
Saudi Dental Journal (2021) 33, 574–580
King Saud University

Saudi Dental Journal

www.ksu.edu.sa
www.sciencedirect.com
ORIGINAL ARTICLE
Knowledge and perception of parents regarding

halitosis in their children in Saudi Arabia
* Corresponding author at: Department of Pediatric Dentistry and Orthodontics, College of Dentistry, King Saud University, Riyadh

Arabia.

E-mail address: Nourahalmadhi@gmail.com (N.A. Almadhi).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier

https://doi.org/10.1016/j.sdentj.2020.08.005
1013-9052 � 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Noura A. Almadhi a,*, Ayman M. Sulimany a, Hamad A. Alzoman b,

Omar A. Bawazir a
aDepartment of Pediatric Dentistry and Orthodontics, College of Dentistry, King Saud University, Saudi Arabia
bDepartment of Periodontics and Community Dentistry, College of Dentistry, King Saud University, Saudi Arabia
Received 26 May 2020; revised 9 August 2020; accepted 16 August 2020
Available online 25 August 2020
KEYWORDS

Knowledge;

Saudi Arabia;

Children;

Halitosis;

Volatile sulfur compounds
Abstract Objective: To evaluate parents’ knowledge about halitosis, and to compare parents’ per-

ception of halitosis in their children to the presence of halitosis clinically.

Methods: Children between 3 and 8 years attended to Dental University Hospital, King Saud

University, were screened. Children satisfying inclusion criteria and their parents agreed to partic-

ipate were included. Questionnaires regarding parents’ knowledge and perception about halitosis in

their children were filled by attending parents. Then, the assessment of halitosis in the participating

children carried out by portable gas chromatograph device (OralChromaTM).

Results: A total of 67 children (44 girls and 23 boys) were included in this study with a mean age

of 5.3 years (SD = 1.7). The majority of the questionnaires (n = 44, 65.7%) were filled by accom-

panying fathers. One in two (52.2%) parents obtained high knowledge score about halitosis. Par-

ents’ knowledge was significantly associated with the mean age of the children (P = 0.02).

Thirty-nine (58.2%) parents perceived halitosis in their children. Gender, child’s age, parents’ edu-

cation level, or family income were not associated with parents’ perception of halitosis. Halitosis

was detected clinically in 58 children (86.6%). Thirty-eight (57%) of parents’ perception of halitosis

was in consistency with OralChromaTM readings; however, there was no significant association

between parents’ perception and the OralChromaTM score.

Conclusion: Half of the parents had good knowledge about halitosis and 6 in 10 parents per-

ceived halitosis in their children which is quite less than the presence of halitosis detected clinically.

Moreover, parents’ perception was not associated with the OralChromaTM score.
� 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Halitosis and many other terms like bad breath, and oral mal-
odor are used to explain the unpleasant breath emitted from

the mouth. It is well known that halitosis is a multifactorial
condition that involves oral and non-oral origin (Miyazaki
et al., 1995; Tangerman, 2002; Van Den Broek et al., 2008).

Oral origin constitutes 90% of halitosis cases (Miyazaki
et al., 1995; Tangerman, 2002; Van Den Broek et al., 2008).
In the oral cavity, halitosis arises from the production of vola-
tile sulfide compounds (VSCs) by the action of wide range of

oral anaerobic organisms in breaking down components of
epithelial cells, salivary and serum proteins, and food debris
on the tongue dorsum, in the saliva and in the periodontal

pockets (Bollen and Beikler, 2012; Cortelli et al., 2008). The
most objective methods detect the VSCs are gas chromatogra-
phy which considered as the gold standard of measurement of

oral halitosis (Tangerman, 2002). OralChromaTM is a portable
gas-chromatograph device that was developed to measure
VSCs levels inside the mouth providing high sensitivity and

practicality (Tangerman and Winkel, 2008). Other diagnostic
methods of halitosis include; organoleptic examination by
odor judges, and hydrogen sulfide monitoring (Tangerman,
2002).

