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ABSTRACT

The Dealing with dental anxiety in children is the most problematic responsibilities for
pedodontists. Essential oils had been used for reducing dental anxiety in adults; this study is
to understand their effects on children. Aromatherapy is considered as potent, safe, and non-
pharmacological way, especially for children who go through dental procedure under local
anesthesia. The aim of this study was to compare the effect of Rosemary versus Lemongrass
essential oils on dental anxiety levels and vital signs of children during dental anesthesia and
extraction of lower primary molar. Forty-five children, 4 to 7 years, who had a minimum of one
mandibular primary molar with deep caries indicated for extraction were selected. Patients were
divided, randomly, into three groups (15 each): Group I (control group): with no interference before
dental procedures, Group II (Rosemary group): children inhaled three drops of rosemary oil for 3
minutes, Group III (Lemongrass group): children inhaled two drops of lemongrass oil, for 3 minutes
(both before the procedure of dental anesthesia and extraction of primary molar). Wong Baker Scale
and the physiological measures of the children were recorded for each child by measuring (pulse
rate, oxygen saturation, and blood pressure) before, during and after dental procedures. There was
statistically significant difference between the three groups in the mean scores of Wong Baker scale,
pulse rate, oxygen saturation, and blood pressure. Rosemary oil produced significant reduction of
dental anxiety in all treated children. Rosemary oil can be recommended in routine dental practice
for reducing dental anxiety in children.
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INTRODUCTION

One of the major problems for many children in
visiting pediatric dentists is fear of pain and anxiety.
The actual definition of dental anxiety is the unusual
distress of visiting the dentist for prophylactic care
and treatment, with unjustified nervousness over
dental procedures. It may also include physical,
mental and communication results ', Dental fear
and anxiety (DFA) frequency range from 5% to
20% in different countries, reaching the extent of
dental phobia and severe DFA. All these causes
make the child uncooperative during the dental
visit. Not only does it render the dental visit stressful
to the child, but also it concerns the lives of dental
specialists. More time is required in addition to the
that
performance of the dental personnel ?#. Pain

tense atmosphere probably renders the

management in children 1is, characteristically,
neglected due to the lack of knowledge of the
physical effects. As an example of tension,
insecurities, loneliness, and fright, bad mood states
are the consequences of exposing children to pain.
Not only all the previous but also the creation of
damaging effects on children and their parents as
suspicion and mistrust. The mental and emotional
circumstances of the children impact their central
nervous system, which leads to an increase in the
heart rate, blood pressure, and respiratory rate.
Furthermore, the fright of pain results in elevated
anxiety stages, leading to more troublesome
encounters upon dental visits and non-cooperation
issues of the children 5. Managing dental anxiety
in children is one of the most challenging
responsibilities for pediatric dentists. These days
different
approached,

methods have been introduced to conquer the

interference modalities have been

and medicinal or non-medicinal
concern of children’s dental anxiety. Some of the
modalities employed to overrule anxiety in children
include hypnosis, behavior supervision and audio-
visual distraction. As soon as all the above-
mentioned methods are declared unsuccessful,
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sedation and general anesthesia are unavoidable in
children with severely unwilling attitudes %),
General anesthesia or conscious sedation is used in
children with dental anxiety cases. Still, such
techniques are costly, might have some hazards, and
cannot be applied to kids with allergies, in addition
to the required tools and knowledge. Thus, these
techniques cannot be consistently used on every
patient receiving dental care. Therefore, searching
for a better appropriate, non-medicinal, substitute
treatment to decrease pain and anxiety in children
should be of primary significance®!%!. Aromatherapy
is considered one of the potent non-pharmacologic
ways; it has been taken into consideration due to its
reasonability and especially for children, who are
supposed to go through any dental procedure under
local anesthesia as it is considered safe.
Aromatherapy is the consumption of essential oils
to lessen emotional and physiological distress. It is
that is

complimentary, after which the unstable oil of plants

the kind of medicine considered

is consumed to encourage the standard of
physiological, psychological, and spiritual well-
being """ The oil that is extracted from plants, also
known as volatile oils, ethereal oils, or aetherole, is
what is known as an essential oil. Steam or the
distillation method is typically used to extract
essential oils. In addition to these two methods,
essential oils can also be extracted via cold pressing,
expression, solvent extraction, absolute oil
extraction, or absolute oil extraction '*!. This method
provides evidence for the theory t hat common oils
can elicit pharmacological and physiological effects
through the olfactory system. Observations indicate
that orange oil increases parasympathetic nervous
system activity by 12% and decreases sympathetic
activity by 16%. Aroma therapists endorsed using
orange essential oil as a tranquillizer for this reason
1161 Few researchers have investigated the effect of
aromatherapy on dental anxiety. Among others,
lavender, bergamot oil, and apple scents have been

studied primarily among adults. According to a
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study that examined the effect of gender and
ethnicity on the preferences and attitudes of children,
the odor and flavor preferences of youngsters differ
significantly from those of adults. Therefore,
children are more inclined to accept essential oils
they enjoy U8/, Lemongrass provides one of the
most often-used essential oils in the medical and
dental professions. Lemongrass, also known as
Cymbopogon citratus, is a grass-like culinary herb
from the family Poaceae. It has a light citrus flavor.
Itis a fragrant treasury of vital nutrients that provides
a variety of health advantages. It possesses
antimicrobial, antibacterial, and antifungal effects.
In the medical area, Lemongrass provides treatment
for stomach issues, sleeplessness, respiratory
diseases, fever, pains, infections, and rheumatism.
The antioxidant activity of Lemongrass protects
against antibiotic-resistant Staphylococcus aureus
and promotes optimal cholesterol levels, cellular
health, neurological system, skin health, and
immunity. In the dentistry industry, Lemongrass
aids in the removal of microorganisms from the oral
cavity and prevents tooth and gum problems. It has
antioxidant qualities that aid in treating and
preventing periodontitis . Radhalakshmi et al., 1%
researched the effectiveness of Lemongrass oil in
lowering children’s dental anxiety. Forty youngsters
between the ages of 8§ and 11 who were having their
first dental appointment were randomly allocated
into two groups. This consisted of a control group
and an experimental group exposed to a candle
warmer with regular water and Lemongrass oil. For
both groups, a psychometric and objective
evaluation of anxiety was conducted using
“Venham’s image test” and a “pulse oximeter”. This
study showed that the experimental group had lower
mean scores on Venham'’s picture scale (VPS) and
heart rate after exposure. This research suggests that
should employ
aromatherapy using Lemongrass oil to help calm

