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>: Greater than
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<: Smaller than

2D: Two Dimensional
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DICOM: Digital Imaging and Communications in Medicine
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Three-Dimensional Evaluation of the Size and Dimensional Changes of

Vomer Bone in Mid-Facial Deficiency Individuals.
Dr.Ammar Riyad MOHI / Prof. Dr. Sebnem Ercalik YALCINKAYA
1. SUMMARY

Aim: The aim of this study was 1) To evaluate the vomer bone shape and size changes in
relation to midfacial deficiency features. 2) To determine the correlation between different
cranial and midfacial skeletal parameters of the vomer bone in both linear and angular
measurements. 3) To compare the 3D reconstructed vomer bone models of three groups.
Material and Method: CBCT images of 96 patients with normal occlusion and Class 111
malocclusion were collected from the archive of Orthodontic Department, Faculty of
Dentistry, Marmara University. The age of patients was between 16-30 years old. All
images were classified into three groups using ANB angle Steiner’s analysis: Normal
(type A) group, Mild (type B) and Severe (type C) midfacial hypoplasia groups. Firstly,
13 skeletal points in cranial, midfacial and vomer region level were selected. Then linear
and angular reference planes were drawn for shape outline analysis and later the 3D
reconstructed models of vomer bone size were measured using Mimics 19.0V software
and data were statistically analyzed. Results: There were high significant differences
between anterior variables (P< 0.01) followed by posterior variables (P<0.05) of the
vomer bone with high positive correlation in linear and angular parameters in all planes
of the severe group (type C) and it was higher in males than females. No statistical
correlation within different age was found (P>0.01). The size of the 3D reconstructed
model of the vomer bone was larger and had elongated pattern in severe group (type C)
when compared to other groups (p<0.001). Conclusion: Based on the findings of this
study, it was concluded that the vomer bone had an eventual role in preserving the midface

contour of class Il malocclusion midface complex in all planes.

Keywords: Mimics, Orthodontics, Vomer Bone, Midfacial Hypoplasia.



Vomer Kemiginin Konumunun ve Boyutlarimin Orta-Yiiz Yetersizligi

Olan Bireylerde Uc Boyutlu Olarak Degerlendirilmesi
Dr.Ammar MOHI / Prof.Dr.Sebnem YALCINKAYA
2. OZET

Amag: Bu galismanin amaci, 1) Orta-yiiz yetersizligi olan bireylerde vomer kemiginin
konumsal ve boyutsal morfometrik degisimlerini degerlendirmek, 2) Farkli kranial ve
midfasiyal iskeletsel parametrelerde, lineer ve agisal 6l¢timlerle gruplararasi korelasyonun
belirlemek ve 3) Vomer kemigininin 3B rekonstriiksiyon modelini ti¢ farkli yiiz profilinde
Karsilastirmaktir. Gere¢ ve Yontem: Marmara Universitesi Dis Hekimligi Fakiiltesi
Ortodontik A. D. arsivinden secilmis, normal okluzyonu ve Angle Smif 111 malokluzyonu
olan 16-30 yas arasindaki 96 hastanin CBCT goruntileri degerlendirildi. Steiner analiziyle
hastalar {i¢ gruba ayrildi: Normal (tip A), Hafif (tip B) ve Siddetli (tip C) orta-yiiz
yetersizligi. Kranial, midfasiyal ve vomer bolgesinde, 13 iskeletsel nokta segilerek
dogrusal ve agisal referans diizlemleri ¢izildi. Vomer kemiginin 3B rekonstriktif
boyutlart, MIMICS 19.0V yazilimiyla 6l¢ildl ve veriler istatistiksel olarak analiz edildi.
Bulgular: Lineer ve agisal iliskide vomer kemiginin anterior (p <0.01) ve posterior (P
<0.05) duzeysel parametreleri arasinda istatistiksel olarak anlamli iligski oldugu saptandi
ve bu korelasyonun erkeklerde ve siddetli (tip C) orta-yiiz yetersizligi grubunda daha
belirgin oldugu gorildi (p<0.01). Vomer kemiginin 3B rekonstriktif modelinin siddetli
(tip C) grupta daha genis ve daha uzun sekilde olgtldigi ve istatistiksel olarak diger
gruplardan farkli oldugu saptandi (p<0.001). Sonug¢: Bu c¢aligmanin bulgulari tim

duzlemlerde orta-yliz bolgesinde, vomer kemiginin aktif roliniin 6nemini gostermektedir.

Anahtar Sozcukler: MIMICS, Ortodonti, Vomer Kemik, Orta-Yiiz Yetersizligi.



3. INTRODUCTION AND AIMS

Class 111 malocclusion may display a midface hypoplasia, in combination with normal or
prognathic mandible. Midfacial hypoplasia is characterized by deficiency of skeletal
height, width, and anterioposterior relationships, which requires multidirectional
correction (McNamara and James 1987; Bailey, Proffit and White 1995; Ngan and Moon
2015).

The midfacial skeleton morphology may be affected by several factors such as age,
gender, facial growth pattern, pathological/functional alterations, decreased or increased
muscular activity, occlusal force, and dental occlusion changes (Wada et al. 1980; Tanaka
et al. 2008). The remodeling and reconfiguration of the midfacial bones may compensate
under adaptation responses to outline the final configuration of midface and adjacent
structures (Enlow DH and Bang S 1965; Sato et al. 2001).

The vomer bone as a central structure of the midfacial complex has a role as sustaining a
good occlusion and balanced stomatognathic system (Ackerman, Proffit, Sarver 1999;
Proffit L 2000). Several studies reported the dimenssional variations of vomer bone
outline or anatomical alteration in relation to the development of dentofacial frame
discrepancy (Fawcett E 1911; Hansen et al. 2004).

