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Abstract

A decrease in olfactory function can put an individual’s

life at risk by, for example, rendering them vulnerable to

consume rotten food, or to fail to notice gas leaks or fires

sufficiently early to escape. Nevertheless, there have been

few clinical studies examining olfaction and, in particutlar,

we were unable to find any clinical studies examining

olfaction in children.

Accordingly, the objective of the present study was to

clarify the relationships between nasal cavity functions

and maxillofacial morphology among children with

malocclusion in the growth stage.

Subjects in this study included 68 patients (30 boys, 38

girls; mean age 9.3+1.6 years [range 6-12 years] who were

examined at the Department of Orthodontics at Ohu



University Hospital. Based on the skeletal classification

described by Utsuno et al. *), there were 22 patients in the

skeletal class I group (2° = A point, nasion, B point

[ANB] = 4°), 24 in the skeletal class I group (ANB > 4°),

and 22 in the skeletal class III group (ANB < 2°). By

referring to an article on otorhinolaryngology and head and

neck surgery,®’ the patients were asked about their

olfactory disorders.

We performed maxillofacial measurements and olfactory

tests to clinically investigate relationships between nasal

cavity functions and maxillofacial morphology among

individuals with malocclusion in the growth and

development stage. The results demonstrated that less

maxillary growth was associated with reduced olfaction in

children with malocclusion from skeletal mandibular
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protrusion. This suggests that maxillary growth and

development is related to olfaction.

As orthodontists, we perform orthodontic therapy on

children during their growth and development stage.

Improving their maxillofacial morphology may improve

their olfactory functions. In the future, we plan to

investigate how malocclusion therapy impacts olfactory

functions.
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INTRODUCTION

Since 1991, there have been several investigations
reported in the field of cranial neurology; however, many
areas within the field remain less extensively examined.'*?’
It is well known that humans can distinguish among
thousands of different scents; however_, it re_m;ins unclear
which specific olfactory neural receptors are involved in
differentiating smell, and it is particularly difficult to
identify them physiologically. Recently, Axel and Buck
identified genes that encode olfactory receptor information,
and there has been progress in basic research investigating
olfaction."’
Problems in olfactory function may result in

life-threating situations such as consuming spoiled food,

not noticing gas leaks, and failure to escape from fire.



Nevertheless, there have been only a few clinical studies

examining olfaction in particular and, to our knowledge,

there is no previous clinical report investigating olfaction

in children.

Surveys involving children with impaired olfactory

function have not been performed because the priority is

lower than that of other sensory systems, such as sight and

hearing, and there is usually no significant impact on daily

life.¥)

Hummel et al.?®) reported that in the case of left-right

differences in olfactory bulb volume, the smaller the

volume the higher the thresholds. Therefore, to clarify the

relationships between nasal cavity functions and

maxillofacial morphology among children with

malocclusion in the growth stage, we hypothesized that
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abnormalities in maxillofacial morphology during the

growth and development stage would influence olfaction.

MATERIALS AND METHODS

I. Materials

This study was approved by the Ethics Screening

Committee of Ohu University (Ko6riyama, Japan, No. 139).

Subjects in this study included 68 patients (30 boys, 38

girls; mean age 9.3+1.6 years [range 6-12 years]) who were

examined at the Department -of Orthodontics at Ohu

University Hospital. Informed consent for the examination

was obtained from the subjects and their guardians. Based

on the skeletal malocclusion classification described by

‘Utsuno et al.,’) there were 22 patients in skeletal class I

(2° £ A point, nasion, B point [ANB] = 4°), 24 in



skeletal class II (ANB > 4°), and 22 in skeletal class III

(ANB < 2°). Based on an article on otorhinolaryngology and

) the guardians were asked about

head and neck surgery,®
their olfactory disorders. Guardians in whom any of the
following applied were excluded: nasal disease (including
history of common cold in the past 3 months); those found
to have mnasal polyps, nasal tumors, drug-induced or
iron-deficiency anemia, undergone radiation therapy,
experienced trauma or surgery to the sinuses or nasal
cavity, or received general anesthesia; deviated septum
found during observation of the nasal cavity with a mirror
or frontal cephalogram history of adenoidectomy or

tonsillectomy; and cleft lip and palate, congenital diseases,

or an abnormal number of teeth.
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II. Measuring maxillofacial morphology

