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Effect of aromatherapy with orange essential oil on salivary
cortisol and pulse rate in children during dental treatment:
A randomized controlled clinical trial
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Abstract

Background: Essential oils have been used as an alternative and complementary treatment in medicine.
Citrus fragrance has been used by aromatherapists for the treatment of anxiety symptoms. Based on this
claim, the aim of present study was to investigate the effect of aromatherapy with essential oil of orange
on child anxiety during dental treatment.

Materials and Methods: Thirty children (10 boys, 20 girls) aged 6-9 years participated in a crossover
intervention study, according to the inclusion criteria, among patients who attended the pediatric
department of Isfahan Dental School in 2011. Every child underwent two dental treatment appointments
including dental prophylaxis and fissure-sealant therapy under orange aroma in one session (intervention)
and without any aroma (control) in another one. Child anxiety level was measured using salivary cortisol
and pulse rate before and after treatment in each visit. The data were analyzed using t-test by SPSS software
version 18.

Results: The mean + SD and mean difference of salivary cortisol levels and pulse rate were calculated in
each group before and completion of treatment in each visit. The difference in means of salivary cortisol
and pulse rate between treatment under orange odor and treatment without aroma was 1.047 *= 2.198
nmol/l and 6.73 = 12.3 (in minutes), which was statistically significant using paired t-test (P = 0.014,
P = 0.005, respectively).

Conclusion: It seems that the use of aromatherapy with natural essential oil of orange could reduce salivary
cortisol and pulse rate due to child anxiety state.
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Quick Response Code:

Website: Dental fear and anxiety have been perceived as a
www.advbiores.net score of complication in managing pediatric patients.!"

A long-term avoidance of dental treatment due to
DOI: dental anxiety may decline the state of oral health,?
10.4103/2277-9175.107968 resulting in pain and distress.” Incidence of dental

caries can be predicted by dental anxiety.™ In addition,
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anxious patients are more sensitive to pain.” Helping
patients overcome fear and anxiety may increase
regular and scheduled dental visits® and may
ultimately improve the quality of life.[®

There are anxiety-provoking factors in a dental setting,
such as the sights (needles), sounds (drilling), smells
(cut dentine, eugenol), and sensation (high-frequency
vibration).®? According to several researches, odors
can modulate cognition,"” mood,'Y and behavior.™?
There is a powerful connection between odors and
memories, especially those from the distant past,
charged with emotional significance due to major
anatomical connections existing between brain
structures such as the hypothalamus and limbic
system which are involved in emotion and memory.™
The smell of the dental office was found to be highly
effective in a study evaluating dental fear and
anxiety." In another study, this item has shown high
scores in patients with dental phobia.™®

Recently, contemporary and alternative medicine
approaches such as aromatherapy (use of essential
oils, scented, volatile liquid substances for therapeutic
purposes) have been considered in dental™®¥ and
medical settings.??! This method is supporting
the concept that common oils can produce positive
pharmacological and physiological effect by the sense
of smell.?* For instance, the parasympathetic nervous
system activity is increased by 12% and sympathetic
activity is decreased by 16% with orange 0il.?”! Faturi
et al. declared an acute anxiolytic effect of sweet
orange essence in rats, and in order to discard the
possibility that this effect was a result of exposure to
any other odor, the behavioral response to another
Melaleuca alternifolia essential oil was also assessed.
They supported the use of orange essential oil by
aromatherapists as a tranquilizer.2®

The effect of aromatherapy on dental anxiety has
been assessed in a few studies. Lehrner et al. studied
the effect of orange odor and reported improved mood
and less anxiety only in females."® Five years later,
in another study, they compared the effect of orange
and lavender odor with a music condition and a control
condition and demonstrated that odors are capable
of reducing anxiety and altering emotional states in
dental patients." In a cluster randomized controlled
trial, Kritsidima et al. explained reduced state of
anxiety with lavender scent in dental patients."” Ndao
et al. studied the effect of inhalation aromatherapy and
stated that respiratory administration of bergamot
essential oil did not decrease anxiety, nausea, and pain
when added to standard supportive care.?? Muzzarelli
et al. recommended that aromatherapy can be more
useful at a moderate level of anxiety;?” however, in a

study conducted by Toet et al., the use of orange and
apple odors did not reduce anticipatory anxiety and
did not improve mood of patients waiting for scheduled
visits in large dental clinics.?® In a study performed
by Maura et al., the effect of gender and ethnicity on
preferences and attitudes in children was investigated.
They reported that children are very different from
adults in their odors and taste preferences and they
are likely to use essential oils which they find pleasant.
They found aromatherapy appealing and acceptable
for school age children. They concluded that specific
essential oils are accepted by children, such as sweet
orange or lemon.