Basili et al. (2009) published a key study regarding the vomer bone relation in the
architecture of craniofacial structures in caucasic human skulls. They were measured the
vomer bone actual structure variables using dry skull measurements and were concluded
that the sagittal relationship between the vomer bone and cranium may influence other
adjacent structures of the craniofacial system. Thus, the morphology of vomer bone and
midfacial relationship could be compromised, in significant to the sagittal discrepancies,
due to sliding or compression forces of the surrounding tissues cross through the vomer
bone. This could favor a continuous adaptation of midface compartement by dimensional
changes of its compartments through remodeling process (Tanaka and Sato 2008; Hall
and Precious 2013).

In the earlier studies, the analysis of malocclusion evaluated by use of conventional

radiographs analysis which have limitations such as structural superimpositions in two-
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dimension, particularly in some regions such as the midfacial complex and also loss of
accuracy (Sato S 2001). Currently, CBCT as three- dimenssion diagnostic element provide
theoretical advantages over conventional imaging of the midfacial compartment. CBCT
provides a high resolution imaging that allows the qualification and quantification of facial
bone tissues in almost real dimensions without significant magnification or distortion
(Adams et al. 2004; Muramatsu et al. 2008; Van Vlijmen et al. 2009; Basili et al. 2009).
Newly computer based analysis softwares like MIMICS() have a high level of imagin
resolution and fine details appearance with an accurate size and shape demonstration
(Takada et al. 1993; Barteczko et al. 2004, Polat and Kaya 2007; Lagravere et al. 2008;
Periago et al. 2008).

In view of these different publications, it is clear that the vomer long neglected to be
determined alone away from the septum or confused with him. Little studies, seemed to
intervene predominantly with the anterior-posterior growth of the middle third of the face
(Foster and Holton 2016).

In fact, it is necessary to take into account the active and real role of the vomer bone
position in development of facial integrity and how the vomer bone act as a main strut in
midfacial complex to enforce the skeleton properly. Based on that clinical evidence
analyses, the midfacial deficiency advocate the active role of vomer bone to be avaliable
in Angle Class Il malocclusion.

This study used the 3D image CBCT construction technique of MIMICS software to
evaluate the midfacial hypoplasia in relation to vomer bone shape and size alteration of
CI 1l malocclusion in comparison to normal control group with aiming :

1) To evaluate the vomer bone morphometric changes of shape and size in relation
midfacial hypoplasia features of different study groups.

2) To determine the correlation between different cranial and midfacial skeletal
parameters of the vomer bone in both linear and angular measurements.

3) To compare three different facial profile of 3D reconstructed model of vomer bone

using Mimics 19.0v Software analysis tool.



4. LITERATURE REVIEW

4.1 Human Craniofacial Integrity

The human skull is a complex of structures that forming of a mosaic of semi-independent
but closely integrated functional units (Enlow and Hans 1996; Sperber and Guttmann
2001; Hallgrimsson et al. 2007). The inter-relationship of these units and their
modifications can be induced by intrinsic or extrinsic factors (Lieberman et al. 2008).
The cranial sutures are the major sites of growth during the rapid expansion of the
neurocranium and the development of the maxillary complex. (Opperman LA 2000) This
growth is controlled by a highly complex intercellular signaling system that governs the
different regions and suture margins (Jiang et al. 2002). The mechanical forces of
functional and environmental origin play an important role in the development an integrity
of facial skeleton (Langford et al. 2003a; Mao and Nah 2004; Lieberman 2008).

Early studies focused on the morphological differences among cranial units (Moss ML
1958; McNeill and Newton 1965), while others approached the anthropology concepts
(Cheverud and Midkiff 1992; Cheverud et al. 1992). However, recent studies dealt with
the alteration of the covariances in different units of midface complex, showing a
pervasive integration that overlay and modify the deformation (Martinez-Abadias et al.
2009).

The majority of previous studies on deformation have detected changes in the growth of
the base of the skull and of the viscerocranium. McNeill and Newton (1965), detected a
more obtuse angle of the base of the skull and an increase in its width, but found no
correlation with any specific type of deformation. Moss ML (1958), reported kyphosis of
the base of the skull that was related to the type of deformation to which the vault was
subjected. In contrast, Schendel et al. (1980), found alterations of the jaws in deformed
skulls, supporting the hypothesis that the integration within cranial units led to subtle
changes in maxillary structures.

Bjork and Bjork (1964), reported that the incisal midline was maintained by a
compensatory asymmetric growth of the jaws in artificially deformed skulls with marked

5



asymmetry of the vault and base of the skull; this coincides a close interaction between
function and the shape and size of the jaws (Dixon, Hoyte and Rénning 1997; Langford
et al. 2003a; Paschetta et al. 2010).

4.1.1 Midfacial Complex Embryology Concepts

The facial bones develop intramembranously from ossification centers in the neural crest
mesenchyme of the embryonic facial prominences. An epithelial-mesenchymal
interaction between the ectomesenchyme of the facial prominences and the overlying
ectodermal epithelium is essential for the differentiation of the facial bones as appear in
Figure 4.1 (Kjaer et al. 1999).

Bone Site and Number of Ossification Centers Initial
Appearance
Primary Secondary
Frontal Superciliary arch (2) 8 weeks
Trochlear fossa (2) 8.5 weeks
Zygomatic process (2) Sweeks
Nasal spine (2) 1012 yr
Parietal Eminence (2) 8 weeks
Occipital Supranuchal squamous 8 weeks
(interparietal) (medial) (2)
Supranuchal squamous 12 weeks
(lateral) (2)
Temporal Squamous/zygomatic (1) 8 weeks
(desmaocranial portion) Tympanic ring (4) 12 weeks
Nasal Central (1) 8 weeks
Lacrimal Central (1) 812 weeks
Maxilla Body (1) T weeks
Zygomatic (1) 8 weeks
Orbitonasal (1) 8 weeks
Nasopalatine (1) 8 weeks
Premaxilla Intermaxillary (2) 7 weeks
Palatine Junction of horizontal and 8 weeks
perpendicular plates (1)
Vomer Alae (2) 8 weeks
Mandible Body (1) 67 weeks
Coronoid, condylar (cartilage) 10-14 weeks
Mental ossicles (cartilage) 7 mo pc
Zygomatic Body (1) 8 weeks

pc = post conception.

