in 
Group 4.In Group 4, nitrous oxide and melatonin were 
combined. 
 
Parameters assessed: 

The following parameters were assessed: 
[1] The Visual Analogue Scale (VAS) for anxiety assessment is 

used to assess anxiety. Anxiety is assessed using the Visual 
Analogue Scale (VAS).  

[2] Pulse rate (pulse oximeter): Measurements were taken prior 
to intervention and following the completion of treatment 

 
Intervention protocol: 
[1] Group 1: Control group: 

Children were provided with regular behavioral guidance 
(tell show do) without the use of drugs to manage anxiety. 
 

[2] Group 2: Nitrous oxide sedation: 
Dietary restrictions and preoperative evaluation and nasal 
patency assessment were performed in patients. Sedation 
was achieved by incremental administration of nitrous 
oxide after 100 percent o2 for 5 minutes and then gradually 
titrated to an optimum level of sedation, as assessed by 
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Ramsay Sedation Score, SpO₂ and pulse rate during the 
procedure. Local anesthesia was followed by optimal 
sedation. Post procedure, nitrous oxide was withdrawn and 
oxygen administered; recovery was assessed via walking 
and a puzzle game.  
 

[3] Group 3: Oral melatonin: 
The Oral Melatonin group also noted dietary restrictions 
and preoperative evaluation; dosage (0.5 mg/kg) was 
calculated based on body weight and given in water. Vitals 
and anxiety were recorded and all sedations were recorded 
digitally. A stopwatch was used to measure the time to 
onset of sedation. Patients were kept in a sitting position for 
30-45 minutes and sedation level was evaluated by the 
Ramsay Sedation Score, which includes items such as 
drowsiness response before local anesthesia is given. 
Patients were monitored in the post-operative phase until 
they reached Ramsay Sedation Score 2. Follow-up was 
planned for 1 day and telephonic monitoring 3 hours until 
full recovery, water intake encouraged. Vital signs, anxiety 
levels and sedation time were documented. 
 

[4] Group 4: Combination group: 
The group that received oral Melatonin nitrous oxide also 
received dietary restrictions and preoperative evaluation, dosage 
(0.5 mg/kg) oral Melatonin was calculated according to body 
weight and given with water. Vitals and anxiety levels were 
taken. The time of sedation was all recorded digitally. Time to 
effect of sedation was timed with a stopwatch. Patients were 
placed in a chair for 30–45 minutes and sedation level was 
evaluated using the Ramsay Sedation Score, which includes 
criteria such as drowsiness and then nitrous oxide was used 
prior to local anesthetic. It was observed that the desired level of 
sedation was reached at less concentration of nitrous oxide i.e. 30 
percentage. Patients were monitored in the post-operative phase 
until they reached Ramsay Sedation Score 2. Drinking water was 
promoted. Follow up was to be conducted at 1 day and 
telephonic monitoring 3 hours until full recovery. Vital signs, 
anxiety and sedation time were noted. 

 
Statistical analysis: 
Data obtained were tabulated and statistically analyzed using 
one-way ANOVA and paired t-test. A p-value less than 0.05 was 
considered statistically significant. 
 
Results: 
Combination therapy resulted in the highest reduction in anxiety 
scores (62.1%), followed by Nitrous Oxide (53.8%) and 
Melatonin (50.0%), which were equally effective and the 
control/TSD group had a 26.2% reduction. Intragroup 
comparison showed that the combination group (p = 0.01), the 
Nitrous Oxide group (p = 0.01) and the Melatonin group (p = 
0.01) had statistically significant decreases in anxiety scores 
compared to the placebo group (p = 0.07) (Table 1 and Figure 1). 
The Combination group had a significantly greater reduction in 
anxiety than the Nitrous Oxide group (mean difference: 8.3%, p 
= 0.02) and the Melatonin group (mean difference: 12.1%, p = 
0.01); the Nitrous Oxide group and the Melatonin group had 
similar reductions in anxiety, with no statistically significant 
difference between them (mean difference: 3.8%, p = 0.07). The 
placebo/TSD group had the smallest decrease in anxiety scores. 
Likewise, the Combination group had the greatest reduction in 
pulse rate (7.49%), followed by the Nitrous Oxide (5.52%) and 
Melatonin (5.26%) groups, which had similar reductions, while 
the placebo group had only a 2.67% reduction (Table 2, Figure 

