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Introduction

The maxillary sinus (MS) is one of the anatomical limitations during
orthodontic treatment. The maxillary sinus has a pyramidal shape and is the largest
paranasal sinus (Baker et al., 2011) It usually represents a single chamber cavity,
but in some cases two sinuses separated by bone septa can be found. It has a shape
of four-walled pyramid with a base located medially to the NC (the lateral wall of
the nose) and an apex directed towards the zygomatic arch.Orthodontics generally
deal with the correction of misaligned teeth under the application of orthodontic
forces. Tooth movement triggered by orthodontic force is affected by the
biomechanics properties and anatomy of teeth and the periodontal tissue. The MS
Is an air-filled cavity lined with mucosa between the floor and the posterior teeth
(Masri et al., 2013).

It may extend laterally and inferiorly due to growth, absence of teeth, or
other factors. For around 50% of adults, the maxillary sinus floor (MSF) extends
close to the maxillary posterior teeth (Livas et al, 2013) . The root apices of
premolar, molar, and canine teeth can penetrate into the MS in some cases (Al-Ani
et al., 2016;Gu et al., 2018; Zhang et al., 2019; Oishi et al., 2020; Choi et al.,
2020) and lose the support of the alveolar bone.

The MSF is a hard high density bone similar to the cortical bone
(Chaiyasang et al., 2010). Bone remodeling for the MSF is more difficult than that
for the cancellous bone. These factors generally affect orthodontic tooth movement
(OTM) and treatment outcome.For patients with a low MSF, teeth moving through
the MS (TMTMS) becomes inevitable in some cases, such as in canine
distalization (Kuroda et al., 2016) or when the spaces closes after a tooth
extraction (Oh et al., 2014). Bodily movement is generally expected but is difficult
to achieve in these cases. When roots penetrate into the MS, moderate apical root




resorption (Wehrbein et al., 1995) , considerable tipping (Park et al., 2014)
abnormal pulp vitality, or perforation of the sinus membrane can be observed
during OTM. Careful modification of the orthodontic force system for the tooth
penetrating into MSF is helpful in reducing these side effects. Several successful
practices of TMTMS have been reported in recent years . On the basis of clinical
experience, it is universally recognized that light constant force can move teeth
through the sinus floor. However, few researchers have addressed the effect of MS

anatomy on tooth movement in more detail.




Aims of the study

1-To explore the correlation between the maxillary sinus volume and the vertical
growth pattern.

2-To explore the correlation between the maxillary sinus volume and the sagittal
jaw relation.

3-Test gender difference.




Chapter one: Review of Literature

1.1Correlation Between Maxillary Sinus Volume and Different Facial

Patterns Using Cone Beam Computed Tomography in Adults.

Evaluation of the maxillary sinus during orthodontic diagnosis is crucial
since it may affect the orthodontist’s treatment plan. Precautions should be taken
so that the line of treatment chosen not encroach on the integrity of the maxillary
sinus (Oishi et al., 2020). Orthodontic treatment plan is affected by the size and
position of the maxillary sinus. Likewise, the maxillary sinus may be affected by
different malocclusions either dental or skeletal, anteroposterior or vertical in terms
of size and position (Cappellette et al.,, 2017; Oz et al.,, 2017). With the
emergence of cone beam computed tomography (CBCT) and its advantages in the
world of radiography appreciated, orthodontists are using it more and more
frequently. Studying the maxillary sinus becomes more accurate and with a 3D
approach and the volume of the sinus could be evaluated (Carrascal et al., 2017).
Several researches were made to pinpoint whether there is a relation between
maxillary sinus volume and malocclusion. Some studies show that there was a
correlation between the maxillary sinus volume and vertical malocclusion however
there were other studies that contradicted that finding (Tikku et al., 2013;
Oksayan et al., 2017). The purpose of the present study was to find out if there is a
correlation between the maxillary sinus volume and vertical growth pattern in
adults using cone beam computed tomography. Studying the maxillary sinus is of
great value to orthodontist. This is due to its close proximity to the teeth in the
upper arch in a way that the upper alveolar process forms its lower border. Many
studies were conducted to show the relationship between the maxillary sinus and
different orthodontic applications. It was found that some of orthodontic treatment

modalities affect the volume of the maxillary sinus such as rapid maxillary




expansion, Orthognathic surgery, Uprighting upper molars and traction of deeply
Impacted canines increase the volume of the maxillary sinus (Ozbilen et al., 2019;
Faur et al., 2019). Another relation between the maxillary sinus and orthodontic
treatment is that when moving teeth through the sinus. When moving teeth through
the maxillary sinus there was increase in the risk of root resorption and undesired
tipping also treatment time was prolonged. Orthodontists also must be aware of the
maxillary sinus especially during mini-implant placement either buccal or infra-
zygomatic to avoid maxillary sinus perforation which may lead to sinusitis or mini-
implant failure (Motoyoshi et al., 2015; Jia et al., 2018). In the present study there
was no statistically significant difference between the left and right maxillary sinus
volume in all three groups. Likewise,Oksayan et al (Oksayan et al., 2017) found
no significant difference between the right and left maxillary sinus volume when
they studied it in patients with different vertical growth patterns. Also, when the
extension of the maxillary sinus was studied and its relation to posterior teeth there
was no statistically significant difference between the right and left side
(Kosumarl et al., 2017) Moreover, Tikku et al., found significant difference in the
volume of the maxillary sinus on the right and left sides in the mouth breather
group when they were comparing the maxillary sinus volume in normal and mouth
breathers. They claimed that this difference is caused by chronic inflammation
thickening the bony walls of the sinus. The results of the previous study showed
that there was no statistically significant difference in the volume of the maxillary
sinus volume when comparing individuals with normal facial pattern,
hyperdivergent facial pattern and hypodivergent facial pattern with both software
programs. This is in accordance with Oksayan et al., who likewise compared the
maxillary sinus volume in adults with vertical malocclusion using CBCT. Their
findings confirm the results of this study and they concluded that there is no

correlation between maxillary sinus volume and vertical growth pattern. However;




they also found that there was decrease in the length and width dimensions in the
high angle group. In this study the length, width and height were not compared.

On the other hand, in another research it was found that patients with short anterior
facial height or in other words with hypo-divergent faces had decreased volume of
the maxillary sinus when the upper airway and maxillary sinus volume were
compared in different dental and skeletal malocclusions. This can also be
explained by the age difference in the sample of that study and the present study.
That study evaluated the CBCTs of children between 5 and 13 years old (Kula et
al., 2013) however, Ryu et al., found that the cranio-caudal height of the maxillary
sinus as well as the cross-sectional area were greater in those with skeletal open
bite, while in the anteroposterior and mediolateral dimensions there were no
significant differences between those with skeletal open bite and those with
skeletal normal overbite. In previous study the total volume was not measured
opposite to this study the measurements were obtained from certain cuts and the
overall volume was not put into consideration. In addition to that Tikku et al., and
Agacayak et al., found that adult and growing mouth breathers who mostly have
hyperdivergent faces had smaller sinuses than nasal breathers. However; the
conflict in the results between these studies and the previous study can be
explained that unlike the present study the vertical growers in both studies were
originally mouth breathers. As a consequence of the mouth breathing habit there is
decrease in the function of nasal cavity thus decreasing the development of the
maxillary sinus. Furthermore, mouth breathers are more prone to pathological

conditions decreasing the sinus volume.