Figure 4.1: Intramembranous Ossification Centers (Craniofacial development/ Sperber
2001).



The ossification centers for the upper third of the face are those of the frontal bone, which
also contributes to the anterior part of the neurocranium. In the frontonasal prominence,
intramembranous single ossification centers appear in the 8th week post conception for
each of the nasal and lacrimal bones in the membrane covering the cartilaginous nasal
capsule (Arnold et al. 1998).

The embryonic facial maxillary prominences develop numerous intramembranous
ossification centers. Single ossification centers appear for each of the palatine bones, and
two centers appear bilaterally for the vomer in the maxillary mesenchyme surrounding the
cartilaginous nasal septum in the 8th week post conception (Gill et al. 1994).

A primary intramembranous ossification center appears for each maxilla in the 7th week,
at the termination of the infraorbital nerve just above the canine tooth dental lamina.
Secondary zygomatic, orbitonasal, nasopalatine, and intermaxillary ossification centers
appear and fuse rapidly with the primary centers (Kjaer and Niebuhr 1999).

The two intermaxillary ossification centers generate the alveolar ridge and primary palate
region that is homologous with the premaxilla in other mammals. In humans, this area
encloses the four maxillary incisor teeth; in the neonate, it is demarcated by a lateral
fissure from the incisive foramen to the area between the lateral incisor and canine teeth
and forms the so-called os incisivum (Du Raan FJ 2017).

The nasal cavity and (in particular) the nasal septum have considerable influence in
determining facial form. In the fetus, a septomaxillary ligament arising from the sides and
anteroinferior border of the nasal septum and inserting into the anterior nasal spine,
transmits septal growth “pull” to the maxilla (Niida et al. 1991; Guis et al. 1995).

Facial growth is directed downward and forward by the septal cartilage, which expands
its vertical length sevenfold between the 10th and 40th weeks post conception. At birth,
the nasal cavity lies almost entirely between the orbits. Growth of the nasal septal cartilage
continues but at a decreasing rate until the age of 6 years, lowering the nasal cavity floor
below the orbits (Sandikcioglu, Mglsted and kjaer 1994).

This pull created by nasal septal growth can be separate the frontomaxillary, frontonasal,
frontozygomatic, and zygomaticomaxillary sutures in varying degrees. The growth

potential of the nasal septal cartilage is clearly demonstrated in cases of bilateral cleft lip
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and palate: the tip of the nose, columella, philtrum, prolabium, and primary palate form a
globular process that, freed from its lateral attachments to the maxillae, protrudes
conspicuously on the face as a result of vomerine and nasal septal growth (Siegel et al.
1991).

This growth normally dissipates into adjacent facial structures, which indicates some
resistance to it. It is of interest that the nasal septum deflects from the midline during late
childhood, indicating some resistance to septal growth thrust. The spheno-occipital
synchondrosis cartilage forces also act variously in separating the facial sutures.
Furthermore, these sutures later subjected to forces exerted by the masticatory muscles
(i.e., masticatory pressures transmitted through adjacent bones) (Del Santo et al. 1998).
Growth of the maxilla depends on the influence of several functional matrices that act
upon different areas of the bone, thus theoretically allowing its subdivision into “skeletal

units” appear in Figure 4.2.

Orbital

Body (basal) —(— ) Nasal

Pneumatic

Posterior Anterior

G Alveolar . ..

L0000

Figure 4.2: Schema of “skeletal units” of the maxilla.

The complex action of these functional forces on the facial bones results in different
effects on different sutures. The growth pattern of the dental alveolar arch differs from
that of the facial skeleton, being related to the sequence of tooth eruption. Resorption
along the anterior surface of the bodies of the maxillae creates the supra-alveolar
concavity, thus emphasizing the projection of the anterior nasal spine of the maxilla (Kjaer
and Niebuhr 2005).



Sadler TW (1911) and Scammon RE (1930), earlier demonstrated this type of somatic

development many years ago; there is rapid pre- and postnatal activity, followed by
slowing until adolescent acceleration which continues to a tapering off near adulthood.
One should be cognizant of the fact that this type of assessment elucidates craniofacial
development in a collective sense, and one has simply viewed expansive growth as the net

effect of surface activity alone.
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Figure 4.3: Surface measurements depict enlargement plotted relative to age.

The growth pattern shown by the maxilla, as the major bone in the upper face, provides
an example of the Operation of the three mechanisms of bone movement. If the movement
of a Landmark on the anterior surface of the maxilla from soon after birth to adult life is
examined (point A), all three growth mechanisms are found to participate in the
movement. Firstly, the Landmark (point A) will move mainly in downward direction by
bone deposition on the inferior-facing surfaces of the maxilla. An equivalent, integrated
degree of bone resorption is found on the superiorly facing surfaces as shown in Figure
4.3 (Brodbent and Golden 1975).



Orbital

Figure 4.4: Growth of the upper facial skeleton. Surface deposition, +; resorption, -.

This remodeling is associated with the increase in maxillary height which occurs with the
enlargement of the maxillary sinus and the development and eruption of the dentition.
Secondly, the Landmark will move following sutural growth at the circumnasal suture
system. The effect on point A of growth at these sutures is in a downward and forward
direction, but in this instance the movement is achieved by the bodily movement of the
whole maxilla (Enlow et al. 1977).

Finally, the landmark is repositioned in a forward direction by endochondral bone
formation at the sphenooccipital synchondrosis. In this instance, the whole anterior cranial
base has been repositioned forward by an enlargement of the middle cranial fossa (Savara
and Thomas 1972).

Furthermore, it will be appreciated that the movement of one point on the surface of the
maxilla in a downward and forward direction does not mean that all the points in the
maxilla are growing in the same direction at the same rate. For instance, at stages during
the development of the molar teeth, the posterior aspect of the maxilla is growing rapidly
in a distal direction as shown in Figure. 4.4 (Ricketts RM 1972 and 1973).
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Figure 4.5: Superimposition of radiograph tracings, A) Point of maxilla, B) Composite
tracing showing mean growth trends (postnatal Growth Falkner and Tanner 1978).

