
European Journal of Paediatric Dentistry vol. 25/3-2024230

Pharmacological 
Sedation in 
Paediatric Dentistry 

DOI 10.23804/ejpd.2024.2204

Aim This research aims to explore and evaluate various sedation 
strategies used in paediatric dentistry, focusing on effectively and 
safely addressing dental anxiety to improve cooperation during dental 
treatment in paediatric patients. 

Materials and methods To identify relevant studies for this 
systematic review, the Scopus, Web of Science and PubMed databases 
were used, combining the terms “sedation” with “pediatric dentistry” 
or “pedodontics” through the Boolean operators “AND” and “OR”. 
Only literature published in English within the last ten years was 
included. The inclusion criteria were clinical studies, case reports and 
in vivo studies, while systematic reviews, meta-analyses and studies 
conducted on animals or in vitro were excluded. After eliminating 
duplicates, 544 articles were identified, of which 501 were excluded 
for not meeting the inclusion criteria. A further 27 articles were 
excluded for various reasons, including lack of retrieval, in vitro nature 
or being reviews. Finally, 16 articles were selected for inclusion in 
the review. 

Conclusions These findings underscore the importance of 
pharmacological management in paediatric dental care, offering 
valuable insights into the selection and application of sedation 
techniques to mitigate dental anxiety and enhance patient outcomes.
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Introduction

In some cases, anxiety about dental procedures in childhood 
may require sedation techniques. Over the years, conscious 
sedation has proven to be particularly useful in the management 
of small patients which can be difficult due to poor collaboration 
[Saccomanno et al., 2021; Ashley et al., 2018]. Controlling stress 
and pain resulting from dental treatments is today’s challenge, 
especially in paediatric dentistry [Viinikangas et al., 2007; Armfield, 
2011; Appukuttan, 2016; Primozic et al., 2021; Singh et al., 2023]. 
Psychological approaches may not be sufficient to reduce levels 
of anxiety and panic, especially in children, jeopardising the 
success of dental procedures [Silveira et al., 2020; D’Ettorre et 
al., 2022; Nelson and Nelson; 2013]. Sedation can be considered 
a pharmacological method with a relatively safe and effective 
way to help dental procedures in fragile patients and patients 
with important clinical problems and uncooperative patients, 
including children [Memè et al., 2022]. Sedation must follow 
accurate safety protocols to guarantee an adequate sedation and 
adequate working times with minimal respiratory depression 
[Salerno et al., 2023]. Sedation is premedication before general 
anesthesia to relax patients while preserving cardiopulmonary 
reflexes [Zommick et al., 1996; Saccomanno  et al., 2021]. Recent 
studies have focused in particular on comparing different sedation 