It is admitted that psychological stress can largely
influence physiological systems such as autonomic
system and the hypothalamus—pituitary adrenal axis
(HPA axis) stimuli. The HPA axis activity enhances
in situations including anxiety and pain which
result in increasing cortisol secretion. Dental stimuli
have the potential of inducing anxiety.?” Cortisol is
released from the cortex of the adrenal and diffused
to all body fluids. It can be discovered in urine,
serum, and saliva.’! Salivary samples have many
advantages such as noninvasiveness, stability at room
temperature up to a week, and independency of its
concentration on salivary flow rate,?® and also pulse
rate recording is simple and practical, which are the
reasons for selecting salivary cortisol and pulse rate
for child anxiety assessment.®?

Because of the importance of anxiety control, the
inconsistency in studies conducted so far, the lack of
investigations in pediatric population, and property
of aromatherapy that is inexpensive and noninvasive,
we designed a randomized controlled clinical trial to
evaluate the effect of aromatherapy with essential
oil of orange on salivary cortisol and pulse rate as
indicators for child anxiety during dental treatment.

MATERIALS AND METHODS

In a randomized controlled clinical trial, the effects of
orange odor on child anxiety during dental treatment
were evaluated. This study has been registered
under Iranian Registry for Clinical Trials (IRCT:
201201258821N1).

Thirty children (10 boys, 20 girls), aged between 6 and
9 years, were selected among patients who attended
the pediatric department of dental school in 2011
by convenient sampling according to the following
criteria. The inclusion criteria used for selecting the
patients were: children aged 6-9 years, who had
two permanent molars which needed fissure-sealant
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therapy and were Frankle + in cooperation (children
who accept treatment with cautious behavior at
times; willing to comply with the dentist, at times
with reservation, but follow the dentist’s direction
cooperatively are Frankle +),3 with the absence of any
systemic problems, physical and mental disabilities,
and those who did not have any previous dental visit.
Children with common cold and allergy were excluded
from this study. Prior to the session, an informed
consent was obtained from parents or legal guardians
and they completed a form containing children’s
medical information.

In this crossover design study, participants were
assigned into two groups by even—odd method by a
dental practice secretary who was blind to the aim
and design of study. Half of the children were treated
without any odor (control) initially and received orange
aroma in the second session (intervention). Another
15 children received treatment under orange aroma in
the first encounter (intervention) and treated without
any aroma at the second visit (control). [Figure 1]

The natural essential oil of orange (Citrus sinensis)
supplied by Giah essence corporation (Gorgan, Iran)
was used. The main components of essential oil were
determined by gas chromatography, which were
found to be limonene 92%, myrcene 3%, and other
components 5%, and most of them were o-pinene,
B-pinene, p-cymene, linalool, and geraniol. This data
was provided by the delivering company.

Aftab electrical aroma diffuser (Rayehe pardazan
pishtaz, Tehran, Iran) was used to pass a stream of
air driven by a fan to diffuse essential oils, while it
was out of sight of the participants. Considering the
size of the operating room which was 10 m?2, based on
the clinical experience and in order to receive orange
odor with constant intermediate concentration, 2 ml of

[ 30 patients reviewed | S Patont exciuded

« 0 patient did not meet inclusion criteria
0 patient refused consent
« 0 patients declined to participate

|30 patients randomizedl
|

Control group: 15 Intervention group: 15
patients patients

Control group: 15
patients

Intervention group: 15
patients

[ Analyzed: 15 patients |

| Analyzed: 15 patients |

Figure 1: Patients who entered the study were divided into the study
groups and analyzed
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orange essence was stored in an identical glass bottle
that was placed under a small fan in a dispenser and
the timer was set so that it was activated for 2 min
every 10 min. All the actions were performed half an
hour before the first patient’s arrival in aromatherapy
days. The control groups were scheduled on different
days and water was stored in the diffuser instead of
aromatic oil.

