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Abstract 

Objectives: The objectives of this study are to evaluate the efficacy of midazolam as a means of conscious sedation in 
pediatric odontology through three routes of administration: oral, rectal and nasal administration, to compare the efficacy 

of these different routes and to assess the general safety of Midazolam. 

Materials and Methods: Thirty healthy non-cooperating (ASAI) patients (levels 1 and 2 on the FRANKL scale), aged 2 
to 5 years and requiring a minimum of three dental sessions were recruited. Each patient received three sessions of 
sedation, using a different route of administration each time: oral (0.5 mg/kg), rectal (0.3 mg/kg) and nasal (0.2 mg/kg). 
The assessment of the behavior throughout the dental care was made using the Houpt scale. Physiological 
parameters(heart rate and oxygen saturation) were measured every five minutes to assess tolerance. 

Results: The three routes of administration of midazolam were considered effective since all patients presented a 
behavior allowing a complete management without interruption of care except for one patient. The sedative effect of the oral 

and rectal routes was similar, as to the nasal route, it was judged to be clinically better but without any statistically significant 
differences. The most accepted route of administration by patients was the oral one followed by the nasal and rectal routes. 
No intolerance to midazolam was observed. 

Conclusion: Midazolam is an effective sedative for dental care, acceptable by patients and well tolerated regardless of 
the route of administration. 
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1. Introduction

Despite the many improvements in anesthesia and dentistry techniques over the past few decades, oral and dental 
treatments remain a dreaded and sometimes insurmountable challenge for some children. Indeed, when a child is 
confronted to a dental care situation, his anxiety can cause profound emotional distress that increase the threshold of 
pain and modify his behavior on the dental chair [1, 2]. 

In the case of a patient who opposes dental treatment, the practitioner must be able to choose among several 
management modalities, ranging from cognitive behavioral techniques to various methods of conscious sedation until 
general anesthesia. Because of its pharmacokinetic properties, midazolam is an effective and well-tolerated method of 
conscious sedation for the young patient. Indeed, midazolam, which is a water-soluble benzodiazepine with a short 
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duration of action, has anxiolytic, muscle relaxant and amnesic properties which are highly sought during a child dental 
care [3]. 

When administered orally, midazolam reaches its plasma peak concentration one hour later. However, this serum peak 
is reached faster after 9 to 39 minutes or even after 10 to 20 minutes when the midazolam is administered rectally or 
nasally, respectively [3, 4, 5, 6, 7]. 

Although midazolam has been the subject of several publications evaluating its efficacy and tolerability, few studies 
have compared its use across different routes of administration as a means of sedation for children’s dental care. Indeed, 
some authors have compared only two routes of administration (oral/nasal, rectal/oral) [8,9]. Other studies have 
compared several routes in a medical setting other than children’s dental care, if not as a means of preparation for dental 
care under general anesthesia [10, 11, 12]. 

Most pediatric anesthetists prefer non-invasive routes. Although the administration of midazolam via a non-invasive 
route is generally pain free, it might be associated with minor side-effects. Rectal midazolam administration has proven 
to be a reliable route. However, some children or their parents may find it distressing. Intranasal administration causes 
significant nasal irritation and watering eyes. Oral or sublingual routes require the child’s cooperation [10]. 

The aim of this study was to compare the efficacy and tolerability of Midazolam as a means of conscious sedation in 
pediatric dentistry through three routes of administration: oral, rectal and nasal routes and to assess their level of 
acceptance. 

2. Material and methods 

A randomized, double-blind, clinical trial was conducted by the same pediatric dentist in collaboration with the 
anesthesia-intensive care department of Abderrahim Harouchi Children's Hospital wich is part of University Hospital of 
Casablanca in collaboration with the anesthesia-intensive care department of the same hospital. 

Ethical clearance was obtained from the institution and parents or guardians of the children who participated in the 
study were provided with the necessary information, both orally and in writing, prior to obtaining signed written 
consent from the parents. 

Thirty healthy patients (ASAI according to the classification of the American Society of Anesthetists), aged 18 months 
to 5 years, negative or completely negative (levels 1 or 2 according to the FRANKL scale), with no absolute or relative 
contraindications  to midazolam and requiring at least three dental care sessions were selected for the study[3.8]. 

All patients with systemic health problems (ASAII, ASAIII), aged under 18 months or above 5 years, presenting absolute 
or relative contraindications to midazolam and whose parents refused the sedation procedure, were excluded from the 
study. 

It was a double-blind, randomized study.  

