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ABSTRACT
Introduction: Dental Treatment for an anxious child has al-
ways been a challenge to the pediatric dentist. Nitrous oxide 
has been documented as a safe and effective pharmacological 
mean of behaviour management which results in anxiolytic and 
analgesic effects along with slight amnesic effect. The objec-
tive of the study is to evaluate the amnesic effects of nitrous 
oxide during treatment at 30% and 50% concentrations of ni-
trous oxide and after 100% oxygen for 3 minutes. Materials 
and method: 30 Healthy Children (ASA I) of age group 7-12 
years undergoing extraction were included in the study. Amne-
sic effects were evaluated visually by showing various cartoon 
pictures before the start of the treatment (A1) and subsequently 
asking the child to recognise them after 30% (A2), 50% (A3) ni-
trous oxide and after 100% oxygen (A4). Results: Nitrous oxide 
showed amnesic effects at various titration levels. Discussion: 
Any invasive dental intervention makes even a cooperative child 
uncooperative in the subsequent visits. However, any substance 
having amnesic effect results in no negative memory of the 
painful procedure performed.Nitrous oxide seems to be prom-
ising as a safe and potent amnesic agent. Conclusion: Nitrous 
oxide shows amnesic effects which can be helpful as it won’t let 
the child create any traumatic memory of the treatment.
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Introduction
Contrary to the revolutionary upward shift in 

dental technology and material sciences, children’s 

behavior seems to have undergone a retrograde qual-
itative transformation; being less cooperative or even 
unreceptive these days, which gets compounded with 
protective parenting and inability to control children’s 
behavior is probably accountable for this1,2.

Although a pediatric dentist has the option of us-
ing many conservative behavior management tech-
niques such as ‘tell-show-do’, ‘modeling’, ‘contingency 
management’, etc. but these techniques fail to gain co-
operation from difficult children at many instances. 
This situation tends to worsen when the intervention 
is urgently required.3 Thus, the use of pharmacological 
techniques like general anesthesia and conscious seda-
tion is warranted in such circumstances.

Treatment of a child under local anesthesia may 
make the child uncooperative and make it very dif-
ficult for a pediatric dentist to maintain fearless den-
tistry. Nitrous oxide sedation remains the preferred 
pharmacological behavior management technique for 
anxious children. There is certainly no need for deep 
sedation or use of dense pharmacological drugs to get 
positive Frankl behavior from a child.

Conscious sedation is a medically controlled state 
of depressed consciousness that allows protective re-
flexes to be maintained, retains the patient’s ability to 
maintain a patent airway independently and continu-
ously and permits appropriate response by the patient 
to physical stimulation or verbal command.4 

According to AAPD guidelines, nitrous oxide is 
commonly used in conscious sedation especially in a 
pediatric dental setup as it is non- toxic, rapidly acting 
and have capabilities of CNS depression. Its desirable 
characteristics include analgesia, anxiolytic action, 
rapid onset of action, possible titration, rapid cogni-
tive recovery, and amnesia with minimal side effects.5

Amnesia is a transient loss of memory which may 
be caused by brain damage, disease, or psychological 
trauma. It can also be caused temporarily by the use of 
various sedatives and hypnotic drugs.6

Amnesia can be retrograde or anterograde. Retro-
grade amnesia is the inability to recall past memories 
while anterograde amnesia is the inability to create 
new memories.

Many studies evaluated the amnesic effects of 
various drugs in combination with nitrous oxide. In 
a study done by Mouquet et al, patients were given 1 
mg of dextromoramide and during the procedure, a 
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mixture of 50% nitrous oxide and 50% oxygen was 
delivered. Among 20 patients given the nitrous ox-
ide-oxygen mixture, 15 experienced total, 4 partial, 
and 1 no amnesia.7 Limited literature is available 
on the amnesic effect of nitrous oxide alone at var-
ious titration levels i.e. without any combination of 
conscious sedation, which is of specific interest to 
the pediatric dentist. The present study was thus 
planned to study the retrograde amnesic effect of Ni-
trous Oxide.

Materials and methodology
Thirty systemically healthy children (American 

Society of Anesthesiologists Type I) aged between 7 
and 12 years, undergoing extraction at Department of 
Pedodontics and Preventive Dentistry were selected 
for the study. Risks and benefits of sedation were ex-
plained to the parent/guardian before the initiation of 
the treatment and Consent was taken.

Children who required extraction of atleast one 
tooth, ASA Type I, Cooperative child (Frankl type III 
or IV) were included in the study while the child was 
excluded from the study if – The child was not coop-
erative (Frankl type I or II), No tooth is indicated for 
extraction or Parent/guardian did not give consent.

To prevent bias, extraction was the treatment pro-
vided in all the patients.

Three gas concentration levels of nitrous oxide 
(30%N2O, 50%N2O and 100%O2) were chosen in or-
der to standardize the procedure. The first one was of 
30% as it is a percentage where an appropriate seda-
tion level is generally achieved and where the subject 
experiences the pleasant senses associated with the 

gas.7 The second was of 50% as it is the maximum rec-
ommended concentration by the American Academy 
of Pediatric Dentistry in order to avoid nitrous oxide 
adverse effects8 and the third one was after 3minutes 
of 100% O2.

In this study the child was shown 2 cartoon 
pictures before the beginning of the treatment 
(fig 1).

Figure 1

The children who were included in the study had 
never seen those cartoons before and hence all the pic-
tures were new for all the patients. 

Then the child was asked to recognise these two 
cartoon pictures from a group of 5 pictures at various 
titration levels and the child’s response was recorded 
on a preformed table (fig 2a-2d). The pictures on the 
preformed table were randomly arranged.

