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Abstract

Background: Dental anxiety in children is a common issue that hinders dental treatment,
generates negative experiences, and perpetuates fear. This highlights the importance
of finding effective solutions. Conscious and/or deep sedation techniques are key
tools to improve the pediatric patient’s experience and facilitate complex procedures.
However, their application requires careful analysis due to the wide variety of available
protocols, recommendations and administration routs. Methods: A systematic review
was conducted following the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines. The electronic search for this review was
conducted from October to January (2024-2025). Articles were selected from three
databases: PubMed, Scopus, and Web of Science. Specific filters were applied for
each database. Eight terms were used for the search strategy and selection criteria
was followed. Studies that performed any dental treatment on pediatric patients aged
2 to 12 years who underwent conscious or deep sedation to reduce their anxiety. The
risk of biased of the selected articles was assessed. Results: The initial electronic
search generated 1697 titles from the MEDLINE/PubMed database, 1563 from Web of
Science, and 1437 from Scopus, which were lateter filtered and duplicates eliminated.
After analyzing the titles and abstracts of 196 articles, 14 Randomized Controlled
Trials (RCTs) that were published during the last 5 years were selected for this review.
Conclusions: The fastest onset of action is determined by the route of administration.
Reported adverse effects were not statistically significant. Nitrous oxide shows the
fastest recovery, but drug selection should always be based on the type of dental
procedure, its duration, and the child’s specific needs. Further research is needed to
evaluate parents’ level of satisfaction. The PROSPERO Registration: The review was

registered into PROSPERO (registration number: CRD420250637249).
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1. Introduction

On a daily basis, some of the main factors negatively affecting
pediatric dental care are fear, anxiety, and dental phobia (Ta-
ble 1). The link between fear, anxiety and dentistry has been
established over time [1]. Many individuals have experienced
dental fear early on childhood or at older age, and these fears
are often spread on to their families members [1]. Dental fear
affects around 5 to 20% of the pediatric population, neverthe-
less, it is believed this prevalence could be even higher since
many pediatric patients with the most serious dental fear often
tend to avoid dental care altogether [2, 3].

Often, parents expect pediatric dentists to handle their chil-
dren’s behavioral issues since “we are specialists in children”
[4, 5]. However, in recent years, considering societal changes

and attitudes towards traditional physical restraint, pharmaco-
logical behavior management techniques have gained popular-
ity, avoiding uncomfortable situations for both the professional
and the child [6].

In order to gain confidence of patients with dental fear, pedi-
atric dental providers often exercise continuous and personal-
ized techniques, even applying them at the moment the patient
arrives to the waiting room [ 1]. The American Academy of Pe-
diatric Dentistry (AAPD) proposes both verbal and non-verbal
communication techniques that help manage child behavior
[7]. Verbal techniques include “tell-show-do”, voice control,
and positive reinforcement. On the other hand, non-verbal
strategies include distraction, modeling, and recreational ac-
tivities. These tools are useful in managing children’s opposi-
tional behavior [7].
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TABLE 1. Differences between dental fear, anxiety, and phobia.

Characteristic Dental fear

Origin Common fear, fear of pain or
discomfort

Intensity Moderate

Duration Temporary

Impact Low

Physical symptoms Mild (palpitations, sweating)

Different factors such the child’s own chronological age, as
well as his or her cognitive and psychological development,
intellectual disabilities and previous negative experiences at
the dentist are linked to the lower level collaboration during
a dental procedure and lead to refusal of treatment [3, 8—
10]. In addition, some of these patients, especially those
with intellectual disabilities, have higher caries prevalence
compared to the general population, further complicating the
dental treatments and experience [10].

According to the literature, children with low to moderate
levels of anxiety can be successfully treated by gaining the
children’s confidence and trust, not requiring any pharmaco-
logical medication. However, extremely fearful or phobic
patients often require pharmacological treatments in addition
to the application of behavioral techniques. These children
often require the use of nitrous oxide, sedation, or even general
anesthesia to be treated effectively and safely [3]. However,
from these choices general anesthesia comes with higher risks
of injury and/or death, in addition to higher cost [10].