All children were referred to an anesthesiologist for a pre-sedation consultation and each received three dental care 
sessions under conscious sedation with Midazolam (Hypnovel®1 mg/ml Sol Inj, Roche Products Ltd.). A single route of 
administration was chosen per session: the oral route at the rate of 0.5 mg/kg, the rectal route at 0.3 mg/kg and the 
nasal route at the rate of 0.2 mg/kg. The method of administration was decided after a random draw done at the 
beginning of the first sedation session [5, 6, 9 ]. 

For the oral route, the contents of the ampoule for parenteral use were mixed with 30 ml of fresh and sweet orange juice 
in order to dissipate its bitter taste and then given to the child with a spoon, a glass or a syringe depending on age and 
cooperation.[10] For the rectal route, the drug was administered using a syringe connected through a plastic tube to a 
silicone olive. Finally, for the intra-nasal form, midazolam was administered in drops by a syringe without needle, half 
the volume in each nostril.] 

Once the medication was administered, the child and his / her parents were invited to sit in a quiet room during the 
latency period (30 minutes for the oral route, 20 minutes for the rectal route and 10 minutes for the nasal route). At the 
end and as soon as the first signs of sedation appeared, the child was taken to the treatment room and then connected 
to a pulse oximeter monitoring heart rate and oxygen saturation in blood. The dental procedure was the same for all 
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patients and consisted after placing a mouth opener, performing a prophylactic brushing, applying topical anesthesia 
followed by local anesthesia, placing the dental dam and finally performing during the same dental care session (a 
conservative or pulp treatment and one or more extractions).Throughout the whole session, the operator maintained 
not only a visual contact with the patient but also a verbal one. 

Acceptance of the midazolam route of administration was considered good when the medication was administered to 
the patient with no problem, average when the medication was administered after several negotiations and poor when 
the administration of the product was done under duress. 

Sedation was assessed first by measuring the behavior of the child according to the modified Houpt scale which takes 
into account four parameters: Sleep, cries, movements and total behavior of the child, [8] the various levels of the scale 
were determined by the relative difficulty in performing dental treatment and secondarily by the physiological 
parameters (oxygen saturation and heart rate), that were reported using a pulse oximeter. 

The patient’s behavior was rated independently by two examinators (pediatric dentists) who weren’t at known of the 
administered midazolam route. 

The physiological monitoring was continuous (and recorded at 5 minutes intervals) and during all the steps described 
above. 

2.1. Statistical analysis 

The results were exploited using the EPI 6 software (EPI Info Version 6) with assistance from the Epidemiology and 
Biostatics Laboratory team of the Faculty of Dentistry, University Hassan II of Casablanca. The exploitation consisted in 
a calculation of the average of the scores and values of the recorded physiological parameters. 

The data were analyzed by sequential analysis to determine if there were any significant differences between the three 
routes. 

3. Results 

The average age of children in this trial during the 90 sessions was 35.75 +/- 3 months with a female predominance of 
61, 5%. They all came from a low socioeconomic level and in terms of oral health, had a severe form of early childhood 
caries. 

During these sedation sessions, various acts (extractions, pulp treatments, conservative and prophylactic treatments) 
were performed (Fig. 1) 

 

Figure 1 The different acts realized during sedation session 
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The sleep assessment shows, for all three routes, that the children remained awake during the first ten minutes during 
which the operator performed the anesthesia and placed the dental dam. The state of somnolence (score 2 according to 
the modified Houpt scale) was generally obtained after fifteen minutes. No cases of falling asleep (score 4) were 
observed. (Fig. 2) 

 

Figure 2 Evolution of sleep according to the modified Houpt scale of the three routes of administration 

Figure 3 shows the presence of continuous movements (score 2) during the first minutes after the latency period and 
reaching a level of controllable or absent movements (score 3 to 4) from the fifteenth minute until the end of dental care 
for all three routes of administration. 

 

 

Figure 3 Evolution of movement according to the modified Houpt scale of the three routes of administration. 
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            The evaluation of cries during the dental care was similar to that of movements (Fig. 4). 

 

Figure 4 Evolution of cries according to the modified Houpt scale of the three routes of administration. 

Concerning the overall behavior, a clear improvement was noticed. Children's behavior changed from a restless 
behavior (score 1) at the time of drug administration to good behavior just after the latency period and then to very 
good behavior (between score 4 and 5) during dental care (Fig. 5). 

 

Figure 5 Evolution of overall behavior according to the modified Houpt scale of the three routes of administration 

The same evolution of the various criteria assessing the behavior of the children (Sleep, movements, cries and total 
behavior) was observed for the three oral, rectal and nasal routes of administration. 

As for the evaluation of the different routes acceptance, it was noted that the oral route was the most accepted followed 
by the nasal route and finally the rectal one (Fig. 6). 
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Figure 6 Evaluation of the level of acceptance according to the modified Houpt scale of the three routes of 
administration 

To assess the tolerance of midazolam, two physiological parameters were observed every 5 minutes: the heart rate and 
oxygen saturation. The heart rate ranged from 112 to 122 beats / min with a peak when injecting anesthesia for all three 
routes of administration. The heart rate It slightly increased for the nasal route.. As for oxygen saturation, the mean 
values ranged between 98% and 99%.  