2). The Combination, Nitrous Oxide and Melatonin groups had 
significant decreases in pulse rate (p ≤ 0.03), whereas the placebo 
group did not (p = 0.08). The behavior score also showed a 
maximum improvement in the Combination group (58.6%), 
followed by Nitrous Oxide (50.0%) and Melatonin (44.4%), with 
the placebo/TSD group showing the least improvement (17.9%). 
The Combination group had statistically significant differences 
when compared to the other groups, with the Combination 
group having better behavioral improvement than the Nitrous 
Oxide group and the Melatonin group (Table 3, Table 4 and 

Figure 3). 

 
Table 1: VAS Anxiety Scores (Pre Op, Post Op) 

Group  Before(Mean ± SD)  After ((Mean ± SD)  Mean Reduction ± SD  % Reduction± SD  P-value  Significance  
Placebo (TSD)  6.5± 1.2  4.8 ± 1.1  1.7 ± 1.3  26.2%  0.07  Not significant  
Nitrous Oxide  6.5 ± 1.2  3.0 ± 0.9  3.5 ± 1.5  53.8%  0.01  Significant  
Melatonin  6.4 ± 1.3  3.2 ± 1.0  3.2 ± 1.6  50.0%  0.01  Significant  

 
 
Table 2: Pulse Rate (Pre Op, Post Op) 

Group     Before(Mean ± SD)  After ((Mean ± SD)   Mean Reduction ± SD     % Reduction± SD  P-value  Significance  

Placebo 97.2 ± 6.3  94.6 ± 5.7  2.6 ± 3.2  2.67% 0.08 Not significant  
Nitrous Oxide  97.8 ± 6.2  92.4 ± 5.0  5.4 ± 3.9  5.52% 0.03 Significant  
Melatonin  96.9 ± 6.5  91.8 ± 5.3  5.1 ± 4.1  5.26% 0.03 Significant  
Combination  97.5 ± 6.0  90.2 ± 4.8  7.3 ± 3.6  7.49% 0.01 significant  
Combination  6.6 ± 1.1  2.5 ± 0.8  4.1 ± 1.4  62.10% 0.01 Highly significant  

 
Table 3: Descriptive Statistics – VPT Anxiety Scores (Pre Op, Post Op) 

Group Before After 
Nitrous Oxide 3.5 1.5 
Melatonin 3.6 1.6 
Combination 3.6 1.2 
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Placebo 3.5 2.8 

 
Table 4: Comparison of change Venham’s Picture Test score within each group 

Group  Before (Mean ± SD)  After (Mean ± SD)   Mean Reduction ± SD   % Reduction± SD  P-value  Significance  
Placebo (TSD)  2.8 ± 0.7  2.3 ± 0.6  0.5 ± 1.6  17.9%  0.09  Not significant  
Nitrous Oxide  2.8 ± 0.7  1.4 ± 0.6  1.4 ± 0.8  50.0%  0.01  Significant  
Melatonin  2.7 ± 0.8  1.5 ± 0.5  1.2 ± 0.7  44.4%  0.01  Significant  
Combination  2.9 ± 0.6  1.2 ± 0.5  1.7 ± 0.7  58.6%  0.01  Highly significant  

 

 
Figure 1: Comparison of change Visual Analog Scale and 
Venham’s Picture Test score within each group 
 

