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Oral midazolam reduces cortisol levels 
during local anaesthesia in children: a 
randomised controlled trial

Abstract: Little is known about whether midazolam sedation can 
reduce salivary cortisol levels and consequently influence children’s 
behaviour during dental treatment. The aim of this study was to 
evaluate the effect of midazolam sedation on salivary cortisol and 
its correlation with children’s behaviour during restorative dental 
treatment. Eighteen healthy children, aged two to five years, were 
randomly assigned to two dental treatment appointments, both with 
physical restraint: oral midazolam 1 mg/kg (MS) and placebo (PS). 
An observer assessed the children’s behaviour (videos) using the Ohio 
State University Behavioral Rating Scale (OSUBRS). The children’s 
saliva was collected just after waking up, on arrival at the dental 
school, 25 minutes after local anaesthesia, and 25 minutes after the end 
of the procedure. Salivary cortisol levels were determined using the 
enzyme-linked immunoabsorbent assay. The data were analysed by 
bivariate tests and multivariate analysis of variance (5% level). Salivary 
cortisol levels were lower in the MS group than in the PS group at the 
time of anaesthesia (p = 0.004), but did not vary during the appointment 
within sedation (p = 0.319) or placebo (p = 0.080) groups. Children’s 
behaviour was negative most of the time and did not differ between 
MS and PS; however, the behaviour (OSUBRS) did not correlate with 
salivary cortisol levels. Oral midazolam is able to control salivary 
cortisol levels during dental treatment of pre-schoolers, which might 
not lead to better clinical behaviour.

Keywords: Saliva; Hydrocortisone; Midazolam; Child Behaviour; 
Dental Anxiety.

Introduction
One of the most difficult problems during dental treatment of 

pre-schoolers is behaviour management.1 Local anaesthesia is the most 
commonly cited cause of anxiety and stress in children during dental 
treatment.2 Moreover, factors such as youth, previous negative experiences, 
anxiety, and toothache have contributed to children’s negative behaviour 
in the dental school.3

Many techniques have been used to control children’s behaviour 
during dental treatment. The basic methods are not satisfactory for all 
children, making it necessary to use advanced methods. These include 
sedation techniques (minimal, moderate, and deep), physical restraint, 
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and general anaesthesia.4 Moderate sedation with 
oral midazolam is a pharmacological method used 
in dentistry when basic behavioural techniques do 
not allow adequate dental treatment.5 However, a 
systematic review has concluded that the evidence 
for midazolam as an effective sedative in behavioural 
control of children up to 16 years of age undergoing 
dental treatment is weak, and that clinical trials 
demonstrating its effectiveness are lacking.6

Assessments of the effectiveness of sedatives in 
paediatric dentistry have relied on behavioural scales. 
In addition to these scales, there are physical (e.g., blood 
pressure and oxygen saturation) and biochemical 
methods (e.g., plasma or salivary cortisol levels). 
Cortisol levels in the saliva of children under dental 
treatment are a biochemical marker that is associated 
with anxiety.7, 8 This method offers advantages such 
as ease of collection, noninvasiveness, safety, and 
painlessness.9 Reduced stress and anxiety are reflected 
in children’s salivary cortisol levels.8,10 This result 
has clinical implications, since less stress may lead 
to better child behaviour during dental treatment.3

In stressful situations such as local anaesthesia 
administration,2 two systems, the sympathetic nervous 
system (SNS) and the hypothalamic-pituitary-adrenal 
(HPA) axis, interact.11 Activation of the HPA axis 
results in an increase in the secretion of cortisol into 
the bloodstream, slowing down the response to a 
stress stimulus.11,12 Thus, cortisol in saliva increases 
gradually until reaching a peak 20 to 30 minutes 
after the stress stimulus.13

The literature (PubMed database, search terms: 
oral midazolam, dental anaesthesia, child behaviour, 
and salivary cortisol) provides no evidence of 
an associat ion between dental anxiety and 
pre-schoolers’ behaviour during dental treatment 
under sedation. On the basis of a randomised 
controlled triple-blind crossover clinical trial, this 
study assessed: 1) the salivary cortisol levels of 
2-5-year-olds sedated with oral midazolam during 
local anaesthesia for restorative dental treatment; 
and 2) the relationship between salivary cortisol 
and behaviour measured on an observational 
scale. The hypothesis was that midazolam would 
reduce stress and improve behaviour during dental 
treatment of under-sixes.