In the midline of the nasomaxillary complex, the septal cartilage articulated in infancy
with the ethmoid sphenoid, vomer, and premaxilla bones (Figure 4.5). This structure is
derived from the cartilage of the embryonic nasal capsule and formed from primary
cartilage. At the septoethmoidal junction, the cartilage is replaced by bone in a zone of
endochondral ossification (Baume LJ 1961). Furthermore, the cartilage is attached
anteriorly to the premaxilla by a septopremaxillary ligament (Latham RA 1969). The
growth potential of cartilage region has been prompted by several authors. Scott JH
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(1958), suggested that the nasal septum acts as a primary growth center for the normal
development of the upper facial region. This view is supported by experiments involving
the resection of all or part of the nasal septum in experimental animals, with a resulting
distortion in the normal growth pattern of the facial region (Sarnat and Wexler 1967). As
similar, Gange and Johnston (1974), reported about the septopremaxillary attachment in

rats.

Sphencid

septum
ICartiiaga}

Palatine

Figure 4.6: The nasal septum and adjacent bones in a young child (postnatal Growth
/Falkner and Tanner 1978).

4.1.2 The Midfacial Complex Anatomical Concepts
The first signs of the facial mass ossification appear towards seventh week, i.e. a week

earlier than those in the vault and before those of the endochondral ossification of the base.

Ossification obeys topographical and chronological sites called ossification centers affect
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a provision to Nerve correspondence while the growth of the bone piece is governed by
predominantly muscular dynamic phenomena (Becker, Drachman and Kirscht 1972).
The appearance of bone seems to correspond to a nervous presence introducing the
concept of a neuro-matricial axis whose vomeric model is represented by the internal
spheno-palatal axis (Sadler TW 2011). Ossification takes place in two distinct ways:

1) Indirect substitution ossification of a Pre-existing cartilage model. This is
chondrocranium intended for form the base of the skull and the nasal septum.

2) Direct membranous modality by direct transformation of the connective tissues. It is
the desmocranium intended to form most of the bones of the face and the vault, with the
exception of the inferior horn and the lateral masses of ethmoid.

Some bones have a mixed origin of direct and indirect membranous modality substitution
of ossification like the sphenoid and vomer bones.

Midfacial complex or the middle of the face between the frontal sinus above, the oral
cavity below, and the orbits and maxillary sinuses to the sides compose of the nasal bones
which is encased in a pyramidal-shaped Osseo-cartilaginous framework and is divided
into two compartments by the nasal septum (Ellis and McNamara 1984; Hitotsumatsu,
Rhoton and Albert 2000).

The osseous portion consists of two nasal bones that articulate with the nasal process of
the frontal bone superiorly and fuses with the maxilla laterally. Their lower borders are
beveled on their inner surfaces where they articulate with the upper lateral nasal cartilages
(Dion, Blalock and Gifford 1978).

The nasal cavity is divided by a vertical septum into two similarly paired cavities. Each
half has a medial wall (the nasal septum) and a lateral wall that contains ridges called
conchae or turbinates. The roof of the nasal cavity consists of the crista galli, the cribriform
plate, and the body of the sphenoid containing the sphenoid sinus. The bony floor is made
up anteriorly by the palatine process of the maxilla and posteriorly by the horizontal
process of the palatine bone (Gardner BG 1982). The nasal septum is a midline bony and
cartilaginous structure that is composed of five parts: Cartilage of the nasal septum,
Perpendicular plate of ethmoid bone, Crest of the maxillary bone, Crest of the palatine
bone, Vomer bone (Sadler TW 2011).
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4.1.3 The Vomer Bone ldentification and General Considerations

Identification of vomer bone unlikely to misidentify a complete vomer due to its
characteristic shape. Fragments, however, are likely to be indistinguishable from other
delicate nasal and facial fragments. It composed of two laminae that are fused inferiorly,
but separated superiorly. The space between laminae is greater posteriorly than anteriorly
(Le Diascorn H 1972).

The primitively double vomer develops from two centers of ossification that appear in the
second month in the submucous connective tissue Which covers the lateral faces of the
nasal septum issuing from the nasal capsule. The two bone blades (Vomerous wings) are
gradually bottom up at the same time as the septal cartilage is reduced from back to front.
The vomer then takes the form of a Y shape (Le Diascorn H 1972).

The perpendicular blade reaches the vomer between the 4th and 7th year (Hillenbrandt S
2014). its ossification continues until overlapping with it (Verwoerd, Verhoef and
Meeuwis 1989). The vomer can therefore be divided into two parts:

1-An upper part corresponding to the fusion of the two wings.

2-A lower part in relation to the palate.

4.1.4 The Development of The Vomer Bone

The vomer is a latin meaning (ploughshare) or (vomere) latin meaning to (vomit ,throw
up) because, the ploughshare threw up the earth on either side in fanciful resemblance to
vomitig. Anatomically, it is a thin, trapezoid-shaped plate of bone that lies in the midline
and forms part of the nasal septum. It articulates with the sphenoid, ethmoid, and palatine
bones, and with the maxilla and septal cartilage. It has two surfaces and four borders as in
Figure 4.7 (Arnaud et al. 1997; Sperber, Guttmann and Sperber 2001).
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Figure 4.7: Fetus and neonatal appearnce of vomer bone development (Craniofacial

Development, Sperber 2001).

The two surfaces, forming part of the medial wall of each half of the nasal cavity, are both
covered by mucous membrane and bear grooves for nasopalatine nerves and vessels. The
posterior border bears two thickened alae with a deep groove between them into which
articulates the underside of the body and the sphenoid. The alae are overlapped by the
vaginal processes of the medial Pterygoid plates and the sphenoidal processes of the
palatine bones. The long anterosuperior border articulates behind with the perpendicular
plate of the ethmoid and in front with the nasal septal cartilage.

There may be a band of cartilage between the ethmoid and vomer even into old age but
more usually the two bones fuse in early adult life (Arnaud et al. 1997).