paediatric ~ dentists routinely
their anxious young patients. There are three

different types of Rosemary (Rosmarinus officinalis
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Linn), but only the green form is employed for its
therapeutic benefits. The bitter principle, resin,
tannic acid, and volatile oil in this plant are
particularly plentiful. Bornyl acetate, borneol, and
other esters are the active components. Its oil has
been shown to have a significant effect on the
digestive tract, easing gastrointestinal distress such
as bloating, gas, and indigestion. It’s a tonic for the
liver and gallbladder. Moreover, oil has a beneficial
effect on the cardiovascular system. It stabilizes
blood pressure and slows the development of
atherosclerosis. Formerly, it was used to alleviate
rheumatic discomfort, which worsens in the winter
owing to cold 2!, Rosemary’s stimulating effects on
the neurological system are effective in cases of
hysteria and paralysis. Due to its free radical
scavenging activity, aromatherapy has the potential
to improve cognitive function, particularly in
Alzheimer’s disease patients, according to the
results of the most recent human experiments 22241,
Atsumi and Tonosaki, 2007 ™ investigated to
determine the total salivary free radical scavenging
activity (FRSA), which reduces oxidative stress.
After inhaling lavender and Rosemary essential
oils, which are extensively used in aromatherapy,
this
physiologically active chemicals, including cortisol,

saliva  has activity.  Several salivary
secretory IgA, and -amylase activity, were observed
to be linked with aroma-induced FRSA. Twenty-
two healthy participants inhaled aromas for 5
minutes, and their saliva was promptly collected.
1,1-diphenyl-2-picrylhydrazyl utilized to
FRSA. with

concentrations (1000 times dilution) of lavender or

was

determine Stimulation low
high concentrations (10 times dilution) of Rosemary
enhanced the FRSA levels. In contrast, stimulation
with lavender and Rosemary lowered cortisol levels.
There was a substantial inverse connection between
FRSA readings and cortisol levels at each Rosemary
stimulation concentration. There were no substantial
alterations in sIgA or -amylase. These results

demonstrate that lavender and Rosemary increase
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the FRSA and reduce cortisol, which protects the
body from oxidative stress.

This research aimed to assess the effects of
inhaling Rosemary and Lemongrass essential oils on
children’s dental anxiety by measuring Wong Baker
Scale by measuring Wong Baker Scale and vital
signs by measuring pulse rate, oxygen saturation
and blood pressure during the administration of
anesthesia and the extraction of a lower primary
molar in a dental clinic.

MATERIALS AND METHODS

The present study was carried out after the
approval of the Research Ethics Committee (REC)
No: 455/2022, Faculty of Dentistry, Suez Canal
with the
World Medical Association Declaration of Helsinki
(version 2008) and with The ClinicalTrial.gov
ID: NCTO06068777.

University. That was in full accordance

MATERIALS

TABLE (1) Materials’ name, equipment’s and
Manufacturer that was used in the study:

Name of materials Manufacturer
Lemongrass essential oil Black Lotus
Rosemary essential oil Black Lotus

Local anesthesia Articane %4 Artinibsa, Inibsa, Barcelona,

with epinephrine 1:100,00 Spain.

Pulse oximeter Granzia, Pulsox, Italy.

Sphygmomanometer Granzia, Pulsox, Italy.

METHODS

Study setting

The participants in this randomized controlled
clinical trial were 45 children between the ages of
4 and 7 years who needed to have at least one lower
primary molar indicated for extraction. The patients
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were gathered from the Suez Canal University
School of Dentistry’s outpatient clinic of Pediatric
Dentistry Department. Before any treatments were
performed, the children and their parents or legal
guardians were told of the research and gave their
permission in a written informed consent.

Patient Selection

The participating children were chosen based on
the inclusion criteria listed below 1,

Apparently, healthy patients.
Both girls and boys were included.

Patients with Frankl Behavior Rating Scale,
categories 2, 3 and 4.

Patients who needed extraction of at least one
mandibular primary molar.

Parents who agreed to contribute to the study.

Randomization, allocation concealment and

blinding

This study included 45 children recruited and
allocated randomly to three groups according to
Simple randomization. It was computer generated
by the Research Randomizer software program
(https://www. randomizer.org/). An independent
person (the author S.A.W) put randomization codes
in sequentially numbered, secured, opaque wrappers
to ensure covert distribution into the three groups,
the author (S.A.W) used 45 different numbered
cards; I, II and III (fifteen each). Cards were put in
a big envelope for the children to pick a card from
them, the numbers resemble the following groups:

- Group I (control group): included 15 children
with no prior intervention before the anesthesia
and extraction procedures of a primary molar.

Group II (Rosemary group): included 15
children who were asked to inhale three drops of
Rosemary oil, from a gauze, for 3 minutes before the
anesthesia and extraction procedures of a primary
molar 1,
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- Group III (Lemongrass group): included 15
children who were asked to inhale three drops of
Lemongrass oil, from a gauze, for three minutes
before the anesthesia and extraction procedures
of a primary molar.

Before the operating period, the author (Y.S.H)
measured anxiety using the Wong Baker Scale
and measured the children’s anxiety (vital signs)
by recording pulse rate and oxygen saturation
using pulse oximeter, and blood pressure using a

(1043)

sphygmomanometer.

Pedodontist, the author (S.M.O), performed
clinical diagnosis and dental procedures. The author
(S.A.W) hid the cotton with or without essential oil
in closed envelopes and coded them as A, B or C.
At the time of application, the cotton was prepared
according to the random codes as follows: Group
I (A): empty cotton, Group II (B): cotton prepared
with 3 drops of Rosemary &Group III (C): cotton
prepared with 3 drops of Lemongrass oil.

[ R
' E 1
1 v 1}
[ ] [
| R e |

Fig (1) patient’s flowchart
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Each cotton was packed into their corresponding
patient through the author (S.A.W). Therefore, the
operator (Author S.M.O) was blinded to the type of
oil and the group of the patient. The patients were
also blinded to the oil intervention (double-blinded).