Methodology 
Study design

This randomised, controlled, crossover, and 
triple-blind clinical trial was approved by the 
Institutional Research Ethics Board (#307/2011) 
and registered in the Clinical Trials Database 
(NCT01795222). A placebo control group was used 
to assess children’s behaviour in comparison with 
the same child’s treatment under sedation. Parents 
were told that a placebo would be used in one of 
the sessions and were asked to sign an informed 
consent form after being informed of the objectives, 
procedures, risks, and benefits of the study.

Participants
This study included children who were referred 

to a dental sedation centre between April 2012 and 
December 2012. The sedation protocols followed 
established guidelines.4 Healthy children aged 2 to 5 
years, American Society of Anesthesiologists (ASA) 
I or II, requiring at least two restorative procedures 
and who had displayed negative behaviour during 
earlier dental appointments (definitely negative or 
negative according to the Frankl Behavior Rating 
Scale)14 were included. Exclusion criteria were previous 
dental treatment under sedation and recent use of 
systemic corticosteroids.11

Sample size was calculated on the basis of a pilot 
study with eight children. In the pilot study, salivary 
cortisol levels 25 minutes after anaesthesia had a 
mean (standard deviation) of 0.33 (0.25) µg/dL in 
the midazolam group and 0.88 (0.64) µg/dL in the 
placebo group. Thus, a sample of 14 patients was 
needed for this crossover study of two groups to 
have an 81% probability of detecting a difference 
between treatments at a 5% significance level if the 
real difference between the treatments was 0.60.

Dental examination
An integrated medical-dental examination was 

carried out during the first visit to determine eligibility 
for the study. Oral examination began with prophylaxis 
with pumice in a rubber cup at low speed and with 
flossing. Oral condition and consequent dental need 
were assessed using the decayed, missing, or filled 
primary teeth (dmft) index.15 No sedation techniques 
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were used in the first visit; children who did not 
cooperate were stabilised by one parent, who was 
present during the entire procedure and sat in the 
dental chair with the child.

Intervention groups
The analysis groups for this study were: MS – oral 

midazolam syrup (Dormire® 2 mg/mL, Cristalia, 
Brazil) at a dose of 1.0 mg/kg (maximum dose 
20 mg); PS – oral placebo syrup (same characteristics 
as those of the active drug, magistral preparation). 
Syrups were administered with a syringe so that a 
child would receive the same volume in each session. 
Children in both groups received passive physical 
restraint (a sheet stabilised with tape) during the 
two sessions.

One member of  the team carr ied out a 
permuted-block randomisation of participants 
(http://www.stattools.net/index.php). Only the 
paediatrician and anaesthesiologist knew what 
substance would be administered in the event of an 
emergency. Thus, the principal investigator and dental 
staff were masked to avoid any observer influence 
on the diagnosis during subsequent evaluation of a 
child’s behaviour. Parents were also masked to avoid 
any influence on the child’s behaviour.

Dental treatment sessions
Each child’s sessions were scheduled at the same 

time in the morning (from 8 to 10 a.m.) at 7-day 
intervals. Child and parent were sent to a medication 
administration room, where the anaesthesiologist 
administered the randomised substance orally. 
After administration, the child was monitored for 15 
minutes and then taken to the dental chair, wrapped 
in a sheet stabilised with tape, and dental treatment 
was initiated 20 minutes after the medication had 
been administered.

The child was seen by the same paediatric dentist 
in both sessions and was not separated from his or 
her parent at any time. In each session, only one tooth 
was restored under local anaesthesia (2% lidocaine 
with epinephrine 1:100,000, Nova DFL, Rio de Janeiro, 
Brazil) and rubber dam isolation. The anaesthetic 
techniques used were inferior alveolar nerve block or 
maxillary infiltration according to the child’s dental 

treatment needs in each session. A mouth prop was 
used as needed. The child’s blood pressure, respiratory 
rate (observation of thoracic-abdominal movements), 
heart rate, and oxygen saturation were continuously 
monitored during the intervention using a pulse 
oximeter (Datex-Ohmeda, Helsinki, Finland).

At the end of each appointment, parents were 
given written postoperative recommendations. 
Discharge followed strict criteria.16 On the following 
day, the parent was contacted to inform about possible 
adverse events.

Salivary cortisol assessment
The saliva was collected with gloved hands 

using Salivette® tubes (Sarstedt Inc., Nümbrecht, 
Germany). First, the researcher in charge took the 
first saliva sample when the child woke up at home, 
on the day prior to the dental appointment. The other 
four samples were taken during each day of clinical 
care. One sample was taken by the parent when the 
child woke up at home and the others were taken 
by the researcher upon arrival at the dental school, 
25 minutes after anaesthesia, and 25 minutes after 
the procedure.

