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Factors for Maxillary Sinus Volume and
Craniofacial Anatomical Features in Adults
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Objectives: To compare the volume of the maxillary
sinus, dental factors, and craniofacial anatomical fea-
tures between control subjects and patients with chronic
rhinosinusitis (CRS) and to investigate critical factors for
the volumetric change in the maxillary sinus in adults.

Design: Retrospective case-control study.
Setting: Tertiary referral center.

Participants: Ninety-nine individuals who visited an
allergy and sinus center: 52 control subjects (septal de-
viation; mean age, 32.69 years) and 47 patients with CRS
(mean age, 44.43 years).

Intervention: Cephalometry and computed tomogra-
phy were performed in all the participants. In blinded
tests, dentists investigated the dental status of both groups.

Main Outcome Measures: Maxillary sinus: bone thick-
ness and volume on computed tomography; craniofa-
cial anatomical features: linear and angular variables in

lateral cephalometry; and dental evaluation: malocclu-
sion class, teeth status, and alveolar bone height.

Results: Bony wall thickness of the maxillary sinus sig-
nificantly increased in patients with CRS (P<<.001) but
showed no relationship with maxillary sinus volume. Max-
illary sinus volume significantly decreased in patients with
CRS (P=.001). Age and alveolar bone height had a nega-
tive effect on maxillary sinus volume in both groups. Ab-
normal teeth had no relationship with maxillary sinus
volume in both groups but showed a negative effect on
alveolar bone height in the CRS group (P=.02). Class II
malocclusion associated with anterior movement of the
maxilla significantly increased in the CRS group (P=.006).

Conclusions: Regardless of CRS, maxillary sinus vol-
ume decreased with older age and increased with alveo-
lar bone loss. Regarding craniofacial anatomical fea-
tures, CRS may have an effect on malocclusion in adults.
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N THE LITERATURE CONCERNING
the volumetric change in the
paranasal sinuses, most stud-
ies"* have dealt with sinus and fa-
cial growth after endoscopic si-
nus surgery in pediatric patients. They
reported the safety of functional endo-
scopic sinus surgery performed in chil-
dren with chronic rhinosinusitis (CRS) and
demonstrated no effect on facial growth.
However, few studies® have compared
maxillary sinus volume between adult pa-
tients with CRS and control subjects.
The maxillary sinus has 2 rapid growth
phases (ages 0-3 and 7-12 years), and there-
after, modest enlargement occurs until adult
size is attained in the person’s late teens.®
Growth of the maxillary sinus has a direct
relationship with the palate and alveolar
bone. After the final growth spurt of the
maxillary sinus, many chronological and

pathologic events could affect its volume.
And, because of its large volume, if there has
been a significant volumetric change in the
maxillary sinus, it may also affect craniofa-
cial anatomical features.

The objectives of this study were to
compare the volume of the maxillary si-
nus, dental factors, and craniofacial ana-
tomical features between controls and pa-
tients with CRS and to investigate critical
factors for the volumetric change in the
maxillary sinus in adults.

- EEETIEE

A retrospective analysis was performed of data
from consecutive patients treated in an allergy
and sinus center between June 1, 2007, and June
30, 2008. Patients were excluded if they were
children or if they had unilateral rhinosinusitis,
congenital craniofacial anomaly, comorbidities
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with asthma, aspirin sensitivity, or cystic fibrosis or a history of
nasal surgery or facial trauma.

Ninety-nine adults were included: 52 controls (septal de-
viation; 13 women and 39 men; age range, 18-60 years; mean
age, 32.69 years) and 47 patients with CRS (15 women and 32
men; age range, 18-66 years; mean age, 44.43 years). The 2
groups showed a similar sex distribution (P=.51), but the CRS
group was older than the control group (P<<.001). The diag-
nosis of CRS (48.9% with nasal polyposis) was made accord-
ing to the criteria established by the Rhinosinusitis Task Force
of the American Academy of Otolaryngology—Head and Neck
Surgery.” Allergic rhinitis was diagnosed based on nasal symp-
toms, such as watery rhinorrhea, sneezing, itching, and nasal
obstruction, and positive skin prick test results (Allergo-
pharma, Hamburg, Germany), according to the criteria of Al-
lergic Rhinitis and Its Impact on Asthma.® Comorbidity of al-
lergic rhinitis was not different between controls (50.0%) and
patients with CRS (39.1%) (P=.07).

