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Background: Our study aimed to measure the tongue volume (TV), oral cavity volume (OCV), and their ratio
(TV/0OCV) and correlate with upper airway using cone-beam computed tomography (CBCT).

Method: The volume of oral cavity, tongue and upper airway were obtained by the manual process of seg-
mentation of CBCT data of 15 subjects. The mean age of the sample was 21.86 years (range 15-33 years).
Segmentation of the upper airway, tongue and oral cavity was performed manually using Mimics 11.0
(Materialise, Leuven, Belgium) software at different thresholds for air and the tongue. The Hounsfield units (HU)
for airway volume of the different facial region ranged from —1024 to —500. For tongue volume, Hounsfield
units (HU), ranging from —200 to 200 was calculated.

Results: A significant negative correlation between TV/OCV and oropharynx (r = — 0.51; P = 0.04), TV/OCV
and oral cavity airway volume (r = — 0.74; P = 0.002) was found. There was a significant and a positive
correlation with TV/OCV and tongue volume (r = 0.65; P = 0.009).

Conclusion: A significant negative correlation established between TV/OCV, oropharynx and oral cavity airway
volume. This finding indicates an influence tongue volume, oral cavity volume and their ratio on patency of the

oropharynx.

1. Introduction

The volumetric imaging of oral cavity is technically challenging
because of its complex anatomy, ill-defined boundaries and complex
functionality of the soft tissues. The oral cavity comprises of two parts,
the vestibule and the oral cavity proper. The oral cavity proper is a part
of oral cavity which joins the oropharynx through oropharyngeal
isthmus at the posterior of the oral cavity proper. Whereas, surrounding
soft tissues including soft palate and tongue at the level of anterior
tonsillar pillars, can open and close the isthmus. In general, the roof of
the oral cavity is formed by the hard and soft portions of the palate, but
the floor is made of the mylohyoid muscle diaphragm principally.’ The
maxilla and mandible are the defining bony margins of the oral cavity
which houses the anterior two-thirds of the tongue. Posterior one-third
of the tongue is located in oropharynx which in turn is the part of the
upper airway.

The nasal cavity and pharynx constitute the upper airway.? A tor-
tuous nasal cavity pathway, adenoids and enlarged tongue may lead to
obstructive sleep apnoea(OSA).>* Sex, age, obesity, and anatomical

* Corresponding author.

factors also influence the airway. OSA patients usually have enlarged
soft palate, decreased upper airway width at multiple levels, an in-
feriorly positioned hyoid bone and the inferior shift of the enlarged
tongue.”® An enlarged tongue inside a normal size oral cavity or
normal tongue in small oral cavity might move posteriorly and partially
contribute to compromising the patency of the airway.

The earlier many methods had been used for measuring tongue
which included measuring the volume of water displacement,’ or by
making alginate impression of tongue,'’ and know the relationship
with oral cavity.'" The tongue is a mobile structure, so these techniques
and methodology make a poor representation of oral cavity and its
structures. Two dimensional representation of three-dimensional
structures lateral cephalogram has also been used for assessing the
tongue and oral cavity size.'

Later, three-dimensional measurements were performed using
MDCT and MRL'>'* MDCT and MRI data have inherent limitations
such as lowered tongue position in the supine position under the effect
of gravity. MRIs image quality is also decreased in motion artefacts due
to tongue mobility and long exposure time and is therefore not
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Fig. 1. Image showing the calculated volume of the oral cavity.

anteriorly which is the highest point on the lingual contour of the
symphysis.'* Posteriorly it follows the tongue curvature in the or-
opharynx.'® The tongue was manually separated with Hounsfield and
grey value for soft tissue scan tool. The inside of the tongue was
smeared on each of the axial, coronal, and sagittal planes and the
tongue volume was calculated (Fig. 2).

To reduce the measurements error, the manual segmentation of the
upper airway, maxillary sinus and oral cavity was performed on 15
Subjects’ data on two separate occasions with an interval of 2 weeks
using MIMICS software and average reading was taken for analysis.