Study Procedures and Evaluation Methods: The
same pediatric dentist (S.M.O) operated all children
included in the study to minimize differences due to
operator variability.

Based on group allocation, each child in group
IT (Rosemary group) and III (Lemongrass group)
was asked to inhale three drops from a gauze of
the specified essential oil before dental anesthesia
in a separate room for three minutes, with no skin
contact.

The physiological measure of the children’s
anxiety in the operatory period was evaluated
and recorded by measuring pulse rate and oxygen
saturation, using pulse oximeter, and measuring
blood pressure, using a sphygmomanometer.

All parameters were recorded by the author
(Y.S.H) as follow:

Regarding anxiety, it was recorded at three
different times, in all 3 groups:

Using a subjective scale to record self- pain by
the Wong-Baker Scale (figure 1).

TO Base line prior to any dental procedure
(before inhalation).

T1 After the anesthesia (after inhalation).

T2 After the extraction procedure of a primary
molar (after inhalation).

Regarding the vital signs, heart rate and blood
pressure were recorded, at three different times (TO,
T1, T2) while oxygen saturation recorded two times
(TO, T1) for the three groups as follows:

TO Base line prior to any dental procedure
(before inhalation).

T1 After the anesthesia (after inhalation).

T2 After the extraction procedure of a primary
molar (after inhalation).

Omer, et al.

After finishing all the procedures, the patient
was rewarded and sent home.

PO

No Hurt Hurts Hurts Hurts Hurts Hurts
Little Bit Little More Even More Whole Lot ~ Worst
N\ J
Fig. (2). Wong Baker Scale.
Statistical plan

a. Sample Size Calculation for Study:

The present study is performed to explore and
compare the effect of Rosemary versus Lemongrass
essential oils Lemongrass oil (AO, Al, A2) on
anxiety levels and vital signs of children during
dental anesthesia and extraction of lower primary
molar in a dental office. To compare between the
three groups; one-way analysis of variance or
corresponding statistical analysis is proposed. A
minimum total sample size of 45 samples will be
sufficient to detect the effect size of 0.48 according
and a power (1-$=0.80) of 80% at a significance
probability level of p<0.05 and partial eta squared
of 0.19. According to sample size calculations each
treatment group (A0, A1, A2) would be represented
by a minimum of 15 children as shown in tables 1
and 2. The sample size was calculated according
to G*Power software version 3.1.9.6. (Cohen, 1988,
Faul et al., 2007, 2013) 26-28.

Where;
f: is the effect size; o= 0.05;
= 0.15;
Power= 1- 3 =0.85
. o,
5 4 £
o
S on(u, - u)
(,,;‘ e 1 -\'
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b. Statistical Analysis:

Alldatawerecollected,tabulated,and statistically
analyzed. The Chi-square test was used to test the
significance of the association between categorical
variables. To compare the mean difference between
groups, an independent samples-t test was used
for two groups, and one-way analysis of variance
(ANOVA) repeated measures were used for more
than 2 groups. The significance level was set as
P value<0.05 significant. Statistical analysis was
performed using SPSS version 26,

RESULTS

Results of the current study were collected for
the clinical evaluation of the effect of inhaling
Rosemary or Lemongrass essential oils on dental
anxiety using the Wong Backer scale and vital signs
by measuring the systolic blood pressure, diastolic
blood pressure, heart rate and Oxygen Level in,
children during dental extraction procedures of
lower primary molars.

Wong Baker Scale of children was evaluated in
the three different groups (I, II, and III), including
control, Rosemary, and Lemongrass groups and
presented in Figures (3-5).

According to repeated measures ANOVA,
the overall effect of groups (I, II, and III) and
Time of measurements (TO, T1, T2) and their
interaction revealed a highly significant difference
in Wong Baker Scale. The overall Wong Baker
Scale presented as the average of all time points
in each group showed an average of 3.56+1.27,
2.62+1.11, and 3.24+1.23 in control, Rosemary,
and Lemongrass groups with a highly significant
(p<0.001***) difference between groups as revealed
by Freidman’s test; respectively Figures (3-5).

In group I (control group), the Wong Baker Scale
increased significantly (p<0.001***) from pre-
operative (2.67+0.98), after anesthesia (4.40+1.12)
to after extraction (3.60+1.12), with a significant
increase in after extraction Wong Baker Scale by
35.0% from pre-operative.
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However, in the group II (Rosemary group),
where children were asked to inhale two drops of
Rosemary oil, the Wong Baker Scale showed an
average(+SD) of 3.87+1.41, 3.20+1.01, 2.67+0.98,
and in pre-operative, after anesthesia and after the
extraction; respectively. The Wong Baker Scale
significantly decreased after extraction by -44.44%
from pre-operative.

In group III (Lemongrass group), where children
were asked to inhale two drops of Lemongrass oil,
the Wong Baker Scale of the third group recorded
an average (xSD) of 3.87+1.41, 3.20+1.01, and
2.67+0.98 pre-operative, after anesthesia, and
after the extraction; respectively. The Wong Baker
Scale significantly decreased by -31.03% from pre-
operative to after extraction. From the previous
results, group Il included children who inhaled drops
of Rosemary oil, showed the highest significant
decrease (-44.44%) from pre-operative, followed by
Lemongrass oil with -31.03% decrease compared to
increased Wong Baker Scale in the control group
(35.0%).

The detailed Wong Baker Scale presented as
frequency (n, %) was represented in Table (2),
with a significant difference between time points
as revealed by Freidman’s test and a significant
difference between the three groups as revealed by
Kruskal-Wallis test.

The significant increase in Wong Baker Scale
in groups II and III treated with Rosemary and
Lemongrass was also confirmed using simple linear
regression and regression trend line presented in
figures 5 (A-C).

Systolic Pressure

The systolic blood pressure was evaluated in
the control, Rosemary, and lemon groups ((I, II,
and III). According to repeated measures ANOVA,
the overall effect of groups (I, II, and III) and time
of measurements (T, T, T,) and their interaction
revealed a highly significant difference in systolic
blood pressure.
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TABLE (2) Bar chart of the Wong Baker Scale in the three different groups including (control, Rosemary,

and Lemongrass groups at two time points preoperative and after extraction.