Computed tomography (CT) of the paranasal sinuses and
lateral cephalography were performed on all the participants.
Axial images were obtained using a spiral CT (Siemens Medi-
cal Systems, Erlangen, Germany) (scan setting, 140 kV (peak),
129 mAs; scan time, 1000 milliseconds; and matrix size,
512 X512 pixels) without contrast enhancement. Lateral cepha-
lography (Orthophos-3; Siemens Medical Systems) used the stan-
dard technique.’ The institutional review board of Hanyang Uni-
versity Hospital reviewed and approved all procedures used in
this study.

BONY WALL THICKNESS AND VOLUME
MEASUREMENT OF THE MAXILLARY SINUS

Opverall severity of CRS was evaluated using the Lund-Mackay
CT score (mean [SD], 12.28 [3.21]).'° Then we measured the
thickness of the anterior and posterolateral walls of the max-
illary sinus. These measurements were performed using an axial
image 4 mm below the infraorbital foramen. We selected the
midpoint on each wall and measured bony wall thickness using
the Picture Archiving and Communication System (PiView
STAR; INFINITT, Seoul, South Korea).

Image-processing techniques were used for semiautomatic
segmentation of the maxillary sinus. First, the original CT im-
age (Figure 1A) was converted into a binary image (Figure 1B)
using a threshold technique to remove soft-tissue densities (in-
flammation) and to segment the bony boundary of the maxil-
lary sinus. The morphologic closing operation was performed
on the binary image to ensure the continuous boundary of the
macxillary sinus. Finally, the maxillary sinus was segmented using
a region-growing algorithm (Figure 1C). The total volume of
the maxillary sinus was measured by multiplying the number
of voxels in the segmented region by 1 voxel volume and could
be reconstructed into a 3-dimensional image (Figure 1D). We
calculated the mean volume of both sides of the maxillary si-
nus in all the participants.

EVALUATION OF DENTAL FACTORS

In blinded tests, dentists evaluated 3 dental factors: occlusal sta-
tus, teeth status, and alveolar bone height. Occlusion was clini-
cally evaluated according to the classification of malocclusion by
Angle ! Teeth status was classified into normal and abnormal
groups. Abnormal teeth were defined when there was at least 1
positive finding as follows: periodontitis or premolar or molar teeth
extraction. Alveolar bone height was defined as the shortest dis-
tance between the cortex of the alveolar bone and the inferior wall
of the maxillary sinus, perpendicular to the occlusal plane, and
the mean value of both sides was calculated.

Figure 1. Image-processing techniques for the volume measurement of the
maxillary sinus. A, DICOM (digital imaging and communication in medicine)
data. B, Binary transformation. C, Segmentation of the maxillary sinus using
a region-growing method. D, Three-dimensional volume reconstruction.

CEPHALOMETRIC MEASUREMENT
OF CRANIOFACIAL ANATOMICAL FEATURES

First, we defined 5 reference points (nasion [N], sella turcica
[S], anterior nasal spine [ANS], posterior nasal spine [PNS],
and A-point) and 3 reference planes (sella nasion [SN], palatal
plane [PP], and perpendicular to N) (Figure 2A). With these
references, we measured 6 variables to represent the craniofa-
cial anatomical features. Four variables were measured to show
the anteroposterior anatomical relationship: N to A-point, sella
to nasion to A-point (SNA), SN, and ANS-PNS (Figure 2B-D).
Two variables were measured to represent the vertical ana-
tomical relationship: N-ANS and SN-PP (Figure 2E and F).

STATISTICAL ANALYSIS

All the values are reported in tables as mean (SD). Parametric
values were compared between the 2 groups using a t test. Cor-
relation between alveolar bone height and maxillary sinus vol-
ume was tested using the Pearson product moment correla-
tion coefficient. Multiple linear regression analysis was used
to identify the significant factors for the volumetric changes in
the maxillary sinus. Statistical significance was considered to
be P<.05. Results were analyzed using statistical software (SPSS
version 17.0 for Windows; SPSS Inc, Chicago, Illinois).