This is where sedation plays a safer role and has gained
popularity over the years as it can be used when basic behavior
guidance techniques fail to be effective, and it can be per-
formed with the administration of different agents and routes.
Sedation is an advanced pharmacological behavioral manage-
ment technique that achieves a minimal level of consciousness
depression, where the patient’s breathing remains normal and
patient stay conscious and retains his/her protective reflexes
and is capable of responding to physical and verbal stimulus.
During conscious sedation certain gases and/or pharmaceutical
agents are used. Sedation is generally performed with either
benzodiazepines, which are administered either orally or by
IV, or with nitrous oxide (N2O) which is inhaled. Benzo-
diazepines lessen the symptoms of anxiety while prompting
muscle relaxation. On the other hand, N5 O is an anesthetic gas
administered at sub-anesthetic dosages that depress the central
nervous system triggering an anxiolytic and analgesic effect
[10, 11].

In these context, sedation is one of the most frequently
used techniques by pediatric dentists to manage anxiety and
fear in patients [4, 9]. Moreover, there is currently no fixed
pharmacological protocol or guideline for sedation in dental
procedures. Benzodiazepines, opioids, and antihistamines are
generally employed, apart or in combination, to achieve the
desired sedative effect and reduce possible adverse effects
from co-administered drugs. The selection of the agent differ
depending on the professional’s preference, experience, and

Dental anxiety

Excessive worry about the

Long-lasting, anticipatory

More pronounced (muscle
tension, dizziness)

Dental phobia

Irrational and disproportionate fear

appointment
High Very high, disabling

Chronic and persistent

Medium High, interferes with daily life

Very intense (panic attacks, fainting)

complexity of the dental procedure [11]. However, there is
a still a need to determine which agents, dosages and protocols
are more effective or mostly recommended to follow for the
pediatric dental practice.

2. Objectives

2.1 Main objective

To deepen the understanding of different conscious and/or deep
sedation techniques used in pediatric dentistry commonly used
to relieve anxiety and manage behavior in pediatric patients
undergoing dental procedures, and to analyze which sedative
agent is mostly recommended.

2.2 Secondary objectives

1. Identify the drug with the fastest onset of action.

2. Determine which agent presents the fewer side effects.

3. Indicate which drug allows for the best recovery.

4. Evaluate what is the most effective method or technique
of administration.

5. Evaluate parents’ personal experience after their children
underwent sedation.

3. Methods

3.1 Declaration and protocol

This systematic review was conducted following the “Regula-
tions for the Master’s Final Project in Pediatric Dentistry and
Interceptive and Functional Orthodontics at the Universidad
San Pablo CEU” as well as the PRISMA 2020 (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
protocol for systematic reviews, which allows for a more
focused methodology for presenting systematic reviews and
meta-analyses [12]. It was previously registered on the PROS-
PERO platform (registration number: CRD420250637249), as
we referred in the “Supplementary material 1.

The PICOS question for this review was: What is the safest
or most recommended drug for moderate or deep sedation and
dental treatment of uncooperative children? (P = children
up to 12 years, I = any type of moderate and deep sedation
(intravenous, inhalation, oral or combinations thereof), C =any
other drug, O = reduction of anxiety reported by measuring
biological parameters or by observation scales and S = ran-
domized clinical trials, crossover or not).
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3.2 Search terms and strategies

The electronic search for this systematic review was conducted
from October to January (2024-2025). Initially, to approach
the topic, a preliminary search was performed in the EBSCO
Discovery metasearch engine, which retrieved an excessively
high number of results from different databases. Therefore,
it was decided to focus on three of them: PubMed, Scopus,
and Web of Science. More specific filters were applied from
each of them, allowing us to further narrow the search and
identify potentially relevant studies. Eight terms were used for
the search strategy, including the Boolean operators “OR” and
“AND” to limit the search to the desired result. The search was
performed as follows:

((dental care for children) OR (pediatric dentistry) OR (sep-
aration anxiety)) AND ((deep sedation) OR (conscious seda-
tion) OR (anti-anxiety agents) OR (anesthetics, dissociative)
OR (in-office sedation)).

Inclusion criteria:

o Clinical studies in children under 12 years old.

e Randomized controlled trials.

o Published in the last 5 years.

Exclusion criteria:

e Animal or in vitro studies.

e L etters to the editor.

o Case reports.

e Systematic reviews.

e Observational or comparative studies.

e Meta-analyses.

e Studies including general anesthesia.

