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ORIGINAL RESEARCH

with more levels of dental anxiety had more carious, fracture, and 
restored tooth surfaces than children with lower levels.10–12 As 
a result, various behavior management techniques are used to 
control this anxiety.

Many parents/guardians, refuse to comply with treatment 
under local anesthesia because of their children’s fear of injection 
and associated behavior management issues. On the contrary, GA 
is often known to be a very expensive procedure and it necessitates 
the use of skilled personnel such as anesthetists, specialist nurses, 
and a variety of other services.13 In these circumstances, sedation 
can be seen as a means of mitigating discomfort and making dental 
care more convenient.

In t r o d u c t I o n

Worldwide, millions of children under the age of six are affected 
with early childhood caries (ECC).1–3 ECC is a variety of decay that 
alters children’s teeth and is one of the most frequent dental 
illnesses today, causing discomfort, infection, a higher chance of 
developing dental cavities in primary and permanent teeth, and, 
finally, detrimental implications for permanent tooth eruption. 
These symptoms can range from demineralization to tooth 
structural loss or whole crown disintegration, indicating a dynamic 
and active decay process with alternating stages of destruction 
and repair.4–6

Half of all children worldwide have one or more carious primary 
teeth by the end of toddlerhood, but the importance of these teeth 
should not be overlooked because, as previously stated, they play 
an important role in the eruption of healthy permanent teeth, good 
nutrition, and one’s esthetic appearance.5,6 In research published 
in 2018, Ganesh et al. found that the average prevalence of ECC in 
India was 49.6%. With a frequency of 63%, Andhra Pradesh has the 
greatest prevalence of ECC, while Sikkim has the lowest (41.92%).7

Dental treatment using rotary burs under local anesthesia 
(non-pharmacological treatment approach)8 and/or general 
anesthesia (GA) (pharmacological treatment approach)9 are used 
to mitigate this negative impact. For a variety of causes, dental care 
has been seen as an anxiety-inducing stigma by many children. 
Preschoolers, dental personnel, and dental care may all suffer as a 
result of dental fear. Many clinical studies have observed that kids 
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(ASA) type I, having at least two carious teeth without any pulp 
involvement, and parents willing to give consent.

Exclusion Criteria
The exclusion criteria for the present review were—reviews, 
manuscripts with incomplete data, cross-sectional studies, case 
reports, case series, animal studies or in vitro studies, abstracts, 
parents who did not wish to participate, articles in any other 
language except English, and definite positive behavior toward 
dental treatment.

Study Selection and Data Extraction Process
Based on the defined inclusion and exclusion norms, two reviewers 
(RG and PD) independently reviewed the title and abstract of the 
selected papers. The reviewers read the papers separately and 
extracted the data using a data extraction form created specifically 
for this study. The following information was included on this 
form—author’s name, year of publication, place, sample size, age of 
children, intervention, comparator, ease of treatment completion, 
sedation score, onset of sedation, recovery time, adverse effects, 
and overall success. Any discrepancies between the two reviewers 
were addressed by consulting a third reviewer (TV).

Quality Assessment of Included Studies
This study’s bias risk was assessed following the methods 
specified in the Cochrane Handbook for Systematic Reviews 
of Interventions.21 Random sequence creation, allocation 
concealment, blinding tested in three groups: participant, operator, 
and outcome assessor, inadequate outcome data, selective 
reporting, and other biases were all considered.

re s u lts

Study Selection Process
Figure 1 depicts the search results and study selection procedure. 
There were 98 preliminary records found in the electronic 
database searches: 48 from EBSCHOhost, 31 from The Cochrane 
Central Register of Controlled Trials, and 19 from Medline. When 
the references of the resulting papers were screened, no more 
acceptable research was located. The reference management 
program was used to manually remove duplicates, resulting in 
73 records. After reading the title and abstract, 68 were eliminated. 
The full-text screening was used to analyze the resultant five 
publications, and they were all eligible for qualitative synthesis. 
Table 1 outlines the technique followed by the included studies to 
evaluate and compare the efficacy of midazolam with midazolam 
and ketamine combination in the management of young 
uncooperative pediatric patients. The chosen studies were carried 
out in the following three countries: Brazil (n = 3, 60%), India (1), 
and Nepal (1).