approaches to ascertain their effectiveness and safety profiles 
[Ferrazzano et al, 2006; Lv and Zhang, 2023]. Different agents, 
inhaled inhalation and intravenous, can be used to achieve 
different levels of sedation (deep, moderate and mild) [Rossi et 
al., 2023]. The most frequent anesthetic agents are midazolam, 
ketamine, meperidine, fentanyl, propofol, sevoflurane and 
hydroxyzine alone or in combination [Tobias and Leder, 2011]. 
An alternative is inhalation of nitrous oxide-oxygen (N2O-O2) with 
equilibrium as oxygen sedation (Fig. 1) [Kurdi et al., 2014; Memè 
et al., 2021]. This technique has analgesic and relaxing properties 
while preserving the patients’ consciousness [Mummolo et al., 
2014; Quinzi et al., 2020; Minervini et al., 2023; Uzunçıbuk et al., 
2023]. Oral sedation with midazolam or ketamine or both in 
combination is the oldest and best known technique, but other 
anesthetic agents can also be used alone or in combination 
[Wilson et al., 1990; Sheroan et al., 2006; Kupietzky and Houpt, 
1993]. Studies comparing oral midazolam alone with the 
combination of intranasal dexmedetomidine and oral midazolam 
revealed that the combined approach produces superior sedation 
outcomes without significant differences in adverse events 
[Malhotra et al., 2016]. The long-term behavioural benefits of 
moderate sedation with midazolam or midazolam/ketamine 
improve treatment outcomes and reduce psychological distress 
in children [Ferrazzano et al., 2019; Memè et al., 2022]. Advances 
in monitoring technologies have enabled more accurate 
assessment of patient responses during sedation, facilitating 
personalised care and treatment planning [McQueen et al., 2015; 
Memè et al., 2022; Singam, 2023]. By combining multiple agents 
with complementary mechanisms of action, doctors can achieve 
deeper levels of sedation with lower doses, reducing the risk of 
side effects and complications [American Academy of Pediatrics 
et al., 2006; Chilkoti et al., 2015]. Additionally, research has 
explored new drug delivery methods, such as atomised buccal 
and intranasal administration, to improve sedative efficacy and 
patient acceptance [Fantacci et al., 2018; Inchingolo et al., 2022; 
Inchingolo et al., 2023; Amjad et al., 2023]. Safety is a paramount 
concern in paediatric sedation, with strict adherence to established 
guidelines and protocols essential to minimise risks [Gómez-
Manzano et al., 2022; Nelson and Nelson; 2013]. Pre-operative 
assessments, such as thorough medical history, physical 
examination and risk stratification, are crucial to identify patients 
at increased risk of sedation-related complications [Farronato et 
al., 2012]. Furthermore, appropriate monitoring during sedation, 
including continuous monitoring of vital signs and vigilant 
observation of patient responses, is essential for early diagnosis 
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of adverse events and timely intervention [Eddahchouri et al., 
2023; Petkar et al., 2023]. Overall, the growing body of research 
on conscious sedation aims to identify effective clinical protocols 
and operational guidelines for dental professionals [Marks and 
Martens, 2003; Inchingolo et al., 2023]. By highlighting the 
importance of pharmacological management in alleviating dental 
anxiety, these studies offer valuable guidance to promote positive 
patient experiences and outcomes in paediatric dentistry [Malviya 
et al., 1997; Ferrazzano et al., 2019]. The field of paediatric 
sedation in dentistry therefore continues to evolve, with ongoing 
research aimed at refining sedation protocols, optimising drug 
regimens and improving patient outcomes [Mittal et al., 2015; 
He et al., 2023]. By integrating evidence-based sedation strategies 
into clinical practice, dental professionals can effectively manage 
dental anxiety in paediatric patients while ensuring their safety 
and well-being [Wang et al., 2021; Inchingolo et al., 2022]. 
Through collaborative efforts among researchers, clinicians and 
educators, the future of paediatric sedation promises to improve 
the quality of dental care and promote positive experiences for 
young patients and their families [Ramos-Gomez, 2014; Mason 
and Seth, 2019].

Materials and Methods 

Protocol and Registration
This systematic review was conducted by the standards of the 

Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) and it was registered under the number ID 
527979 on PROSPERO (The International Prospective Register of 
Systematic Reviews).

 
Search Processing
The search terms, to select the papers under evaluation, with 

the Boolean operators “AND” and “OR”, utilised on the databases 
(Scopus, Web of Science, and Pubmed) were: (“sedation”) AND 
(“pediatric dentistry” OR “pedodontics”). The search was 
restricted to just items released in English during the previous 
ten years (January 2014 – February 2024) (Table1).

 

Article  
screening
Strategy

Database: Scopus, Web of Science and Pubmed

Keywords: A (“sedation”); B (“paediatric dentistry” 
OR “pedodontics”)

Boolean variable: “AND“, “OR”  

Timespan: 2014-2024

Language: English

TABLE 1 Database search indicators

Eligibility Criteria
The reviewers, who worked in pairs, chose 

works that satisfied the following criteria for inclusion: 1) clinical 
studies or case reports, 2) in vivo studies. Exclusion criteria were 
systematic reviews meta-analyses, animal and in vitro studies.

The review was conducted using the PICO criteria:
•	 Population: children, male and female, not cooperating 

with dental treatments
•	 Intervention: conscious sedation in paediatric dentistry
•	 Comparison: dental treatment without sedation and 

different sedation strategies
•	 Outcome: various sedation methods are increasingly 

effective and safe, reducing dental anxiety and therefore 
improving cooperation during dental treatment in 
paediatric patients.

Data Processing
During the screening process, articles were selected based on 

their titles and abstracts, excluding any publications that did not 
align with the study’s themes. The full texts of selected 
publications meeting the inclusion criteria were thoroughly 
reviewed. Any disagreements among reviewers regarding article 
selection were resolved through discussion.

Quality Assessment
The quality of the included papers was assessed by two 

reviewers, R.F. and E.I., using the ROBINS is a tool developed to 
assess risk of bias in the results of non-randomised studies that 
compare health effects of two or more interventions. Seven 
points were evaluated and each was assigned a degree of bias. 
A third reviewer (F.I.) was consulted in the event of a disagreement 
until an agreement was reached. The question in the domains 
evaluated in the ROBINS is the following: 

•	 Bias due to confounding
•	 Bias arising from measurement of exposure
•	 Bias in the selection of participants into the study
•	 Bias due to post-exposure intervention
•	 Bias due to missing data
•	 Bias arising from measurement of the outcome
•	 Bias in the selection of the reported results.