3.3 Intervention

The search was not limited by chronological period, and was
supplemented by a manual search of bibliographic references
from the documents found to locate studies not identified
through the electronic search. Studies that performed any
dental treatment on pediatric patients aged 2 to 12 years who
underwent conscious or deep sedation to reduce their anxiety
during treatment were selected.

The inclusion and exclusion criteria were followed by read-
ing the titles and abstracts. If the criteria were met, then the
reviewers read the entire article. Due to the nature of this
review only including RCTs, all the articles that did not met
this criteria were excluded for final review. Data was collected
by the same two investigators who worked as a continuously as
team preparing and editing the manuscript, creating the tables
and diagrams. All the relevant data pertaining to the selected
articles was summarized into tables.

3.4 Study selection process

After searching for articles in the various electronic databases
mentioned above, the studies were exported to the bibliography
manager Zotero® to facilitate the detection of duplicate arti-
cles. After eliminating duplicate articles, the titles and/or ab-
stracts of the studies were read and analyzed, discarding those
that were not relevant for this systematic review according to
the inclusion and exclusion criteria. The full text was then
read to assess eligibility and perform a qualitative synthesis.

Articles that appeared to meet the inclusion criteria, but which
were excluded were tabulated.

3.5 Data extraction

To summarize the most relevant data from the studies, the
following clinical data were extracted: authors, year of publi-
cation, study design, number and age of patients, type of drug
used and distribution of patient groups, time at which anxiety
was measured, onset of side effects, patient recovery, parental
satisfaction, and type of anxiety measurement.

3.6 Assessing risk of bias in randomized
trials

The Cochrane Risk of Bias Tool for Randomized Controlled
Trials [13] was used to assess the risk of biased of the se-
lected articles, all of which were randomized controlled trials.
This scale evaluates seven domains: random sequence genera-
tion, allocation concealment, selective reporting, other biases,
masking of participants and personnel, masking of outcomes,
and incomplete outcome data. The articles were classified as
“high risk of bias”, “low risk of bias”, and “fair risk of bias”.
The results were then tabulated.

4. Results

4.1 Selection of studies and flowchart

The initial electronic search generated 1697 titles from the
MEDLINE/PubMed database, 1563 from Web of Science, and
1437 from Scopus. Filtering allowed us to eliminate a large
number of articles, and with the help of the bibliographic
manager Zotero®, we were able to eliminate duplicates. After
analyzing the titles and abstracts of 196 articles, we selected 14
to include in our review. One article that appeared to meet the
inclusion criteria but was later excluded is shown in Table 2
[14].

As shown in Supplementary Table 1 (Ref. [0, 15-27])
refers to the results, Supplementary Table 2 (Ref. [16, 21—
23, 26, 27]) refers to the biological factors and vital signs
assessed and Supplementary Table 3 (Ref. [6, 15-27]) to the
measures based on scales/surveys.

The 14 selected articles selected were randomized clinical
trials, all published between 2019 and 2024. Fig. | displays
the search strategy flowchart that was carried out for the iden-
tification of articles relevant to the research, identifying those
that were excluded for not being related to the objective, for
being duplicates, for not having full access to the article or for
not meeting the inclusion criteria.

4.2 Sample and groups

The group distribution for each of the articles included in
this review is shown in Table 2. A total of 629 patients
were included who underwent different sedation techniques.
Children ages ranged from 2 to 12 years.
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TABLE 2. Article that appeared to meet inclusion criteria but was excluded.

DOI

criteria, but which was excluded

The

intranasal
ketamine
children,

dexmedetomidine  plus
procedural  sedation in

adaptive randomized controlled

non-inferiority multicenter trial (Ketodex): a
statistical analysis plan

DOI: Digital Object Identifier.

10.1186/513063-020-04946-3

Reason for exclusion

Even though the sample covered some of our
age limit criteria of children up to 12 years
old, some of the participants of this study
were older than our age limit, some been up to
17 years old.