Most of the halitosis researches have concentrated on adult
population where pediatric population received less attention
(Lin et al., 2003). Few studies reported the prevalence of hali-

tosis in children in different countries and found the prevalence
ranged between 8% and 45% using different assessment tech-
niques (Kanehira et al., 2004; Patil et al., 2014; Ueno et al.,

2018; Villa et al., 2014; Yoshida et al., 2001). Other studies
assessed the association of halitosis in children with different
oral findings such as; caries experience, gingival health, tongue

coating, oral hygiene, mouth breathing, abscesses, oral ulcers,
bone diseases, and hyposalivation (Amir et al., 1999; Gholami
et al., 1999; Nalçaci and Sönmez, 2008; Motta et al., 2011;
Villa et al., 2014; Keceli et al., 2015; Costacurta et al., 2019).

In Saudi Arabia, few studies conducted on halitosis and
assessed self-perceived halitosis in adults; they reported self-
perceived halitosis between 21% and 44% (Al-Zahrani, 2011;

AlSadhan, 2016; Alshehri, 2016; Alzoman, 2020; Mubayrik
et al., 2017; Nazir et al., 2017). Only one study assessed halito-
sis in 4–7 years old children using organoleptic method and

reported halitosis in 55% of participants (Mubaraki, 2019).
Evaluation of parents’ knowledge and perception of halito-

sis in their children considered an important finding that can
help healthcare providers in promoting good oral health

(Aliyu and Lawal, 2018; Momeni et al., 2017; Motta et al.,
2011). Momeni et al. (2017), found in their qualitative study
that some Iranian mothers were familiar with the causes of hal-

itosis and the association between halitosis and oral health. On
the other hand, Aliyu and Lawal (2018) reported poor knowl-
edge of Nigerian parents about halitosis and only 12% of them

perceived halitosis in their children (Aliyu and Lawal, 2018).
In the literature, it has been noticed that there are no stud-

ies assessed the knowledge of Saudi parents regarding halitosis

nor their perception of halitosis in their children. Moreover,
according to our search there is no study compared the par-
ents’ perception of halitosis in their children to presence of hal-
itosis clinically by assessing the level of volatile sulfur

compounds using OralChromaTM device which is considered
as the most objective method and gold standard to measure
halitosis. Therefore, the aims of this study were to evaluate
parents’ knowledge about halitosis, and to compare their per-

ception of halitosis in their children to the presence of halitosis
clinically.

2. Materials and methods

2.1. Research approval

The study was approved by the Institutional Review Board of
King Saud University (KSU), (IRB. No. E-18-3456), followed

by the approval of the College of Dentistry Research Center
(CDRC. No. PR 0085). Informed consent containing details
of the study were obtained from all parents of the children

agreed to participate in the study.

2.2. Sample selection and study protocol

Parents of pediatric patients who were scheduled for early

morning screening appointment in the general anesthesia clinic
at the Dental University Hospital (DUH), in KSU were
recruited. Risks and benefits of participating the study were

explained by phone, then, initial verbal approval was obtained
prior to participating in this study. Instructions were given to
the parents regarding breath sample test (child must refrain

from eating, drinking, brushing teeth or mouth rinsing at least
two hours before appointment). Seventy-two children were
screened and a total of sixty-seven children were included

who met the following criteria: healthy (ASA I and II), aged
between (3–8) years old, cooperative during the clinical exam-
ination and breath sample test with no history of tonsillitis,
upper respiratory infection, allergic rhinitis or gastrointestinal

disorders and parents agreed to participate in this study. Chil-
dren with candida infections or antibiotics usage one month
prior to the study were excluded.

2.3. Questionnaire

A specially designed self-administered questionnaire about

parents’ knowledge and perception of halitosis in their children
was completed by one of the parents. The questionnaire con-
sists of 22 questions divided into 3 sections as following; (de-

mographical data, parents’ perception of halitosis in their
children and parents’ knowledge).