After collection, the Salivette® tubes were 
centrifuged at 3000 rpm for 15 minutes (Sislab/Basic, 
São Paulo, Brazil). They were subsequently stored 
in Eppendorf tubes and frozen at -80ºC (Sanyo/
Vip® Plus™, Wood Dale, USA) until the time of 
analysis. An enzyme immunoassay kit (Salimetrics, 
State College, USA) was used to measure cortisol 
concentration in the saliva samples. The samples 
were evaluated using a microplate reader (Molecular 
Devices, Spectra Max 190, Sunnyvale, USA) at 450 
nm absorbance. Cortisol levels were determined 
using the standard curves prepared according to 
the manufacturer’s instructions. The detection limits 
ranged from 0.012 µg/dL to 3000 µg/dL.

Child behaviour assessment
Every clinical session during the two appointments of 

clinical treatment was filmed for subsequent behavioural 
analysis. The children’s behaviour was assessed by a 
previously trained and masked observer using the Ohio 
State University Behavioral Rating Scale (OSUBRS).17 A 
gold-standard paediatric dentistry researcher watched 
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videos showing treatment of children outside the present 
study, in order to evaluate agreement between the 
researcher and the observer. Intra- and inter-observer 
agreement was measured at 7-day intervals and had 
Kappa values of 0.9 and 0.8, respectively.

The OSUBRS is simple and easily performed. 
It consists of four points involving head and limb 
movements, crying, and physical resistance: 1) no 
crying and no movement (quiet); 2) crying and no 
movement; 3) movement without crying; and 4) 
crying and movement (struggling). For this study, 
OSUBRS scoring involved a slight modification of 
the original scale. The behaviour of all the children 
was evaluated minute by minute to obtain the mean 
of the percentage of each score in a given treatment 
session and at the following specific times: during local 
anaesthesia and at the end of the whole procedure.

Statistical analyses
Data were entered and analysed using the IBM 

SPSS 22.0 (IBM Corporation, New York, USA) and 
Prism software (GraphPad Prism 6; GraphPad 
Software, La Jolla, USA). The significance level for 
statistical tests was set at 5%.

Salivary cortisol values for each patient at different 
times (upon waking before the session, upon arrival 
at the dental school, 25 minutes after anaesthesia, and 
25 minutes after the procedure) were transformed 
into area under the curve (AUC).18

The groups, MS and PS, were compared regarding 
salivary cortisol and OSUBRS scores through repeated 
measures tests: Wilcoxon for non-parametric data and 
paired Student’s t-test for parametric data. Variations 
in salivary cortisol levels in the same group, assessed 
at different times, were tested by multivariate analysis 
of variance (MANOVA), Pillai’s trace criterion. The 
correlation between salivary cortisol and OSUBRS 
was tested by Spearman’s (non-parametric data) or 
Pearson (parametric data) analyses.

Results
Thirty-one children were examined for inclusion 

in this study (Figure 1). The 18 children included in 
the study (61.1% girls) were 46.8 (standard deviation 
“SD” 13.9) months old, weighed 15.9 (SD 3.4) kg, and 
had a dmft index of 5.5 (SD 2.7).

The planned treatments for the two sessions were 
concluded in all cases. During treatment, the children 
in the MS and PS groups respectively received class 
I (33.3% vs. 30.5%), class II (2.7% vs. 5.5%), and class III 
restorations (13.8% vs. 13.8%). The anaesthetic techniques 
used in the MS and PS groups were inferior alveolar 
nerve block (38.9% vs. 44.5%, respectively) and maxillary 
infiltration (61.1% vs. 55.5%, respectively) (Fisher’s 
exact test p = 0.145). The type of local anaesthesia 
technique varied according to the child’s need – 13 
children received the same technique in both sessions, 
whilst 5 received different techniques in each session. 
Treatment sessions lasted 28.6 (SD 6.5) minutes (MS) 
and 33.3 (SD 7.7) minutes (PS) (p = 0.021).

Salivary cortisol levels varied during the 
evaluations of dental treatment with and without 
sedation (Table 1 and Figure 2), but had a normal 
distribution (Kolmogorov-Smirnov test p > 0.05). 
The paired comparison of salivary cortisol levels in 
children in both sessions (MS and PS) showed that, 
at the time of anaesthesia, cortisol levels were lower 
when the child received midazolam than when s/he 
received placebo (Table 1 and Figure 2). The salivary 
levels related to the two anaesthetic techniques did 
not differ in the MS (p = 0.392, Mann-Whitney test) 
or PS (p = 0.724) groups. There was no statistically 
significant difference in cortisol levels between MS and 
PS at the other saliva collection times (p = 0.132 – upon 
waking, on the day of the session; p = 0.441 – on arrival 
at the dental school; p = 0.494 – 25 minutes after the 
end of the procedure). There was greater variation 
in cortisol levels in the same session when children 
received placebo (p = 0.080) than when they received 
midazolam (p = 0.319), but this was not statistically 
significant (MANOVA, Pillai’s trace criterion). There 
was no statistically significant difference between 
the first and second sessions in a paired evaluation 
of salivary cortisol levels on arrival at the dental 
school (p = 0.261).