Identification of studies via databases and registers

Literature search at PubMed (N = 1697),
Scopus (N =1437), and Web of Science (N = 1563)
databases. Keywords: (dental care for children),
(pediatric dentistry), (separation anxiety), (deep
sedation), (conscious sedation), (anti-anxiety

Records marked as ineligible by
automation tools
(n=4484)
Duplicated records removed (n=17)
Records removed for other reasons (n = 0)

agents), (anesthetics, dissociative),

(in-office

sedation)

Identification

_ Records excluded (n=0)

Records screened (n = 196)

v

Reports sought for retrieval

Reports not retrieved

(n=0)

l

Publications evaluated for
eligibility (n = 196)

!

Articles excluded by
Tittle (n = 170)
Articles excluded by
Abstract (n=12)

Screening

Eligibility

Inclusion

Articles included in the review (n = 14)

FIGURE 1. Search strategy flowchart.

4.3 Type of sedation used and time at which
anxiety is measured

In the studies analyzed, different agents and combinations
were used for intranasal, oral, intravenous, intramuscular, and
nebulized sedation in pediatric patients. Dexmedetomidine
(DEX) was used at doses of 3-5 ug/kg nebulized [15], 24
pg/kgorally [16, 17], 1 pg/kg intranasally [ 18] or sublingually
[19], and up to 1 pg/kg intravenously [20-22], in some cases

v

(n=0)

combined with ketamine (KET) or midazolam (MID).
Ketamine was administered at doses of 7 mg/kg intranasally
[23], 5 mg/kg intramuscularly [6], and 2 mg/kg orally or
buccally. Midazolam was used at doses of 0.3-0.5 mg/kg
by nebulized or intranasal route, and 0.5-0.7 mg/kg orally
[24], sometimes combined with dexmedetomidine or fentanyl
(FEN) [25]. Nitrous oxide (N2O) was included as a control
in some protocols [26]. In addition, different intravenous
regimens were compared with propofol (20-60 ug kg/min)
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alone or in combination with ketamine in 1:3 or 1:4 ratios
(ketofol) [27]. These data reflect the variability in the se-
dation strategies used and the need for comparative studies
to determine the optimal protocol in pediatric dentistry that
will allow us to perform the necessary dental procedures in a
manner that is more comfortable for the patient and easier for
the professional.

4.4 Type of anxiety measurement

Anxiety measures were classified into two groups. First, phys-
iological measures included heart rate (HR), systolic blood
pressure (SBP), diastolic blood pressure (DBP), noninvasive
blood pressure (NIBP), and the bispectral index (BIS), which
assesses the degree of hypnosis by estimating the level of brain
electrical activity and pulse oxygen saturation (SpOs). The
results then tabulated.

Second, measures were made using scales or questionnaires,
such as the Modified Observer Assessment of Alertness and
Sedation Scale (MOAAS), the Visual Analogue Scale (VAS),
the FLACC (Face, Legs, Activity, Cry, Controllability) scale,
the OSUBRS (Ohio State University Behavioral Rating Scale),
and the Houpt, Ramsay, and Frankl scales. The results also
tabulated.

4.5 Risk bias results

According to the Cochrane Risk of Bias Tool for Randomized
Controlled Trials, no study with a “high risk of bias” was
included in this review Fig. 2 (Ref. [6, 15-27]).

5. Discussion

5.1 Most commonly used of sedative agents

Among the evaluated sedatives, Dexmedetomidine (DEX)
stands out for its increasing use in pediatric dentistry due to
its sedative and analgesic properties and minimal respiratory
impact, although it may cause mild bradycardia without
clinical consequences [15, 24]. According to Nie et al.
[24], the sedation produced by DEX is located in the locus

coeruleus and is similar to natural and physiological sleep,
unlike other drugs such as Ketamine or Midazolam, which
produce anterograde amnesia. Unlike other sedatives such as
propofol or benzodiazepines, DEX has a negligible impact
on respiration, which is crucial in pediatric patients who are
more susceptible to respiratory complications. However, its
application must be carefully monitored due to side effects
such as mild bradycardia, documented in the study conducted
by Elkhatib ef al. [15]; even though these side effects were
clinically insignificant and did not require any intervention.