2.3.1. Validity and reliability of the questionnaire

The questionnaire was developed in English language then it
was translated into Arabic. The content validity of the ques-
tionnaire was assessed by two experts in dental public health.
Experts were asked about each question in relation to appro-

priateness, importance and phrasing. To attain face validity;
the questionnaire assessed by 10 parent’s representatives of
the population being sampled and not involved in the study

to evaluate their understanding and comprehension. The
agreement of the questionnaire results was assessed using
Cohen kappa (j) statistic and the reliability using Cronbach’s

alpha (a), which resulted with an average of (j = 0.859) and
(a = 0.89) indicating that the questionnaire showed good
repeatability and consistency.



Table 1 Parents’ knowledge about halitosis (n = 67).

Questions Correct

answer

Frequency

(%)

Oral bad breath relation to poor oral hygiene 35 (52.2%)

Oral bad breath relation to dental caries 43 (64.2%)

Oral bad breath relation to diet 19 (28.4%)

Oral bad breath relation to silver (stainless steel)

crowns

31 (46.3%)

Oral bad breath relation to white restorations 36 (53.7%)

Oral bad breath relation to tooth extractions 34 (50.7%)

Oral bad breath relation to gum diseases 28 (41.8%)

Oral bad breath relation to bacterial or fungal oral

infections

33 (49.3%)

Oral bad breath relation to tonsillar infection 31 (46.3%)

Oral bad breath relation to tooth abscess 37 (55.2%)

Median knowledge score, (IQR) 6 (3–7)
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Each questionnaire was reviewed by the primary investiga-
tor (NA) to ensure all questions answered and patient fulfilled
inclusion criteria before proceeding to the halitosis clinic

equipped with the OralChromaTM device.

2.3.2. Knowledge score

Overall, there were 10 statements in the questionnaire directed

toward measuring parents’ knowledge about halitosis. Those
gave correct answer scored (1) and those gave wrong answer
or (do not know) scored (0). If all questions answered cor-

rectly, (10) scoring points were awarded. The score achieved
by each parent counted out of 10; then the median of the sam-
ple (=6) was used as a cutoff point; where the value below the

median labelled ‘‘low knowledge level” and the values at the
median or above labelled ‘‘high knowledge level” (DeCoster
et al., 2011).

2.4. Breath sample analysis

The level of volatile sulfur compounds in the breath samples
was assessed using portable gas chromatograph

(OralChromaTM CHM-2, Nissha FIS, Inc. Abimedical Corpo-
ration, Osaka, Japan). In the halitosis clinic, the parents and
the child watched a video illustration explaining how breath

sample will be collected and analyzed using OralChromaTM

device. All breath samples were collected by the primary inves-
tigator (NA). To obtain the breath sample, patient was

instructed to breathe through the nose while keeping the
mouth closed for 60 s. After that, 1 ml of breath sample was
obtained using disposable plastic syringe. The collected breath

sample was then injected immediately into OralChromaTM

device after removing any remnant saliva from the tip of the
plastic syringe using tissue paper. The concentration and cog-
nitive threshold of the following gases; Hydrogen sulfide

(H2S) � 112 part per billion(ppb), Methyl mercaptan
(CH3SH) � 26 ppb, and Dimethyl sulfide
(CH3SCH3) � 8 ppb, were recorded. Halitosis considered pre-

sent clinically if one or more gases equal or higher than the
threshold (Schemel-suárez et al., 2017).

2.5. Sample size

The sample size was calculated at a power of 90%, with 80%
level of agreement between parents’ perception and clinical

halitosis and with a 0.05 level of significance (Schemel-suárez
et al., 2017; Tamaki et al., 2011). The required sample size
was approximately 62. Five more patients were added to the
sample to overcome any shortage happened during the sample

collection which resulted in a total of 67 children participated
in this study.