Characteristics of Included Studies (Table 1)
Children in the trials varied in age from 1 to 10 years. All the RCTs had 
a mean age of 5.8 years (approximately). In total, 346 uncooperative 
children were randomized through the five RCTs. Children in all the 
RCTs were found to be uncooperative at the start of the study. Three 
of the included RCTs documented the use of restraint devices like 
papoose boards or pedi wrap to protect or restrain children during 
dental procedures.18,22–25

Drugs used were midazolam alone vs midazolam and ketamine 
combination, which was administered orally or intranasally. 

Sedatives include nitrous oxide, midazolam and other 
benzodiazepines, various sedative-hypnotics, and psychosedative 
drugs taken orally or systemically.14 According to Ashley et  al.’s 
meta-analysis, the use of oral midazolam in doses ranging 
from 0.25 to 1 mg/kg is correlated with more cooperative behavior 
than placebo.13 Midazolam, on the contrary, is a quick-acting 
anxiolytic with a short half-life, making it only appropriate for 
minor dental treatment procedures. As a result, it is advantageous 
to locate a second sedative agent that may be taken in conjunction 
with midazolam to apply its own favorable effects (sedation and 
analgesia) to the clinical situation.15–17 Ketamine is one such sedative 
that is frequently used in conjunction with midazolam.

Oral sedation using the midazolam and ketamine relationship 
is safe and effective in several dental studies.18 According to 
Roelofse et  al., the sedative effect of midazolam (1 mg) alone 
was much greater than the midazolam (0.35 mg) and ketamine 
combination.19 The pharmaceutical mixture’s most notable benefit is 
that it minimizes the need for greater drug dosages. The primary goal 
of premedication is to produce drowsiness and anxiolysis to facilitate 
clinical and diagnostic procedures. Because midazolam is not often 
the sole sedative used for procedural sedation, it is worth looking 
into literature, if any clinical studies that show how midazolam 
compares to a combination of midazolam and ketamine in lowering 
dental anxiety in children. To our knowledge, no complete sedation 
evaluation has been undertaken prior to pediatric dental procedures.

Hence, the present review aimed at assessing and comparing 
the effectiveness of midazolam vs midazolam and ketamine 
combination in the management of young uncooperative pediatric 
patients in terms of ease of treatment and clinical efficiency.

MAt e r I A l s A n d Me t h o d s

Protocol Registration
The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA)20 protocols were referred to conduct 
this review and the same was registered at National Institute for 
Health Research PROSPERO International Prospective Register for 
Systematic Reviews (CRD42021236700).

Review Question
The population (P), intervention (I), comparison (C), and outcome 
(0) framework were used to generate the research question. In the 
management of uncooperative children (P), is midazolam (I) more 
effective than midazolam and ketamine combination (C) with 
respect to ease of treatment and clinical efficiency?

Search Strategy
Electronic databases like EBSCOhost, Cochrane Library, and PubMed 
were searched. Methodological Medical Subject Heading (MeSH) 
words were constructed using the PICO-formatted question. For 
each database, these techniques were tweaked as needed. The 
Cochrane Highly Sensitive Search Technique (CHSSS) was used 
to locate randomized trials, and the search strategy included 
controlled vocabulary and free text words (RCTs).

Inclusion Criteria
The inclusion criteria for the present review were—peer-reviewed 
scientific journals from 2005 to 2020, full articles in English, RCTs, 
studies that compared midazolam and ketamine combination vs 
midazolam and any other group, schoolchildren of any age-group, 
having the physical status of American Society of Anesthesiologists 
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alone group (p = 0.003) or no sedation group (p = 0.03). The mean 
OSUBRS scores in the midazolam and ketamine combination group 
did not differ significantly from the behavior seen in the same children 
during the treatment session (repeated measurements) (p = 0.06).