On the other hand, the combination of DEX with ketamine
(KET), with antagonist effects, showed additional benefits. In
both recent studies conducted by El-Rouby ef al. [16, 17], a
significant improvement in behavior and rapid recovery com-
pared to DEX alone was emphasized. This may be rationalized
by the opposed effect of the anxiolytic effects of DEX and the
analgesic effects of KET, which also lessens undesired side
effects such as hypersalivation, which is a common problem
in pediatric sedation. This is in conformity with the research
conducted by Haider et al. [21] that documented that DEX
diminished this side effect due to its antisialagogue properties.

Although KET is known for its amnestic effect, we found
in the study by El-Rouby et al. [16] that the number of pedi-
atric patients who presented anterograde amnesia was higher
when receiving the combination of DEX KET than when DEX
was administered alone, which is consistent with Singh et al.
[23] in which a higher amount of patients sedated with KET
exhibited anterograde amnesia versus patients receiving DEX.
It could be theorized that KET could probably induce profound
amnesia when administered at full dose [16].

Furthermore, DEX reduces both anxiety and pain due to
its marked analgesic effect, thus reducing high-dose local
anesthesia and the need for postoperative analgesia, which
improves the clinical experience. Despite this, in the study
by Elkhatib et al. [15], it did not show significant differ-
ences compared to midazolam (MID) or DEX/MID in terms
of analgesic effect, but its clinical performance surpassed both
DEX/MID and MID, thus concluding that DEX was the alter-
native of choice.

Risk of Bias Assessment

Selection bias: | Selection | Reportin, . Detection bias: .. .
. POTUNE | Other bias: L Attrition bias:
. Random bias: bias: Performance Blinding . .
Articles . ; Other sources| |, . L Incomplete |Risk of bias
sequence Allocation | Selective . bias: Blinding (outcome
. . of bias outcome data
generation | concealment | reporting assessment)

Elkhatib ef al. [15], (2024)

El-Rouby et al. [16], (2024)

Dubey et al. [23], (2024)

Janiani ef al. [26], (2024)

Isik et al. [27], (2024)

Ansari et al. [6], (2024)

Nie ef al. [24], (2024)

Janiani ef al. [18], (2024)

(Alhaidari et al. [25], (2024)

Rehman ef al. [22], (2021)

Shaat ef al. [19], (2022)

Haider ef al. [21], (2022)

Hammadyeh e al. [20], (2019)

El-Rouby et al. [17], (2024)

FIGURE 2. Risk of bias assessment. Green: low risk bias; Yellow: acceptable risk bias.



Recent studies have shown that combining DEX with Mida-
zolam (MID) or Ketamine (KET) improves sedation quality,
however, there are important differences depending on the
combinations selected for sedation. For example, the study
by Dubey ef al. [23] shows what happens when a patient is
administered the combination of MID and DEX compared to
those given KET monotherapy. Intranasal ketamine showed
a significantly higher level of acceptability. This could be
due to the burning sensation in the nasal mucosa associated
with intranasal midazolam. In this regard, DEX-KET yields
better pediatric behavior, faster recovery [16, 17], and control
of effects like hypersalivation [2 1], whereas DEX-MID results
in lighter sedation [15]. Additionally, the combined use of
DEX or MID with opioids or Propofol has proven to optimize
sedation, reduce complications, and decrease required dosages
[22]. Intranasal KET, although more acceptable than intranasal
MID, produces deeper sedation. Finally, the DEX-KET com-
bination is also associated with a higher degree of anterograde
amnesia [ 1 6] compared to prescribing DEX only [28].

5.2 Side effects

According to the articles included in this review none of them
reported any significant side effects related to sedation in
children. While some studies mentioned mild adverse events
such as transient drowsiness or longer-than-expected recovery,
none presented serious life threatening complications [6, 16,
18, 21, 24-27]. This suggests that the techniques and drugs
used in the analyzed studies have an adequate safety profile in
pediatric settings.

According to the literature, combining sedative agents miti-
gate the risks associated with high individual doses, as demon-
strated by the 1:4 ketofol approach, which is the combination of
propofol with ketofol. According to the study by Gizem ef al.
[27] this combination maintains hemodynamic and respiratory
stability while optimizing sedation and achieving the desired
relaxing effects.