The joint between the vomer and the septal cartilage is unusual in that it is the only freely
moveable joint composed of non-cartilage-covered bone on one side and cartilage on the
other. The perichondrium of the septum and the bone of the vomer are separated only by
a fat pad. This would appear to be a safety device to prevent dislocation of the septum, as
pressure on the anterior border causes the cartilage to bend obliquely on itself in its long
axis (Atherton J 1967).

The inferior border rests on the median crest formed by the horizontal plates of the palatine
bone and the maxilla. The posterior border forms a gently curving, free edge that forms a
midline division between the posterior choanae. It is thin below and thickens above as it

slopes towards the two alae. Incomplete ossification may lead to perforations in the bone
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or to a narrow cavity between the two sides. Most of the variations in the shape of the
vomer play a part in the clinical condition of deviated septum (Takahashi M 1987).

The vomer develops from two intramembranous ossification centres that appear in the
mucoperichondrium at the lower border of the nasal septum during the ninth week of
uterine life (Fawcett E 191l; Macklin CC 1921; Miuller and O'Rahilly 1980).
Histologically, they appear as two slender strips of bone, widest in the middle and tapering
off towards their ends. After about 2 weeks, they fuse at their lower borders beneath the
septal cartilage to form a V- or U-shaped bone. Later still, this becomes Y-shaped in
coronal section which extends from the sphenoid posteriorly to the premaxilla area,
supports the lower edge of the septal cartilage. The posterior part of vomer bone will ossify
later as the perpendicular plate of the ethmoid (O'Rahilly and Meyer 1956).

The vomer is visible radiographically at about 11 weeks and in the third trimester of fetal
life become a boat-shaped, consisting of two leaves of bone joined inferiorly into a single
lamina with a flattened base as seen in (Figure 4.8). Each leaf has a feathery free edge and
is pointed and almost vertical anteriorly. Posteriorly, the two leaves open out to form a
scoop-shaped end, which develops into the vomerine alae (Sandikcioglu, Mglsted and
Kjaer 1994).

Supe nior

Antenior

Anterior

Figure 4.8: The vomer in the third trimester of fetal life is boat-shaped (Schaefer 2009).
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Fawcett R (191l), described the vomer bone as the invading and ossifying the posterior
end of the anterior paraseptal cartilages, which he believed it was originated from the roof
of the nasal capsule.

The postnatal growth of the vomer is intimately connected with the growth of the nasal
septum as a whole and the consequent increase in size of the facial skeleton (Scott M
1958).

Takahashi M (1987), in his study of septal deformity, gave a detailed account of the
changes in the vomer and distinguished nine phases of development. The downward
spread of ossification in the perpendicular plate of the ethmoid reaches the vomer during
early childhood and contact between the two structures induces further ossification at the
open edges of the vomerine groove.

By the age of 10 years, the height of the posterior edge of the nasal septum is about 85%
of its adult size. The superior left and right edges of the vomer fuse, converting the groove
into a vomerine canal by the age of puberty. During adult life, the bone undergoes
compaction and thinning and also increases in height. In early adult life, there is usually

fusion with the perpendicular plate of the ethmoid (Scott M 1958).

4.1.5 Descriptive Anatomy of Vomer Bone

All The faces of the vomer are flat and almost smooth. Quite often there is a deviation of
the partition formed by the vomer, as that one of the faces is convex in a greater or lesser
part of it’s while the other is concave. Sometimes one of the two initial blades forms a
projection or a spur. Below there is a breif explain of the vomer bone edges (Figure.8)
(Sanakcioglu Mglsted and Kjaer 1994; Sperber, Guttmann and Sperber 2001; Schafer,
Black and Scheuer 2009).
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Figure 4.9 Descriptive anatomy of Vomer bone (www.lumenlearning.com, 03" Feb,
2016).

1)The upper edge

Its length about 2 cm, slightly oblique down and back, the edge of the top is hollowed
over its entire length by a groove, of whose lips the leaves of the vomer. The vomeric
sulcus responds to the sphenoidal crest. Ridge Sphenoidal does not descend to the bottom
of the groove, there is a channel Antero-posterior, the vomero-sphenoid canal (spheno-
vomeric canal Median), in which veins run.

The wings of the vomer, narrower and thinner in front than behind, terminate at their
posterior extremity by a well-marked spine directed in Back and forth. They are described
two faces, upper and lower. The upper face is almost flat, rests against the lower face of
the body of the sphenoid bone and extends from each side to the crack between the vaginal
process of the Pterygoid process and the lower face of the bone sphenoid (Sandikcioglu,
Mglsted and Kjaer 1994; Schafer, Black and Scheuer 2009).
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2)The lateral edge

The lateral edge of the Vomerous wing closes this crack, transforming it into
Vomorovaginal canal (lateral spheno-vomereal canal) in which Veinlets and a branch of
the spheno-palatine artery. The underside of the Vomerous wings, slightly excavated,
oblique in base and on the inside, is smooth and free on the 2/3 anterior of its extent. It is
in contact with the medial part of the upper surface of the Sphenoidal process of the palatal
bone.

3)The front edge

Its length is about 5.5 cm, oblique down and forward and thick, anterior of the vomer is
hollowed over its entire length by a furrow well visible in the young subject, trace of the
primitive duality of the bone.

The upper 3/4 of this furrow articulate with the perpendicular blade of the ethmoid, its
anterior 1/4, with the septal cartilage. The posterior border long about 2.5 cm, thin, oblique
down and forward, edge posteriorly is free. It separates one from the other, the posterior
orifices of the nasal cavity or choncha.

4)The bottom edge

Its length is about 4.5 cm, horizontal, the lower edge rests on the nasal ridge formed by
the union of the palatal processes of the maxilla on the one hand, of the palatal bones on
the other hand. Backward, it reaches the spine Posterior nasal fasciitis (PNS) area, forward
it abuts against the incisal crest, portion anterior elevation of the nasal ridge (anterior
overlapping phenomenon).

When the vomer has an anterior spur, the lower edge of this spur articulation with the
incisal ridge: this edge is then higher than that of the Vomerous blade, the notch that they

form hooking the incisive crest (ANS) area.