After 20 minutes of drug administration, at the 
beginning of the dental treatment, children in the 
MS group were drowsy but responsive. The observed 
behaviour varied widely (Table 2), with an OSUBRS 
score of 4 (struggling) during local anaesthesia 
predominating in both the MS and PS groups. 
The MS group had a higher percentage of score 3 
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(movement without crying) during anaesthesia. 
After treatment, the behaviour of children in the 
two groups was similar. There was no statistically 
significant correlation between salivary cortisol 
levels and struggling (percentage of score 4) during 
local anaesthesia, at the end of dental treatment, or 
throughout the session for either of the groups (Table 3).

Heart rate and oxygen saturation remained 
within the normal range during the use of both the 
sedative and the placebo. There were no adverse 
intraoperative events in either group. In the first 
24 postoperative hours, two children from the 
MS group had nausea and vomiting and one had 
excessive sleepiness.

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) statement flow diagram.
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Discussion
The key finding of this study was that children 

presenting with uncooperative behaviour during 
dental sedation with midazolam might not be 
stressed. Accordingly, oral midazolam at a dose of 
1.0 mg/kg was able to reduce pre-schoolers’ salivary 
cortisol, a biomarker of stress, during restorative 
dental treatment, mainly during local anaesthesia 
administration. However, this reduction in salivary 
cortisol levels did not impact on better children’s 
behaviour during stressful dental treatment situations. 
Several factors may have influenced these findings 
and will be discussed further ahead.

Several studies have shown an increase in 
salivary cortisol levels during the most stressful 
dental treatment procedures10,19,20,21 as well as during 
intravenous access in medical procedures.22 However, 
these studies were conducted with unsedated 
patients.7,8,9,10,19,20 In the cortisol assessments “upon 
waking” and “upon arrival at the dental school”, there 
were no statistically significant differences between 
the MS and PS groups. There was no stressful stimulus 
prior to drug administration, and salivary cortisol 
levels did not differ significantly between the group 
receiving the active drug and the one that received 
the placebo, thus confirming other study findings.21 
Besides, there was no difference in salivary cortisol 
levels at the end of the procedure, because cortisol 
decreased in the PS group children after they received 
local anaesthesia. Accordingly, aversive stimuli after 
anaesthesia – motor noise and vibration, mouth prop, 
and rubber dam isolation – would not cause cortisol 
changes even in children under the placebo effect. 
This should be further investigated in future studies.

Behaviour management problems during paediatric 
dental treatment is not necessarily associated with 
dental anxiety,1 which means that a child might be 
uncooperative with a dental procedure without having 
dental anxiety. This study supports this knowledge, 
as the subjective measure (OSUBRS) was related 
to child’s behaviour and the objective assessment 
(salivary cortisol) to child’s anxiety. Midazolam was 
associated with lower release of cortisol in saliva 

Table 1. Salivary cortisol levels during dental treatment in children under sedation with midazolam (MS) or placebo (PS).

Salivary cortisol level (µg/dL)  
Variables

Mean (standard deviation) or median (minimum-maximum)
p-value

MS (n = 18) PS (n = 18)

Time of measurement, mean (standard deviation)

Upon waking at home 0.33 (0.12)

Upon waking on the day of the session* 0.32 (0.32) 0.34 (0.18) 0.132

On arrival at the dental school* 0.25 (0.12) 0.27 (0.09) 0.441

25 minutes after anaesthesia* 0.47 (0.42) 1.05 (0.64) 0.004#

25 minutes after the end of the procedure* 0.80 (0.90) 0.93 (0.69) 0.494

Area under the curve* 1.04 (0.88) 1.57 (0.94) 0.054

Anaesthetic technique, median (minimum-maximum)

Inferior alveolar nerve block+ 1.42 (0.11-1.58) 0.60 (0.30-2.35) 0.655

Maxillary infiltration+ 0.27 (0.12-1.01) 0.82 (0.45-2.06) 0.012#

* Paired Student’s t-test (mean and standard deviation).
+ Wilcoxon test (median and minimum-maximum values).
# Statistically significant.
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Figure 2. Comparison of patients’ salivary cortisol levels (mean 
and standard deviation, in µg/dL) during dental treatment with 
sedation (MS) and placebo (PS) at different collection times. 
Paired Student’s t-test.
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compared with placebo during local anaesthetic 
administration; possibly, children’s anxiety was 
effectively reduced by the sedative during this 
stressful procedure, but the children’s age range did 
not allow us to assess their anxiety with a validated 
psychometric measure. Although there was no control 
of the group to which a child would be assigned in 
the first or second session, another study has shown 
that the type of anaesthetic technique used does not 
influence the next treatment session;23 this should be 
further investigated.