After anes- After Extrac- Freidman’s
Group Score Pre-operative . . Overall
thesia tion test
1 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
2 10 (66.67%) 1 (6.67%) 4 (26.67%) 15 (33.33%)
3 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
<0.001%**
G1 control 4 5(33.33%) 10 (66.67%) 10 (66.67%) 25 (55.56%)
5 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
6 0 (0.00%) 4(26.67%) 1 (6.67%) 5(11.11%)
Chi-square >0.05 ns 0.015 * 0.015 *
1 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
2 5(33.33%) 13 (86.67%) 15 (100.00%) 33 (73.33%)
3 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
<0.001%**
G2 rosmary 4 8 (53.33%) 2 (13.33%) 0 (0.00%) 10 (22.22%)
5 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
6 2 (13.33%) 0 (0.00%) 0 (0.00%) 2 (4.44%)
Chi-square >0.05 ns >0.05 ns 0.005 **
1 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
2 4 (26.67%) 6 (40.00%) 10 (66.67%) 20 (44.44%)
3 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
G3 Lemon- 0.006%**
4 8 (53.33%) 9 (60.00%) 5(33.33%) 22 (48.89%)
grass
5 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
6 3 (20.00%) 0 (0.00%) 0 (0.00%) 3 (6.67%)
Chi-square >0.05 ns >0.05 ns >0.05 ns
Kruskal-Wallis 0.037* <0.001%** <0.001*** <0.001*#*

Repeated measures ANOVA

Corrected model
Group
Time

Group x Time

< 0.001%**
0.013 *
0.007#***

< 0.001%#**

* Kk HER: significant at p<0.05,0.01,0.001; ns: non-significant at p>0.05
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( Pre-operative
5 [ After anaesthesia
a @ After Extraction
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2
1
1
0
L G1 control G2 rosmary G3 lemon )
Fig. (3) Bar chart of the Wong Baker Scale in the three
groups (I, II, III), including control, Rosemary, and
Lemongrass groups, at three time points pre-operative,
after anesthesia and after extraction.
(a ~
a
a da
3 b
3
2
2
1
1
0
G1 control G2 rosmary G3 lemon
N\ Y,

Fig. (4) Bar chart of the Wong Baker Scale in the total of the
three different groups (I, II, and III) including control,
Rosemary, and Lemongrass groups.

The overall systolic blood pressure presented as
the average of all time points in each group showed
an average of 115.13+7.01, 110.38+5.92, and
111.07+£6.21 mmHg in control, Rosemary and Lem-
ongrass groups with a highly significant difference
between groups; respectively Figures (6-8).

Regarding group I (control group), the systolic
blood pressure increased significantly (p<0.001%%%*)
from pre-operative (112.93+7.46 mmHg) to after
anesthesia (116.80+7.05 mmHg) and after extraction
(115.67+6.37 mmHg).

However, in group II (Rosemary group)
showed highly significant difference between
time points. The systolic blood pressure showed
an average (+SD) of 114.93+5.84, 109.13+4.53,
and 107.07+#4.45 mmHg in pre-operative, after
anesthesia, and after extraction; respectively. The
systolic blood pressure significantly decreased by
-6.84% from pre-operative to after extraction.

In group III (Lemongrass group) the systolic
blood pressure recorded an average (+SD) of
112.87£6.20, 111474628, and 108.87+5.89
mmHg in pre-operative, after anesthesia, and after
extraction; respectively. The systolic blood pressure
significantly decreased by -3.54% from pre-
operative to after extraction.

f1 - A
7
i 1 control G2 rosmary 63 lemon
6
5 5
4 ¢ ' 4 ’
¥ = 04667+ 2622
L Rz 00919 3
2 ' ‘ 2 . y=06s A
1 Y= AB+422 01629
R 0.3518 1
0 0
1 18 2 28 1 15 2 28 § Ny 18 ? 25 3
L J

Fig. (5) Linear regression trend line showing the relationship between time of investigation and Wong Baker scale in the three
different groups (I, II, III), including (I) control, (II) Rosemary, and (IIT) Lemongrass groups.
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From the previous results, group II showed
the highest significant decrease (-6.83%) from
pre-operative, followed by Lemongrass oil with
(-3.54%) decrease. The significant decrease in
systolic blood pressure was also confirmed using
simple linear regression and regression trendline

presented in figures (8 A-C).

2- Diastolic blood pressure

The diastolic blood pressure was evaluated in
the three different groups (I, II, and III), including
control, Rosemary, and lemon groups and presented
in Figures (9-11). According to repeated measures
ANOVA, the overall effect of groups (I, 11, and III)
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and time of measurements (T, T,, T,) and their
interaction revealed a highly significant difference
in diastolic blood pressure.

The overall diastolic blood pressure present-
ed as the average of all time points in each group
showed an average of 85.16+3.18, 77.67+4.14, and
75.62+3.70 mmHg in control, Rosemary, and Lem-
ongrass groups with a highly significant (p<0.001%%*)
difference between groups as revealed by one way
ANOVA; respectively and Figures (9, 10).

Regarding the control group, the diastolic
blood pressure increased significantly (p<0.001%%*)
from pre-operative (84.40+3.42 mmHg) to after
anesthesia (85.87+3.14 mmHg) and after extraction

(120 - : N N
[ Pre-operative
@ After anaesthesia 120
115 @ After Extraction @Total
115
110
105 110
100
105
95 G1 control G2 rosmary G3 lemon
G1 control G2 rosmary G3 lemon
N J Y,

Fig. (6) Bar chart of Systolic pressure (mmHg) showing the
three different groups (I, 11, and III), including control,

Fig. (7) Bar chart of Systolic pressure (mmHg) showing the
total of the three different groups ( control, Rosemary,

Rosemary, and Lemon groups. and lemon)

4 N

19 140 140

(&2 rosma
- l Glcont?I - Y| @3 lemon
! y= 13667x+1124 w . _ - o

10 R 0059 10 ys39+ 11824 | 00 t Yz 21507

] %0 Rz 0303 %0 R*=00706

£ 60 60

L) & &

| 0 0

0 0 0
1 15 2 25 3 1 15 25 3 1 15 2 25 3

- J

Fig. (8) Linear regression trendline showing the relationship between time of investigation and Systolic pressure (mmHg) at the
three different groups (I, II, and III), including (I) control, (II) Rosemary, and (III) Lemon groups.
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(85.20+3.03 mmHg), with a significant increase in
after extraction diastolic blood pressure by 0.95%
from pre-operative.