Every child needed two treatment appointments and
all children were treated between 8 and 9 a.m. and
the second visit was in the following week at the same
time. During each visit, first the child was separated
from his/her parents by a nurse and carried to a room.
After 5 min, a nurse who was trained and calibrated
for sampling recorded the pulse rate by a finger
type pulse oximeter (Nonin, Chicago, USA) and also
collected unstimulated saliva by placing an absorbent
cotton pellet (Salivette, Sarstedt Inc., Newton, NC,
Chicago, USA) sublingually. After 5 min, it was taken
out and placed in a polypropylene coated tube and was
numbered as the first sample of that child. Then, the
child was taken to the operating room. We used the
same dental procedure in both appointments, which
was a routine fissure-sealant therapy performed by
a senior postgraduate student of pediatric dentistry,
consisting of the tooth being cleaned with a low-speed
dental hand piece and a rotary bristle brush and
then performing fissure-sealant therapy for one of
the permanent first molars. After the completion of
treatment, the nurse sampled saliva and recorded
pulse rate and labeled it as the second sample. Two
samplings of each visit took place in different locations
and there was about 20 m distance between them
in order to omit the effect of ambient odor on the
first sampling. In the other visit, dental treatment
was done and sample was taken following the same
procedure, and third and fourth samples were
collected. By collecting four samples of each child, a
total of 120 samples were obtained. At the end of each
appointment, the samples were sent to the laboratory.
Saliva samples were centrifuged and stored frozen
at —20°C until adequate samples were ready for
analysis. The salivary cortisol level was detected
using Immunoassay cortisol kit by Elecsys cortisol
assay (ECLIA-68298, Roche diagnostic GMBH-BD,
Sandhofer, Germany).

Paired ¢-test was considered for main effect analysis;
carryover effect and period effect were analyzed
using Student’s ¢-test by the SPSS statistical package
(Version 18, SPSS Inc., Chicago, IL, USA). P-value <0.05
was considered as the level of significance.

RESULTS

Thirty children with the mean age of 7.66 + 0.84 years
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participated in this study. They were assigned
randomly in two groups according to crossover design.
The first group consisted of 15 children (9 girls and
6 boys) with the mean age of 7.80 = 0.86 years, who
were treated in the absence of orange aroma in the
first session (control) and under orange aroma in
the second one (intervention). The second group
consisted of 11 girls and 4 boys, with the mean age
of 7.53 = 0.83 years, who were treated under orange
aroma in the first encounter (intervention) and
without odor in the second one (control). There was no
statistically significant difference in age between the
two groups (P = 0.396). Also, there was no statistically
significant difference in number of boys and girls in
this study (P = 0.439)

Anxiety of children was assessed with salivary cortisol
level and pulse rate before and on completion of each
dental appointment. The mean + SD of salivary
cortisol levels were calculated in each group before
and on completion of treatment in each visit. In
addition, the mean difference of salivary cortisol level
was obtained by calculating the difference in cortisol
level values before treatment and on completion of
treatment in each visit (end of treatment — before
treatment), which are presented in Table 1.

The main effect of this study was obtained by calculating
the difference of salivary cortisol means between
treatment under orange aroma and treatment without
aroma, which was 1.047 + 2.198 nmol/l and statistically
significant using paired #-test (P = 0.014) [Table 1].

Table 1 shows the mean + SD of pulse rate before and
after treatment in both stages and visits. In addition,
the mean difference of pulse rate was obtained by
calculating the pulse rate differences before and after
treatment (end of treatment — before treatment).

The other main effect of this study was obtained by
the calculating difference of pulse rate means between
treatment under orange aroma and without aroma,
which was 6.73 £ 12.3 (in minutes) and statistically
significant using paired ¢-test (P = 0.005) [Table 1].

The difference between before and after treatment
(intra group) of salivary cortisol level and pulse
rate (after treatment in the presence of orange
aroma — after treatment in the absence of orange
aroma) in patients treated under orange aroma that
was followed by the absence of aroma, and also in
patients treated in the absence of aroma that was
followed by orange aroma were obtained [Table 2].