0 TS

HYPEROSTOSIS AND MAXILLARY
SINUS VOLUME

The anterior and posterolateral walls had significantly in-
creased bone thickness in the CRS group compared with
controls (P<.001) (Table 1). Allergy and Lund-
Mackay CT scores had no relationship with hyperosto-
sis of the maxillary sinus (P>.05).

The CRS group had a significantly smaller maxillary
sinus volume than did controls (P=.001) (Table 1). There
was no difference in maxillary sinus volume based on sex
and maxillary sinus sides in either group (P>.05). Age
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Figure 2. Evaluation of the craniofacial anatomical features in lateral cephalography. A, Reference points (anterior nasal spine [ANS], A-point, nasion [N], sella
turcica [S], and posterior nasal spine [PNS]) and planes (sella nasion [SN], palatal plane [PP], and perpendicular to N). B, N to A-point. C, S to N to A-point.

D, SN (above) and ANS-PNS (below). E, N-ANS. F, SN-PP.

showed a negative effect on maxillary sinus volume in
controls (r=-0.328, P=.02) and in the CRS group
(r=-0.292, P=.046) (Figure 3). The CRS group had a
smaller volume than controls in each age group, but it
was not statistically significant.

Maxillary sinus volume showed no relationship
with anterior (r=-0.239, P=.09) and posterolateral
(r=—0.183, P=.20) wall thickness in controls. Also, there
was no relationship between maxillary sinus volume
and anterior (r=-0.155, P=.30) and posterolateral
(r=-0.226, P=.13) wall thickness in the CRS group.

DENTAL FACTORS AND MAXILLARY
SINUS VOLUME

The incidence of class Il malocclusion increased signifi-
cantly in the CRS group compared with the control group
(P=.006) (Table 1). Abnormal teeth status increased in
the CRS group compared with controls but not signifi-
cantly (P=.17). Alveolar bone thickness also was not dif-
ferent between controls and the CRS group (P=.76). Ab-
normal teeth status significantly increased with older age
in the control (P=.003) and CRS (P=.001) groups, but

alveolar bone height showed no difference among the 4
age groups in controls and in the CRS group (Table 2).

Maxillary sinus volume was not different between nor-
mal and abnormal teeth groups in controls (P=.14) and
in the CRS group (P=.49). However, abnormal teeth status
had a negative effect on alveolar bone height in the CRS
group (P=.02) but not in controls (P=.07) (Table 3).
Alveolar bone height showed a negative correlation with
maxillary sinus volume in controls (r=-0.519, P<.001)
and in the CRS group (r=-0.493, P<.001) (Figure 4).

ALTERED CRANIOFACIAL ANATOMICAL
FEATURES IN THE CRS GROUP

We measured 4 horizontal and 2 vertical variables using
lateral cephalography (Table 1). Both N to A-point
(P=.003) and SNA (P=.004) increased in the CRS group
compared with controls. These 2 factors also increased
in the group with class Il malocclusion (P <.001). How-
ever, there was no cephalometric variable associated with
the volumetric change in the maxillary sinus in controls
and the CRS group.
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Table 1. Maxillary Sinus, Dental, and Craniofacial Factors
in Controls and Patients With Chronic Rhinosinusitis (CRS)

Control Patients
Anatomical Feature Subjects With CRS P
and Variable (n=52) (n=47) Value
Maxillary sinus, mean (SD)
Anterior wall, mm 1.10(0.16) 1.46 (0.39) <.0012
Posterolateral wall, mm 1.03 (0.16) 1.42(0.51) <.0012
Volume, mm® 20.78 (7.10) 16.09(7.06)  .0012
Dental
Class of malocclusion, No.
| 30 30
Il 7 14 ] .006°
1] 15 3
Teeth state, No.©
Normal 31 21 17
Abnormal 20 24 '
Alveolar bone, mean (SD), mm  8.04 (3.79) 8.28(3.99) .76
Craniofacial, mean (SD)
Horizontal factors
N to A-point, mm -2.92 (459) -037(351) .0032
SNA, © 78.89 (4.59) 81.23(3.00) .0042
SN, mm 7227 (2.52) 72.11(2.44) .75
ANS-PNS, mm 51.09 (3.76) 51.56 (3.03) .51
Vertical factors
N-ANS, mm 61.73(3.39) 61.00(3.57) .30
SN-PP, © 2.16 (2.64) 1.71(2.68) .39