Antunes et  al.,24 in 2016, concluded that the children who 
received sedation with midazolam displayed totally quiet behavior 
during follow-up (2.9 times more). The trial also observed that 
children who received midazolam and ketamine combination 
were 4.3 times more likely to display cooperative behavior. The 
authors also revealed that 10 months after the baseline consultation, 
50% of children in the midazolam and ketamine group demonstrated 
calm behavior, compared to 37% in the midazolam group, 25% in the 
general anesthetic group, and 17% in the no-drug group.

Sado-Filho et al.,25 in 2019 conducted a study to evaluate the 
rate of success by the dichotomous variable “quiet behavior for 
at least 60% of the session length.” Based on this parameter, the 
highest success was reported in intranasal midazolam and ketamine 
combination (50%) followed by oral midazolam and ketamine 
combination (46.4%). The lowest success rate was reported when 
midazolam was used alone (32.1%).

Quality Assessment
None of the papers included in this study were rated as low risk. 
At some of the factors that were evaluated, all five trials exhibited 
an unknown risk of bias. In this systematic review, only two studies 
had a high risk of bias (Table 2 and Fig. 2).

However, just one study compared midazolam and ketamine 
to a placebo.19 Intranasal administration was done using an 
insulin injection syringe without a needle.24 During intraoral 
administration, to mask the bitter taste of midazolam, sweetening 
agents were added.23,25

In 2006, Koirala et  al.22 reported that the therapy was more 
easily administered in the midazolam and ketamine population 
when compared to midazolam alone. In addition, the time required 
for sedation to begin was shortest in the midazolam and ketamine 
group. Midazolam when used alone, had the quickest recovery 
time. The midazolam and ketamine combination had the highest 
sedation score. The present RCT concluded that midazolam with 
ketamine was the most successful combination for delivering rapid 
and sufficient analgosedation in uncooperative children.

Bahetwar et al.,23 in 2011, reported that the time needed for the 
onset of sedation differed significantly between the three groups: 
midazolam, ketamine, and combination. Children recovered quickly 
when sedated with midazolam alone and slowest when sedated 
with midazolam and ketamine combination. The midazolam and 
ketamine combination had an overall success rate of 84% when 
compared to ketamine and midazolam alone.

When sedatives were used in groups of midazolam and ketamine 
combination and midazolam alone during therapy sessions, Moreira 
et al.18 found that the children in the combination group had the 
least Ohio State University Behavioral Rating Scale (OSUBRS) ratings, 
indicating that they behaved better than the children in the midazolam 

Fig 1: PRISMA flow diagram

Fig 2: Quality assessment of included studies
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Other risk factors for the growth of ECC include low socioeconomic 
status, as well as social determinants such as mother’s educational 
level and cultural attitudes.32–34

Providing effective dental services to children with ECC can 
be a difficult task. Most children accept dental treatment with 
ease. But anxious, frightened, and uncooperative toddlers and 
preschoolers, as well as those who exhibit disruptive behavior, 
need behavior modification prior to dental procedures.35 Because 
of lack of psychological and emotional maturity, children under the 
age of three are not likely to cooperate with invasive procedures. 
From childhood through age 2 or 3 years, these children have 

dI s c u s s I o n

Early childhood caries is a worldwide oral health issue that continues 
to concern toddlers and preschool children all over the world. It is a 
multifactorial disease that develops over time as a function of the 
dynamic combination of three causes: vulnerable tooth surfaces, 
plaque bacteria, and carbohydrate diet.26–29 This disease’s trend 
is mainly related to feeding habits.30,31 There may be other risk 
factors that are specific to the age-group. These include early 
mutans streptococci colonization and on-demand breastfeeding 
and snacking, which establishes an atmosphere that promotes the 
growth and development of mutans streptococci in dental plaque. 