In the study conducted by Ansari et al. [60], the combination
of diazepines, such as midazolam with ketamine, has demon-
strated to be useful in reducing undesired side effects such as
vomiting or flushing commonly associated with ketamine. In
this study an increase in heart rate was observed in both study
groups after administering local anesthesia [6]. This increase
in heart rate may be due to the effects of ketamine or the
epinephrine content of lidocaine. However, the combination
of atropine in conjunction with a sedative drug, may also
contribute in the increase in heart rate. In addition, pain during
the administration of injections or to the dental treatment is
also considered a contributing factor for the increased heart rate
[6]. However, further research is recommended to strengthen
evidence regarding long-term safety and efficacy in different
patient populations.

5.3 Administration techniques

Various routes of sedative administration in pediatric dentistry
have been evaluated, including intranasal (IN) and intramus-
cular (IM) [6]. However, IN administration is less invasive
and suitable for shorter procedures, although it may cause
nasal irritation [6]. The IN route, although less invasive,
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virtually pain free, and is better tolerated by children, offers an
acceptable level of sedation only for short procedures lasting a
maximum of 15 minutes, approximately. One of its benefits
is that this rout avoids the gastrointestinal tract and hepatic
metabolism, which is a drawback with the oral route. How-
ever, there are reports of a burning sensation, irritation, and
mucosal inflammation after intranasal administration, which
can be lessened by applying topical anesthetic spray before
administering the sedative drug [6].

In contrast, the IM route, which is more effective and pre-
ferred by parents, is ideal for longer treatments [0]. Ketamine
showed greater bioavailability via the IM route (approximately
93% vs. 50% for IN) [6]. Intranasal midazolam has better
acceptance than nitrous oxide [18], and its sublingual route has
superior acceptance compared to the IN administration [21],
albeit with a slower onset of action. Finally, although Propofol
provides rapid induction, it may be associated with respira-
tory events, underscoring the need for thorough preoperative
screening [21].

The best results is the KET-DEX combination, compared to
MID which is considered the “gold standard”. It concludes
recommending comparing intranasal sedation with other routes
[19]. Therefore, we have decided to include all types of routes
in our review without excluding any, so that standardized
protocols can be established in the future to optimize its use
in pediatric dentistry.

5.4 Parental experience

According to an article published by Arenas ef al. [5], parents
are increasingly choosing pharmacological techniques such as
general anesthesia over behavioral modification, citing that
it is due to increasingly permissive parenting norms. Given
this trend, it would be useful for dental school educators
to introduce these concepts into university curricula—both
undergraduate and postgraduate—to adequately prepare the
students [5].

In this review, only three of the selected articles evalu-
ated parental satisfaction with the sedation provided to their
children and all measured in different ways [6, 21, 24]. In
the RCT conducted by Haider ef al. [21] no statistical dif-
ference (p = 1) was reported for parental satisfaction in the
two study groups as the parents reported being “satisfied”
and “very satisfied” after completing a 5-point Likert-scale
questionnaire ((5) very satisfied, (4) satisfied, (3) neutral, (2)
dissatisfied, (1) very dissatisfied) [21]. In the study of Nie
et al. [24] the parents reported that all adverse events had
disappeared without any new adverse events after a time-
frame of one day. In midazolam (M) group, the parents
of twenty-three participants were “very satisfied” with the
sedation treatment, the parents of twenty participants were
“generally satisfied”. No parents reported been “dissatisfied”.
However, in the dexmedetomidine-midazolam (DM) group,
the parents of thirty-four participants responded been “very
satisfied”, four parents reported been “generally satisfied”,
while two parents responded been “dissatisfied”. According
to this study, overall parental satisfaction was higher in the
DM group (p = 0.001). This study also took the factor time
into account as the satisfaction questionnaire was emailed to
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the parents 24 hours after treatment, asking whether their child
suffered any unexpected or harmful reactions associated with
the medical treatment, and asking if they were satisfied with
the sedation treatment. Parent’s satisfaction was categorized
as either very satisfied, generally satisfied or dissatisfied [24].
In the study conducted by Ansari ef al. [0], parents were
also called 24 hours after the intervention. In this study the
parents favored the IM route reporting that “it was much more
effective” (p < 0.05) [6].

5.5 Monitoring and safety preparedness

According to the latest American Association of Pediatric Den-
tistry, there are guidelines to follow during the entire process
of sedation in order to prevent or recover from complications.
They highlight the importance of knowing safety it is common
for children to die from sedation complications. According to
the guideline those cases who are in American Society of Anes-
thesiologists (ASA) classes I and II are normally considered
safe for minimal, moderate, or deep sedation [29].