Results

Keyword searches conducted in the Web of Science (188), 
Scopus (278), and PubMed (324) databases initially identified 
790 articles. After removing duplicates (246), 544 unique articles 
remained. Among these, 502 were excluded for not meeting the 
inclusion criteria, and an additional 27 were excluded: 1 was in 
vitro, 2 could not be found, and 24 were reviews. Ultimately, 15 
publications were selected for inclusion in this study (Figure 2). 

FIG 1 
Nasal mask 
for paediatric 
sedation with 
nitrous oxide 
(N2O)., in top 
(A) and front (B) 
projection. 

a b
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Analysing the research design, patient population, intervention, 
and results led to the selection of study data (Table 3).

Quality Assessment and Risk of Bias of Included Articles
The risk of bias in the included studies is reported in Figure 3. 

Regarding the bias due to confounding most studies have a low 
risk. The bias arising from measurement is a parameter with low 
risk of bias. Many studies have low risk of bias due to bias in 
selection of participants. Bias due to post exposure cannot be 
calculated due to high heterogeneity. The bias due to missing 
data is low in many studies. Bias arising from measurement of 
the outcome is low. Bias in the selection of the reported results 
is high in most studies. The final results show that 5 studies have 
low risk of bias, 2 have a very high risk of bias and five have high 
risk of bias.

FIG 2  PRISMA flowchart.

Discussion

Many studies offer an interesting overview of the different 
sedation strategies used in paediatric dentistry, highlighting the 
importance of addressing dental anxiety in children effectively 
and safely [Uchôa et al., 2024]. Nie et al. [2023] study compared 
the effectiveness of oral midazolam alone versus the combination 
of intranasal dexmedetomidine and oral midazolam in managing 
dental anxiety in children. Their study demonstrated that while 
the combination approach had a longer onset time, it significantly 
improved the rate of successful sedation compared to oral 
midazolam alone. Importantly, they found no significant 
differences in adverse events between the two groups, highlighting 
the safety of the combination approach [Nie et al., 2023]. Building 
on this, Antunes et al. [2016] paper discussed the long-term effects 
of pharmacological management on children’s behavior during 
dental treatment. They found that moderate sedation with 
midazolam or midazolam/ketamine led to improved behavior in 
subsequent dental sessions compared to those without sedation. 
This underscores the importance of effective pharmacological 
management in reducing the risk of adverse dental experiences 
that could traumatise children, particularly in the context of early-
life caries treatment [Antunes et al., 2016]. Vasakova et al.’s 2020 
study focused on the perioral administration of midazolam to 
induce conscious sedation in children during dental treatments. 
They emphasised the safety and efficacy of midazolam sedation, 
noting its ability to significantly reduce blood pressure and heart 
rate while maintaining acceptable oxygen saturation levels 
[Cazzolla et al., 2020]. Additionally, they found that older children 
tended to exhibit better behavior during sedation, highlighting 
the influence of age on sedation outcomes [Vasakova et al., 2020]. 
Similarly, Mourad et al. [2003] retrospective study evaluated the 
success of N2O sedation for paediatric dental treatment, 
emphasising its high success rates and its potential as an effective 
treatment option for pre-operative and anxious children. They 
identified patient age and practitioner experience as key factors 
influencing the success of N2O sedation (Figure 3), further 
supporting its use in paediatric dental settings [Mourad et al., 
2022]. Lastly, Memé et al. [2022] study examined the efficacy and 
safety of N2O-O2 as a treatment approach for paediatric patients 

Author and year Type Patients Aim Material and methods Results and conclusions
Memè et al. [2022] Retrospective 

clinical study
371 children 
(175 females 
and 196 males) 
aged 4–10 years

To assess the effectiveness 
and safety of N2O-O2 in 
achieving cooperation in 
these children.

Children received conservative dental 
treatment lasting up to 30 minutes. 
They were initially administered 100% 
oxygen, followed by a gradual increase 
in the dose of N2O to 35%. At the 
conclusion of the treatment, they 
were given 100% pure oxygen for 5 
minutes.

The research found that using N2O-O2 
sedation is a safe and effective 
approach to improve cooperation 
among young children receiving 
conservative dental treatment on 
baby teeth. It significantly enhanced 
cooperation levels with minimal side 
effects.

 Nie et al. [2023] RCT 
(Randomized 
controlled 
trial)

83 Children 
aged 3–12 years 

To assess the sedative 
effectiveness of oral 
midazolam versus a 
combination of intranasal 
dexmedetomidine and oral 
midazolam in paediatric 
patients undergoing dental 
procedures for dental 
anxiety.