Abbreviations: ANS, anterior nasal spine; N, nasion; PNS, posterior nasal
spine; PP, palatal plane; SN, sella nasion; SNA, sella to nasion to A-point.

ap<.05, t test.

bp< 05, x2 test.

CData were missing for 1 control and 2 patients with CRS.

MODEL OF MAXILLARY SINUS VOLUME
IN ADULTS

Several factors were associated with the volumetric change
in the maxillary sinus: age, group (control vs CRS), and
alveolar bone height. Age (=-0.26, P=.02) and alveolar
bone height (3=-0.51, P<<.001) showed a negative asso-
ciation with maxillary sinus volume in the multiple linear
regression analysis. However, maxillary sinus volume had
no relationship with group (3=-0.15, P=.10). Therefore,
we could summarize the relationship between clinical fac-
tors and the volumetric change in the maxillary sinus in
adults as follows: maxillary sinus volume=[37.108-0.26
(age)—0.51 (alveolar bone height)].

B COMMENT B

Before this study, we had 3 questions about maxillary si-
nus volume in adults: (1) Is there a volumetric differ-
ence in the maxillary sinus between controls and the CRS
group? (2) What may be the causative factors for the volu-
metric change in the maxillary sinus? (3) Can the volu-
metric change in the maxillary sinus alter the craniofa-
cial anatomical features? Most previous studies™* were
performed in pediatric patients with CRS, and they fo-
cused on the effect of endoscopic sinus surgery on facial
growth and development. Although a few studies com-
pared the volume of the maxillary sinus between con-
trols and pediatric patients with CRS, they had some limi-
tations: lack of detailed statistics,"? small study population
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Figure 3. Negative impact of age on maxillary sinus volume in controls
(r=—0.328, P=.02) and patients with chronic rhinosinusitis (CRS)
(r=—0.292, P=.046).

with diverse age groups,'® and no concern for the age-
related change in the maxillary sinus.'

A previous study® showed that the size of the maxil-
lary sinus measured by horizontal width (P=.002) and ver-
tical height (P<<.001) decreased in the CRS group com-
pared with controls. In the present study, we measured the
3-dimensional volume of the maxillary sinus and revealed
that the maxillary sinus of the CRS group had a signifi-
cantly smaller volume than did that of controls in adults
(P=.001). Of the clinical factors, age had a strong nega-
tive effect on maxillary sinus volume in controls and the
CRS group (Figure 3). Maxillary sinus volume was smaller
in the CRS group than in controls in each age group, but
the differences were not statistically significant. Because the
CRS group was much older than controls, age differences
between groups may affect the difference in maxillary si-
nus volume. Patients with CRS are usually presented at older
ages than are patients with septal deviation (controls), and,
therefore, it is difficult to match the ages precisely be-
tween groups in clinical practice. It may be a weak point
of this study, but we tried to overcome this problem by
showing the results in each age group.

Sinus-related factors (allergy, Lund-Mackay CT scores,
and bony wall thickness of the maxillary sinus) had no
relationship with the volumetric change in the maxil-
lary sinus. Bony wall thickness of the maxillary sinus in-
creased definitely in the CRS group compared with con-
trols (Table 1). Hyperostosis of the maxillary sinus tended
to decrease maxillary sinus volume in both groups, but
it was not statistically significant.