4.1.6 The Biodynamics of Vomer Bone and Midfacial Complex

The vomer bone consists of two small flanges that conform with the underside of the body
of the sphenoid. It has important position because of the nasal septum and its attachments

to the palatine and maxillary bones through the vomer bone. Aside from serving as a
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buttress for the upper jaw to receive shear forces. Also it is an important site of downward
growth of the human face as seemed in Figure 4.10, 4.11 and 4.12 (Schafer Black and
Scheuer 2009).

Figure 4.11 Misagittal Biodynamic force flexion and extension through sutural
connection.
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Figure 4.12 VVomeral force transmission in different direction as central stunt.

The midfacial retrognathia in relation with the Class Il malocclusions remains unclear.
Indeed, the anterior nasal spine (ANS) correlates with the premaxilla-maxillary suture,
which may have implications for the midfacial growth (Mooney and Seigel 1986; Markus
and Precious 1997).

In the growth of the premaxilla, the nasal septum plays an important direct role and an
indirect role in the growth of the maxilla (Delaire and Precious 1986,1987). In accord with
the hypothesis of septal-mediated traction of midfacial growth, the developmental process
associated with Class Il malocclusion could include cartilaginous growth at the septo
presphenoidal joint (Sarnat J 1983; Moss-Salentijn and Hendricks-Klyvert 1998).

The nasal septum consists of septal cartilage, the perpendicular plate of the ethmoid (PPE)
bone, and the vomer .The nasal capsule and its median nasal septum influence the forward
translation of the upper part of the maxilla, the expansion between the lateral walls of the
nasal fossae, and the development of the premaxilla (Markus and Precious 1997; Singh,
McNamara and Lozanoff 1997a,b and c).

Therefore, Dibbets IMH (1996), reported that the vomero-palatine suture is important for
antero-inferior translation of the palatal bones in 20-30% of adult patients with Class Il
malocclusions. They suggested that the midface is the deciding craniofacial component
for classifying the Class Il patient, and other recent findings support this notion. The
observed Class Il malocclusion (midfacial hypoplasia) seen in cleft palate due to
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deficiencies or abnormal midfacial growth mechanisms (Siegel, Mooney, Kimes and
Todhunter 1991).

Tanne, Matsubara and Sakuda (1995), suggested that the center of rotation of the
nasomaxillary complex is located on the poster superior ridge of the pterygomaxillary near
(Vomer ala region) fissure registered in the sagittal plane.

Overall, evidence for the importance of the premaxilla region in the morphogenesis of the
final maxillary form can be gleaned from studies of the pathoetiology of Orofacial
clefting. The use of vomerine flaps results in midline scarring at the inferior border of the
vomer at the site of the vomeropalatine suture, fixing the palate to the vomer as shown in
Figure 4.13 and 4.14 (Markus and Precious 1997).

This has two effects:

(1) It has an adverse effect on transverse expansion of the maxilla, and

(2) It restricts growth in the sagittal plane; both effects favor the development of a Class
Il skeletal relationship. As well, the reduction in vertical development of the nasal
aperture favors a Class 111 abnormality (Bergland and Borchgrevink 1974; Delaire and
Precious 1985).

On other hand, some authors investigations were emphasized the variability of the
midfacial complex in Class Il malocclusions due to development deficiency at the
transverse palatine suture but that acute angulation of the maxillary incisor may act as a
compensatory occlusal mechanism for the shorter maxilla relative to the longer mandible
(Friede H 1978; Heidbuchel, kuijpers-Jagtman and Freihofer 1993).
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Figure 4.13 Vomeral midfacial force interrelation with anterior maxilla forward

movement.

Figure 4.14 Palatal downward movement accompined with dentition.

The vomer bone is only portion has a direct pre-maxillary action, and several observations
militate in favor of it as reported by (Bergland and Borchgrevink, 1974; Schafer Black
and Scheuer 2009) as follow :

1) The V-shape of the vomer joint with the sphenoid (alar-presphenoidal) is mesethoide
at the top with sphenoid and the pre-maxillary at the front is adapted to the incisal crest
complementally.

2) Pre-maxillary escapement in the labio-palatine clefts bilateral agreements.

3) The application of the vomer in the total unilateral slits due to the absence of counter-

pressure which imbalances the sagittal blade.
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4.2 The Class 111 Malocclusion in terms of major categories

4.2.1 Clinical Consideration of Class 111 Malocclusion

Class Il characterized in both lateral halves of the dental arches by mesial occlusion that
is slightly more than one half the width of a single cusp on each side, but in cases that are

always progressive as the mesial occlusion becomes greater to the full width of a molar or
more. (Angle E 1907)

{99 @58

Normal occlusion Class | malocclusion
Class Il malocclusion Class Ill malocclusion

Figure 4.15 Angle classification of different occlusion relationships

(www.dentodontics.com, 29" November, 2015).

Angle’s description of Class Il malocclusion as seen in Figure 4.15, is known as
mesiocclusion. In its symmetrical (division 1) and asymmetric (subdivision) patterns
focuses not only on the occlusion between the teeth but also on individual variation
(Bishara S 2001).

Angle described that “considerable crowding, especially in the upper arch, and lingual
inclination of the lower incisors and canines”. Although Angle’s classification has been

used for over 100 years around the globe, his assumptions on etiology and diagnosis of
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the malocclusion is lack of definitive evidences. (Baily, Proffit and White 1995; Brunelle,
Bhat and Lipton 1996; Proffit and Fields 2000; Uribe et al. 2013,2014)

Angle’s observation on incisor retroclination preceded the age of cephalometric, which
demonstrated a corresponding proclination of maxillary incisors, reflecting dentoalveolar
compensation by maxillary and mandibular incisors to an underlying skeletal discrepancy
Is characterized by maxillary retrognathism, mandibular prognathism, or both. Sometimes
the incisal compensation is expressed with incisal edge to edge rather than crossbite, yet
it is compatible with molar mesiocclusion and an underlying Class 11 pattern as in Figure
4.16 and 4.17 (Brunelle Bhat and Lipton 1996).