2.6. Statistical analysis

Data were analyzed using Statistical Package for Social
Science (SPSS) software version 22.0 (IBM Inc., Chicago

USA). Descriptive statistics (mean, standard deviation, fre-
quencies and percentages) were used to describe the quantita-
tive and categorical variables. Parents perception and clinically

detected halitosis were dichotomized as (0 = no halitosis,
1 = halitosis). Chi square and Fisher’s exact tests were used
to assess the association between categorical variables includes
demographic data, parents’ perception, knowledge, and con-
centration of VSCs. A p-value of 0.05 was used to report the

statistical significance of the results.

3. Results

3.1. Demographic data

Sixty-seven Saudi children between 3 and 8 years of age partic-
ipated in this study; the mean age was 5.3 (SD = 1.7). There
were 23 (34.3%) boys and 44 (65.7%) girls. All questionnaire

(n = 67) were filled by accompanying parents; forty-four
(65.7%) by accompanying fathers and 23 (34%) by mothers.
More than half of the participating parents had a university

degree and income of more than 12,000 SR (58.2%, 59.7%
respectively).

3.2. Parental knowledge about halitosis

Thirty-five (52.2%) of the participated parents correctly
answered more than 6 questions which reflects a high knowl-
edge level about halitosis. The median knowledge score of

the participating parents was 6 and the interquartile range
was (IQR= 3–7) (Table 1). The most correctly answered ques-
tion (64.2%) was the association of dental caries and halitosis.

Other questions were correctly answered by approximately
half of the parents except for the association of diet (28.4%)
and gum diseases (41.8%).

The association between parents’ knowledge and demo-
graphic data of the participants showed no significant associa-
tion except for the age of the child (P = 0.02) and family
income (P = 0.05) (Table 2). The mean age of children was

higher for parents with good knowledge (5.81 ± 1.70) in com-
parison to the parents of lower knowledge level (4.86 ± 1.51).

3.3. Parents’ perception of halitosis

Parents perceived halitosis in 39 (58.2%) children (28 girls and
11 boys); 24 of them were aware of this issue more than



Table 2 Association between Parents’ knowledge score and demographic variables (n = 67).

Demographic findings Knowledge score P-value

High (%) Low (%)

Child gender 0.99

- Male 12(34.3) 11(34.4)

- Female 23(65.7) 21(65.6)

Questionnaire filled by 0.44

- Male (Father) 25(71.4) 20(62.5)

- Female (Mother) 10(28.6) 12(37.5)

Parent education 0.50

- School education 16(45.7) 12(37.5)

- University education 19(54.3) 20(62.5)

Family income 0.05

- Less than 12,000 SR 18(51.4) 9(28.1)

- 12,000 SR or more 17(48.6) 23(71.9)

Age child: Mean ± SD 5.81 ± 1.70 4.86 ± 1.51 0.02

Table 3 Parents’ perception of halitosis in their children.

Questions Frequency

(%)

Has your child experienced oral bad breath?

- Yes 39 (58.2)

- No 28 (41.8)

If yes, answer the followings:

When did you become aware that your child had oral

bad breath?*

- Six months or less 15 (38.5)

- More than six months 24 (61.5)

How did you find out that your child is having oral

bad breath?*

- By yourself. 37 (94.9)

- Other 2 (5.1)

Have you noticed that your child is having problems

in communicating due to his/her oral bad breath?*

- Yes 2 (5.1)

- No 34 (87.2)

- Don’t know 3 (7.7)

Have you noticed that your child is covering his/her

mouth during speaking due oral bad breath?*

- Yes 5 (12.8)

- No 33 (84.6)

- Don’t know 1 (2.6)

Has your child had an examination for bad breath by

his/her dentist?*

- Yes 1 (2.6)

- No 38 (97.4)

Has your child diagnosed with oral bad breath? *

- Yes 0 (0)

- No 39 (100)

* (n = 39).
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6 months (Table 3). Most of the parents (95%) perceived hal-
itosis by themselves. Two parents (5.1%) noticed that halitosis

affected their children communication, and 5 parents noticed
that their children covers their mouths during speaking. None
of the children have been diagnosed previously with halitosis

and only one parent consulted a dentist regarding halitosis.
No statistically significant association was detected between
parents’ perception and demographic variables, nor between
the parents’ perception of halitosis and knowledge level

(P = 0.76).