Participants were given either 
a combination of intranasal 
dexmedetomidine and oral midazolam, 
or oral midazolam alone. Sedation was 
adjusted according to weight, and its 
effectiveness was assessed using the 
Ramsay scale score.

The combined administration of 
oral midazolam and intranasal 
dexmedetomidine demonstrated 
greater effectiveness in managing 
non-cooperative behaviour in children 
compared to oral midazolam alone.

Antunes et al. 
[2016]

Prospective 
clinical study

50 children 
under four years

To assess children’s 
behavior in subsequent 
dental sessions after oral 
rehabilitation with varied 
pharmacological regimens.

Preschoolers treated for caries were 
grouped by pharmacological regimen: 
none, oral midazolam, oral midazolam/
ketamine, or general anesthesia.

Pharmacological sedation (midazolam 
or midazolam/ketamine) improved 
children’s future behavior post-dental 
treatment, despite initial negative 
effects. It underscores the importance 
of pharmacological management for 
long-term behavioural outcomes in 
paediatric dentistry.

TAB. 3A Features of the studies included in the analysis.
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Author and 
year

Type Patients Aim Material and methods Results and conclusions

Vasakova et 
al. [2020]

Observational 
clinical study 

272 children 
between 1-12 
years of age

To evaluate the effects of 
midazolam administered to 
children during dental treatment 
on their vital conditions and to 
monitor changes in children's 
behavior during sedation.

Midazolam sedation during dental 
procedures.
Vital signs monitored pre- and post-
midazolam administration.
Behavioural changes observed during 
sedation.

Administering 0.5 mg/kg of midazolam 
is recommended as a safe dosage for 
paediatric dental procedures in paediatric 
dentistry.

Mourad et 
al.[2022]

Retrospective 
study

480 patients
aged 3 to 17

To evaluate the success rates 
and potential influencing factors 
of N2O sedation for dental 
treatment in a specialized 
paediatric dental service.

Study reviewed pediatric dental clinic 
records (2012-2017) for N2O sedation, 
assessing patient age, dentist experience, 
procedural changes, and sedation/
treatment outcomes.

N2O sedation achieved over 90% success 
rate in pediatric dental procedures, 
improving with patient age and dentist 
experience.

Hammadyeh 
et al. [2019] 

RCT 40 healthy 
uncooperative 
children aged 
2–6 years.

To assess dexmedetomidine 
versus ketamine and atropine 
IV sedation in uncooperative 
children during dental 
procedures.

Group D received intravenous 
dexmedetomidine, while Group K received 
intravenous ketamine with atropine. Vital 
signs, recovery time, adverse effects, and 
behavior were assessed. 

Dexmedetomidine IV sedation was 
superior to ketamine in uncooperative 
children, with atropine as an adjunct to 
ketamine preventing complications

Mehran et al. 
[2018]

RCT 30 children 
aged 2-6 
years

To compare sedation outcomes, 
specifically cooperation levels, 
between two drug combinations 
(oral midazolam/chloral hydrate 
and midazolam/promethazine) in 
paediatric dentistry.

Each child underwent separate dental 
visits where they received both drug 
combinations. Vital signs were continuously 
monitored, and cooperation levels were 
assessed using the Wilson sedation scale 
during the procedure.

The midazolam/chloral hydrate 
combination enhanced cooperation 
significantly compared to midazolam/
promethazine. While both combinations 
induced similar sedation levels, chloral 
hydrate/midazolam resulted in deeper 
and longer-lasting sedation. However, 
the promethazine group had fewer 
postoperative complications.

Tavassoli-
Hojjati et al. 

[2014]

Randomised, 
cross-over, 
clinical trial

18 children 
aged 2.5-6 
years

To assess the efficacy, safety, and 
acceptance of buccal midazolam 
versus oral midazolam in 
paediatric dentistry.

Children were randomly assigned to 
receive buccal or oral midazolam. Vital 
signs and behaviour were recorded, with 
blinded administration. Patient and parent 
satisfaction were assessed post-operatively.

The safe and efficient use of buccal 
midazolam is indicated for sedating 
paediatric dental patients.

Mozafar et 
al., [2018]

Randomise, 
cross-over, 
clinical trial

18 children, 
3-6 years

The study compared the safety 
and effectiveness of two drug 
combinations for conscious 
sedation during dental treatment 
of uncooperative children.

N2O/midazolam at one visit and N2O/
promethazine at the other. Monitored 
physiological and behavioural parameters 
during treatment, assessed patient anxiety 
and parental satisfaction afterward.

Both drug combinations produced 
acceptable, efficient, and safe sedation 
results in a dental treatment setting for 
uncooperative children.