Assessments of maxillofacial morphology were performed

by the same assessor, who measured models of the oral

cavity and traced lateral cephalograms, then used software

for measuring the cephalographic data (Dolphin 1maging

software version 11.9, Dolphin Imaging Systems, LLC,

Chatsworth, CA, USA) to designate measurement points

following the method described by Thompson'’ (Figure 1)

for measuring lines and angles.

Lateral cephalogram imaging conditions: Measurements

were performed using lateral cephalograms taken at the

initial examination. The imaging conditions for lateral

‘cephalograms were as follows: patients were in a standing

position with the Frankfort plane parallel to the floor; the
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mandible was in the intercuspal position; the lips were

closed; the tongue was in a resting position; patients were

at rest and their respiration was not regulated.

Dental cast measurements: Measurements were performed

according to methods described by Howes et al.? and

Berger’’ wusing dental cast obtained at the initial

examinations. Basal arch width was measured as the

distance between the points of greatest buccolingual

depression at a location equivalent to the root apex on the

buccal side of the alveolus on both first molars. Basal arch

length was measured using the instrument described by

Otsubo et al.'?’ The posterior margin of the base of the

instrument was made to conform to the distance between the

pit and grooves of both first molars. The measurement was
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performed by aligning the needle with the point of greatest
depression at a location equivalent to the root apex of the
labial alveolar area of the left central incisor (proximal

limit of the alveolar base) (Figure 2).

III. Nasal cavity functions

Olfactory test: This study used a T&T olfactometer ®
following the method described by Kawasaki et al.'V to
perform standard olfactory tests. The tests were performed
using designated reagents according to manufacturer’s
recommendations (Daiichi Yakuhin Sangyo Ltd., Tokyo).
Five scents were used in the test to measure detection and
recognition thresholds: A (P-phenylethyl alcohol); B
‘(methyl cyclopentenolone); C (iso-valeric acid); D

(y-undecalactone); and E (skatole).
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The detection threshold was determined by having

patients initially smell samples at low concentrations, then

raising the concentration incrementally. The detection

threshold was the concentration at which a scent was

sensed. The recognition threshold was determined by

further increasing the concentration until the type of scent

was identified.

Olfaction measurements were performed by an assessor

holding one end of a piece of scent paper (7 mm wide x 15

cm long) and immersing 1 cm of the other end in a standard

scent. The scent paper was then handed to the patient, who

held the end of the paper approximately 1 cm from the tip

of the nose to assess it by smell. The sequence of the test

was to increase the concentration of the standard scents

(minus 2 — plus 5) from low to high. The degree of plus 5 is




the highest concentration and the strongest scent. A

concentration of each degree increases 10 times each. The

patient was asked when he perceived the standard scent,

and the concentration of the number by 10 this scent was

recorded on an olfactogram (detection threshold). The

concentration was then increased further and, when the

patient could correctly identify the type of the standard

scent, this was recorded on the olfactogram (recognition

threshold). If a patient could not identify a scent, the

answers listed in Table 2 were offered and the patient

selected the scent that applied.

Mean values for the detection and recognition thresholds

for scents A to E were calculated based on the detection

"and recognition thresholds recorded on the olfactograms

used in the above measurements. Then, olfaction was
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assessed as normal or reduced according to 5 grades based
on the criteria listed in Table 3. The mean recognition
threshold better reflects an individual’s actual life
circumstanceg than the mean detection threshold;

consequently, the former was adopted for the assessments.