Responses were recorded at the following N2O – O2 
titrations:

A1 – At 100% O2

A2 – At 30% N2O
A3 – At 50% N2O
A4 – After 3 minutes of 100% O2 administration

 
              2a                                   2b                                 2c                                 2d 

Figure 1 Before sedation, 2b – at 30% nitrous oxide, 2c – at 50% nitrous oxide, 2d – after 100% oxygen 
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In this study, patient’s memory was assessed by 
showing cartoon characters and then asking them to 
recapitulate them at various titration levels.

It was observed that,
At 30% N2O 15 out of 30 children were not able to 

recapitulate 1 out of 2 pictures and 3 were not able to 
recapitulate any of the cartoon images.

At 50%N2O 14 out of 30 children were not able to 
recapitulate 1 out of 2 pictures and 9 were not able to 
recapitulate any of the cartoon images.

At 100% O2 11 out of 30 children were not able to 
recapitulate 1 out of 2 pictures and 13 were not able to 
recapitulate any of the cartoon images.

Discussion
Anxiety and pain control are of paramount impor-

tance especially in pediatric dentistry and most often 
they go beyond communicative behavioral modifica-
tion in children who are not able to tolerate dental pro-
cedures comfortably despite of gentle encouragement 
and profound local anesthesia. For children who can-
not be managed with traditional behavioral guidance 
techniques pharmacological techniques are needed.

Various studies investigating childhood period re-
port different dental anxiety ratios between 3% and 

43% worldwide.9 Sedation in dentistry offers an excel-
lent and perhaps the only way to provide safe, anxi-
ety-free, dental experience to such children.10

Recently nitrous oxide inhalation sedation has 
gained much importance as a technique that alters 
the patient’s mood, thus making him psychologically 
amenable to dental treatment. Conscious sedation has 
essentially “changed his mind” toward the pending 
procedure. 

It has been observed that negative childhood 
memories associated with dental treatment may af-
fect patient’s future emotional reactions related with 
dentistry. So making efforts in order to limit this kind 
of negative memories is crucial.11 Few procedures can 
make the pediatric patients uncooperative for subse-
quent visits. Evidence prove that patient’s satisfaction 
correlates with amnesia for the procedure.12 

Amnesia is a transient loss of memory which may 
be caused by brain damage, disease, or psychological 
trauma. It can also be caused temporarily by the use 
of various sedatives and hypnotic drugs. Amnesia can 
be either retrograde or anterograde. In retrograde am-
nesia, memory is blocked for input occurring prior 
to an event whereas, in anterograde amnesia, mem-
ory is blocked for input occurring after an event. For 

Results
Table 1
Response of the child at baseline,30% N2O,50%N2O & 100%O2

0 1 2
30%N20 12 15 3
50%N20 7 14 9
100%02 6 11 13
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Memory scores at various titrations of 
nitrous oxide inhalation sedation

0 Patient recognises both the cartoons correctly
1 Patient is able to recognise only 1 cartoon
2 Patient is not able to recognise any cartoon
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example, an individual could be unable to remember 
the input immediately prior to anesthesia (retrograde 
amnesia) or could be unable to remember input im-
mediately following the anesthesia (anterograde am-
nesia).13 According to AAPD guidelines Nitrous oxide 
has been reported to have amnesic effects. 

Many authors conducted study using various other 
sedative drugs like midazolam etc. Koht and Moss re-
ported improvements in short and long-term memory 
loss within one minute of flumaze-nil being given, but 
the expected anterograde amnesic effect of midazolam 
was, however, unaffected.

Quraishi et al reported amnesic effects after seda-
tion with propofol in a 12-year-old boy.14

However, studies related to amnesia using nitrous 
oxide analgesia are limited in literature.

It had been stated that, as the concentration of ni-
trous oxide is increased above 25 per cent the patients 
experience psychological symptoms described by Stein-
berg (1953) as dissociation from the environment.15

These psychological effects have been extensive-
ly studied in volunteers (Sonnenschein et al., 1948; 
Steinberg, 1953, 1954, 1956; Russell and Steinberg, 
1955; Parkhouse et al., 1960; Frankenhaeuser, 1963; 
Rodnight and Gooch, 1963; Berry, Gelder and Sum-
merfield, 1965).

According to Steinberg and Summerfield slight 
amnesia may be detected when 30 per cent nitrous 
oxide is inhaled and increases as the concentration 
is increased. On the other hand, memory may be im-
proved for events preceding nitrous oxide.

In this study retrograde amnesic affects produced 
by nitrous oxide through a set of pictures shown at 
baseline, then the child was asked to recognise these 
pictures at various N2O concentrations were eval-
uated. Results showed that initially all the children 
identified correct picture at baseline. But, after 30% 
N2O few children were not able to recognise either 1 
or both of the pictures. Similarly, after 50% N2O and 
100% O2 most of the children forgot either 1 or both 
the pictures, proving the retrograde amnesic effect of 
N2O. Limitations of the present study include inability 
to include proper randomization, sequence generation 
and allocation concealment and the findings of the 
study are to be interpreted in this light only.16,17

Conclusion
To conclude, sedation protocols with nitrous oxide 

inhalation sedation along with being safe and effective 

for managing anxious pediatric dental patients also 
have retrograde amnesic effect which can be of great 
benefit to a pediatric dentist as it won’t let the child to 
create any traumatic memory of the treatment making 
the child cooperative for subsequent visits and instill-
ing a positive dental attitude.
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