Malhotra et 
al. 

[2016]

RCT 36 children 
aged 3–9 
years

To assess and compare the 
effects of sedation using 
intranasal dexmedetomidine 
and the oral combination drug 
midazolam–ketamine in children 
with uncooperative behavior 
requiring dental treatment.

Group MK: intranasal saline + oral 
midazolam (0.5 mg/kg) with ketamine 
(5 mg/kg) in mango juice; Group DX: 
intranasal dexmedetomidine (1 µg/kg) + 
oral mango juice; Group C: intranasal saline 
+ oral mango juice. Vital signs monitored; 
behaviour, sedation, and wakefulness 
assessed using a modified observer scale.

Both oral midazolam–ketamine 
combination and intranasal 
dexmedetomidine can be safely and 
effectively used for conscious sedation in 
uncooperative pediatric dental patients.

Sunbul et al. 
 [2014]

RCT Twenty-
five 36- to 
72-month-old 
patient.

To compare behavioural 
effects of buccal and intranasal 
midazolam (0.3 mg/kg) in 
paediatric dental sedation.

The patients were randomly assigned to 
receive either atomised buccal midazolam 
in the first visit or intranasal midazolam in 
the second visit (0.3 mg/kg). method was 
recorded.

Intranasal midazolam is more acceptable 
to children, has a faster onset time, and 
results in less crying compared to buccal 
administration.

Prud’homme 
et al. [2019]

Prospective 
single-center 
study

76 patients 
aged 3-15 
years 

To assess the effects of N2O-O2 
sedation in pediatric dentistry.

The study comprised all patients who were 
receiving N2O-O2 and were consulting 
with the Nantes hospital’s Dental Service. 
The effects that the kid experienced, felt, 
and sought throughout care as well as the 
evaluation of N2O-O2.

 62% of patients experienced anxiety 
reduction and 40% experienced relative 
analgesia, with 33% showing both 
effects. 

Lenahan et 
al. [2015]

Retrospective 
Study

248 paediatric 
patients

To identify variables influencing 
sedation efficacy as secondary 
objectives.

Paediatric dentistry residents assessed each 
case according to the Frankl behavioural 
scale. Various factors were analysed 
for their importance in overall efficacy, 
including age, gender, ASA status, 
Frankl score, treatment length, operator 
experience, dosage, nitrous oxide use, and 
any related issues.

Over 81% of sedations were rated as 
very effective or effective, with age, pre-
sedation conduct, and drug acceptance 
being statistically significant factors. 
Behaviour accounted for less than 5% 
of sedations stopped, with only one 
significant issue unrelated to the sedative 
being identified.

McCormack 
et al. [2014]

Non 
randomised 
cohort 
study

40 patients 
(3 to 6 years 
old).

To assess the frequency of 
adverse sedation-related events 
in paediatric dental patients 
treated with two different 
multiagent oral sedative 
regimens.

Patients received either midazolam, 
meperidine, and hydroxyzine with N2O 
(MZ/M/H/N2O; n=19) or chloral hydrate, 
meperidine, and hydroxyzine with nitrous 
oxide (CH/M/H/N2O; n=21). 

Within 8 hours post-discharge, children 
sedated with MZ/M/H/N2 O showed 
increased hyperactivity during dental 
treatment, as well as slurred speech and 
difficulty walking. Conversely, those 
sedated with CH/M/H/N2O exhibited 
more sleep, reduced speech and a higher 
need for postoperative pain medication.