Figure 1: Cone beam CT; Magnification of outlined and selected Maxillary
(Nada et al., 2022).

root apex
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Figure 2: Tomography images of a patient with a low MSF. Penetration depth is the distance
between the root apex and the MSF; MS is the maxillary sinus; MSF is the maxillary sinus floor.
(Nada et al., 2022).




1.2 Evaluation of the maxillary sinus in panoramic radiography

The development of two-dimensional (2D) panoramic imaging techniques
began in the first half of the 20th century, but the first device applying this
technology was only described in 1959 (Paatero et al., 1959) Since then, this
radiographic technique has steadily been improved and has become a standard
diagnostic tool in a clinician’s daily practice. In parallel, cone beam computed
tomography (CBCT), first described in 1982 (Robb, 1982), was introduced as a
tool for dental and maxillofacial diagnostics. The advantages of three-dimensional
(3D) CBCT over 2D conventional panoramic tomography include an excellent
Imaging quality of high-contrast structures like the maxillofacial bone anatomy, no
geometric distortion, and no superimposition of surrounding anatomic structures.
(Price et al., 2012) The advantages of panoramic radiography, on the other hand,
are comparatively low-radiation doses, its general availability, and the

comparatively low costs.

Further, it is especially useful in the initial diagnostic phase of implant
planning because it relates information on both dental arches, the inferior alveolar
canals, and the maxillary sinuses to its pathologic conditions (Tyndall et al., 2012)
However, limitations include the lack of visualization of structures like the bucco-
lingual ridge pattern and the visual loss of cortical plates or undulating concavities
(Jaju and Jaju, 2014) moreover, the fact that more than 80% of measurements
from the crest of the residual alveolar ridge to the inferior alveolar canal have
errors of more than 1 mm renders panoramic radiography unsuitable as a single
Imaging source for dental-implant site assessment (Tyndall et al.,, 2012).
Furthermore, it is well known that an average magnification factor of 1.25 can be
expected in panoramic radiographs. This demands calibration of the image with the

help of a defined reference device when determining the appropriate implant size




(Schropp et al., 2009) Precise assessment of the maxillary sinus is mandatory
when planning a lateral or internal sinus floor elevation (Bornstein et al., 2014,
Dula et al., 2014). It has been claimed that, besides clinical examination,
evaluation of the maxillary sinuses is possible by panoramic radiography (Mathew
et al., 2009) and CBCT (Bornstein et al., 2014; Neugebauer et al., 2014) Though it is
known that millions of sinus lift operations were performed with panoramic
radiographs without any problems, especially due to the superimposition of
different structures, precise assessment of a maxillary sinus finding is difficult in
2D panoramic radiography (Shahbazian et al., 2014). This difficulty implies that,
as a clinical consequence, patients are often referred to specialists on the basis of a
suspected maxillary pathology visualized on a panoramic image. This further
requires a CBCT, and the question arises whether a primary CBCT should be
performed in cases of maxillary sinus diagnostics instead of an initial panoramic
radiography. Moreover, the inter- and intra-examiner variation in the interpretation
of 2D radiographs may exceed the variation in imaging techniques and diagnostic
yield (Helminen et al., 2000) leading to a rather examiner-dependent assessment

of panoramic images.




Figure 3: Radiographic findings of patient 19: oro-antral communication, basal opacity, basal
septa; a panoramic radiography (Soredex, Cranex); b—d CBCT images (KaVo 3D eXam):
coronal plane (b); panoramic reconstruction view (c); CBCT sagittal plane, right sinus
(d).(Malina-Altzinger et al., 2015)

1.3 Dimensional changes of maxillary sinuses and pharyngeal airway in Class
I11 patients undergoing bimaxillary orthognathic surgery

criteria of CLIII based on skeletal deficiency and the result illustrate the
maxillary sinus area is the most important one in development of this type of
malocclusion. This come in agreement with Al-Ani et al., The mean value of male
group is CLI larger than CLIII, this may be due to the inclination of maxillary
plane, while mean value of female group is CL | larger than CL 11l with very high
significant difference, additionally, there is very high significant difference
between both gender, this result totally agree with Emirzeoglu et al., and Urabi
generally due to the fact that male exhibit higher and wider maxillary sinus than
female.

For cases in which both mandible and maxilla are responsible for the Class
I11 skeletal deformity, bimaxillary surgery is indicated.A very important aspect of

the surgical correction of a skeletally Class 111 relationship is that it causes changes
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in the position of the hyoid bone and the tongue. The posterior shift of the tongue
base is associated with an increase in the contact length between the soft palate and
the tongue. This change appears to push the soft palate posteriorly and to decrease
the pharyngeal airway space (PAS) (Muto et al., 2008). As a result of these
changes in hard and soft tissues, it has been suggested Riley et al., that mandibular
setback surgery produces a shift in oropharyngeal characteristics to a morphology
commonly associated with sleep-disordered breathing, typified by obstructive sleep
apnea (OSA). In bimaxillary surgery during which the maxilla is advanced, in
addition to mandibular setback, this effect may be less pronounced, as shown by
the conflicting results among the authors.(Chen et al., 2007; Degerliyurt et al.,
2008) It has also been noted (Halawa, 2005). That maxillary impaction surgery
may influence the maxillary sinus. The superior positioning of the maxilla obtained
by removal of bone in the vertical direction may result in a decrease in the
maxillary sinus area. The clinical implications of such a decrease in sinus area are
unknown. In the past, the majority of research has measured airway and maxillary
sinuses mainly in 2D ; however, these structures are 3D .The purpose of the
previous study was to evaluate using CBCT the pharyngeal airway and maxillary
sinus volume changes following bimaxillary surgical treatment of Class 11 skeletal
deformities. In addition, we also aimed to determine if a correlation exists between
the amount of the surgical movement of the jaws and the amount of change in the

volumes of the pharyngeal airway and maxillary sinus.
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Figure 4: Image before thresholding (Panou et al., 2013).

Figure 5: The pharyngeal airway, cropped. The defined borders are clearly seen in the sagittal

view (Panou et al., 2013).
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Figure 6: Sagittal view. The connections of the pharyngeal airway with the external air are

removed (Panou et al., 2013).

The structures that failed to connect with the outer airway were separated, and the 3D
image of the pharyngeal airway was constructed and calculated. The 3D image of the pharyngeal
airway was divided into upper and lower parts by a plane drawn from PNS to the most anterior
and inferior point of the first vertebrae (Figure 7). The volumes of upper, lower, and total

pharyngeal airway were calculated (Figure 7). In addition, the smallest cross-sectional airway

area was measured in each CT.

Figure 7: Sagittal view. The plane that divides the pharyngeal airway into upper and lower

compartments is visible (Panou et al., 2013).
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Figure 8: Three-dimensional model of the pharyngeal airway (lateral view) (Panou et al., 2013)

For the assessment of maxillary sinus volumes the coronal image was selected. The same

thresholding limits were applied as in the pharyngeal airway assessment, and the sinuses were

cropped in the slice in which their widest size was apparent (Figure 9). Cropping was also done

in axial and sagittal views. Any connection with the outer air was eliminated; 3D images of the

left and right sinus were constructed, and their volumes were calculated (Figures 10 and 11).

Figure 9: Maxillary sinuses, Cropped (Pénou etal., 2013).
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Figure 10: Maxillary sinuses, coronal view. The isolated maxillary sinuses are clearly
visible (Panou et al., 2013).