3.4. Presence of halitosis clinically and parental perception

Halitosis was detected clinically in 58 (86.6%) children using
OralChromaTM. Thirty-eight (56.7%) parents were in agree-
ment with presence of halitosis clinically, however; there was

no statistically significant association between the parents’ per-
ception of halitosis and concentration of VSCs in breath sam-
ples (P = 1) (Table 4).

4. Discussion

Halitosis is a condition of great importance among pediatric
population that didn’t receive a lot of attention in the litera-

ture. This study was conducted to evaluate parents’ knowledge
of halitosis, and to compare their perception of halitosis in
their children to the presence of halitosis clinically.

Half of the parents in this study showed good knowledge
about factors associated with halitosis; this finding was similar
to Momeni et al. (2017), but it was higher than Aliyu and

Lawal (2018) who reported 60% of Nigerian parents have
poor knowledge regarding the causes of halitosis. One in 2 par-
ents answered most questions correctly except for the associa-

tion of diet with halitosis it was 1 in 3. Surprisingly, this
association could not be figured out by most of the parents
as they may assume that their kids do not eat food that cause
offensive smell. In the present study, parents of older children

reported a high level of knowledge; which could be explained
by the possibility of the parents became more involved and
experienced about their child health, or even the possibility

of the learning from raising elder siblings. Interestingly in this
study, parents of low income have better knowledge than par-
ents of high income, which could be related to unequal distri-

bution of the sample according to parent’s income.
In this study, more than half of the parents perceived hali-

tosis in their children. This finding is in agreement with previ-
ous study on similar population where 50% of children have

halitosis utilizing organoleptic test (Mubaraki, 2019). Similar



Table 4 Association between parents’ perception and clinical halitosis (OralChomaTM) (n = 67).

Clinical halitosis P*

Halitosis No halitosis Total number (%)

Parents perception Halitosis 34 5 39 (58.2) 1

No halitosis 24 4 28 (41.8)

Total number (%) 58 (86.6) 9 (13.4) 67 (100)

* Fisher exact test.

578 N.A. Almadhi et al.
to this, Kanehira and Yoshida in Japanese population
reported 44% and 45.7% respectively of parents perceived hal-

itosis in their children obtained from questionnaire (Kanehira
et al., 2004; Yoshida et al., 2001). Also, Lin et al., reported
similar results from a questionnaire where 61% of mothers

reported oral malodor in their children (Lin et al., 2003). In
contrast, Aliyu and Lawal (2018) found only 12% of Nigerian
parents perceived halitosis in their children (Aliyu and Lawal,

2018). The difference between reports influenced by many fac-
tors such as; sample studied, culture influence, olfactory sensa-
tion of parents, intimate contact of parents to the child and
emotional status of parents. Another factor to be considered

is that perception was evaluated over a period of time, while
in other studies the evaluation of the perception was evaluated
in a specific time as when performing an organoleptic test

(Nalçaci and Sönmez, 2008).
The effect of halitosis on the social life has been investi-

gated in adult population, and many studies reported that hal-

itosis affected the patient’s quality of life negatively
(Almufarrij et al., 2019; AlSadhan, 2016; Alshehri, 2016;
Mckeown, 2003). Ueno M. et al and Motta et al, reported in
their studies the negative effect of halitosis on the child physi-

ological and social aspects which can lead to isolation and
avoidance of community (Motta et al., 2011; Ueno et al.,
2018). In our study, the sociodemographic investigation results

showed that most of the parents did not notice that their child
communication and social interactions were affected by halito-
sis. This finding can be explained by looking to the age of the

participants in this study (3–8); children in this age group are
less aware about their peer’s unseen and not sensible condi-
tions (Rubin et al., 2007), another reason that may contribute

to these findings is that more than half of the questionnaires
were answered by fathers as the accompanying parents to the
dental appointment. Fathers closeness and involvement in
daily life activities of children in comparison to mothers is a

matter of conflict, and can be affected by cultural backgrounds
(Rubin et al., 2007).