TAB. 3B Features of the studies included in the analysis.
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with dental anxiety. Their findings demonstrated a significant 
increase in children’s cooperation during treatment with N2O-O2, 
with a high success rate in completing planned procedures and 
low rates of transient side effects [Memè et al., 2022]. The study 
by Prud’homme et al. [2019] evaluates the effects of using the 
N2O-O2 mixture in paediatric sedation in dentistry. The study 
involved 76 patients aged between 3 and 15 years and the effects 
during treatment were recorded. Only 62% of patients presented 
an anxiolytic effect and 40% relative analgesia. Sixteen percent 
of patients attempted to prolong N2O-O2 use, however, no 
variables were significantly associated with prolongation of N2O-O2 
use [Hennequin et al., 2012; Prud’homme et al., 2019]. A significant 
percentage of patients sought prolonged use of N2O-O2, indicating 
a real attraction to nitrous oxide. This is the first study to evaluate 
a child’s appreciation of N2O. The text provides details on the 
characteristics of N2O-O2, on the indications. N2O has interesting 
properties for many specialties. Its use is widespread throughout 
the world. Although its effectiveness in the context of dental care 
has been widely demonstrated, the risks associated with its use 
should not be underestimated [Prud’homme et al., 2019]. The 
work of Mehran et al. [2018] addresses the challenge of managing 
dental anxiety in children and the importance of effective sedation 
techniques to facilitate dental treatment. The paper presents a 
comparison between the sedative effects of two drug 
combinations, midazolam/chloralhydrate and midazolam/
promethazine, in paediatric dentistry. The study was conducted 
as a double-blind crossover clinical trial in 30 children aged 2 to 
6 years. Each child received both drug combinations at separate 
dental visits. The results showed that the midazolam/chloralhydrate 
combination significantly improved cooperation levels compared 
to midazolam/promethazine. Vital signs such as oxygen saturation 
and heart rate were monitored during the procedure, with no 
significant differences between the two groups. The Wilson 
sedation scale indicated better cooperation after induction of 
sedation in both groups, but the depth and duration of sedation 
were more pronounced in the chloralhydrate/midazolam group. 
The study suggests that the midazolam/chloralhydrate combination 
is more effective in improving cooperation for dental treatment 
in young children [Koruk et al., 2010]. However, both combinations 
showed increased levels of post-sedation cooperation, highlighting 
the effectiveness of conscious sedation in paediatric dentistry. 
The importance of addressing dental anxiety in children is 
highlighted, often managed through premedication to improve 
behavior during dental procedures. The oral route of sedation is 
preferred for its effectiveness, although taste can pose a challenge, 
often mitigated by mixing the medications with sweetened water 
or juice. While midazolam is effective alone, the study suggests 
that combining it with chloralhydrate or promethazine reduces 
the required sedative dose, improving outcomes [Wali et al., 2016]. 
The use of promethazine is favored due to its lower risk of 
postoperative nausea and vomiting compared to chloralhydrate. 
Vital signs, such as oxygen saturation and heart rate, were 
monitored closely, with no significant differences between the 
two drug combinations. Although both combinations induced 

similar levels of sedation, the promethazine group showed fewer 
postoperative problems [Dallman et al., 2001; Mozafar et al., 
2018]. Overall, the study supports the use of low-dose sedation 
agents for safer and more effective paediatric dental procedures, 
potentially favoring promethazine over chloralhydrate due to 
fewer complications [Mehran et al., 2018]. In paediatric dentistry, 
managing uncooperative children can be challenging, sometimes 
requiring pharmacological intervention when psychological 
methods fail. The Hammadyeh et al. study [2019], aims to compare 
intravenous sedation using dexmedetomidine with ketamine and 
atropine in uncooperative children during dental treatment. Forty 
healthy children aged 2–6 years were randomly assigned to either 
group. Dexmedetomidine showed superior effectiveness in 
behavior management compared to ketamine, with shorter 
recovery times. No serious side effects were reported in either 
group. Dexmedetomidine’s safety and efficacy make it a promising 
option for paediatric sedation in dental settings [Suvvari et al., 
2019]. Additionally, the adjunctive use of atropine with ketamine 
helps prevent complications [Inchingolo et al., 2010; Hammadyeh 
et al., 2019]. The study of Tavassoli-Hojjati et al. [2014], aims to 
evaluate the efficacy, safety and acceptability of buccal midazolam 
in paediatric patients undergoing sedation for dental treatments. 
The methodology involved 18 uncooperative children, aged 2.5 
to 6 years, to receive buccal midazolam (0.3 mg/kg) or oral 
midazolam (0.5 mg/kg) at their first appointment, with the use 
of the second appointment alternative. The physiological and 
behavioural parameters of the patients were recorded during the 
treatment and, subsequently, the satisfaction of the patients and 
parents was assessed [Karaca and Durna, 2019; Engle et al., 2021; 
Russo et al., 2019]. The results showed that both sedation methods 
produced similar results in terms of efficacy, safety and 
acceptability. No significant differences in physiological or 
behavioural parameters were found between the two treatment 
groups. Most parents rated both sedative agents as “effective” 
or “very effective,” and their children were mostly without anxiety 
or with less anxiety. Therefore, buccal midazolam can be used 
safely and efficiently in the sedation of paediatric patients 
undergoing dental treatments [Tavassoli-Hojjati et al., 2014]. The 
Malhotra’ s study [2016], discusses the importance of behavior 
management in children for the success of dental treatments. 
Sedation is presented as a technique that can be used to reduce 
anxiety, physical discomfort and control behavior during paediatric 
dental treatments. Midazolam, a sedative drug, is introduced, 
discussing its properties and various methods of administration, 
such as the intranasal and buccal routes. A RCT comparing the 

Author and year Type Patients Aim Material and methods Results and conclusions
Ilasrinivasan et al. 