Variations and gradients of severity include the complex differentiation between
macrognathism and prognathism and reference comparison between the skeletal bases and
alveolar bases. Therefore, the mosaic arrangement of the “parts” requires careful diagnosis

under these facts:

4
%

Figure 4.16 A) Lateral cephalometry and B) Tracing (Ricketts 1965).

1. The prevalence of maxillary retrognathism is more than previously thought because its
occurrence is more severe (SNA = 78.04 degrees + 4.04 degrees; norm = 82 degrees * 2
degrees) than mandibular prognathism (SNB = 81 degrees + 2 degrees; norm = 80 degrees
* 2 degrees), the angles SNA and SNB vyielding differences of 4 degrees and 1 degree

from the respective norms.
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2. A more cephalic position of the anterior cranial base is underscored by a higher position
of sella relative to nasion, concomitant with the previously described decrease in the
saddle angle (nasion — sella - basion).

3. A previously unreported superior - posterior tip of the palatal plane.

4. Possibility of environmental induction of mesioclusion: an anterior crossbite, not
necessarily related to genetic factors but sustained by mandibular forward positioning
caused by occlusal interferences, habits, or to improve breathing, may induce forces that
produce maxillary retrognathism that otherwise would not exist and affect the palatal tip
through the occlusion (in a manner similar to the action of a headgear ( Proffit and Sarver
2000).

5. The thickness of the soft tissue envelope, which may differ from one region to another,
can compensate or exacerbate the regional diagnosis.

Three - dimensional imaging of the craniofacial system has not yet generated new
knowledge of Class Il morphology to enable more accurate diagnosis, the aim of which
is to formulate a corresponding individualized treatment approach (Ferro et al. 2003,
Anbuselvan and Karthi 2010).

CLASSIFICATION

* TWEED (1966)
CLASS III MALOCCLUSION

»PSEUDO CLASS III »SKELETAL CLASS III
»Normal Mandible > Large Mandible
?’Url.dcrdcvcl()pcd > Underdeveloped or
Maxillae Normal Maxillae

Figure 4.17 Schematic of both Class 111 malocclusion (Tweed C 1947; Merrifield L 1966).
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4.2.1 Genetic etiology of Class 111 Malocclusion

The association between midfacial hypoplasia and other craniofacial anomalies had been
linked by Al trait gene that associated with dental and/or skeletal open bite malocclusions
and may be related to craniofacial development (Persson and Sundell 1982; Ravassipour
et al. 2005).

Some authors reported cases that involved severe anterior open bite, long face, facial
asymmetry with Class Il skeletal pattern phenotype. These cases were treated with a
multidisciplinary approach and were improved the patient’s quality of life (Keles A 2001;
Keles, Erverdi and Sezen 2003)

Machicek SL (2007), his findings have been carried out on an achondroplasia mouses
model with a phenotype that resembles human achondroplasia. These mouses had a
domed skull, hypoplastic midface and nasal bone, anteriorly displaced foramen magnum
and a prognathic mandible.

By comparing the study based evidence involved in the etiology of midfacial hypoplasia,
further clues into the genetic etiology of Class 11l malocclusion can be ascertained.
Establishing the morphological disharmony related to etiology of skeletal Class IlI
malocclusion may have a direct clinical application in the immediate future, however,
detection of the relation spatial analysis of certain compartment such as the vomer bone
may provide hope for improvements in the management of such patients (Ngan P 2005,
Banabilh et al. 2007).

This information may be used to accurately predict long-term growth changes, and may
lead to earlier non-surgical or minor direct surgical interventions. The craniofacial outline
of skeletal Class Il malocclusion and the development of this disorder must first be
considered in the context of the embryology and growth of the craniofacial skeleton
(Martin et al. 1998).

The morphological orientation of midfacial complex mechanisms involved in the etiology
of Class 11l malocclusions are an important consideration in the development of this
malocclusion (Uribe et al. 2013). Singh GD (1999), inferred that an acute cranial base

angle may affect the articulation of the condyles in their glenoid fossae resulting in their
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forward displacement, and he also inferred that the reduction in the anterior cranial base
size may affect the position of the maxilla.

Currently, the timing of treatment for the Class Ill patient is difficult, but a greater
understanding of the relationship between the morphology of midface complex and

development of this disorder may improve the outcome of treatment.

4.2.3 Diagnostic Consideration of Class 111 Malocclusion

Available evidence on the development of Class 111 suggests the assessment of references
used for more accurate cephalometric diagnosis. Maxillary and mandibular positions are
commonly gauged by the angles SNA and SNB. The position of sella can induce
misinterpretation of data if not corrected to the natural head position “true” horizontal. A
high sella relative to nasion would yield smaller SNA and SNB values when corrected,
thus less maxillary and mandibular prognathism and low position of sella would have
opposite consequences as in Figure 4.17 (Mouakeh M 2001). Regarding SNB specifically,
the deeper the overbite or the more anterior functional positioning of the mandible, the
greater the SNB angle, thus the inference of more mandibular prognathism. Accurate
appreciation of ANB would require “bite opening” or “rotating” the image of the
bimaxillary on the tracing to near normal overbite (20% — 30%). Such exercise is further
rationalized with anterior (functional) maxillary displacement, particularly in the
diagnosis of pseudo Class I11. These issues are not accounted for in research on Class 11

malocclusion (Anbuselvan and Karthi 2010).
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Skeletal: ANB angle
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Figure 4.18 Cephalometric analyis of facial profile by analysis ANB angle
(www.slideshare.com, 8" July, 2016).

4.2.4 Variation of Angle Class 111 Malocclusion Treatment

Angle Class Il malocclusions are the worst type of deformities, the orthodontist is called
upon to treat with different features as appeard in Figur 4.19. When they have progressed
until the age of sixteen or eighteen or after, the jaws have become developed in accordance
with the malpositions of the teeth. The deformities have usually passed beyond the
boundaries of malocclusion only and the bone deformities. For which with our present
knowledge, there is little possibility of affording relief through orthodontic operations
(Angle E., 1907, Frazier-Bowers SA, 2015).
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Cluster analysis for Class Il patients

Five clusters
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» Long face » Short face » Long face » Normal » Normal

Figure 4.19 Diversity of Angle Class 11l malocclusion profile (www.scielo.br, 1%
September, 2016).