Figure 11: Three-dimensional image of the maxillary sinuses (Panou et al., 2013).

The initial values of all the parameters related to pharyngeal and sinus
dimensions were evaluated for gender differences using the Mann-Whitney U-test.

There was no statistically significant difference between the two genders except for

15




the parameters of LPA and TPA. For these parameters, preoperative and
postoperative comparisons were made separately in males and females using the
Wilcoxon test. For the rest of the parameters, all of the comparisons were made in
the whole sample using a paired samples t-test. The amounts of mandibular setback
in female and male patients were compared with the Mann-Whitney U-test as well.
Pearson's correlation was used to determine if a relationship existed between the
amount of the surgical movement and the volumetric changes observed between
the time points. (Panou, 2013). The positional changes resulting from the
movements of the jaws have been shown to be responsible for airway narrowing
(Katakura et al.,, 1993)and to be associated with sleep-related breathing
disorders, such as OSA (Riley et al., 1987).

Conversely, it has been reported that there is no decrease of the upper airway
with bimaxillary correction of Class Il malocclusion (Chen et al., 2007) and that
pharyngeal airway volumes are increased as a result of the surgery. In the previous
study the average interval between the surgery and the second CBCT scan was
3.90 + 0.87 months. This interval was chosen in order to avoid the postsurgical
tissue swelling as well as inflammation of the tongue, uvula, and hypopharynx that
may occur immediately after surgery, thereby leading to biased results.
Additionally, in order to be able to assess the immediate changes induced by
surgery, before any significant relapse or remodeling could occur, no scan was
taken after a period of 6 months after surgery (Gu et al., 2000). stated that the
maximum forward relapse of the (Pg) occurred mainly within 6 months after the

surgery.

Most of the previous studies dealing with the influence of orthognathic
surgery on pharyngeal airway and maxillary sinus volume have been conducted on

lateral cephalometric film (Chen et al., 2005; Chen et al., 2007) which does not give
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an accurate indication of the complexity of these structures or of their true size.
They chose to conduct their study using CBCT because of its advantages over the
Multi-sllice-CT scans (MS-CT), the most important being their lower radiation
dose, reduced artifact, and lower costs. With CBCT, it was possible to perform the
scanning with the patients sitting upright, which is a benefit, since the supine
position used in MS-CT imaging causes significant morphologic changes of the
airway because gravity affects the soft tissues surrounding the oropharyngeal
cavity. In the present study the pharyngeal airway was divided into upper and
lower parts according to the method described by Grauer et al., It has been shown
that anatomically the sizes of the pharyngeal airway and maxillary sinus may differ
between males and females.(Grauer et al., 2009). For this reason, in the present
study ,Dimensional changes of maxillary sinuses and pharyngeal airway in Class
[l patients undergoing bimaxillary orthognathic surgery , they chose samples and
evaluated initial values of the variables were compared between males and
females. A statistically significant difference was found only for the parameters of
lower and total pharyngeal airway. For those two variables they performed
separate statistics, dividing the sample according to the gender. In an effort to find
an explanation for this difference in LPA and TPA volume changes between males
and females, the mean setback amounts of males and females were compared to
see if the males had a significantly greater amount of setback than females.
However, there was no significant difference between the setback amounts for
males and females. In a CT-based study, Degerliyurt et al., found that after
bimaxillary surgery, only midsagittal anteroposterior dimensions were significantly
decreased at the level of the soft palate and the base of the tongue for males and
females. In the previous study , they observed a significant decrease only in the
male group for the lower and total pharyngeal airway volumes. Recently, Hong et

al., conducted a study that consisted of preoperative and postoperative CBCT
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scans of 21 skeletal Class Ill patients who were assigned to either mandibular
setback surgery or bimaxillary surgery. They reported that the pharyngeal airway
showed significant narrowing after mandibular setback and bimaxillary surgery.
However, the amount of narrowing was smaller in patients undergoing bimaxillary
surgery than in patients undergoing mandibular setback surgery. They also found
that the amount of change in the anteroposterior dimension and cross-sectional area
on the posterior nasal spine plane and the length of the pharyngeal airway
presented significant differences between the two groups. The study of Hong et al.,
includes a larger group divided into two subgroups depending on the type of
surgery. In this previous study, all of the patients in the group underwent
bimaxillary surgery. The results of the study Hong et al., are in agreement with the
results of the male subgroup in the present study. Halawa studied the maxillary
sinus size before and after Le Fort | impaction surgery on the basis of lateral
cephalometric radiographs of 36 patients obtained before and after the surgery.
Additionally, for 12 patients, lateral cephalometric films were also taken, on
average 15 months after surgery. They concluded that maxillary sinus area
decreased significantly by 1.69 cm?+ 1.07 cm? after surgery, followed by an
increase of 0.52cm?+ 0.53 cm?during the average postsurgical period of
15 months. The use of lateral cephalometric radiographs in Halawa's study results
in a limitation for that investigation, since structures were being assessed by a 2D

method.

Additionally, in a lateral cephalometric radiograph the left and right sinuses

are superimposed, making the evaluation of the sinus dimensions more inaccurate.
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1.4 Maxillary Sinus Dimensions in Skeletal Class | and class Il Chinese
Population with Different Vertical Skeletal Patterns: A Cone-Beam
Computed Tomography Study.

In the previous study the skeletal class Il population, there was no significant
difference in the maxillary sinus size within different vertical skeletal patterns in
the skeletal class | population. However, males tend to have larger maxillary
sinuses than females. in males, it differs among different vertical patterns with an
increase from low to normal to high-angle.

Jingyi et al., team recently revealed that, in the skeletal class Il population,
the skeletal high-angle patients have statistically significantly larger maxillary
sinuses than the low- and normal-angle patients in both genders (Syverson et al.,
2022) while no significant difference was found in sinus size between genders.
Interestingly, it has been reported by other groups that women generally have a
smaller sinus volume than men. (Aktuna et al., 2019; Maspero et al., 2020). In
addition, other groups have different conclusions regarding the correlation between
the vertical skeletal patterns and the maxillary sinus size. For example, Endo et al.,
found that maxillary sinus length, maxillary sinus height, and total maxillary sinus
area showed significant positive correlations with upper anterior facial height by
evaluating the lateral cephalometric images Ryu et al., also found that the patients
with an anterior open bite have greater maxillary sinus height and more vertical
pneumatization of the maxillary sinus floor in the posterior tooth root region than
the patients without anterior open bite.