[2018]
Comparative 
clinical study

30 children 
aged 3 to 10.

This study compares 
the efficacy of N2O-O2 
inhalation with a low-dose 
oral midazolam-ketamine 
combination.

A clinical study compared oral ketamine-
midazolam and N2O-O2 sedation in 
children with Frankl behavior.

Both the combination of oral 
midazolam and ketamine and 
N2O-O2 inhalation sedation 
showed comparable effectiveness 
in providing anxiety relief during 
dental treatment for children.

TAB. 3C Features of the studies included in the analysis.

FIG. 3 Molecule configuration of N2O.
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sedative effects of midazolam administered via these two routes 
(intranasal and buccal) in paediatric dental patients is presented. 
The results of the study indicate that both routes of administration 
are effective for paediatric sedation, but the intranasal route was 
more acceptable for children, had a more rapid onset and resulted 
in less crying than buccal administration. A detailed analysis of 
the study results is also provided, which includes the maximum 
duration of sedative effect, time of onset, acceptability of the 
drug and patient behavior during treatment [Sunbul et al., 2014]. 
Both methods of administration of midazolam are safe and 
effective for paediatric sedation, but the intranasal route seems 
to offer additional advantages in terms of acceptability by children, 
rapidity of onset and reduction of crying [Malhotra et al., 2016]. 
The text of Nada Sunbul et al. [2014] discusses the importance 
of behavior management in children for the success of dental 
treatments. Sedation is presented as a technique that can be 
used to reduce anxiety, physical discomfort and control behavior 
during paediatric dental treatments [Preethy and Somasundaram, 
2021]. Midazolam, a sedative drug, is introduced, discussing its 
properties and various methods of administration, such as the 
intranasal and buccal routes. The results of the study indicate 
that both routes of administration are effective for paediatric 
sedation, but the intranasal route was more acceptable for 
children, had a more rapid onset and resulted in less crying than 
buccal administration. A detailed analysis of the study results is 
also provided, which includes the maximum duration of sedative 
effect, time of onset, acceptability of the drug and patient 
behavior during treatment. Finally, it is concluded that both modes 
of administration of midazolam are safe and effective for 
paediatric sedation, but the intranasal route seems to offer 
additional advantages in terms of acceptability by children, rapidity 
of onset and reduction of crying [Sunbul et al., 2014; Inchingolo 
et al., 2022]. The Mozafar’s study compares the safety and 
effectiveness of two drug combinations for conscious sedation 
during dental treatment of uncooperative children: N2O and 

midazolam or N2O and promethazine. Eighteen healthy, 
uncooperative children were included in the study. Each child 
was administered a combination of N2O/midazolam at one visit 
and N2O/promethazine at the other, in a crossover fashion. 
Physiological and behavioural parameters were monitored during 
dental treatment, and patients’ anxiety and parents’ satisfaction 
were subsequently assessed [Mcdonald et al., 2010]. The results 
showed that both drug combinations produced acceptable, 
effective, and safe sedation results. However, children sedated 
with midazolam were significantly more deeply sedated than the 
others. Overall, both drug combinations were well accepted by 
patients and parents [Gazal et al., 2016]. In conclusion, both drug 
combinations produced acceptable and efficient sedation results 
in uncooperative children and were safe in terms of heart rate 
and oxygen saturation [Mozafar et al., 2018]. Few studies have 
examined the sedation regimen of meperidine and hydroxyzine. 
The text by Lenahan et al. [2015] has as its primary objective the 
evaluation of the effectiveness and safety of the combination of 
meperidine and hydroxyzine as oral sedation for anxious or 
uncooperative paediatric patients. Among the secondary 
objectives there was the identification of potential factors that 
alter the effectiveness of sedation. Two hundred and forty-eight 
electronic medical records of paediatric patients (131 female, 117 
male) who received sedation with meperidine and hydroxyzine 
were evaluated. The results show that this combination is safe 
and effective, with over 81% of sedations considered effective 
or very effective. Factors that influence effectiveness include the 
patient’s age, pre-sedation behaviour, and willingness to take 
the drug. No serious side effects were found and only 5% of 
sedations were discontinued due to patient behaviour. From this 
study it can be seen that the combination of meperidine and 
hydroxyzine has been evaluated as a good option for paediatric 
sedation during dental treatments [Lenahan et al. 2015). 
McCormack’s study compares two multi-agent oral sedation 
techniques in paediatric dental patients: chloral hydrate, 
meperidine, and hydroxyzine with N2O (CH/M/H/N2O) and 
midazolam, meperidine, and hydroxyzine with nitrous oxide 
(MZ/M/H/N2O). It assesses the occurrence of sedation-related 
adverse events for both sedation protocols within 24 hours post-
discharge. The study method involves enrolling 40 healthy patients 
aged three to six years, undergoing oral sedation due to inability 
to cooperate with conventional dental treatment. Two dentists 
specialised in paediatric dentistry perform all sedations following 
a standard protocol. Patients receive one of the two sedation 
regimens and are closely monitored during and after treatment. 
Data are presented through tables comparing the effects of 
different sedative regimens, focusing on adverse events such as 
post-sedation drowsiness, speech difficulty, and ambulation. 
Additionally, risk factors associated with patients’ obesity and 
their impact on sedative effects are examined. The results indicate 
that patients sedated with MZ/M/H/N2O show a significant 
increase in hyperactivity during dental treatment, speech difficulty, 
or walking difficulty after treatment. On the other hand, patients 
sedated with CH/M/H/N2O show a significant increase in 
drowsiness, speak less than normal, and require more medication. 
All recorded adverse events were not life-threatening or requiring 
immediate action. Moreover, no significant correlations were 
found between patients’ age or gender and the incidence of 
adverse events. However, a positive correlation was found 
between body mass index (BMI) and central nervous system 
(CNS) effects, with overweight children showing a higher 
incidence of CNS effects before discharge. In summary, the study 
highlights that the two sedation regimens produce different 
sedation-related adverse events and suggests that the dentist 