3. Results

Tongue volume, oral cavity volume, TV/OCV ratio, upper airway
volume and maxillary sinus volume of subjects are shown in Table-2,
Fig. 3. Intraclass correlation coefficient (ICC) of the volumes segmented
during 2 trails was done to know the intraobserver reliability of seg-
mentation. Based on the 95% confident interval intraclass correlation
coefficient was excellent for left maxillary sinus (0.99), right maxillary
sinus (0.99), Nasoethmoid(0.97), Nasopharynx(0.96), Oropharynx
(0.99), Oral cavity airway volume(0.99), and good for hypopharynx
(0.81), oral cavity volume(0.78), and tongue volume(0.85). Spearman's
correlation coefficient was used to know the correlation between the
different variable and shown in (Table-3). A value of p < 0.05 was
considered to indicate statistical significance. Our result shows that
significant negative correlation found between TV/OCV and

Table 2
Mean value and standard deviation of different parameters.
Parameter Mean Standard deviation
Nasopharynx 6.93 cm® 4.08 cm®
Fig. 2. Image showing the calculated volume of the tongue. Oropharynx 17.62 cm® 8.96 cm®
Hypopharynx 4.09 cm® 2.45 cm®
. . . Nasoethmoid 24.18 cm® 7.19 cm®
soft tissue volume, ranged from —1000 to 200 Hounsfield units (HU) RT maxillary sinus 13.09 em® 5.94 cm?
was calculated (Fig. 1). For tongue volume, Hounsfield units (HU), Lt maxillary sinus 14.06 cm® 5.93 cm®
ranging from —200 to 200 was calculated. In the sagittal plane, Orall cavity aiiway volume 4.88 cm® \ 4.78 cmz
. - - i 0CV) 111.09 cm 19.6 cm
boundari f ton, were limi riorly by th rsum of th oral cavity volume (
oundaries of tongue were ted superiorly by the dorsum of the Tongue volume (TV) 08.32 em® 230 em®

tongue and inferiorly by lines joining the most anterior point on the TV,/0CV 89.49 18.88
hyoid body (H) to vallecula posterior and lingual point pogonion
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Fig. 3. Image showing the calculated means volume of the upper airway, maxillary sinus, oral cavity airway volume, tongue volume.
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Maxillary sinus
Nasopharynx
Oropharynx
oropharynx (r = — 0.51; P = 0.04), oral cavity airway volume (r = —

0.74; P = 0.002) and significant positive correlation with TV/OCV and
tongue volume (r = 0.65; P = 0.009).

4. Discussion

The volume of the airway, oral cavity, and tongue were measured
using segmentation of the CBCT using MIMICS and patient specific
threshold range based on density of tissues.

4.1. Tongue volume

The mean tongue volume in this study was 98.32 + 23.0 cm®.
Uysal T et al., CBCT study on 60 patients between 16 and 36 years of
age calculated the mean tongue volume 28.13 * 8.54 cm3 for females
and 31.02 = 9.75 cm® for males with no significant difference in males
and females.'” Uysal T et al. measurements are smaller compared to our
study. The main reason was being the differing definition of the volume
of the tongue. The tongue posterior boundary was at the level of pos-
terior nasal spine and the lower boundary of the tongue was at the
plane of the cement-enamel junction of the lower first molars and
premolars. It represents the tongue in part and is not the true re-
presentation of the entire volume of the tongue. We measured the
whole tongue volume which included anterior two third portion of the
oral cavity and posterior one-third part in the oropharynx. Similarly, in
another CBCT study, 20 adults (10 men, 10 women) with a mean age of
30.1 *= 2.3 years (range 26.5-34.7 years) the mean TV was

113
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47.07 7.08 cm?® which is much smaller than our study. It is because
they defined the inferior border of tongue as the plane passing through
the midpoint of the anterior margin of the lingual frenulum, parallel to
the palatal plane.'® However, tongue is attached inferiorly to hyoid
bone anatomically. Hence, they did not present the anatomical tongue
volume.

In MDCT study, the tongue volume was found to be
875 + 144 cm® for normal to mild OSA subjects and
91.2 + 13.3 ecm® for moderate to severe OSA subjects. Snoring/OSA

male Subjects (n = 64) were included in this retrospective study. OSA
was diagnosed when the apnea-hypopnea index (AHI) was higher than
5 (mild 5-14; moderate 15-29; severe > 30).>' Volume of the tongue,
posterior airway space volume, and intra-mandibular space were
measured using volumetric CT images. They used only coronal section
for tongue volume measurements.