On the other hand, Goymen et al., stated there was no difference in
maxillary sinus sizes among patients with different vertical patterns Kosumarl et
al. also did not find a significant difference in the distance from the maxillary root
apices of posterior teeth to the floor of the maxillary sinus between subjects with a

skeletal open bite or skeletal normal bite
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However, Oksayan et al., concluded that patients with a low-angle vertical
facial pattern have larger maxillary sinus dimensions than patients with a high-
angle vertical facial pattern . The disagreements may be due to overlooked sagittal
skeletal patterns in the study designs. Nevertheless, several previous publications
utilized 2D lateral cephalometric or panoramic images, which introduced
systematic error during the measurement due to the overlapping of anatomic

structures and built-in magnification in the 2D X-rays (Kadioglu, et al., 2019).
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Figure 12: The CBCT image was oriented to Frankfort horizontal plane (red dash line) using

21




right and left porions (A, front view) and the right orbitale (B, right view), then verified on the
left view (C). (D) Dolphin Software 3D airway/sinus rendering module was utilized to measure
the volume of the maxillary sinuses. The sinus volume was directly reported by the software.
The image showed the left maxillary sinus of this patient. The height (solid green line) and width
(solid yellow line) of the maxillary sinus were measured on the front view. (E) The depth of the
maxillary sinus (solid blue line) was measured on the side view. (F) The CBCT image was
oriented to have the sagittal cut (yellow dash line) midway between the buccal and palatal
cortices for the alveolar bone height measurement between every two posterior teeth. (G) The
sagittal view generated from the orientation shown in panel F for the alveolar bone height
measurement between every two posterior teeth. (H) The demography of alveolar bone thickness
measurement buccally and palatally to the maxillary sinus on the left side of the patient. An axial
slice of a CBCT image at the level apical to the maxillary posterior alveolar bony crest. The red
numbers and arrows indicate the roots of the posterior teeth—4, first premolar; 5, second
premolar; 6, first molar; 7, second molar. The alveolar bone thickness measurements on this slice
were marked as yellow lines. Between the right first and second premolars, and between the first
and second molars, no maxillary sinus penetration was noticed. Thus, the measurements were
made from the buccal cortex to the palatal cortex in this location to represent the alveolar bone
thickness—R, right side; L, left side (Jingyi Wang et al., 2022).

Several studies have been done to relate the maxillary sinus size to the
sagittal and vertical skeletal patterns, while controversial conclusions were reached
in these pioneered investigations. For example, from the sagittal perspective,
Oktay et al., concluded that females with class Il have relatively larger sinuses
while Endo et al., 2010 did not find the same tendency.

regarding the vertical patterns, Ryu et al., found that there was greater sinus
height and less basal bone in subjects with open bite; however, Kosumarl et al.,
concluded that there was no difference in sinus height between subjects with a
skeletal open bite and those with normal open bite The discrepancy could be

attributed to multiple limitations, such as only using 2D imaging, small sample
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size, and, more importantly, not always having clear skeletal classification in both
vertical and sagittal dimensions.By only focusing on the skeletal class I
population, as previous study demonstrated a strong correlation between the
vertical skeletal pattern and the maxillary sinus size and dimension, as well as a
correlation to the amount of alveolar bone around the sinus (Syverson et al.,
2022).

When evaluating the amount of alveolar bone around the maxillary sinus in
these skeletal class | subjects, again, unlike the skeletal class Il population, no
significant difference was found regarding the distance between the alveolar bone
crest to the sinus floor within different vertical skeletal patterns, nor on the alveolar
bone thickness at the level of 5 mm from the alveolar bone crest. In addition,
differences were noticed in the superior levels at 8 mm and 10 mm at the premolar
regions but not posterior in the skeletal class | population. These observations are
also different from those observed in the skeletal class Il population, in which
vertical skeletal pattern-associated differences were in the molar region instead of
the anterior region. Among the skeletal class | subjects evaluated in the previous
study, the different incidence of alveolar bone less than 5 mm thick in relation to
skeletal vertical patterns was only observed in males but not females. However, the
incidence of alveolar bone with a thickness less than 5 mm in female subjects with
high-angle is lower in the skeletal class | population than the skeletal class Il

counterparts.

There are certain limitations of the previous study that need to be taken into
consideration. Firstly, the previous study involved subjects from 15 to 40 years old.
Most maxillary sinus postnatal growth happens during the first three years of life
and between 7 and 12 years of age. The adult sinus size is usually reached between

12 and 15 years of age, and its development overlaps with the peak of growth in
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both males and females. After 18 years of age, the maxillary sinus volume usually
decreases with age (Aktuna et al., 2019; Maspero et al., 2020) Therefore, in this

study they picked age range representing the matured size of the maxillary.

However, the sinus size and the distance between the sinus floor and
alveolar crest are dynamically changing during aging or when there is posterior
tooth loss (Jun et al., 2005; Velasco-Torres et al., 2017). Thus, the findings from
the previous study may not be applied to the patient with an age out of the age

range used in this study.

1.5 Maxillary sinus floor extension and posterior tooth inclination in
adolescent patients with Class Il Division 1 malocclusion treated with

maxillary first molar extractions.

figure 13: Representation of cephalometric points and measurements (P2-PP, M2-PP, LSA)
used in the study (in magnified image: M2Mc, Mesial cusp of the maxillary second molar;
M2Ma, mesiobuccal root apex of the maxillary second molar; M2Dc, distal cusp of the maxillary
second molar; M2Da, distobuccal root apex of the maxillary second molar; P2c, midpoint of the
cusp of the maxillary second premolar; P2a, root apex of the maxillary second premolar). (This
figure.13) shows the situation after treatment. During treatment with maxillary first molar
extractions, it is known that a close relationship between the dental roots and the inferior wall of

the sinus can impede orthodontic tooth movement ( Wehrbein et al., 1990; Fuhrmann et al.,
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1997). Despite the increasing popularity of 3D radiographic techniques, such as computed
tomography and cone-beam computed tomography in orthodontic research, the systematic use of
3D imaging for diagnostic procedures and treatment planning is still not considered standard
care, and it is limited to selected clinical conditions (Pazera et al., 2011) . On the other hand,
lateral cephalograms are prescribed for most orthodontic patients on a routine basis. When this
previous study was conducted, a limited number of cephalometric studies on maxillary sinuses

were indexed in electronic data bases, (Robinson et al., 1982).

by measuring the maxillary sinuses on cephalometric radiographs of patients
with cleft palate and normal subjects, found no significant differences with respect
to size, shape, and rate of development. Similarly, a recent cephalometric study in
adolescents with different malocclusion classes reported no significant association
between maxillary sinus size and sagittal skeletal jaw relationship. (Endo et al.,
2010).

However, cephalograms have inherent disadvantages for measuring 3D
structures; distortion, superimposition, and differential magnification can lead to
misidentification of the sinus outline and measurement errors. (Farronato et al.,
2010) . Measurement accuracy can also be compromised by volumetric differences
between the right and left sides. (Spaeth et al., 1997). To minimize such errors,
they chose to consider only the sinus outline that extended below the palatal plane.
This lower sinus component is closely related to the periapical region of the
maxillary posterior teeth and, therefore, was considered to be the most related to
orthodontic intervention. If we had selected the total sinus area, we would not have
been able to differentiate between potentially relevant area changes close to the
teeth and changes at other distant locations, not related to the dentition. Statistical
analysis showed no evidence of an association between sex and second premolar
inclination and molar inclination. The lack of sexual dimorphism on sinus size is

consistent with the results of previous cephalometric studies. (Endo et al., 2010;
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Oktay, 1992; Barghouth et al., 2002). but computed tomography volumetric

evaluation has shown sex-specific differences. (JunBC et al., 2007).
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Chapter Two: discussion

Several studies have been done to relate the maxillary sinus size to the sagittal and
vertical skeletal patterns, while controversial conclusions were reached in these
pioneered investigations. For example, from the sagittal perspective, Oktay et al.,
concluded that females with class Il have relatively larger sinuses while Endo et
al., did not find the same tendency, and regarding the vertical patterns, Ryu et al.,
found that there was greater sinus height and less basal bone in subjects with open
bite.