FIG. 3 Bias assessment.
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choose the sedation regimen deemed optimal for the patient, 
considering the risks and benefits of each option [Damle et al., 
2008]. It is also recommended to inform parents about the post-
sedation effects expected based on the administered sedation 
regimen. It is noted that parents of patients sedated with a specific 
combination of drugs showed greater concern regarding the 
child’s recovery state compared to those sedated with another 
combination, suggesting that parents may react differently to 
sedative effects. Finally, it is concluded that there is no recognised 
standard sedation regimen for such procedures, and each agent 
or combination can produce variable results and side effects 
[McCormack et al., 2014; Inchingolo et al., 2023]. Ilasrinivasan et 
al. [2018] conducted a study comparing nitrous oxide-oxygen 
inhalation with a low-dose oral combination of midazolam and 
ketamine for anxiety management in children aged 3 to 10 
undergoing dental procedures. Both methods proved effective, 
but oral sedation had a longer duration [Darlong et al., 2011]. 
The study involved 30 children divided into two groups, with 
parameters including mask/drug acceptance, need for physical 
restraint, sedation scale, facial pain score, sedation duration, time 
to peak sedation, and adverse reactions. Although statistically 
insignificant, the midazolam-ketamine oral combination group 
showed longer sedation duration and time to peak sedation 
compared to the nitrous oxide group. Both oral midazolam-
ketamine and nitrous oxide inhalation were clinically successful 
in providing anxiety relief during dental treatment [Levine et al., 
1993; Lanteri et al., 2020]. However, the study highlights the 
importance of patient compliance, with nitrous oxide being 
preferred due to easier administration [Ilasrinivasan et al., 2018]. 
Dentists can choose the sedative agent based on their preferences, 
experience, and patient acceptance [Ashley et al., 2018]. The 
research carried out is a valuable guide for paediatric dentistry 
professionals, highlighting best practices for the safe and effective 
sedation of children during dental treatments. Collectively, these 
studies underscore the importance of pharmacological 
management in paediatric dental care, providing valuable insights 
into the effectiveness, safety, and optimal use of various sedation 
techniques to alleviate dental anxiety and improve patient 
outcomes [Baakdah et al., 2021].

Conclusions

Numerous studies in paediatric dentistry underscore the 
importance of addressing dental anxiety in children effectively 
and safely. Research comparing different sedation strategies 
reveals valuable insights. For instance, studies comparing oral 
midazolam alone versus the combination of intranasal 
dexmedetomidine and oral midazolam demonstrate improved 
sedation outcomes with the combination approach, with no 
significant differences in adverse events. Other investigations 
highlight the long-term behavioural benefits of moderate sedation 
with midazolam or midazolam/ketamine, emphasising the 
importance of pharmacological management in improving patient 
cooperation during dental procedures. Additionally, studies 
evaluating the safety and efficacy of various sedation methods, 
such as buccal midazolam, intravenous dexmedetomidine, and 
N2O sedation, provide valuable insights into their effectiveness 
in paediatric dental settings. Overall, these findings serve as a 
valuable guide for dental professionals, emphasising the 
importance of pharmacological management in alleviating dental 
anxiety and improving patient outcomes in paediatric dentistry.
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