However, in the group II, where children
were asked to inhale two drops of Rosemary oil,
the diastolic blood pressure showed an average
(£SD) of 80.20+4.20, 77.20£3.59, and 75.60+3.42
mmHg in pre-operative, after anesthesia, and after
the extraction; respectively. The diastolic blood
pressure significantly decreased after extraction by
-5.74% from pre-operative.

In group (I1I), diastolic blood pressure in the third
group recorded an average (xSD) of 76.73+4.11,
75.60+£3.58, 74.53+3.27 mmHg. In pre-operative,
afteranesthesia,and after the extraction, respectively.

(1049)

The diastolic blood pressure significantly decreased
by -2.87% from pre-operative to after extraction.

From the previous results, group II showed the
highest significant decrease (-5.74%) from pre-
operative, followed by Lemongrass oil with -2.874%
decrease. The significant decrease in diastolic blood
pressure was also confirmed using simple linear
regression and regression trendline (Figure 11 A-C).

3-Heart Rate

The heart rate of children was evaluated in the
three different groups (I, II, and III), including
control, Rosemary, and Lemongrass groups and
presented in and Figures (12-14).
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Fig. (9) Bar chat of the diastolic pressure (mmHg) showing the  Fig. (10) Bar chat of the diastolic pressure (mmHg) shows the

three different groups (I, II, and III), including (control,
Rosemary, and Lemongrass) groups respectively at
three different time points (TO, T1, and T2).

total of three groups (I, II, and III), including (control,
Rosemary, and Lemongrass) groups respectively.
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Fig. (11) Linear regression trend line showing the relationship between time of investigation and diastolic pressure (mmHg) at
different groups (I) control, (II) Rosemary, and (III) Lemongrass groups.
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According to repeated measures ANOVA, the
overall effect of groups (I, II, and III) and Time
of measurements (T, T, T,) and their interaction
revealed a highly significant difference in heart rate.

The overall heart rate presented as the average
of all time points in each group showed an average
of 119.73x4.21, 110.53+8.18, and 113.51+6.48
in control, Rosemary, and Lemongrass groups
with a highly significant (p<0.001***) difference
between groups as revealed by one way ANOVA;
respectively Figures (12, 13).

Regarding the control group, the heart rate
increased significantly (p<0.001***) from pre-
operative (118.87+4.82) to after anesthesia
(120.53+3.83) and after extraction (119.80+4.04),

Omer, et al.

with a significant increase in after-extraction heart
rate by 0.79% from pre-operative.

However, in group II, the heart rate showed an
average(+SD) of 113.80+8.16, 110.20+7.57, and
107.60+8.09 in pre-operative, after anesthesia,
and after extraction; respectively. The heart rate
significantly decreased after extraction by 5.45%
from pre-operative.

Group (III), the heart rate in the third group
recorded an average (xSD) of 116.00+6.16,
113.53+6.17,and 111.00+6.52 pre-operative. In after
anesthesia, and after the extraction; respectively.
The heart rate significantly decreased by -4.31%
from pre-operative to after extraction.
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@After anaesthesia
120 @ After Extraction 118
116
115 b
14
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Fig. (12) Bar chart of the heart rate showing the three different ~ Fig. (13) Bar chart of the heart rate shows the total of three

groups including control, Rosemary, and Lemongrass
groups at three different time points (TO, T1, and T2).

groups (I, II, and III), including control, Rosemary, and
Lemongrass groups.
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Fig. (14) Linear regression trendline showing the relationship between time of investigation and heart rate in (I) control, (II)

Rosemary, and (III) Lemongrass groups.
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From the previous results, group II showed the
highest significant decrease (-5.45%) from pre-
operative,followed by Lemongrass oil witha-4.31%
decrease. The significant decrease in heart rate was
also confirmed using simple linear regression and

regression trendline presented in figures (14 A-C).

4- Oxygen Level

The oxygen level of children was evaluated in
the three different groups (I, II, and III), including
control, Rosemary, and lemongrass groups and
presented in Figures (15-17). According to repeated
measures ANOVA, the overall effect of groups (I, I,
and III) and time of measurements (T, T,) and their
interaction revealed a highly significant difference

in oxygen level.

The overall oxygen level presented as the
average of all time points in each group showed an
average of 97.47+1.04,98.00+£0.95, and 97.97+0.85
in control, Rosemary, and lemongrass groups
with a highly significant (p<0.001***) difference
between groups as revealed by one-way ANOVA;
respectively Figures (15-17).

Regarding the control group, the oxygen
level decreased significantly (p=0.010%**) from
pre-operative (98.00+0.93) to after extraction
(96.93+0.88), with a significant decrease in after
extraction heart rate by -1.09% from pre-operative.
However, in group II, the oxygen showed an average
(£SD) of 97.60+0.91, and 98.40+0.83, and in pre-
operative and after the extraction; respectively. The
oxygen level significantly increased after extraction
by 0.82% from pre-operative.

In group (III), the oxygen level recorded an
average (xSD) of 97.60+0.83 and 98.33+0.72 pre-
operative and after the extraction; respectively. The
oxygen significantly increased by 0.75% from pre-

operative to after extraction.

From the previous results, (group II) Rosemary
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oil with the highest significant increase (0.82%)
from pre-operative, followed by Lemongrass oil
with a 0.75% increase compared to the decreased
oxygen level in the control group (-1.09%).

The significant increase in oxygen level in groups
IT and III treated with Rosemary and Lemongrass
were also confirmed using simple linear regression
and regression trend line presented in figures
(17A-C).
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Fig. (15) Bar chart the oxygen level in the three groups (I, II,
and III), including control, Rosemary, and Lemongrass
groups at two time points pre-operative and after
extraction.
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Fig. (16) Bar chart of the oxygen level in the three different

groups (I, II, and III), including control, Rosemary, and
Lemongrass groups.
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Fig. (17) Linear regression trend line showing the relationship between time of investigation and heart rate in the three different

groups including (I) control, (II) Rosemary, and (III) Lemongrass.