4. Discussion 

The analysis of the different scores recorded during the behavioral evaluation according to the modified Houpt scale in 
the present study showed that the level of children cooperation was greatly improved throughout the dental care. In 
fact, at the end of 15 minutes after the latency period set for each mode of administration, the children were drowsy, 
had controllable or even absent movements, and cried only intermittently. The same evolution was observed for the 
three routes. This is in line with the results of the studies published in this direction: in fact Lourenço and al who 
evaluated the oral route and concluded that it is a safe and acceptable approach [13]. The study by Gilchristet and al, in 
2004, found that nasal midazolam produces an adequate anxiolytic action[14]. Also AlSarheed ensured that intranasal 
midazolam was effective for modifying behavior in mild to moderately anxious children [15]. And finally the Lindh-
Strömberg reported that sedation with midazolam rectally as a safe and effective means of sedation and that its large 
advantage is its short duration of action [16]. On the other hand Jensen and Matsson did not find a significant difference 
between oral (0.4 mg/kg) and rectal (0.3 mg/kg) [6]. Similarly, Aydintug and al concluded that these two routes of 
administration are similar [8]. A comparison of the nasal and oral routes by Hartgraves and Primosch did not show any 
significant difference either [5]. However, Hosey and Blinkhorn, Lee-Kim and al, in a comparative study of the oral (0.7 
mg/kg) and nasal (0.3 mg/kg) routes, found that the sedative state was obtained three times faster by the nasal route; 
as to the behavior, the result was similar for both modes of administration[17, 18 ]. 

The fact that the nasal route makes it possible to obtain a more rapid sedation was taken into consideration from the 
outset in the operating protocol of our study, thus, the latency time for the oral route was twice as high as in the nasal 
route. In addition to the previous studies, Kogan and al found in a study evaluating four routes of administration (oral, 
rectal, nasal and sublingual) that there was no significant difference between these different routes [10]. In contrast, 
Chhibber and al concluded that the rectally administered midazolam was more effective compared to its oral or nasal 
effect [11]. However, in the latter two studies, the drug was used as a preparation for management under general 
anesthesia and not as a means of sedation for the realization of dental care in a completely different psychological 
context. 

One of the important criteria considered in our study was the level of acceptance of the route of administration. We 
found that the oral route was the most accepted route, followed by the nasal and then the rectal route. As a matter of 
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fact, the galenic form used, was the injectable one which is characterized by its bitter taste. Therefore, the use of a 
flavoring agent is essential. Some authors suggest the use of apple juice flavoring syrup [19, 20, 21, 22 ]. And others 
recommended syrups containing a pharmaceutical active agent such as hydroxyzine[5]. Our choice was for sweetened 
natural orange juice, available, popular and which could mask the unpleasant taste of midazolam without any 
synergistic effect of another pharmaceutical agent. Tolksdorf and Eick also found that the oral route is the most accepted 
followed by the nasal route and finally the rectal one [23]. The average level of acceptance of the nasal route is probably 
due to the tingling sensation and pain experienced following irritation of the nasal mucosa caused by direct contact with 
the concentrated product. To overcome this problem, some authors recommended the use of midazolam in a spray form 
[13, 23]. 

Although Jensen and Matsson didn’t also find any difference of acceptance between the oral and rectal compared to the 
nasal and oral routes [6]. This observed difference of results is probably due to cultural and social differences specific 
to each population [23]. 

The evaluation of midazolam tolerance as a means of sedation in our study has allowed us to note that midazolam has 
no side effects. Heart rate and oxygen saturation were within the normal range of the child between the ages of 18 
months and 5 years. Indeed, midazolam is the most frequently used benzodiazepine in dental sedation [24].It’s tolerance 
depends on the route of administration and the dose used. 

Studies have shown that oral, rectal and nasal routes do not produce any or very few side effects in the contrary of 
intravenous route [23-24-25-26-27-28-29-30-31-32]. In a country like ours where early childhood tooth decay is very 
common , access to dental care under general anesthesia remains difficult, midazolam sedation through the three routes 
of administration can be a good alternative to general anesthesia, effective and well tolerated, for the dental care of the 
young patient. 

5. Conclusion 

Administered under the required safety conditions, midazolam is an effective and well-tolerated means of sedation for 
dental care in young children regardless of oral, rectal or nasal route of administration. Although the oral route has a 
longer period of action, it remains the most accepted route followed by the nasal route and finally the rectal route. 
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