However, Kosumarl et al., concluded that there was no difference in sinus
height between subjects with a skeletal open bite and those with normal open bite
The discrepancy could be attributed to multiple limitations, such as only using 2D
Imaging, small sample size, and, more importantly, not always having clear
skeletal classification in both vertical and sagittal dimensions and also studying the
maxillary sinus is of great value to orthodontist. This is due to its close proximity
to the teeth in the upper arch in a way that the upper alveolar process forms its
lower border. Many studies were conducted to show the relationship between the
maxillary sinus and different orthodontic applications. It was found that some of
orthodontic treatment modalities affect the volume of the maxillary sinus such as
rapid maxillary expansion, Orthognathic surgery, Uprighting upper molars and
traction of deeply impacted canines increase the volume of the maxillary sinus
(Ozbilen et al., 2019; Faur et al., 2019).

Another relation between the maxillary sinus and orthodontic treatment is that
when moving teeth through the sinus. When moving teeth through the maxillary
sinus there was increase in the risk of root resorption and undesired tipping also

treatment time was prolonged (Sun et al., 2018; Cha et al., 2020).
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Chapter Three

3.1 Conclusion

1-

From this study it was concluded that there is no correlation between the
maxillary sinus volume and the vertical growth pattern. Also, that the right
and left maxillary sinuses are corresponding to each other in volume.

A recent cephalometric study in adolescents with different malocclusion
classes reported no significant association between maxillary sinus size and
sagittal skeletal jaw relationship and for the skeletal class Il and skeletal
class | there was no significant difference in the maxillary sinus volume
within different vertical skeletal patterns . The skeletal class Il high angle
patients have significantly larger maxillary sinuses than the low and normal
angle patients Also for the class Il patient found that the Class | has largest
sinus than class I11 due to the inclination of maxillary plane, for the male and
female group with high significant difference.

The both genders have no significant difference found in sinus size.
Interestingly, it has been reported by other groups that women generally

have a smaller sinus volume than men .
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3.2 Suggestions

1. Dimension of Maxillary sinus in cleft lip and palate patient.

2. Tooth movement through the maxillary sinus.

3. The effect of the maxillary expansion treatment on maxillary sinus volume.

29




References

(A)

- Aktuna Belgin, C., Colak, M., Adiguzel, O., Akkus, Z. and Orhan, K.,(2019)
Three-dimensional evaluation of maxillary sinus volume in different age and sex
groups using CBCT. European Archives of Oto-Rhino-Laryngology, 276, pp.1493-
14909,

_Al-Ani, R.A., Al-Mashhadany, S.M. and Al-Chalabi, H.M., (2011). The size of
maxillary sinus in subjects with different vertical discrepancies (a lateral
cephalometric study). Iraqi Orthod J, 7(1), pp.30-34.

-Ariji, Y., Kuroki, T., Moriguchi, S., Ariji, E. and Kanda, S., (1994). Age changes
in the volume of the human maxillary sinus: a study using computed
tomography. Dentomaxillofacial radiology, 23(3), pp.163-168.

- Agacayak, K.S., Gulsun, B., Koparal, M., Atalay, Y., Aksoy, O. and Adiguzel,
O., (2015). Alterations in maxillary sinus volume among oral and nasal
breathers. Medical science monitor: international medical journal of experimental
and clinical research, 21, p.18.

(B)

- Bornstein, M.M., Scarfe, W.C., Vaughn, V.M. and Jacobs, R., (2014). Cone beam
computed tomography in implant dentistry: a systematic review focusing on
guidelines, indications, and radiation dose risks. International journal of oral &
maxillofacial implants, 29.

- Barghouth, G., Prior, J., Lepori, D., Duvoisin, B., Schnyder, P. and Gudinchet, F.,
(2002). Paranasal sinuses in children: size evaluation of maxillary, sphenoid, and
frontal sinuses by magnetic resonance imaging and proposal of volume index
percentile curves. European radiology, 12, pp.1451-1458.

- Booij, J.W., Goeke, J., Bronkhorst, E.M., Pancherz, H., Ruf, S. and Katsaros, C.,
(2011). Overjet correction and space closure mechanisms for Class Il treatment by
extracting the maxillary first molars. Journal of orofacial orthopedics-Fortschritte
der Kieferorthopéadie, 72(3), pp.196-203.

- Burgess, B.L., (2008). Pharyngeal Airway Volume Following Maxillomandibular

Advancement Surgery Utilizing Cone Beam Computed Tomography (Doctoral
dissertation, Saint Louis University).

30




(€)
- Choi, Y.J., Kim, Y.H., Han, S.S., Jung, UW., Lee, C,, Lee, A. and Jeon, K.J.,
(2020). Alveolar bone height according to the anatomical relationship between the
maxillary molar and sinus. Journal of Periodontal & Implant Science, 50(1),
pp.38-47.

- Cacciafesta, V. and Melsen, B., (2001). Mesial bodily movement of maxillary
and mandibular molars with segmented mechanics. Clinical Orthodontics and
Research, 4(3), pp.182-188.

- Cacciafesta, V. and Melsen, B., (2001). Mesial bodily movement of maxillary
and mandibular molars with segmented mechanics. Clinical Orthodontics and
Research, 4(3), pp.182-188

- Cappellette, M., Alves, F.E.M.M., Nagai, L.H.Y., Fujita, R.R. and Pignatari,
S.S.N,, (2017). Impact of rapid maxillary expansion on nasomaxillary complex
volume in mouth-breathers. Dental press journal of orthodontics, 22, pp.79-88.

- Cha, S., Zhang, C. and Zhao, Q., (2020). Treatment of Class Il malocclusion with
tooth movement through the maxillary sinus. American Journal of Orthodontics
and Dentofacial Orthopedics, 157(1), pp.105-116.

- Cao, L., Li, J., Yang, C., Hu, B., Zhang, X. and Sun, J., (2019). High-efficiency
treatment with the use of traditional anchorage control for a patient with Class Il
malocclusion and severe overjet. American Journal of Orthodontics and
Dentofacial Orthopedics, 155(3), pp.411-420.

- Chen, F., Terada, K., Hua, Y. and Saito, I., (2007). Effects of bimaxillary surgery
and mandibular setback surgery on pharyngeal airway measurements in patients
with Class Il skeletal deformities. American journal of orthodontics and
dentofacial orthopedics, 131(3), pp.372-377.

- Chen, F., Terada, K., Hanada, K. and Saito, I., (2005). Predicting the pharyngeal
airway space after mandibular setback surgery. Journal of oral and maxillofacial
surgery, 63(10), pp.1509-1514.

(D)
- Dula K, Bornstein M, Buser D, Dagassan-Berndt D, Ettlin D, Fillipi A,. (2014).
SADMFR Guidelines for the use of cone-beam computed tomography/digital
volume tomography. Swiss Dent J,124:1170-1183.

31




- Daimaruya, T.; Takahashi, I.; Nagasaka, H.; Umemori, M.; Sugawara, J.; Mitani,
H. (2003). Effects of maxillary molar intrusion on the nasal floor and tooth root
using the skeletal anchorage system in dogs. Angle Orthod, 73, 158—166.

-Degerliyurt, K., Ueki, K., Hashiba, Y., Marukawa, K., Nakagawa, K. and
Yamamoto, E., (2008). A comparative CT evaluation of pharyngeal airway
changes in class Il patients receiving bimaxillary surgery or mandibular setback
surgery. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and
Endodontology, 105(4), pp.495-502.