A study on adult population showed a significant associa-

tion between knowledge and self-perception of halitosis
(Alshehri, 2016). However, this is not the case in this study
as there is no association detected between parents’ knowledge

and their perception of halitosis in their children since only one
parent in our sample consulted a dentist regarding halitosis. It
seems this is effected by parents’ perception of halitosis as a

condition that does not deserve seeking professional consulta-
tion, which in agreement with other report (Aliyu and Lawal,
2018).

Halitosis can be evaluated subjectively or objectively. In

this study halitosis was evaluated subjectively by using a self-
administered questionnaire and objectively by OralChromaTM.
This portable type of gas chromatograph is small, compact
and allows breath examination on chairside. Also, It is less

complicated and does not require special knowledge or opera-
tor to use it (Hanada et al., 2003; Laleman et al., 2020). The
majority of the children in this study were found to have hal-

itosis according to the OralChromaTM, higher than previous
studies that evaluated halitosis in children utilizing organolep-
tic method or sulfide monitoring devices (Aliyu and Lawal,

2018; Kanehira et al., 2004; Lin et al., 2003; Motta et al.,
2011; Mubaraki, 2019; Nalçaci and Sönmez, 2008). This result
could be attributed to the fact that children in this study were
considered high caries risk patients with poor compliance and

they are in the waiting list of general anesthesia. Moreover, the
OralChromaTM device, was reported to have the ability to
detect halitosis in children as in adults and similar to other

methods like the organoleptic test and b-galactosidases activity
(Costacurta et al., 2019).

This is the first report that looked into the association of

presence of halitosis in pediatric patients and their parents’
perception. Our results indicate that there is no significant
association between parents’ perception and the presence of
halitosis clinically. Our findings are in agreement with previous

studies which compared self-perceived halitosis with other
objective evaluation methods (Amir et al., 1999; Hammad
et al., 2014; Lin et al., 2003). On the other hand, villa et al.

reported that self-reported halitosis was a good predictor for
halitosis in comparison with Halimeter device and organolep-
tic test (Villa et al., 2014).

Like other studies; convenient sample selected in this study
which could not reflect the Saudi population can be considered
as a possible limitation. Questionnaire based study to docu-

ments parents’ perception considered as another limitation.
On the other hand, this is the first study investigated knowl-
edge of Saudi parents and assessed their perception in young
age group. Added to that, halitosis in children was measured

objectively by using the OralChromaTM, which is the gold
standard method to detect VSCs.

Further areas of research could be conducted to investigate

for the prevalence of halitosis in Saudi children utilizing objec-
tive methods such as gas chromatographic or sulfide monitor-
ing devices, also the association of clinical parameters like

dental caries, tongue coating and gingival health with halitosis
in children. The possible intervention for such age group tar-
geting the causes such as oral hygiene, tongue cleaning and

dental rehabilitation worth to be investigated.

5. Conclusion

In this study half of the parents’ reported good knowledge
about halitosis; however, only one participating parent con-
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sulted dentist regarding their child halitosis. Moreover, par-
ents’ perception about halitosis in their children is lower than
the presence of halitosis clinically. Lack of association between

parents’ perception and presence of halitosis clinically needed
to be considered before diagnosis or carried any treatment.

Disclosures

Nothing to disclose.

Funding

No funding or sponsorship was received for this study or pub-

lication of this article.

Ethical statement

This study was approved by the Institutional Review Board of
King Saud University (KSU), (IRB. No. E-18-3456). Approval
was also gotten from the College of Dentistry Research Center

(CDRC. No. PR 0085).

CRediT authorship contribution statement

Noura A. Almadhi: Conceptualization, Methodology, Soft-
ware, Validation, Formal analysis, Investigation, Writing -
original draft, Project administration. Ayman M. Sulimany:

Methodology, Writing - review & editing. Hamad A. Alzoman:

Investigation, Writing - review & editing. Omar A. Bawazir:

Conceptualization, Methodology, Writing - review & editing,

Supervision.