In CT imaging study of 40 Japanese male Subjects with OSA, the
mean tongue volume was 79.00 * 1.06 cm®.** The age of the subjects
selected were range from 25 to 77 years, with an average age of 52.61
years. However, they did not define the boundary of the tongue and
used automatic or semiautomatic method for segmentation. lida et al.
used magnetic resonance imaging and reported the mean tongue vo-
lume of normal group was 138.84 cm® + 16.92 and for OSA group was
131.26 cm® =+ 20.0 with no significant difference between the
groups.”® However, difference it varies from our study because they had
involved pharyngeal muscles in tongue volume.?* Soft tissues volume
from MR images in 51 Japanese males (31 Subjects with OSA and 20
healthy control subjects) were measured by Okubo et al. and they
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g reported that the mean tongue volume was 78.1 * 11.9 cm? in sub-
E 2 jects with OSA, and 77.1 + 11.6 cm® in control subjects. However,
il I they also did not mention boundaries for tongue.**
o Our result shows that tongue has a negative correlation with or-
g E T S opharynx and oral cavity airway but at statistically insignificant level.
= AR Lee et al. also observed no significant correlations between OSA se-
o verity and MRI volumetric measurements of the tongue.?® Other studies
TE - also supported our study and reported that there was no relationship
SHE between tongue volume and AHIL>'-**?® These studies suggests that
o there is a need for consensus to define oral cavity volume and tongue
. TE .o volume in three dimensional imaging techniques. CBCT appears a
Bl = =T reasonable modality of scanning, however, consensus on recording and
validity of measurements in different settings needs to be investigated.
é 3 . 4.2. Oral cavity volume
2|1 58| wad
Pl oS The mean oral cavity volume in this study was 111.09 + 19.6 cm®.
% lida et al. reported the mean oral cavity volume of the normal group is
z 159.78 cm® + 20.74 and for OSA group is 144.9 cm® + 12.42.%° They
g g reported higher value as they involved oropharyngeal volume in oral
g E Sgx cavity volume.
’ In our study, total oral cavity volume was found to have a sig-
nificant positive correlation between nasopharynx, nasoethmoid and
2 % B right and left maxillary sinus. Craniofacial morphology of individual is
£E12188% correlated to the size of different cavities surrounding the oral cavity.
= Hence oral cavity volume has a strong positive correlation with the
% v volume of nasopharynx, nasoethmoid and right and left maxillary sinus.
ElS | wn? Our results are supported by a study in which the subjects with reduced
S| ERT maxillary and mandibular length and intermaxillary space, the naso-
pharyngeal airway was also narrower and directly related to OSA.*”
W | 2 Distance between the lateral walls of the nasal cavity and the nasal
E| 5| g8x septum is often reduced in subjects with transverse maxillary defi-
E = o ciency, so that resistance of nasal airflow is increased.”® With the in-
% crease in size of oral cavity, the palatal plane dimension also increases
g % and it increases the nasal cavity size, because of palatal plane forms the
E| 248K ﬁ floor of nasal cavity and roof of the oral cavity. Rhinomanometry and
acoustic rhinometry studies before and after the expansion revealed the
E increase in nasal volume and minimum cross-sectional area (MCA) of
- E = é ) nose, but decreases the nasal resistance.’” ' The nasopharynx is ana-
g tomically located behind the posterior nasal concha, above the level of
2| g a palatal plane. Posterior expansion of the maxilla has a positive in-
§ ? 93 ﬁ fluence on the function of the nasopharyngeal cavity®” and increases
the oral cavity volume and the nasopharyngeal size.
< 2l sas 4.3. TV/OCV
z‘
% e Different subjects have the different physique and skeletal frame-
§ Tlyaeg work. Their tongue and oral cavity volume also changes with subject's
S B AR physique and skeletal framework, so tongue and oral cavity volume
© ratio is taken in this study and it represents the oral configuration re-
TE ok | & gardless of the physique and skeletal framework of a subject.
gl 5|~ Nee ::S In our study the mean of TV/OCV ratio is 89.49 + 18.88. A recent
gl g o g CBCT study also found a correlation between TV and OCC (Oral cavity
ElE8| 2|, - | capacity).'® The mean value was 91.4 + 5.4%. This value is different
g S| 2| % R ::: from our study as they did not define the boundaries of oral cavity and
g . é used different boundaries for the tongue. A study with 20 OSA male
aq:‘j = - g subjects and 20 healthy male adults tongue volume/oral cavity volume
3| % 1388 |2 ratio (TV/OCV ratio) on the basis of the shapes of the tongue and palate
S| g 2 obtained by magnetic resonance imaging (MRI). The mean TV/OCV
5 '§« E % ratio was 90.56 * 2.15% in the OSAS patient group and
gl £ 2| 3x™ g 86.98 = 3.16% in the control group.”” However, they also involved
§ S) oropharyngeal Tnuscle and airway in tongue volume and oral cavity
5 E) o \ volume respectively.
o F| g g |5 TV/OCV ratio has a significant negative correlation with or-
% gl g B g E g opharynx, oral cavity airway and significant positive correlation with
ER IR & tongue in our study. It means for a constant oral cavity size. Increased
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tongue size decreased the oropharyngeal airway or for a constant
tongue size, decreased oral cavity volume decreased the oropharyngeal
airway. For a constant oral cavity size if tongue size increased, the oral
cavity volume is less capable of accommodating the increased tongue
volume. As a result, the enlarged tongue moves posteriorly, decreasing
the oropharyngeal airway volume. This is supported by various pa-
thological tongue enlargement disorders like haemangioma of tongue™
amyloidosis of tongue®* Melkersson-Rosenthal syndrome (MRS) is as-
sociated with OSA.*