Rhinomanometry: Rhinomanometry was performed using a
multifunctional spirometer (HI-801, CHEST M.I. Inc,
Tokyo, Japan), which is the testing method adopted from
the rhinomanometry guidelines from the Japanese

?) Measurements of the left and right

Rhinologic Society.'
sides were performed using the mask-anterior method, in
which the posterior pressure of the nasal cavity is derived

from the anterior nostril of the side not being measured.

Bilateral nasal cavity resistance was calculated from the




right and left resistance values using Ohm’s law equation
(1/T = 1/R + 1/L, T: both nostrils, R: right resistance, Bt
left resistance). Before the measurements, the patients
were instructed to rest in a sitting position with the head in
a natural position. During the measurements, subjects were
instructed to close their mouths and breathe through the
nose. In this study, measurement results of inspiration
were used.

Nasal cavity resistance was expressed as Pa/cm’/s.
Following the Japanese Committee for Standardizing
Rhinomanometry, AP100Pa was adopted as the resistance

value.

17



IV. Statistics

Statistical analyses were performed using SPSS version

24.0 (IBM Corporation, Armonk, NY, USA). Comparisons

of maxillofacial morphology, olfaction, oral cavity models,

and rhinomanometry among the skeletal class I, II, and III

malocclusion groups were performed using the

Kruskal-Wallis test. Multiple comparisons of these results

were performed wusing the Mann-Whitney U test.

Correlations between maxillofacial morphology and

olfaction were analyzed using Spearman’s rank correlation

coefficient; p < 0.05 was considered to be statistically

significant.
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Results

I. Subjects

No significant differences between the boys and girls

were observed for any of the maxillofacial morphology or

nasal cavity function items at the initial examination,

including Rohrer’s index (Table 4).

II. Maxillofacial morphology

Tables 5 to 7 summarize the results of Kruskal-Wallis

tests among the 3 groups of the items being analyzed from

the lateral cephalograms. SNB, McNamara to Pogonion,

facial angle, and U1l-FH were significantly smaller in

skeletal class Il compared with skeletal class I, indicating

.mandibular retrusion. ANB and FMA were significantly

larger in skeletal class II, indicating posterior rotation of
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the mandible and labial inclination of the maxillary

anterior teeth (Table 5).

Facial angle was significantly larger in skeletal class III

compared with skeletal c¢lass I, indicating anterior

positioning of the chin. SNA, ANB, and McNamara to A

were significantly smaller in skeletal class III, showing

poor maxillary growth. U1l-FH, L1 to mandibular plane

angle, and overjet were significantly smaller in skeletal

class III, indicating that the skeletal class II] cases were

mainly related to maxillary retrusion (Table 6).

SNA, ANB, McNamara to A, L1 to mandibular plane angle,

and overjet were significantly smaller in skeletal class III

compared with skeletal class II, indicating maxillary

retrusion. SNB, McNamara to Pogonion, and facial angle

(R]
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were significantly larger in skeletal class III, a forward

positioning of the chin and the mandible (Table 7).

Maxillary basal arch widths, mandibular basal arch widths

and lengths were mnot significantly different between

skeletal class I and II, skeletal class I and III, or skeletal

class II and III. However, while maxillary basal arch

lengths were not significantly different between skeletal

class I and II, it was significantly smaller in skeletal class

III compared with skeletal I and II (Table 8).

III. Maxillofacial morphology and olfaction

Significant differences in detection and recognition

thresholds were not observed between skeletal class [ and

“1I. However, the detection and recognition thresholds of

skeletal class III were significantly higher than those of
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skeletal class I and II, indicating reduced olfaction (Figure

3)-

IV. Correlations between maxillofacial morphology and

olfaction

Significant differences were observed between SNA and

detection threshold (r = -0.498) and between McNamara to

A and recognition threshold (r = -0.529). Significant

differences in detection or recognition thresholds were not

observed between skeletal class I and II. However, both the

detection and recognition thresholds were significantly

higher in skeletal class 11l compared with skeletal class I

and II (Figure 4).