- Degerliyurt K, Ueki K, Hashiba Y, (2009). The effect of mandibular setback or
two-jaws surgery on pharyngeal airway among different genders. Int J Oral
Maxillofac Surg, ;6:647-652.

(E)

- Endo, T., Abe, R., Kuroki, H., Kojima, K., Oka, K. and Shimooka, S., (2010).
Cephalometric evaluation of maxillary sinus sizes in different malocclusion
classes. Odontology, 98, pp.65-72

-Emirzeoglu, M., Sahin, B., Bilgic, S., Celebi, M. and Uzun, A., (2007).
Volumetric evaluation of the paranasal sinuses in normal subjects using computer
tomography images: a stereological study. Auris Nasus Larynx, 34(2), pp.191-195.

- Endo, T., Abe, R., Kuroki, H., Kojima, K., Oka, K. and Shimooka, S., (2010).
Cephalometric evaluation of maxillary sinus sizes in different malocclusion
classes. Odontology, 98, pp.65-72.

(F)
- Fuhrmann, R., Blcker, A. and Diedrich, P., (1997). Radiological assessment of
artificial bone defects in the floor of the maxillary sinus. Dentomaxillofacial
Radiology, 26(2), pp.112-116.

- Farronato, G., Garagiola, U., Dominici, A., Periti, G., de Nardi, S., Carletti, V.
and Farronato, D., (2010). “Ten-point” 3D cephalometric analysis using low-
dosage cone beam computed tomography. Progress in Orthodontics, 11(1), pp.2-
12.

- Fuhrmann, R., (1996). Three-dimensional interpretation of periodontal lesions
and remodeling during orthodontic treatment: Part Ill. Journal of Orofacial
Orthopedics/Fortschritte der Kieferorthopadie, 57, pp.224-237.

32




- Fuhrmann, R., (1996). Three-dimensional interpretation of periodontal lesions
and remodeling during orthodontic treatment: Part Ill. Journal of Orofacial
Orthopedics/Fortschritte der Kieferorthopéadie, 57, pp.224-237.

- Faur, C.I.,, Roman, R.A., Simion, B.R.A.N., Cristian, D.I.N.U., Coclici, A.,
Rotaru, H. and Hedesiu, M., (2019). The changes in upper airway volume after
orthognathic surgery evaluated by individual segmentation on CBCT
Images. Maedica, 14(3), p.213.

- Fernandes, C.L. (2004). Forensic ethnic identification of crania: The role of the
maxillary sinus--a new approach. Am. J. Forensic Med. Pathol, 25, 302—-313.

(G)
- Gu, Y., Sun, C., Wu, D., Zhu, Q., Leng, D. and Zhou, Y., (2018). Evaluation of
the relationship between maxillary posterior teeth and the maxillary sinus floor
using cone-beam computed tomography. BMC Oral Health, 18(1), pp.1-7.

- Gu, G, Gu, G., Nagata, J., Suto, M., Anraku, Y., Nakamura, K., Kuroe, K. and
Ito, G., (2000). Hyoid position, pharyngeal airway and head posture in relation to
relapse after the mandibular setback in skeletal Class Ill. Clinical orthodontics and
research, 3(2), pp.67-77.

- Grauer, D., Cevidanes, L.S., Styner, M.A., Ackerman, J.L. and Proffit, W.R.,
(2009). Pharyngeal airway volume and shape from cone-beam computed
tomography: relationship to facial morphology. American journal of orthodontics
and dentofacial orthopedics, 136(6), pp.805-814.

- Goymen, M.; Biyilknacar, G.B.; Gileg, A. (2019). Effect of Vertical Growth
Pattern on Maxillary and Frontal Sinus Sizes. Eur. J. Ther, 25, 197-200.

(H)
- Helminen, S.E., Vehkalahti, M., Wolf, J. and Murtomaa, H., (2000). Quality
evaluation of young adults’ radiographs in Finnish public oral health
service. Journal of dentistry, 28(8), pp.549-555.

- Horiuchi, A., Hotokezaka, H. and Kobayashi, K., (1998). Correlation between
cortical plate proximity and apical root resorption. American Journal of
Orthodontics and Dentofacial Orthopedics, 114(3), pp.311-318.

- Halawa, A.E., (2005). Radiologic Evaluation of the Maxillary Sinus Area Before

and After Le Fort | Impaction Surgery (Doctoral dissertation, Marmara
Universitesi (Turkey)).

33




- Hong, J.S., Park, Y.H., Kim, Y.J., Hong, S.M. and Oh, K.M., (2011). Three-
dimensional changes in pharyngeal airway in skeletal class Il patients undergoing
orthognathic surgery. Journal of Oral and Maxillofacial Surgery, 69(11), pp.e401-
e408.

(1)
- Ikeda, A., (1996). Volumetric measurement of the maxillary sinus by coronal CT
scan. Nippon Jibiinkoka Gakkai Kaiho, 99(8), pp.1136-1143.

- lwanaga, J., Wilson, C., Lachkar, S., Tomaszewski, K.A., Walocha, J.A. and
Tubbs, R.S., (2019). Clinical anatomy of the maxillary sinus: application to sinus
floor augmentation. Anatomy & cell biology, 52(1), pp.17-24.

()
- Jaju, P.P. and Jaju, S.P., (2014). Clinical utility of dental cone-beam computed
tomography: current perspectives. Clinical, cosmetic and investigational dentistry,
pp.29-43.

- Jun, B.C., Song, S.\W., Park, C.S., Lee, D.H., Cho, K.J. and Cho, J.H., (2005).
The analysis of maxillary sinus aeration according to aging process; volume
assessment by 3-dimensional reconstruction by high-resolutional CT
scanning. Otolaryngology—Head and Neck Surgery, 132(3), pp.429-434.

- Jia, X., Chen, X. and Huang, X., (2018). Influence of orthodontic mini-implant
penetration of the maxillary sinus in the infrazygomatic crest region. American
Journal of Orthodontics and Dentofacial Orthopedics, 153(5), pp.656-661.

- Jun, B.C.; Song, S.W.; Park, C.S.; Lee, D.H.; Cho, K.J.; Cho, J.H. (2005). The
analysis of maxillary sinus aeration according to aging process; volume assessment

by 3-dimensional reconstruction by high-resolutional CT scanning. Otolaryngol.
Head Neck Surg, 132, 429-434.

- Jakobsone G, Stenvik A, Espeland L. (2011). The effect of maxillary
advancement and impaction on the upper airway after bimaxillary surgery to
correct Class 111 malocclusion. Am J Orthod Dentofacial Orthop, 139:369-376.
(K)

- Kuroda, S.; Hichijo, N.; Sato, M.; Mino, A.; Tamamura, N.; Iwata, M.; Tanaka,
E. (2016). Long-term stability of maxillary group distalization with interradicular
miniscrews in a patient with a Class Il Division 2 malocclusion. Am. J. Orthod.
Dentofac. Orthop. 149, 912-922.

34




- Kosumarl W, Patanaporn V, Jotikasthira D, Janhom A. (2017). Distances from
the root apices of posterior teeth to the maxillary sinus and mandibular canal in
patients with skel-etal open bite: a cone-beam computed tomography
study. Imaging Sci Dent, 47:157-164.