DISCUSSION

In pediatric dentistry, the administration of
local anesthetic is the most common intrusive
technique, causing youngsters to experience oral
anxiety and panic %, Anxious and fearful children
experience the pain of a higher amount and
extended duration B!, Hence, to attain this goal,
several behavior management methods, both non-
pharmacological and pharmacological, have been
used P2, Pharmaceutical anxiolytic medications,
such as benzodiazepines, have been correlated to
unpleasant sedative and withdrawal effects; the
danger of addiction is a further adverse impact 3334,
The current research’s main emphasis is to decrease
children’s anxiety and pain. Thus, aromatherapy
was used as a non-invasive and inexpensive
method. Aromatherapy oils are perfumed, volatile
liquid substances detached from plants using steam
or pressure. They have been positively stated to
alleviate generalized anxiety and pain B

All practitioners should obtain a comprehensive
allergy-focused clinical history and refrain from
with
relevant sensitivities. Furthermore, it should be

administering aromatherapy to patients
highlighted that a few of the included research
had limitations ' 3 37-38). gtating that participants
with allergies were left out as one of the eligibility
criteria for study recruitment.

This study explored and compared the effect
of Rosemary versus Lemongrass essential oils on
children’s anxiety levels and vital signs during the
administration of dental anesthesia and extraction of
a lower primary molar in the dental office. First-visit
children, aged between (4 to 7) years, were selected
to obtain a homogenous sample and to easily assess
anxiety level and pain, using a sphygmomanometer,
pulse oximeter and Wong-Baker scale in all
groups. This, disagreed with (Kamalapuram and
Rekhalakshmi., #%, who used lavender oil prior to
dental anesthesia in children and assessed pain by
self-report scale, while Jonnalagadda et al., " used
Venhams scale and pulse oximeter for measuring
pain and anxiety levels in (8-11) aged children who
inhaled Lemongrass before dental procedures.

In the current study, Patients were asked to inhale
two drops of each oil, from a gauze, for 3 minutes
before the procedure of extraction of a lower
primary molar, according to different treatment
modalities, for standardization of the amount and
time of administration of each type of essential oil
according to Arslan et al., " who used two drops
of lavender essential oil on the gauze for 3 minutes
to test the efficacy of aromatherapy in reducing
anxiety and pain associated with local anesthesia
administration. In addition, the candle warmer with
essential oil (Lemongrass mixed with waterina 1:1
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ratio was put and activated half an hour before the
first kid patient’s arrival to reduce dental anxiety %!,

On the other hand, the use of Lavender and
orange essential oils in the waiting area of a dentist’s
office has been evaluated for their favorable effect
on anxiety and increased mood in two types of
inhalations, nebulizer and inhaler . In the current
study, either Rosemary or Lemongrass essential oils
were inhaled in an operatory room just before the
extraction procedure, contrary to Jonnalagadda et
al., ™ who used Lemongrass essential oil in adjunct
with cartoon videos to decrease anxiety levels in
children awaiting different dental procedures in the
dental office.

This study revealed that group II (Rosemary oil)
had decreased systolic blood pressure and heart rate
from pre-operative to post-extraction, followed by
the group I (Lemongrass oil). This may be due to
the presence of luteolin, phenolic acid, diterpenes,
triterpenes, tannins, and resins in the Rosemary
plant. These substances affect different regions of
the central nervous system*!!. In addition, Rosemary
is abundant in flavonoids, which serve as ligands
for central nervous system receptors that may also
penetrate the blood-brain barrier, may behave like
benzodiazepines, and operate as a positive and
allosteric regulator to improve GABA actions on
GABA receptors. Behavioral investigations on
anxious behavior, sedation, and seizures in animal
models led to the formation of this concept .

This study’s results concurred with those of
Jonnalagadda et al.,"*”), who found that the anxiety
decrease owing to aromatherapy with Lemongrass
essential oil was considerable compared to the
anxiety level seen in the control group. This is
because Lemongrass essential oil includes neroli,
which is often employed in aromatherapy to treat
persistent depression. It is believed that inhaling the
perfume of neroli essential oil transmits messages
to the region of the brain (limbic system) that
regulates emotions, which in turn changes the
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neurological system, resulting in reduced stress and
improved mood **!. When scented oils are inhaled,
the volatile molecules attach to olfactory receptors,
producing an electrical signal that reaches the brain.
Consequently, aromatherapy reduces the pulse rate,
as demonstrated by the present investigation.

From the current results, group II (Rosemary oil)
showed the highest significant decrease in diastolic
blood pressure (-5.74%) when compared pre-
operatively, followed by group III (Lemongrass oil)
with a (-2.874%) decrease. These findings agree with
Premkumar et al., ™, who found that the lavender
aromatherapy demonstrated a greater reduction
in diastolic blood pressure and dental anxiety
compared to Rosemary. Also, stress and anxiety
alter the respiratory rate and thereby alter oxygen
saturation in the blood *”!. Hence, a pulse oximeter
was used to monitor these alterations. Results of
the present study showed; a significantly high
increase in oxygen saturation from pre-operative
to post-extraction. Group II (Rosemary oil) group
showed the highest increase, followed by group
I (Lemongrass oil) compared to the decreased
oxygen level in group I (control group). These
results disagreed with Jonnalagadda Radhalakshmi
et al, 2018 ¥ who found no significant difference
in oxygen saturation after using Lemongrass oil
inhalation in a conditioning room before dental
procedures.

From the results of the present study, group
IT (Rosemary oil) showed the highest significant
decrease in Wong-Baker scale from pre-operative,
followed by group III (Lemongrass oil) compared to
the increased Wong-Baker scale in group I (control
group). These results are in line with Abhishek
et al."!, who investigated patient dental anxiety
levels using Mean State-Trait Anxiety Inventory/
Modified Dental Anxiety Scale (STAI/MDAS)
scores, which are reliable and sensitive measures of
dental anxiety among the commonly used anxiety
tools and, they concluded that there is a significant
reduction in patient dental anxiety levels upon using
aromatherapy.
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CONCLUSIONS

Rosemary essential oil or Lemongrass essential
oil can be inhaled before any painful dental practice
to reduce dental anxiety in children. Both Rosemary
and Lemongrass essential oil can be used as new
non-medicinal interference modalities for decreas-
ing pain and dental anxiety in children. Inhaling
Rosemary essential oil reduces pain and dental anx-
iety more than Lemongrass essential oil in children.