VI. Maxillofacial morphology and nasal cavity

ventilation

No significant differences were observed between any of

the maxillofacial morphology and nasal cavity ventilation

measurements (Table 9).

Discussion

Recently, the relationship between the growth and

development of maxillofacial morphology and nasal cavity

functions in children has been recognized as a problem.

Iwasaki'®) and Galeotti et al.'*) investigated correlations

between pediatric obstructive sleep apnea syndrome

(OSAS) and maxillofacial morphology, and reported a

‘higher incidence of pediatric OSAS among patients with

poor maxillary growth. Moreover, measurements of nasal
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cavity ventilation among children with malocclusion in the

growth stage indicated that children with poor maxillary

growth exhibit reduced nasal cavity functions. Sorokowska

et al.'”) studied olfaction in 1,400 German subjects, and

reported that olfaction had matured by approximately 10

years of age, and changed very little until the sixth decade

of life. Scammon growth curves indicate that 90% of neural

growth and development is completed by 6 years of age and

100% by 20 years of age. The subjects in the present study

ranged in age from 6 to 12 years. At this age, improving

reduced olfaction early by normalizing olfactory threshold

values could help in increase enhancing quality of life.
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* About our methods

According to a report by Miwa et al.,'®’ the
implementation rates of the standard olfactory test used in
this study at pediatric medical institutions, hospitals, and
clinics are 41%, 14%, and 7%, respectively, revealing that
less than one-half of pediatric institutions perform this
test. Disadvantages of T&T olfactometer ® are that it
requires specialized equipment, and takes time and effort.

" comparison of T&T

According to a report by Kubo et al.,!
olfactometer® , which is covered by health insurance 1n
Japan, and the venous olfactory test indicated that there
was no significant correlation between the olfactory result
and clinical outcome.

18)

In a study by Fujii et al., the results of T&T

olfactometer ® correlated significantly with the results of
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a stick smell test. For this reason, we sclected T&T
olfactometer® to measure olfaction because it is simple to
perform and is covered by health insurance.

The anterior method used to measure nasal cavity
ventilation is easy to perform, does not cause‘significant
patient discomfort, and can be performed gquickly. One
disadvantage is that it cannot be used in patients with
unilateral nasal cavity obstruction.

The International Committee on Rhinomanometry
Standards has defined the standard resistance value as
PA150Pa. However, many Japanese individuals with normal
nasal cavities canno-t achieve 150 Pa with during resting
respiration; therefore, the Japanese Rhinomanometry
Committee recommends adopting 100 Pa. Subjects in the

present study were children, and, according to Koh et
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al.,'”’ and Kobayashi et al.,?"children have higher nasal
cavity resistance than adults, which declines as they

al.?%2") reported the mean nasal

mature. Kobayashi et
resistance of Japanese children to be 0.43+0.50 Pa/cm’/s.
In the present study, resistance was 0.50+0.30 Pa/cm’/s,
0.45+0.10 Pa/cm?’/s, and 0.50+0.25 Pa/cm>/s in skeletal
classes I, Il and III, respectively, which is consistent with
the results reported by Kobayashi et al.?®?*!") Moreover,
nasal cavity resistance did not differ significantly among
the 3 groups. Therefore, we show maxillofacial morphology

is not associated with differences in the amount of nasal

cavity air flow.
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* About the subjects

To determine whether our cases represented typical

malocclusion for skeletal class I, II, or III Japanese

children, we compared measurements of mean height,

weight, body mass index, and Rohrer’s index values with a

2016 survey of school dental health statistics,??’ and no

significant differences were found in them.

* Maxillofacial morphology and olfaction

The results of multiple comparisons of maxillofacial

morphology between skeletal class I and II, skeletal class I

and III, and skeletal class II and III, indicated that there

were correlations in variables related to nasomaxillary

complex such as in SNA and McNamara to A. Individuals in

skeletal class III tend to have a small nasomaxillary
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complex and exhibited the greatest reduction in olfaction,
which indicates that the size of the nasomaxillary complex
can affect olfaction. In addition, the basal arch in the
maxillary molar area was significantly longer in skeletal
class III compared with the other groups. Moreover,
patients with shorter basal arches had higher olfactory
thresholds. Therefore, children with malocclusion of
skeletal mandibular protrusion with poor maxillary growth
may experience reduced olfaction.