- Kula K, Ahn J, Halum S, Dillehay K, Ghoneima A. (2013). Three

dimensional evaluation of upper airway volume in chil-dren with different dental
and skeletal malocclusions. J

Biomed Graph Comput , 3:116-126.

- Kosumarl, W.; Patanaporn, V.; Jotikasthira, D.; Janhom, A. (2017). Distances
from the root apices of posterior teeth to the maxillary sinus and mandibular canal
in patients with skeletal open bite: A cone-beam computed tomography study.
Imaging Sci. Dent, 47, 157-164.

- Kadioglu, O.; Currier, G.F. (2019). Craniofacial 3D Imaging: Current Concepts
in Orthodontics and Oral and Maxillofacial Surgery; Springer International
Publishing: Berlin/Heidelberg, Germany.

- Kau, C.H.; English, J.D.; Muller-Delgardo, M.G.; Hamid, H.; Ellis, R.K;
Winklemann, S. (2010). Retrospective cone-beam computed tomography
evaluation of temporary anchorage devices. Am. J. Orthod. Dentofac. Orthop, 137,
166.e1-166.e5.

- Katakura N, Umino M, Kubota Y. (1993). Morphologic airway changes after
mandibular setback osteotomy for prognathism with and without cleft palate.
Anesth Pain Control Dent, 2:22-26.
(L)

- Livas, C.; Halazonetis, D.J.; Booij, JW.; Pandis, N.; Tu, Y.K.; Katsaros, C.
(2013). Maxillary sinus floor extension and posterior tooth inclination in
adolescent patients with Class Il Division 1 malocclusion treated with maxillary
first molar extractions. Am. J. Orthod. Dentofac. Orthop, 143, 479-485.

- Lozano-Carrascal, N., Salomo¢-Coll, O., Gehrke, S.A., Calvo-Guirado, J.L.,
Herndndez-Alfaro, F. and Gargallo-Albiol, J., (2017). Radiological evaluation of
maxillary sinus anatomy: A cross-sectional study of 300 patients. Annals of
Anatomy-Anatomischer Anzeiger, 214, pp.1-8.

35




- Li, X.; Wang, H.; Li, S.; Bai, Y. (2019). Treatment of a Class Il Division 1
malocclusion with the combination of a myofunctional trainer and fixed
appliances. Am. J. Orthod. Dentofac. Orthop, 156, 545-554.

(M)
-Mathew AL, Pai KM, Sholapurkar AA. (2009). Maxillary sinus findings in the
elderly: a panoramic radiographic study. J Contemp Dent Pract, 10(6):E041-E048.

-Masri, A.A.; Yusof, A.; Hassan, R. (2013). A Three Dimensional Computed
Tomography (3D-CT): A Study of Maxillary Sinus in Malays. Can. J. Basic Appl.
Sci, 1, 125-134.

- Motoyoshi M, Suzuki R, Uchida Y, Saiki A, Shimizu N. (2015). Maxillary sinus
perforation by orthodontic anchor screws.
Int J Oral Sci, 57:95-100.

- Maspero, C.; Farronato, M.; Bellincioni, F.; Annibale, A.; Machetti, J.; Abate, A.;
Cavagnetto, D. (2020). Three-Dimensional Evaluation of Maxillary Sinus Changes
in Growing Subjects: A Retrospective Cross-Sectional Study. Materials, 13, 1007.

- Muto T, Yamazaki A, Takeda S, Sato Y. (2008). Effect of bilateral sagittal split
ramus osteotomy setback on the soft palate and pharyngeal airway space. Int J Oral
Maxillofac Surg, 37:419-423.

(N)
- Neugebauer J, Ritter L, Mischkowski RA, Dreiseidler T, Scherer P, Ketterle M,
Rothamel D, Zdller JE. (2010). Evaluation of maxillary sinus anatomy by cone-
beam CT prior to sinus floor elevation. Int J Oral Maxillofac Implants, 25(2):258—
265.

(0)
- Qishi, S.; Ishida, Y.; Matsumura, T.; Kita, S.; Sakaguchi-Kuma, T.; Imamura, T.;
Ikeda, Y.; Kawabe, A.; Okuzawa, M.; Ono, T. (2020). A cone-beam computed
tomographic assessment of the proximity of the maxillary canine and posterior
teeth to the maxillary sinus floor: Lessons from 4778 roots. Am. J. Orthod.
Dentofac. Orthop, 157, 792-802.

- Oh, H.; Herchold, K.; Hannon, S.; Heetland, K.; Ashraf, G.; Nguyen, V.; Cho,
H.J. (2014). Orthodontic tooth movement through the maxillary sinus in an adult
with multiple missing teeth. Am. J. Orthod. Dentofac. Orthop, 146, 493-505.

- Oktay H. (1992). The study of the maxillary sinus areas in different
orthodontic malocclusions. Am J Orthod Dentofacial Orthop, 102:143-5.

36




- Oishi S, Ishida Y, Matsumura T, Kita S, Kuma T, Imamura

T, Ikeda Y, Kawabe A, Okuzawa M, Ono T. (2020). A cone-beam

computed tomographic assessment of the proximity of the maxillary canine and
posterior teeth to the maxillary si-nus floor: lessons from 4778 roots. Am J Orthod
Dentofac Orthop, 157:792-802.

- Oz AZ, Oz AA, EI H, Palomo J. (2017). Maxillary sinus volume in patients with
impacted canines. Angle Orthod, 87:25-32.

- Oksayan R, Sokucu O, Yesildal S. (2017). Evaluation of maxil-lary sinus volume
and dimensions in different vertical face

growth patterns: a study of cone-beam computed tomogra-phy. Acta Odontol
Scand, 75:345-349.

- Ozbilen E, Yilmaz H, Kucukkeles N. (2019). Comparison of the effects of rapid
maxillary expansion and alternate rapid maxillary expansion and constriction
protocols followed by facemask therapy. Korean J Orthod, 49:49-58.

- Oksayan, R.; Sokucu, O.; Yesildal, S. (2017). Evaluation of maxillary sinus
volume and dimensions in different vertical face growth patterns: A study of cone-
beam computed tomography. Acta Odontol. Scand, 75, 345-349.

- Oktay, H. (1992). The study of the maxillary sinus areas in different orthodontic
malocclusions. Am. J. Orthod. Dentofac. Orthop, 102, 143-145.

(P)
- Paatero YV. (1959). Orthoradial jaw pantomography. Ann Med Intern Fenn
Suppl, 48(Supp 28).222-227

- Price JB, Thaw KL, Tyndall DA, Ludlow JB, Padilla RJ. (2012). Incidental
findings from cone beam computed tomography of the maxillofacial region: a
descriptive retrospective study. Clin Oral Implants Res, 23(11):1261-1268.

- Park, J.H.; Tai, K.; Kanao, A.; Takagi, M. (2014). Space closure in the maxillary
posterior area through the maxillary sinus. Am. J. Orthod. Dentofac. Orthop, 145,
95-102.

- Pazera P, Bornstein MM, Pazera A, Sendi P, Katsaros C. (2011). Incidental

maxillary sinus findings in orthodontic patients: a radiographic analysis using
cone-beam computed tomography (CBCT). Orthod Craniofac Res, 14:17-24.

37




- Park IH, Song JS, Choi H, Kim TH, Hoon S, Lee SH. (2010). Volumetric study
in the development of paranasal sinuses by CT imaging in Asian: a pilot study. Int
J Pediatr Otorhinolaryngol, 74:1347-50.