Supplementary Materials:

Author Contributions: Conceptualization,
S.M.O., methodology, SM.O and Y.S.H., soft-
ware, S.A.W.S.M.O.,and Y.S .H.; validation, S.M.O
formal analysis, S.M.O and Y.S.H.; investigation,
SM.O, YSH. and S.A.W.; resources, S.M.O and
Y.S.H.; data curation Y.S.H.; writing—original
draft preparation, SM.O., and Y.S.H.; writing—
review and editing, S.A.W., SM.O., and Y.S.H.;
visualization, X.X.; funding acquisition, Y.S.H.,
S.M.O, S.A.W. All authors have read and agreed to
the published version of the manuscript.

Funding: this research received no external
funding

Institutional Review Board Statement: Not
applicable

Informed Consent Statement: applicable

Data Availability Statement: The data
presented in this study are available upon request
from the corresponding author.

Conflicts of Interest: The authors declare no
conflict of interest.

REFERENCES

1. Humphris G. and Ling M. (2000). Behavioral Sciences for
Dentistry’. First edition, Churchill Livingstone, Edinburg-
Scotland; pp. 71-85.

1. Klingberg G. and Broberg A. (2007). Dental fear/anxiety
and dental behavior management problems in children
and adolescents: a review of prevalence and concomitant
psychological factors. International Journal of Pediatric
Dentistry; 17(6):391-406.

10.

11.

12.

Omer, et al.

Chhabra N., Chhabra A. and Walia G. (2012). Prevalence
of dental anxiety and fear among five- to ten-year-old
children: a behavior based cross sectional study. Journal of
Minerva Stomatologica; 61(3): 83—89.

Soni S., Bhatia R. and Oberoi J(2018). Pediatric Patients in
aDental Setting: A Randomized Control Trial. International
Journal of Oral Care and Research 2018; 6(2): 44-49.

Potter P., Perry A., Hall A. and stockert P. (2013).
Fundamentals of nursing. Eighth edition, Elsevier Mosby,
Canada; 605-608.

Abd El-Gawad S. and Elsayed L. (2015). Effect of
interactive distraction versus cutaneous stimulation for
venipuncture pain relief in school age children. Journal of
Nursing Education and Practice; 5 (4): 32-40.

Locker D., Thomson W. and Poulton R. (2001).
‘Psychological Disorder, Conditioning Experiences, and
the Onset of Dental Anxiety in Early Adulthood’. Journal
of Dental Research; 80(6): pp.1588-1592.

Sessa F., Anna V., Messina G., Cibelli G., Monda V.,
Marsala G., Ruberto M. et al. (2018). ‘Heart rate variability
as predictive factor for sudden cardiac death’. Journal of
Aging; 10(2): pp.166-177.

Kritsidima M., Newton T. and Asimakopoulou K. (2010).
‘The effects of lavender scent on dental patient anxiety
levels: a cluster randomised-controlled trial’. Journal of
Community Dentistry and Oral Epidemiology; 38(1):
pp-83-87.

Karan N. (2019). ‘Influence of lavender oil inhalation on
vital signs and anxiety: A randomized clinical trial’. Journal
of Physiology & Behavior; 211: pp.112676-112677

Drendel A., Kelly B. and Ali S. (2011). ‘Pain Assessment
for Children’. Journal of Pediatric Emergency Care; 27(8):
pp.773-781.

Zabirunnisa M., Gadagi J., Gadde P., Koneru J., Myla N.
and Thatimatla C. (2014). ‘Dental patient anxiety: Possible
deal with Lavender fragrance’. Journal of Research in
Pharmacy Practice; 3(3): pp.100-104.

Kiberd M., Clarke S., Chorney J., Eon B. and Wright S.
(2016). ‘Aromatherapy for the treatment of PONV in chil-
dren: a pilot RCT’. Journal of BioMed Central Comple-
mentary and Alternative Medicine; 16(1): pp.450-451.

. Hegde S., Pai S., Bhagwat R., Saini A., Rathore P.,

Jalalpure S., Hegde H. et al. (2019).‘Population genetic

and phytochemical dataset of Saraca asoca: A traditionally



THE IMPACT OF AROMATHERAPY ON ALLEVIATING DENTAL ANXIETY IN CHILDREN

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

important medicinal tree’. Journal of Data in Brief; 25:
pp-104173-104174.

Moyler DA. (1993). Extraction of flavors and fragrances
with compressed CO 2. In: Extraction of Natural Products
using Near-Critical Solvents. New York: Chapman & Hall;
pp. 140-83.

Jaafarzadeh M, Arman S, Pour FF. (2013). Effect of
aromatherapy with orange essential oil on salivary cortisol
and pulse rate in children during dental treatment: a
randomised controlled clinical trial. Adv Biomed Res
;2(1):1-7. DOI: 10.4103/2277-9175.107959.

Lehrner J, Marwinski G, Lehr B, et al. (2015). Ambient
odors of orange and lavender reduce anxiety and improve
mood in a dental office. Physiol Behav ;86(1-2):92-95.
DOI: 10.1016/j.physbeh.2005.06.031.

Jaafarzadeh M, Arman S, Pour FF. (2013) Effect of
aromatherapy with orange essential oil on salivary cortisol
and pulse rate in children during dental treatment: a
randomised controlled clinical trial. Adv Biomed Res
;2(1):1-7. DOI: 10.4103/2277-9175.107959.

Kumar M.S., Gurunathan D. (2019). Lemongrass in dental
health. Drug Invention Today;1(3).

Radhalakshmi J, Vasa AAK, Sahana S. (2018). Effect
of Lemongrass Essential Oil as Aromatherapy Agent
on Dental Anxiety in Children: A Cross-sectional Study.
CODS J Dent; 10(1):11-15.

Katerina P and S. G. Deans (1992). A study of the
variability of Rosemary and Sage and their volatile oils on
the British market: Their antioxidative properties. Flavor
and Fragrance journal 1992; 7(2):81-87.

Jimbo D, Kimura Y, Taniguchi M, Inoue M and Urakami
K. (2009). Effect of aromatherapy on patients with
Alzheimer’s disease. Psychogeriatric J; 173-179.

Atsumi T, Tonosaki K. (2007). Smelling Lavender and
Rosemary increases free radical scavenging activity and
decreases cortisol level in saliva. Psychiatry Res.; 150
(1):89-96.