Declaration of Competing Interest

The authors declare that they have no known competing
financial interests or personal relationships that could have

appeared to influence the work reported in this paper.

Acknowledgements

The authors would like to thank all of the patients. We would
also like to thank the biostatistician, Dr. N. Al-Maflehi, for his
guidance with statistical analysis.

References

Al-Zahrani, M., 2011. Self reported halitosis in relation to glycated

hemoglobin level in diabetic patients. Open Dent. J. 5, 154–157.

https://doi.org/10.2174/1874210601105010154.

Aliyu, I., Lawal, T.O., 2018. Perception and awareness of halitosis in

children by caregivers seen in our pediatric outpatient department.

J. Res. Dent. Sci. 9, 63–66. https://doi.org/10.4103/srmjrds.srmjrds.

Almufarrij, M.J., Togoo, R.A., Alhayaza, H.H., Rashad, M.A.,

Alqahtani, T.M., Alqahtani, R.M., 2019. Relationship between

Dental anxiety and Halitosis among University students in Saudi

Arabia. EC Dent. Scince 12, 1–11.

AlSadhan, S.A., 2016. Self-perceived halitosis and related factors

among adults residing in Riyadh, Saudi Arabia. A cross sectional

study. Saudi Dent. J. 28, 118–123. https://doi.org/10.1016/j.

sdentj.2016.06.001.
Alshehri, F.A., 2016. Knowledge and attitude of Saudi individuals

toward self-perceived halitosis. Saudi J. Dent. Res. 7, 91–95.

https://doi.org/10.1016/j.sjdr.2015.11.003.

Alzoman, H., 2020. The association between periodontal diseases and

halitosis among Saudi patients. Saudi Dent. J. https://doi.org/

10.1016/j.sdentj.2020.02.005.

Amir, E., Shimonov, R., Rosenberg, M., 1999. Halitosis in children. J.

Pediatr. 134, 338–343.

Bollen, C.M., Beikler, T., 2012. Halitosis : the multidisciplinary

approach. Int. J. Oral Sci. 4, 55–63. https://doi.org/10.1038/

ijos.2012.39.

Cortelli, J.R., Dourado, M., Barbosa, S., Westphal, M.A., 2008.

Halitosis: a review of associated factors and therapeutic approach.

Braz. Oral. Res. 442222, 44–5444. https://doi.org/10.1590/S1806-

83242008000500007.

Costacurta, M., Petrini, M., Biferi, V., Arcuri, C., Spoto, G., Docimo,

R., 2019. The correlation between different techniques for the

evaluation of oral malodour in children with and without

orthodontic treatment 233–236. https://doi.org/10.23804/

ejpd.2019.20.03.12

DeCoster, J., Gallucci, M., Iselin, A.-M.-R., 2011. Best practices for

using median splits, artificial categorization, and their continuous

alternatives. J. Exp. Psychopathol. 2, 197–209. https://doi.org/

10.5127/jep.008310.

Gholami, F., Minah, G.E., Turng, B.F., 1999. Oral malodor in

children and volatile sulfur compound-producing bacteria in saliva:

preliminary microbiological investigation. Pediatr. Dent. 21, 320–

324.

Hammad, M.M., Darwazeh, A.M.G., Al-waeli, H., Tarakji, B.,

Alhadithy, T.T., 2014. Prevalence and awareness of halitosis in a

sample of Jordanian population. J. Int. Soc. Prev. Community

Dent. 4, 178–186. https://doi.org/10.4103/2231-0762.149033.

Hanada, M., Koda, H., Onaga, K., Tanaka, K., Okabayashi, T., Itoh,

T., Miyazaki, H., 2003. Portable oral malodor analyzer using

highly sensitive In2O3 gas sensor combined with a simple gas

chromatography system. Anal. Chim. Acta 475, 27–35.