For a constant tongue size, if oral cavity size was decreased, again
tongue will move posteriorly. As seen in orthodontics extractions fol-
lowed by large retraction of the anterior teeth could possibly lead to
narrowing of the upper airway due to reduced of oral cavity size.***’
Mandibular setback with maxillary advancement surgeries lead to less
compromised post-surgical pharyngeal airways compared with man-
dibular setback alone in class III subjects because oral cavity size not
reduce more in double jaw surgeries.*®

This is supported by CT imaging study with 40 male subjects with
OSA, the, the upper airway was negatively related with Tongue/
Mandible ratio (P = 0.046). This study is limited to the airway, tongue,
and mandible.?” In other MDCT study, it was found that standardized
tongue volume, which implies mandible size means ratio of tongue and
mandible, was much higher in Mod-Sev OSA group.?' However these
studies were used ratio of tongue to mandible instead of ratio of tongue
to oral cavity. lida et al. concluded that OSA Subjects had a larger TV/
OCV ratio than normal and this ratio is likely involved in development
of OSA and can be used as a diagnostic tool. It means when ratio is
increased, oropharyngeal airway should be decreased.

Our study, unlike previous work, is not limited by oropharynx, in-
stead we measured upper airway consisted by nasoethmoid, naso-
pharynx, oropharynx and hypopharynx and correlate each segment
with the tongue volume, oral cavity and their ratio (Table 4). This study
has used keen methodology on tongue and oral cavity segmentation and
used manual slice by slice editing of defined boundaries. By using the
slice edit tools oversegmented and undersegmented marking on the
slices were edited. By using a Boolean tool overlapping volumes be-
tween 2 anatomic segments were edited. In this tool, overlapping vo-
lumes between 2 anatomic segments were edited during the segmen-
tation process. However, these are time consuming but it may provide
the more precise volume. We also used the image enhancement tools for
better visualization of data and accurate segmentation. Tongue volume
measurement is also influenced by tongue position,***° Hence, we in-
structed the subjects to position the tip of the tongue to contact the
lingual surfaces of the lower incisors.>*"*” Tongue attached to the hyoid
bone inferiorly; hence the most anatomical inferior boundary for
tongue presents more defined tongue volume which this study used.
Our intraclass correlation coefficient also shows excellent to good re-
sults and supports our measurement reliability.

This finding indicates an influence tongue volume, oral cavity vo-
lume and their ratio on the upper airway and TV/OCV could be used for
OSA diagnosis, tongue resection in macroglossia condition. This study
has limitations of small sample size, and age range of evaluated subjects
also wide. We also did not measure the tongue volume, oral cavity
volume according to skeletal relation and growth pattern of patient that
is also affecting the upper airway size.

5. Conclusion

A significant negative correlation established between TV/OCV,
oropharynx and oral cavity airway volume. This finding indicates an
influence tongue volume, oral cavity volume and their ratio in effecting
patency of the oropharynx. Our sample was adult non OSA subjects and
further studies can be done in OSA subjects to know the ratio of TV/
OCV and its effect on upper airway.
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