However, the lack of correlation between the 
biochemical measurement (cortisol) and the clinical 

measurement (behaviour) is intriguing. Other studies 
also showed no association between salivary cortisol 
levels and scores on other behavioural scales in 
unsedated adults during emergency treatment19 and 
adults sedated with sublingual midazolam during 
surgical treatment of third molars.21

Children’s behaviour can be influenced by a 
number of factors such as temperament, child’s age, 
cognitive development, and social status.1 Moreover, 
compared to adults, children and the elderly might 
show unexpected behaviour such as agitation and 
arousal during benzodiazepine sedation.24 Thus, 
although cortisol levels may increase in a stressful 
situation such as local anaesthesia, moderate sedation 
still allows children to perceive their environment and 
express resistance to the procedure. In the present 
study, for example, children in the MS group had 
more movement without crying than those in the PS 
group, i.e., children wanted to avoid the procedure 
even though they did not cry.

This study had a crossover design in which a child 
was his/her own control, which has the advantage 
of minimising other emotional and cognitive biases 

Table 2. Children’s behaviour during dental treatment under midazolam sedation (MS) or placebo (PS).

Behavioural variables
Mean (standard deviation) or median (minimum-maximum)

p-value
MS (n = 18) PS (n = 18)

Percentage of “1” scores – quiet

During anaesthesia+ 0 (0-50.0) 0 (0-100) 0.713

Immediately after the end of procedure+ 0 (0-100) 0 (0-100) 0.655

During the entire treatment session* 18.3 (22.3) 18.6 (20.4) 0.968

Percentage of “2” scores – crying without movement

During anaesthesia+ 0 (0-66.7) 0 (0-100) 0.210

Immediately after the end of procedure+ 0 (0-100) 0 (0-100) 0.414

During the entire treatment session* 20.8 (25.5) 27.8 (31.9) 0.280

Percentage of “3” scores – movement without crying

During anaesthesia+ 0 (0-100) 0 0.041

Immediately after the end of procedure+ 0 0 (0-100) 0.157

During the entire treatment session* 8.6 (12.1) 4.8 (11.5) 0.154

Percentage of “4” scores – struggling

During anaesthesia+ 58.4 (0-100) 100 (0-100) 0.589

Immediately after the end of procedure+ 0 (0-100) 0 (0-100) 0.180

During the entire treatment session* 52.6 (29.7) 48.8 (33.3) 0.516

Scores as per anaesthetic technique

Inferior alveolar nerve block+ 4.0 (1.0-4.0) 4.0 (1.0-4.0) 0.317

Maxillary infiltration+ 4.0 (2.0-4.0) 4.0 (2.0-4.0) 0.414

* Paired Student’s t-test (mean and standard deviation).
+ Wilcoxon test (median and minimum-maximum values).

Table 3. Correlation between salivary cortisol levels and 
struggling behaviour during dental treatment of children under 
midazolam sedation (MS) or placebo (PS).

MS PS

During anaesthesia Rho = 0.17 Rho = 0.33

p = 0.55* p = 0.22*

End of procedure Rho = 0.24 Rho = 0

p = 0.41* p = 1.0*

* Spearman’s correlation test.
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associated with behaviour during dental treatment. 
Although a washout time of 7 days was established 
in this and previous crossover studies,25 we cannot 
rule out the possibility of a positive or negative 
result in the first session influencing the outcome of 
the second session. However, it can be assumed that 
midazolam-induced anterograde amnesia would 
minimize the memory of a positive or negative 
experience at the dentist’s. Furthermore, this study 
did not show any influence of first-session salivary 
cortisol levels upon arrival at the dental school on 
levels during the second session.

This trial has other strengths: it was randomised 
to prevent observer influence and masked so that the 
dental team, the parent, and the observer did not 
know which substance was administered; dental 
treatment was standardised, as just one tooth at a 
time was restored under local anaesthesia and in 
rubber dam isolation.

However, it is important to note that the sample 
size was calculated with partial results at the time of 
anaesthesia, perhaps the most critical time in terms of 
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