Kanehira, T., Takehara, J., Takahashi, D., Honda, O., Morita, M.,

2004. Prevalence of oral malodor and the relationship with habitual

mouth breathing in children. J. Clin. Pediatr. Dent. 28, 285–288.

https://doi.org/10.17796/jcpd.28.4.xp213r6534322m58.

Keceli, T., Gulmez, D., Dolgun, A., Tekcicek, M., 2015. The

relationship between tongue brushing and halitosis in children: A

randomized controlled trial. Oral Dis. 21, 66–73. https://doi.org/

10.1111/odi.12210.

Laleman, I., Dekeyser, C., Wylleman, A., Teughels, W., Quirynen, M.,

2020. The OralChroma TM CHM-2: a comparison with the

OralChroma TM CHM-1. Clin. Oral Investig., 1–8

Lin, M.I.H., Flaitz, C.M., Moretti, A.J., Seybold, S.V., Chen, J.W.,

2003. Evaluation of halitosis in children and mothers. Pediatr.

Dent. 25, 553–558.

Mckeown, L., 2003. Social relatons and breath odour. Int. J. Dent.

Hyg. 1, 213–217.

Miyazaki, H., Sakao, S., Katoh, Y., Takehara, T., 1995. Correlation

between volatile sulphur compounds and certain oral health

measurements in the general population *. J. Periodontol. 66,

679–684.

Momeni, Z., Sargeran, K., Yazdani, R., Sighaldeh, S.S., 2017.

Perception of Iranian mothers about oral health of their school-

children: a qualitative study. J. Dent. (Tehran) 14, 180–190.

Motta, L.J., Bachiega, J.C., Guedes, C.C., Laranja, L.T., Bussadori, S.

K., 2011. Association between halitosis and mouth breathing in

children. Clinics 66, 939–942. https://doi.org/10.1590/S1807-

59322011000600003.

Mubaraki, S., 2019. Oral halitosis in Saudi Children. Adv. Dent. Oral

Heal. 10, 8–10. https://doi.org/10.19080/adoh.2019.10.555798.

Mubayrik, A., AlHamdan, R., AlHadlaq, E., AlBagieh, H., Ahmed,

D., Jaddoh, H., Demyati, M., Abu Shryei, R., 2017. Self-percep-

https://doi.org/10.2174/1874210601105010154
https://doi.org/10.4103/srmjrds.srmjrds
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0015
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0015
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0015
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0015
https://doi.org/10.1016/j.sdentj.2016.06.001
https://doi.org/10.1016/j.sdentj.2016.06.001
https://doi.org/10.1016/j.sjdr.2015.11.003
https://doi.org/10.1016/j.sdentj.2020.02.005
https://doi.org/10.1016/j.sdentj.2020.02.005
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0035
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0035
https://doi.org/10.1038/ijos.2012.39
https://doi.org/10.1038/ijos.2012.39
https://doi.org/10.1590/S1806-83242008000500007
https://doi.org/10.1590/S1806-83242008000500007
https://doi.org/10.5127/jep.008310
https://doi.org/10.5127/jep.008310
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0060
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0060
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0060
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0060
https://doi.org/10.4103/2231-0762.149033
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0070
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0070
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0070
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0070
https://doi.org/10.17796/jcpd.28.4.xp213r6534322m58
https://doi.org/10.1111/odi.12210
https://doi.org/10.1111/odi.12210
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0090
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0090
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0090
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0095
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0095
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0095
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0105
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0105
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0110
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0110
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0110
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0110
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0115
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0115
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0115
https://doi.org/10.1590/S1807-59322011000600003
https://doi.org/10.1590/S1807-59322011000600003
https://doi.org/10.19080/adoh.2019.10.555798
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0130
http://refhub.elsevier.com/S1013-9052(20)30764-1/h0130


580 N.A. Almadhi et al.
tion, knowledge, and awareness of halitosis among female univer-

sity students. Clin. Cosmet. Investig. Dent. 9, 45–52.
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