Period effect was not statistically significant in
salivary cortisol level and pulse rate (P = 0.328 and

0.794, respectively). It shows that there was no
statistically significant difference between salivary
cortisol levels and pulse rates of children who were
treated under orange aroma in the first visit and
without intervention at the second one and those who
were treated without orange aroma in the first visit
and with intervention at the second one.

Table 3 shows the mean difference between before and
after treatment (intra group) of salivary cortisol level
and pulse rate in treatment under orange aroma that
followed by the absence of aroma and also, in treatment
in the absence of aroma that followed by orange aroma
(after intervention + after no intervention)/2). Carry
over effect were not statistically significant for salivary
cortisol level and pulse rate. (P value = 0.715 and
0.833 respectively).It declared that wash out period
was convenient.

DISCUSSION

This study had a new approach toward aromatherapy
that was accompanied with dental treatment in
children, based upon the anxiolytic effect of orange
odor. The results of this study showed that the
salivary cortisol level and pulse rate decreased in
intervention groups by using aromatherapy and that
these differences were statistically significant.

On inhalation of scented oils, volatile molecules of the
oil reach the lungs and rapidly diffuse into the blood,
causing brain activation via systemic circulation.®*!
However, these molecules also bind to olfactory
receptors, creating an electrophysiological response
which reaches the brain. Neocortex activation is
expected to occur by this response, which has an effect
on perception of odors and reaches the limbic system
regions including amygdale and hypothalamus, the
areas where levels of hormone and emotions are
controlled.?>3¢ Thus, the salivary cortisol level and
pulse rate decrease as mentioned above, following
aromatherapy.

The result of the present study is in agreement with
the results obtained in the 2000 and 2005 studies by
Lehrner et al. and 2010 study by Kritsidima et al.*"-1%

While choosing a stressor, dental treatment including
oral prophylaxis and fissure-sealant therapy were
selected because of their convenience, noninvasiveness,
and ethical nature. Because these two procedures are
painless, it was supposed that any changes in salivary
cortisol and pulse rate might be as a result of stress
and not because of pain.

Limonene was the main component of this natural
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Table 1: Mean, standard deviation (SD), and mean difference of salivary cortisol levels (

stage, group, and time of assessment

nmol

) and pulse rate (in minutes) by

Assessment time Before treatment After treatment Mean difference Mean difference P-value
Stage Group Mean+SD Mean+SD Mean+SD Mean+SD
(intragroup)* (intergroup)*
Salivary 1 Control 12.70%2.10 14.84+2.94 2.14£2.80 1.047+2.198 0.014
cortisol Intervention 12.34+1.26 13.032.09 0.69+1.48
2 Intervention 11.63+0.92 12.51+£1.34 0.88+0.96
Control 13.68+2.51 14.12£2.72 1.52£1.97
Pulse 1 Control 99.86+11.69 99.66+12.80 -0.2+12.67 6.73+12.3 0.005
rate Intervention 106.26+15.40 98.73+15.28 -7.5£6.12
2 Intervention 104.0£12.15 98.53+14.62 -6.33+10.18
Control 102.40£9.18 102.20+14.26 -0.2+9.63

*Mean difference in values before and after treatment (intragroup) **Mean difference in values between two groups in two stages (intergroup) SD, standard deviation

nmol

Table 2: : Difference outcome* (period effect) of salivary cortisol level (""" ) and pulse rate (in minutes) in two stages based

on intervention and control groups

Difference outcome*

Intervention followed
by control (n=15)

No intervention followed by
intervention (n=15)

Salivary After intervention- 1.45 0.65
cortisol after no intervention
SD 2.1 2.28
P-value 0.328
Pulse rate After 7.33 6.13
intervention - after no
intervention
SD 11.72 13.21
P-Value 0.794
*Difference between before and after treatment (intra group) SD, standard deviation

Table 3: Mean outcome* (carry over effect) of salivary cortisol level (

intervention and control groups

m ) and pulse rate (in minutes) in two stages based on

Mean outcome*

Intervention followed
by control (n=15)

Control followed by
intervention (n=15)

Salivary cortisol (After intervention + after

no intervention)/2
SD
P-value

(After intervention + after
no intervention)/2

SD
P-value

Pulse rate

1.41 1.21

1.97 1.06

0.715

-3.87 -3.27
8.04 7.39
0.833

* Difference between before and after treatment (intra group) SD, standard deviation

essential oil of orange, as determined by gas
chromatography. This was near to limonene
concentration in orange essential oil used in studies
by Lehrer et al. and the animal study by Future
et al 1819 291 Tt is possible that limonene is responsible
for reducing anxiety in these studies.