Table 1: Characteristics of included studies

Author/Year/Place
Sample size 

(M/F) Age
Intervention/
Dose (M)

Comparator/
Dose (MK)

Ease of treatment 
completion/behav-
ior of child during 
treatment

Sedation 
score

Onset of 
sedation

Recovery 
time

Adverse 
effects

Overall 
success

Koirala/200622/
Nepal

120 2–9 
years

Midazolam: 
0.5 mg/kg 
orally

Combination 
of midazolam 
0.4 mg/kg and 
ketamine  
3 mg/kg orally

MK: most conveni-
ent

MK: best 
sedation 

MK: short-
est time 
required

M:  
shortest

None –

Bahetwar/201123/
India

45 (M: 22, 
F: 23)

2–6 
years

Midazolam: 
0.3 mg/kg 
intranasally

MK (0.2 and 4 
mg/kg, respec-
tively)

M: 72%
MK: 84%

M: 84%
MK: 89%

M: 5–10 
minutes
MK: 4–10 
minutes

M: 26–40 
minutes
MK: 35– 
49 minutes

Vomit-
ing
MK: 1

M: 69%
MK: 
84%

Moreira/201318/
Brazil

41 Under 
36 

months

Oral mida-
zolam (MS) 
at a dose of 
1.0 mg⁄kg

MK [a combi-
nation of oral 
midazolam  
(0.5 mg⁄ kg) 
and ketamine 
(3 mg⁄ kg)]

OSUBRS score
During dental 
exam
PS: 12.5 ± 5.5
MS: 13.6 ± 4.5
MK: 12.6 ± 4.4
During treatment
PS: 12.5 ± 5.2
MS: 14.0 ± 3.8
MK: 8.6 ± 4.1

MK: 
longer 
and 
effective 
session 
(p = 0.04)

– – Agita-
tion
MK: 1
Vomit-
ing
MK: 4

–

Antunes/201624/
Brazil

56 Under  
4 years

Moderate  
sedation 
with mida-
zolam  
(dose 1 mg/
kg, maxi-
mum 20 mg) 
adminis-
tered orally

Moderate se-
dation with the 
association of 
midazolam (0.5 
mg/kg, maxi-
mum 20 mg) 
and ketamine 
(3 mg/kg dose, 
maximum  
50 mg)

OSUBRS score
Quiet behavior
M: 2.9 times
MK: 4.3 times

– – – No  
adverse 
events

Sado-Filho/201925/
Brazil

84
(M: 43,  
F: 41)

Under  
7 years

Oral mida-
zolam (MO) 
(1.0 mg/kg, 
maximum 
20.0 mg)

KMO: combina-
tion of keta-
mine (4.0 mg/
kg, maximum 
100.0 mg) and 
midazolam (0.5 
mg/kg, maxi-
mum 5.0 mg) 
by oral route
KMIN: com-
bination of 
intranasal keta-
mine (4.0 mg/
kg, maximum 
100.0 mg) and 
midazolam  
(0.2 mg/kg, 
maximum  
5.0 mg)

OSUBRS score
Quiet behavior
MO: 10.7%
KMO: 42.9%
KMIN: 21.4%

– – – MO: 
39%
KMO: 
53.6%
KMIN: 
39.3%

MO:  
32.1%
KMO: 
46.4%
KMIN: 
50.0%
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efficiency of intranasal administration of midazolam, ketamine, 
and combination to produce moderate sedation. A statistically 
significant difference was observed between midazolam and 
ketamine groups, with respect to the onset of sedation (p < 0.01). 
Midazolam (69%), ketamine (89%), and midazolam and ketamine 
combination (84%) displayed a statistically significant difference in 
success rates. Hence, the study concluded that intranasal ketamine 
displayed the highest success rate in modifying the behavior of 
uncooperative children to accept treatment.

Moreira et  al .18 conducted a randomized controlled 
experiment to see if children’s behavior (36 months) improves 
following treatment with oral midazolam and ketamine 
combination vs midazolam alone vs no sedation. The authors 
were able to perform more restorations in a single appointment, 
as midazolam and ketamine combination allowed the operators 
to extend the appointments easily. According to the authors, 
the most probable reason for this finding is that ketamine 
possesses an analgesic effect, which may have improved the 
value of midazolam sedation without compromising the upper 
airway reflex.