Rahimi H, Nakhaei M, Mehrpooya N, Hatami S M,
Vagharseyyedin S A. (2019). The Effect of Inhaling the
Aroma of Rosemary Essential Oil on the Pre-Hospital
Emergency Personnel Stress and Anxiety: A Quasi-
Experimental Study, Mod Care J.; 16(3): €95082.

Arslan 1., Aydinoglu S. and Karan N. (2020). Can lavender

oil inhalation help to overcome dental anxiety and pain in

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

(1055)

children? A randomized clinical trial. European Journal of
Pediatrics; 179: pp.985-992.

Faul, F., Erdfelder, E., Buchner, A., & Lang, A.-G. (2013).
G*Power Version 3.1.7 [computer software]. Uiversitit
Kiel,
uniduesseldorf.de/abteilungen/aap/gpower3/download-

Germany. Retrieved from http://www.psycho.

and-register .

Faul, F., Erdfelder, E., Lang, AG. et al. (2007). G¥Power
3: A flexible statistical power analysis program for the
social, behavioral, and biomedical sciences Behavior
Research Methods (2007) 39: 175. ttps://doi.org/10.3758/
BF03193146.

Cohen, J. (1988). Statistical power analysis for the
behavioral sciences. Hillsdale, New Jersey: Lawrence

Erlbaum Associates.

Knapp, Herschel. 2017. Introductory Statistics Using
SPSS. Second edition. Los Angeles: SAGE.

Milgrom P, Mancl L, King B, Weinstein P. Origins of
childhood dental fear. Behav Res Ther. 1995; 33(3): 313-9.
doi: 10.1016/0005-7967(94)00042-i

Van Wijk AJ, Hoogstraten J(2009). Anxiety, and pain
during dental injections. J Dent. 2009; 37(9): 700-4. doi:
10.1016/j. jdent.2009.05.023

Appukuttan DP (2016). Strategies to manage patients
with dental anxiety and dental phobia: Literature review.
Clin Cosmet Investig Dent. 2016; 8: 35-50. doi: 10.2147/
CCIDE.S63626

Buffett-Jerrott SE, Stewart SH (2002). Cognitive and sedative
effects of benzodiazepine use. Current Pharmaceutical
Design. 2002; 8(1): 45-58.doi: 10.2174/1381612023396654

MY, Handelsman L, Bickel WK, Griffiths
RR(1993). Benzodiazepine and sedative use/abuse by

Iguchi

methadone maintenance clients. Drug Alcohol Depend.
1993; 32(3): 257-66. doi: 10.1016/0376-8716(93)90090-d

Posadzki P, Alotaibi A (2012), Ernst E. Adverse effects
of aromatherapy: a systematic review of case reports and
case series. Int J Risk Saf Med. 2012; 24(3): 147-61. doi:
10.3233/ JRS-2012-0568

Hasheminia, D., Kalantar Motamedi, M. R., Karimi
Ahmadabadi, F., Hashemzehi, H., & Haghighat, A.
(2014). Can ambient orange fragrance reduce patient
anxiety during surgical removal of impacted mandibular
third molars? Journal of Oral and Maxillofacial Surgery:
Official Journal of the American Association of Oral



(1056)

36.

37.

38.

39.

E.D.J. Vol. 70, No. 2

and Maxillofacial Surgeons, 72, 1671-1676. https://doi.
org/10.1016/j. joms.2014.03.031

Venkataramana, M., Pratap, K. V. N. R., Padma, M.,
Kalyan, S., Reddy, A. A., & Sandhya, P. (2016). Effect
of aromatherapy on dental patient anxiety: A randomized
controlled trial. Journal of Indian Association of Public
Health Dentistry, 14, 131-134.

Nardarajah, D., Dhanraj, M., & Jain, A. R. (2018). Effects
of lavender aromatherapy on anxiety levels of patients
undergoing mandibular third molar extraction. Drug
Invention Today Journal Translated Name Drug Invention
Today, 10, 1318-1322.

Kamalapuram Nirmala ID, Rekhalakshmi Kamatham (2018).
Effect of Aromatherapy on Dental Anxiety and Pain in Chil-
dren Undergoing Local Anesthetic Administrations: A Ran-
domized Clinical Trial. Department of Pediatric and Pre-
ventive Dentistry, Narayana Dental College and Hospital,
Nellore, India. J Caring Sci, 2021, 10 (3), 111-120

Jonnalagadda Radhalakshmi, Aron AK Vasa, Suzan
Sahana CODS (2018). Effect of Lemongrass Essential Oil
as Aromatherapy Agent on Dental Anxiety in Children: A
Cross-sectional Study. J Dent 2018;10(1):11-15.

41.

42.

43.

44,

Omer, et al.

. Mosayeb Noori Ahmad Abadi, Mohsen Mortazavi, Navid

Kalani, Hadi Zare Marzouni, Wesam Kooti, and Sara
Ali-Akbari (2020). Effect of Hydroalcoholic Extract
of Rosmarinus officinalis L. Leaf on Anxiety in Mice.
Antioxidants 2020, 9, 62; doi:10.3390/antiox9010062.

Cachat, J.M.; Canavello, PR.; Elkhayat, S.I.; Bartels,
B K.; Hart, P.C.; Elegante, M.F.; Beeson, E.C.; Laffoon,
A.L.; Haymore, W.A.M.; Tien, D.H,; et al (2011). Video-
aided analysis of zebrafish locomotion and anxiety-related
behavioral responses. Neuromethods 2011, 51, 1-14.

Fradelos E, Komini A(2015). The use of essential oils as
a complementary treatment for anxiety. Am J Nurs Sci
2015;4(1):1-5.

Premkumar, K. S., Syed Aafaque, J., Sumalatha, S., &
Narendran, N. (2019). Effect of aromatherapy on dental
anxiety among orthodontic patients: A randomized

controlled trial. Cureus, 11, e5306.

Abhishek Purohit, Abhinav Singh, Bharathi Purohit, Prateek
Shakti, Nidhi Shah (2021). Is aromatherapy associated with
patient’s dental anxiety levels? A systematic review and meta-
analysis. J Dent Anesth Pain Med 2021;21(4):311-319-https:/
doi.org/10.17245/jdapm.2021.21.4.311.


https://doi.org/10.1016/j. joms.2014.03.031
https://doi.org/10.1016/j. joms.2014.03.031