Hummel et al.?’ reported that left-right differences in
olfactory bulb volumes were associated with differences in
olfactory functions in humans. They reported that the
larger the olfactory bulb volume, the better the olfactory
- function and the greater the sensitivity (i.e., lower

olfactory threshold). These data suggest that olfactory bulb

29



volume reflects left-right tissue asymmetry, which may

have some effect on left-right olfactory asymmetry.

Furthermore, Altundag et al.??’ studied left-right

differences and olfactory functions associated with nasal

septum deviation. They found that the threshold,

differentiation and identification of the type of the smell

were less sensitive (lower) on the narrow side. Significant

positive correlations were observed between olfactory bulb

volume, olfactory threshold, differentiation, and

identification of the type of smell, which indicates that

olfactory functions are reduced on the narrower side of a

deviated septum.

Although we did not examine olfactory bulb volume in the

present study, we suggest that when the mandible portion of

the nasomaxillary complex is smaller, the volume of the
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olfactory bulb also tends to be smaller and, as a result,

increases the olfaction threshold. Felippe et al.>*) reported

that when nasal cavity volume increased by rapid maxillary

expansion, upper airway resistance decreased. Cappellette

et al.?®) found that rapid maxillary expansion expanded all

structures of the nasomaxillary complex (mnasal cavity,

oropharynx, left-right maxillary sinuses). Ottaviano et

al.?®) suggested that nasal cavity resistance after rapid

maxillary expansion may improve olfaction thresholds for

n-butanol.

Therefore, these results suggest that children with

skeletal mandibular protrusion and small maxilla may lead

to better olfactory thresholds if malocclusion is improved

‘(i.e., treated).
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Conclusion

We performed maxillofacial measurements and olfactory

tests to clinically investigate relationships between nasal

cavity functions and maxillofacial morphology among

individuals with malocclusion during the growth and

development stage. The results demonstrated that children

with malocclusion and skeletal mandibular protrusion

associated with poor maxillary growth tend to exhibit

reduced olfaction. This suggests that there is a correlation

between maxillary growth and development, and olfaction.

As orthodontists, we should provide treatment for

children during growth and development to correct

maxillofacial morphology, which may also improve

olfactory functions. In the future, we plan to investigate

how malocclusion therapy impacts olfactory function.
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Figure legends

Fig. 1. Reference points and lines on the cephalograms.

Definition of dental and skeletal reference points and lines

are those reported by Thompson (5).

Fig. 2. Measurements of the dental cast.

Fig. 3. Correlation between maxillofacial morphology and

olfaction.

Fig. 4. Relationship between maxillofacial morphology and

olfaction.

Tables

Table 1. Definitions of angles (degrees) and linear

measurements (mm), used in cephalometric measurements

. Table 2. Words expressing qualities of standard odors*



*From Toyota et al., 1978; courtesy of Igaku-Shoin, Ltd.,

Tokyo.

Table 3. Categorization of olfactory sensitivity into six

classes on the basis of averages of recognition thresholds

in olfactograms¥*

*From Toyota et al., 1978; courtesy of Igaku-Shoin, Ltd.,

Tokyo

Table 4. Characteristics among skeletal Class I, I, and III

groups

Table 5. Comparison of individuals in skeletal Class I and

Il in cephalometric measurements

Table 6. Comparison of individuals in skeletal Class I and

ITT in cephalometric measurements




Table 7. Comparison of individuals in skeletal Class Il and

IIl in cephalometric measurements

Table 8. Relationship between maxillofacial morphology

and dental cast

Table 9. Relationship between maxillofacial morphology

and rhinomanometry
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