Antunes et al.24 assessed the children’s behavior in consecutive 
dental appointments using different behavior management 
techniques (no sedation, oral sedation with midazolam, oral 
sedation with midazolam and ketamine combination, or GA) for 
behavior control. The phenomenon of “implicit memory” was also 
used to explain the long-term effects of ketamine as a sedative in 
this study. Midazolam has an effect on the patient’s memory in 
terms of perceptual recognition and facilitation. Children who have 
received a modest dosage of midazolam remain alert to verbal and 
tactile stimulation but fail to recognize photographs presented after 
the sedative has been delivered (“explicit memory”).

Sado-Filho et  al.25 carried out a randomized, controlled, 
parallel-design trial to assess the efficiency of intranasal midazolam 
and ketamine combination, oral midazolam and ketamine 
combination, and oral midazolam as the key factor of the behavioral 
guiding technique during dental treatment for preschoolers. 
According to the experiment, 44% of the children experienced 
modest intra and/or postoperative adverse effects that did not 
necessitate any special treatment.

co n c lu s I o n

The present systematic review concludes that the midazolam and 
ketamine combination is more efficient than midazolam alone with 
respect to ease of treatment and clinical efficiency.

underdeveloped cognitive abilities, a severely restricted repertoire 
of coping capacities, short to insignificant attention spans, and 
essentially no experience coping with anxiety.36

Traditional restorative techniques involve the use of 
rotary handpieces, burs, and local anesthesia for symptomatic 
management.37 These procedures are most commonly associated 
with dental anxiety, which is “a sensation of concern regarding 
dental treatment that is not necessarily tied to a specific external 
stimuli.”38 Protective stabilization, sedation, and GA are specialized 
behavior guidance methods that are widely used and taught in 
pediatric dental educational programs.39 Protective stabilization, 
according to the American Academy of Pediatric Dentistry (AAPD) 
recommendations, can lead to substantial effects such as bodily or 
psychological injury, lack of dignity, and any infringement of the 
patient’s rights.40 Pediatric dentists frequently worry about how to 
deliver the most beneficial treatment, while limiting the danger of a 
traumatic dental experience for the kid. Hence, moderate sedation 
is considered to be more safe behavior management method for 
such children.

A number of sedative drugs, doses, and administration 
techniques have been researched in pediatric dentistry in an 
attempt to find the best and safest alternative. Midazolam is 
the sedative agent, routinely preferred in such situations. It is a 
benzodiazepine that has a quick onset of action. It has anxiolytic, 
muscle relaxant, and anticonvulsant properties, and is now most 
often used in children to induce anterograde amnesia and avoid 
prolonged seizures. However, it has a short duration of action and 
lacks an analgesic effect.41–45

Premedication protocol that combined midazolam’s anxiolytic 
action with ketamine’s analgesic function resulted in improved 
pediatric behavior than both medications alone, according to 
research in general pediatrics.46–49 Various studies reported that 
oral sedation with midazolam and ketamine combination is the 
safest and most efficient in pediatric dentistry in the management 
of young uncooperative children.

A double-blind trial was performed by Koirala et  al.22 to 
assess the safety and effectiveness of orally administered newer 
sedatives and analgesics for conscious sedation in 120 children. 
No complications arose in any patient subjected to midazolam 
and ketamine combination. The author further concluded that if 
ketamine cannot be used, midazolam and tramadol combination 
can be used, and if only a single agent is permissible then 
midazolam is the ideal choice of sedative.

Bahetwar et al.23 conducted a study involving 45 uncooperative 
children (2–6 years) to assess and compare the safety and 

Table 2: Quality assessment of included studies

Author name, 
year

Selection bias

Reporting bias Others

Performance bias

Attrition bias

Random 
sequence 
generation

Allocation 
concealment

Blinding 
participants and 
personnel

Blinding 
outcome

Koirala, 200622 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Bahetwar, 
201123

Low risk Unclear Low risk Low risk Low risk Low risk Low risk

Moreira, 201318 Low risk Unclear Low risk Low risk High risk High risk Low risk
Antunes, 
201624

Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Sado- Filho, 
201925

Low risk Low risk Low risk Low risk Low risk Low risk Low risk
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