The average volume of a developed maxillary sinus
at maturity varies between 15 and 20 mL, and these di-
mensions remain relatively stable once the permanent
maxillary teeth have erupted and growth of the maxilla
is complete.'® In edentulous patients, the maxillary si-
nus may expand farther and continue to extend into the
alveolar bone.'"'® However, the present study showed that
maxillary sinus volume was not different between groups
of normal and abnormal teeth in controls and in pa-
tients with CRS (Table 3).
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Table 2. Relationship Between Age and Dental Factors
in Controls and Patients With Chronic Rhinosinusitis (CRS)
Teeth Status, No. Alveolar
T 1 Bone Height,
Group and P mean (SD), P
Age, y Normal Abnormal Value? mm Valueb
Control subjects .003¢
=29 17 5 7.48 (2.59)
30-39 11 4 8.69 (5.44) 82
40-49 3 7 8.31(3.69) :
=50 0 4 7.82 (2.36)
CRS .001¢
=29 8 0 7.72 (1.44) 7
30-39 6 4 8.16 (3.73) 95
40-49 4 5 8.87 (3.76) :
=50 3 15 8.30 (5.10) _
2By ¥ test.
bBy analysis of variance.
Cp<.05.
Table 3. Maxillary Sinus Volume and Alveolar Bone Height
in Normal and Abnormal Teeth in Controls and Patients
With Chronic Rhinosinusitis (CRS)
Teeth Status
| | P
Variable and Group Normal Abnormal Value
Maxillary sinus volume,
mean (SD), mm?
Control subjects 21.87 (6.56) 18.83 (7.76) 14
CRS 15.45 (6.44)  16.93 (7.70) 49
Alveolar bone height,
mean (SD), mm
Control subjects 8.83 (3.93) 6.85 (3.31) .07
CRS 9.75 (3.75) 6.99 (3.81) .022

ap<.05, t test.

Teeth status and alveolar bone height were not differ-
ent between the control and CRS groups (Table 1). Ab-
normal teeth status increased with age in both groups
(Table 2) and had a negative effect on alveolar bone height
in the CRS group (Table 3). However, it showed no direct
relationship with maxillary sinus volume (Table 3). Al-
veolar bone height showed no relationship with age
(Table 2) but had a strong negative effect on maxillary si-
nus volume in both groups (Figure 4). Therefore, we be-
lieve that alveolar bone height may be an independent fac-
tor having a negative effect on maxillary sinus volume. It
is possible that alveolar bone loss can be accelerated in com-
bined cases of abnormal teeth status and CRS (Table 3).

Most otolaryngologists have an interest in dental
sources for maxillary sinusitis." However, there has been
little or no attention to the relationship between the volu-
metric change in the maxillary sinus and dental prob-
lems in adults. This study demonstrated that alveolar bone
height may be the most important factor for the volu-
metric change in the maxillary sinus. Therefore, we be-
lieve that the osteolytic effect of periodontitis or eden-
tulous state on the alveolar bone could increase maxillary
sinus volume. However, CRS-related hyperostosis had no
significant effect on maxillary sinus volume.

801 O Controls

O CRS group
o — Controls
— CRS group

Alveolar Bone Height, mm
Ny
o

o
!

Volume, mm3

Figure 4. Negative impact of alveolar bone height on maxillary sinus volume
in controls (r=-0.519, P<<.001) and patients with chronic rhinosinusitis
(CRS) (r=-0.493, P<.001).

Although the relationship between nasal obstruction
or mouth breathing and altered craniofacial growth
(long face syndrome and retrognathia) is well known,
the relationship between CRS and malocclusion
remains unclear.?®?! In the CRS group, the present
study demonstrated an increased incidence of class I1
malocclusion and increased horizontal factors (N to
A-point and SNA) in cephalometry. Therefore, we
believe that the anterior movement of the A-point may
be associated with the increased class I malocclusion in
the CRS group. The causal relationship between maloc-
clusion and CRS needs further study. Except for the
positional change in A-point, volumetric decrease in the
maxillary sinus had no effect on craniofacial anatomical
features in patients with CRS.

In conclusion, patients with CRS had distinct anatomi-
cal changes, such as hyperostosis, decreased volume in the
maxillary sinus, increased class II malocclusion, and an-
terior movement of the A-point. Age and alveolar bone
height may be the critical factors for the volumetric change
in the maxillary sinus in adults. To identify the clinical sig-
nificance of the volume decrease in the maxillary sinus in
the CRS group, further studies are warranted.
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