-Park HS, Jang BK, Kyung HM. (2005). Maxillary molar intrusion with
micro-implant anchorage (MIA). Aust Orthod J, 21:
129-35.

- Park, J.H. (2020). Temporary Anchorage Devices in Clinical Orthodontics;
Wiley: Hoboken, NJ, USA.

- Pereira-Filho VA, Castro-Silva LM, de Moraes M, Gabrielli MF, Campos JA,
Juergens P. (2011). Cephalometric evaluation of pharyngeal airway space changes
in Class Il patients undergoing orthognathic surgery. J Oral Maxillofac Surg,
69:409-415.

(V)

_Urabi, A.H. and Al-Nakib, L.H., 2012. Digital lateral cephalometric assessment
of maxillary sinus dimensions in different skeletal classes. J Bagh College Dent,

24(1), pp.35-8.
(R)

- Robb RA. (1982). The dynamic spatial reconstructor: an X-Ray video-
fluoroscopic CT scanner for dynamic volume imaging of moving organs. IEEE
Trans Med Imaging.

- Re, S.; Cardaropoli, D.; Corrente, G.; Abundo, R. (2001). Bodily tooth movement
through the maxillary sinus with implant anchorage for single tooth replacement.
Orthod. Craniofac. Res, 4, 177-181.

- Ryu J, Choi S, Cha J, Lee K, Hwang C. (2016). Retrospective study of maxillary
sinus dimensions and pneumatization in adult patients with an anterior open bite.
Am J Orthod Dentofac Orthop, 150:796-801.

- Ryu, J.; Choi, S.H.; Cha, J.Y.; Lee, K.J.; Hwang, C.J. (2016). Retrospective study
of maxillary sinus dimensions and pneumatization in adult patients with an anterior
open bite. Am. J. Orthod. Dentofac. Orthop, 150, 796-801.

- Riley RW, Powell NB, Guilleminault C, Ware W. (1987). Obstructive sleep

apnea syndrome following surgery for mandibular prognathism. J Oral Maxillofac
Surg, 45:450-452.

38




- Robinson HE, Zerlin GK, Passy V. (1982). Maxillary sinus development in
patients with cleft palates as compared to those with normal palates. Laryngoscope,
92:183-

7.

(S)
- Schropp L, Stavropoulos A, Gotfredsen E, Wenzel A. (2009). Calibration of
radiographs by a reference metal ball affects preoperative selection of implant size.
Clin Oral Investig, 13(4):375-381.

- Shahbazian M, Vandewoude C, Wyatt J, Jacobs R. (2014). Comparative
assessment of panoramic radiography and CBCT imaging for radiodiagnostics in
the posterior maxilla. Clin Oral Investig, 18(1):293-300.

- Spaeth J, Krugelstein U, Schl € ondorff G. (1997). The paranasal sinuses in CT-
Imaging: development from birth to age 25. Int J Pediatr Otorhinolaryngol, 39:25-
40

-Sun W, Xia K, Huang X, Cen X, Liu Q, Liu J. (2018). Knowledge of orthodontic
tooth movement through the maxillary sinus: a systematic review. BMC Oral
Health, 81:91-106.

- Shrestha, B.; Shrestha, R.; Lin, T.; Lu, Y.; Lu, H.; Mai, Z.; Chen, L.; Chen, Z,;
Ai, H. (2021). Evaluation of maxillary sinus volume in different craniofacial
patterns: A CBCT study. Oral Radiol, 37, 647-652.

-Syverson, A.; Li, C.; Zheng, Z.; Proskurnin, E.; Chung, C.H.; Zou, M. (2022).
Maxillary sinus dimensions in skeletal class Il population with different vertical
skeletal patterns. Clin. Oral Investig, 26, 5045-5060.

- Song, G.; Chen, H.; Xu, T. (2018). Nonsurgical treatment of Brodie bite assisted
by 3-dimensional planning and assessment. Am. J. Orthod. Dentofac. Orthop, 154,
421-432.

-Sawilowsky, S.S. (2009). New effect size rules of thumb. J. Mod. Appl. Stat.
Methods, 8, 26.
(T)

-Tyndall DA, Price JB, Tetradis S, Ganz SD, Hildebolt C, Scarfe WC. (2012).
Radiology AA0OaM Position statement of the American academy of oral and

39




maxillofacial radiology on selection criteria for the use of radiology in dental
implantology with emphasis on cone beam computed tomography. Oral Surg Oral
Med Oral Pathol Oral Radiol, 113(6):817-826.

- Tikku T, Khanna R, Sachan K, Srivastava K, Munjal N. (2013). Dimensional
changes in maxillary sinus of mouth breath-ers. J Oral Biol Craniofac Res, 3:9-14.

- Tselnik, M. and Pogrel, M.A., (2000). Assessment of the pharyngeal airway
space after mandibular setback surgery.Journal of oral and maxillofacial
surgery, 58(3), pp.282-285.

(V)
- Velasco-Torres, M., Padial-Molina, M., Avila-Ortiz, G., Garcia-Delgado, R.,
O'Valle, F., Catena, A. and Galindo-Moreno, P., (2017). Maxillary sinus
dimensions decrease as age and tooth loss increase. Implant dentistry, 26(2),
pp.288-295.

(W)
- Wehrbein, H., Fuhrmann, R.A. and Diedrich, P.R., (1995). Human histologic
tissue response after long-term orthodontic tooth movement. American Journal of
Orthodontics and Dentofacial Orthopedics, 107(4), pp.360-371.

- Wehrbein, H., Bauer, W., Schneider, B. and Diedrich, P., (1990). Experimental
bodily tooth movement through the bony floor of the nose--a pilot
study. Fortschritte der Kieferorthopadie, 51(5), pp.271-276.

- Wehrbein, H., Fuhrmann, R.A. and Diedrich, P.R., (1995). Human histologic
tissue response after long-term orthodontic tooth movement. American Journal of
Orthodontics and Dentofacial Orthopedics, 107(4), pp.360-371.

- Wang, J., Zou, M., Syverson, A., Zheng, Z. and Li, C., (2022). Maxillary Sinus
Dimensions in Skeletal Class | Chinese Population with Different Vertical Skeletal
Patterns: A Cone-Beam Computed Tomography Study. Diagnostics, 12(12),
p.3144.

(2)

- Zhang, X., Li, Y., Zhang, Y., Hu, F., Xu, B., Shi, X. and Song, L., (2019).
Investigating the anatomical relationship between the maxillary molars and the
sinus floor in a Chinese population using cone-beam computed tomography. BMC
Oral Health, 19(1), pp.1-8.

40




	1.3 Dimensional changes of maxillary sinuses and pharyngeal airway in Class III patients undergoing bimaxillary orthognathic surgery
	Figure 4: Image before thresholding (Panou et al., 2013).
	1.4 Maxillary Sinus Dimensions in Skeletal Class I and class II Chinese Population with Different Vertical Skeletal Patterns: A Cone-Beam Computed Tomography Study.
	Figure 12: The CBCT image was oriented to Frankfort horizontal plane (red dash line) using right and left porions (A, front view) and the right orbitale (B, right view), then verified on the left view (C). (D) Dolphin Software 3D airway/sinus renderin...
	Chapter Three
	3.1 Conclusion