However, some patients require further monitoring and
skills such as airway maintenance and patency, which is the
main source of complication during sedation. For example,
they state that children with compromised airways, such as
those with apnea, laryngospasm, and/or airway blockade does
require patency of the airway and the healthcare provider
needs to know how to provide continuous positive airway
pressure (CPAP) and knowledge using bag-valve-mask
(BVM) ventilation, among others in order to maintain airway
patency [29].

Healthcare providers thus require an emergency kit easily
accessible during the sedation including oral and nasal airways
masks, BVMs, laryngeal mask and blades, tracheal tubes,
face masks, blood pressure (BP) cuffs, intravenous catheters,
among others to revive and provide vital life support [29].

5.6 Limitations

The main limitation of this work is the lack of uniformity
among clinical trials in the literature, particularly regarding
the scales used to measure sedation levels, which vary sig-
nificantly. Most studies lacked a placebo-controlled group or
comparisons with a known-effective sedative. Future research
should consider using oral midazolam or nitrous oxide sedation
as standard references to evaluate the efficacy of other methods
[4].

It’s also important to consider the age of the children in-
cluded in the studies as limitation. Children should ideally be
segmented into three broad age groups, as recommended by the
British National Formulary (BNF) for pediatric prescriptions:
1-6 years, 6—12 years, and over 12 years, since reasons for
sedation may vary notably across these groups [4].

In most reviewed studies, children were healthy or had
mild systemic conditions, consistent with ASA physical status
classifications I and II [30]. However, some techniques may
be more suitable for children with more complex medical
conditions, as in the study conducted by Garret-Bernardin ef al.
[31], which included patients with physical and psychological
impairments and thus provides a broader view of the types of
patients managed under nitrous oxide sedation.

Another aspect to point out is that there was limited informa-
tion on regard to the dental restoration procedures performed
in the studies, although some mentioned the use of local anes-
thesia, bite blocks, and rubber dams. Undoubtedly, we believe
this detail is important to be added in these kind of studies as
the type of procedure performed can influence both behavior
and anxiety levels [4].

Initially, we intended to exclude articles allocated to deep
sedation, but this was not feasible due to ambiguity in many
studies regarding the type of sedation used. In several cases,
it was not specified whether the sedation was conscious or
deep, and patient drowsiness was vaguely described [4]. In
some studies, children reportedly fell asleep, and oral devices
were used, suggesting the sedation may have been deeper than
indicated. This highlights the need to establish a standardized
definition of conscious sedation, or at the very least, use
universally accepted terminology. Without clear classification,
it is difficult for researchers to properly interpret and apply
published data [4].

6. Conclusions

The choice of sedative protocol and route of administration
should be individualized, taking into account the procedure’s
complexity, the patient’s characteristics, and its potential side
effects. DEX is emerging as a versatile drug, especially in
combination therapies, to optimize pediatric dental sedation,
while ketamine and midazolam remain key components in
specific protocols.

The fastest onset of action is determined by the administra-
tion route. As of today, Propofol, administered intravenously,
induces sedation most rapidly.

In all studies included in this review, the reported adverse
effects were not statistically significant. However, nitrous ox-
ide was the sedative drug with the lowest risk of complications,
which were nearly negligible.

For rapid recovery without residual effects, nitrous oxide is
the drug of choice. However, for calm, agitation-free recovery,
dexmedetomidine is preferred, although it may cause mild
bradycardia without clinical consequences. For minor pro-
cedures requiring a balance between quickness and efficacy,
midazolam is ideal. Nonetheless, the choice always depends
on the type of procedure, its duration, and the child’s specific
needs.

There is no single “best” technique for all the cases. How-
ever, combinations and personalization of the strategy appear
to yield better outcomes: intranasal or inhalation routes for
short procedures, oral for moderate ones, and intravenous for
deep sedation in longer procedures.

Although few studies evaluated parental satisfaction, it is
evident in the few studies that reported it that parents tend to
favor approaches that balance efficacy, safety, and comfort for
their children. The lack of information on this regard entails
that further research is needed to evaluate parental comfort
and satisfaction when their children undergo these types of
interventions.
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