 
Figure 2: Comparison of change in pulse rate within each group 
 

 
Figure 3: Comparison of change Venham’s Picture Test score 
within each group 

 
Discussion: 
Dental anxiety is a common psychological disorder that affects 
many people, especially children and can have a negative impact 
on their oral health. Dental anxiety is a common problem among 
children and they tend to avoid dental visits, leading to delayed 
treatment and poor oral hygiene [7]. Approximately 20% of 
children suffer from this anxiety due to fear of pain, unfamiliar 
clinical environments and past negative dental experiences. 
Non-pharmacological interventions are typically recommended 
as first-line treatment, as reported by Shehani et al. [8]. 
Conventional techniques such as Tell Show-Do (TSD), modeling 
and distraction therapy have shown a significant effect. TSD is a 
process of explaining and demonstrating procedures in a child 
friendly way and increases cooperation to decrease fear, 
according to Browder et al. (2012) [9]. Likewise, Nada Farhat-
McHayleh et al. (2009) [10] showed that children could be helped 
to normalize dental procedures by watching peers being treated 
in a model. Khandelwal et al. (2019) [11] mentioned that 
distraction techniques such as audiovisual therapy are effective 
in diverting the child's attention. Areef et al. (2024) [12] 
introduced alpha wave music for the purpose of soothing 
anxious children. Positive reinforcement has also been found to 
be beneficial in line with Shehani et al. (2024) [8] who found that 
it can help to increase compliance and decrease dental-related 
fear. In some cases, psychological techniques are not sufficient 
and pharmacological techniques are used, including oral 
sedation, nitrous oxide inhalation and general anesthesia. 
Nitrous oxide (N₂O) is popular for its quick recovery time. The 
60 paediatric patients aged 5-12 years were selected in this study 
as the age of 5-12 years is the age at which dental anxiety is the 
highest. The selection of extractions as the standard procedure 
for assessing anxiety was based on their higher stress induction 
than restorative treatments. Assessment was done using the 
Visual Analogue Scale (VAS) which was reported as reliable and 
simple by Shehani et al. (2024) [8] and physiological monitoring 
was carried out using digital pulse oximetry to ensure precision 
as reported by Sukumaran et al. (2025) [13]. The statistical 
analysis showed that nitrous oxide sedation was the most 
effective method and it significantly reduced anxiety and had a 
quicker onset. According to Wu et al. (2025), N₂O exerts its main 
effects by modulation of GABAergic pathways and NMDA 
receptor inhibition, leading to relaxation and analgesia without 
loss of consciousness [14]. Physiological responses were also 
observed, such as decreased pulse and blood pressure, which 
were signs of decreased sympathetic activity Kanagasundaram 
et al., (2001) [15]. Children showed higher levels of stress when 
there was no anxiety control, as evidenced by higher VAS scores 
and physiological parameters, which is consistent with the 
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results of Achmad et al. (2019) [16]. The results highlight the 
importance of using effective, child-friendly anxiety 
management techniques in dental care. Managing dental anxiety 
is crucial for effective pediatric dental care. Nitrous oxide 
inhalation sedation is the standard for minimal to moderate 
conscious sedation due to its rapid onset, titratability, anxiolytic 
effects and rapid recovery [17]. Melatonin is a promising 
anxiolytic and sedative agent because of its favorable safety 
profile and physiologic mechanism of action, which includes 
binding to melatonin receptors in the central nervous system 
and modulating gamma-aminobutyric acid (GABA) 
transmission, which helps to decrease anxiety and increase 
calmness [18]. Recent evidence further supports the efficacy of 
both agents in paediatric dental anxiety management. Sinha et al. 
(2025) reported that oral melatonin and nitrous oxide inhalation 
significantly reduced anxiety, pain, salivary cortisol levels and 
pulse rate in children, with no significant difference between the 
two groups in sedation efficacy or post-operative recovery, 
suggesting that melatonin may represent a viable alternative to 
nitrous oxide for paediatric dental procedures [19]. The current 
study showed that melatonin combined with nitrous oxide had 
greater anxiety reducing effect than either alone. The synergistic 
effect could be explained by the anxiolytic effect of melatonin 
before surgery followed by sedation during surgery from nitrous 
oxide. The children who were treated with combination therapy 
showed improved cooperation, reduced pulse rate and reduced 
VAS scores than the control group. The results indicate that 
combination therapy is effective in reducing the psychological 
and physiological stress reactions of dental procedures. Oral 
administration and lack of significant adverse effects were also 
favorable attributes of melatonin that contributed to its favorable 
acceptance. Melatonin does not cause any significant respiratory 
depression or paradoxical reactions as compared to 
benzodiazepines like Midazolam. Based on the results of this 
study, combined nitrous oxide and melatonin sedation is a safe 
and effective approach to managing dental anxiety in children. 
 
Conclusion: 
Combination therapy with N₂O and melatonin was most 
effective in reducing anxiety and pulse rate and improving 
cooperative behavior in pediatric dental patients. N₂O alone and 

melatonin alone showed comparable effects, while the 
placebo/TSD group demonstrated minimal and non-significant 
improvements. The N₂O–melatonin combination appears to be a 
safe and promising approach for improving anxiolytic and 
behavioral outcomes in anxious children undergoing dental 
treatment. 
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