Salivary cortisol was measured in studies by Kanegane
et al. in assessing dental anxiety before urgent dental
care, Toda et al. for evaluating the effect of lavender
aroma on endocrinological stress markers, and
Atsumi et al. in investigating smelling lavender and
rosemary. 5”3 Pulse rate was recorded in previous
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studies by Westra et al. in evaluating discomfort
in children who underwent unsedated magnetic
resonance imaging (MRI) and by Chang and Shen
in assessing aromatherapy on elementary school
teachers.??240

All aromatherapy studies in dental environments so
far conducted in waiting rooms and the anticipatory
anxiety of patients was evaluated. These studies
included adults of a wide age range and anxiety was
assessed by questionnaires.''"1% Because of the parallel
design of these studies, case and control groups could
be different at baseline, and also, they presented for
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different dental treatments (dental cleaning, drilling,
root canal therapy). In addition, it is not clear that
reduced anxiety in waiting room due to aromatherapy
can be effective on anxiety during seating on a dental
chair.

However, the present study is different from the
results reported by Toet et al., Ndao et al., Nord and
Belew, and also by Holm and Fitzmaurice.?>%32841 Toet
et al. reported that additional distraction sources in
the waiting rooms of large dental clinics, such as great
background activity and continuous going and coming
of patients, might influence the outcome.®

Ndao et al. used bergamot essential oil in children
and adolescents who underwent stem cell infusion.
Bergamot essential oil induced dose-related sequence
of sedative and stimulatory behavior effect in animal
models.?? It was possible that the administered dose
in this study induced more stimulatory rather than
sedating effect. Also, patients with different diagnosis
and treatment histories were included in this study.
Nord and Belew reported that the children’s comfort
in a perianesthesia setting was enhanced by using
lavender and ginger essential oils, which was not
statistically significant. The samples in this study
included children with and without developmental
disabilities. Faces, Legs, Arms, Cry, and Consolability
(FLACC) scale was used in this study, which was
performed by parents. As a strategy for blinding,
parents were not trained for this scale. Thus, their
reports were not reliable.” Holm and Fitzmaurice
stated that anxiety of adults who accompanied children
to a pediatric emergency department decreased by
music compared with aromatherapy. This might be
due to imprecise application of the aromatherapy or
environmental conditions.*!

According to the cognitive and developmental
alterations and aging effects on children’s preferences,
focus on an age group should be taken into consideration.
This study was the first to investigate the anxiolytic
effect of aromatherapy on children during dental
treatments. Only 6-9-year-old children who are nearly
in concrete operation of Piaget’s stage participated
in this study.?” Some consistency was obtained in
development by selecting this age range and this
investigation was made comparable with other
studies. As parental anxiety may affect the children’s
anxiety and alter under aromatherapy,“? we did not
permit parents to accompany their children.

It has been reported by some studies that the smell of
eugenol which is present in the dental environment
may influence dental care in some patients and
produce strong unpleasant feelings like fear and
anxiety.™ According to our inclusion criteria, the

children selected had lack of any previous dental visit;
therefore, the need for masking the smell of eugenol
was not felt in our present study.

CONCLUSION

Although this randomized control trial provides
evidence in favor of the use of orange essential oil
in dental settings by reducing salivary cortisol and
pulse rate due to child anxiety state, further studies
can be taken up with larger sample size, in children of
lower age range, and in children with history of dental
treatment. Assessing the influence of aromatherapy
on more complex and fearful dental procedures
including injection of local anesthesia and drilling is
recommended in future studies. Water was used in the
present study as control; using a control odor without
therapeutic properties as placebo can be more useful
and precise in future researches.
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