An important clinical observation is forward positioning of the maxillary dentition relative
to the mandibular teeth produces an increased maxillary width. Therefore, many
practitioners use the phases of Class 111 malocclusion teatment in relation to severity and
age as in Figure 4.20.

Initial Development stage
l . Infant
Very severe —~€—— dis?\:?!meg::y? —> Mild ~ moderate Pre-
pubertal
I 1st phase ortho ]
1
Growth obs Growth obs Pubertal
Oral health care Oral health care
| ] =
| Post-
Yes <€«———— SuUrgery? ________ 5. No pubertal
Surgical ortho I I 2nd phase ortho
I | Adult
Retention Retention
maintenance maintenance

Figure 4.20 Phases of Class 111 Malocclusion Treatment in relation to Severity and Age

(Esthetic and Biomechanics of orthoontics/ Nanda 2014).
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Because of the need for long-term evaluation of early treatment and a lower incidence of
Class 11l malocclusion within Caucasian populations. The long-term studies of Class 111
treatment are limited. Research including the highest level of evidence indicates three
related Coclusions:

1)Treatment timing: treat early for more effect. The available evidence emphasizes the
efficiency of early treatment because of its potential effect relative to late treatment. Suda
et al. (2000), determined “more pronounced” treatment effects in younger children. Kim
et al. (1999), concluded that protraction face mask therapy is effective in growing patients
but to a lesser degree in those older than age 10 years (Ngan P 2006).

2)Treatment modality: palatal expansion may not be required and chin cup success is
questionable. Palatal expansion is often indicated, particularly in the presence of maxillary
constriction and crowding. Kim et al. (1999), reported similar protraction with or without
expansion, though the average treatment duration was longer without expansion. While
protraction combined with an initial period of expansion more significant skeletal effects
on the forward movement of point A (Baik HS 1995; Yu et al. 2007). The need for
expansion absent in transverse discrepancy (skeletal/dental crossbite) that was not
supported by the results of a prospective randomized clinical trial (Yiksel, Ugem and
Keykubat 2001; Celikoglu and Oktay 2013 ).

3)Treatment Timing and Duration: Although the evidence suggests that treatment should
start at a younger age in the mixed dentition and the treatment of a severe mesioclusion
before the pubertal growth spurt was achievable with sustained compliance. These
suggestions were decided that early orthodontic treatment should not be overdone while
they dealing with growth changes as in Figure 4.21 (Ghafari, Haddad and Saadeh 2011,
Nanda 2014).
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(Molar relationship and overjet)
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Functional assessment
(CO-CR discrepancy)
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Class llIl malocclusion Class |ll malocclusion
Growth assessment Growth assessment
(OP° and LAFH/TFH) (OP° and LAFH/TFH)
T OP? and 4 OP° and T OP?® and L OP®° and
T LAFH/TFH < LAFH/TFH T LAFH/TFH L LAFH/TFH

Functional Functional Skeletal Skeletal
high angle low angle high angle low angle

Figure 4.21 Assessment of different Class 111 malocclusion treatment modality.(Esthetic

and biomechanics of orthoontics, Nanda 2014)

4.2.5 Interceptive Orthodontic Treatments

Facial growth modification can be an effective method of resolving skeletal jaw
discrepancies in growing children with dentofacial orthopedic appliances including the
face mask, maxillary protraction combined with chincup traction and the Frankel
functional regulator 111 appliance (Nanda SK 1988, Bishara S 2001).

Many different functional appliances have proven to be very useful in correcting Class 111
conditions in the growing patient. Clinically, several studies suggested that more anterior
maxillary displacement can be found when treatment begins in the deciduous or early
mixed dentition (Turley PK, 2002).
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4.2.6 Surgical Treatment

Orthognathic surgery in conjunction with orthodontic treatment is required for the
correction of adult skeletal class 111 malocclusion. The controversy is appeared how to
treat underdeveloped maxillary region with midfacial hypoplasia or deficiency and
establish a correct treatment plan for correction of disharmony earlier and with no
complications (Plooij et al. 2011; Joshi, Hamdan and Fakhouri 2014).

Le Fort Il osteotomy is a surgical procedure for the advancement of the entire
nasomaxillary complex ( the center region of the middle third of the maxillofacial region)
to correct midfacial hypoplasia without exophthalmos as appeard in Figure 4.22 (Zuroff
et al. 2010). Le Fort 11 osteotomy and advancement are a recommendable tool to achieve

aesthetic harmony in the face while correcting the occlusion.

Figure 4.22 Le Forte Il procedure A) Lateral and B) Coronal view

(www2.aofoundation.org, 13" May, 2016).
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4.3  Fundamental Characteristics of CBCT Image

Cone beam computed tomography refers to CBCT systems in which the beam projected
by the X-ray source is in the shape of the cone wide enough to radiate either all or a
significant part of the volume of interest. The shape of the beam is controlled by the use
of collimators, which block X-rays from being emitted into undesired regions of the
scanner field of view as in Figure 4.22. CBCT system of a compact variety suitable for
use in small clinics. In the particular system shown in the figure, the gantry rotates in a
circular path about the subject firing a beam of X-rays that illuminates the entire desired
field of view. This results in a series of two-dimensional (2D) images of the X-ray shadow
of the object that is recorded by a 2D array of detector cells. CBCT systems with this
particular scan geometry will be the focus of this book, but it is important to realize that
in the broader medical imaging industry, CBCT devices can vary considerably both in the
shape of the X-ray beam and the trajectory of the source (Sunil K 2014).

The development of compact CBCT for the clinic has made three dimensional imaging

widely and quickly accessible. That image fundamentals are mentioned below as in Figure

4.23 (Horner et al. 2009):
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Figure 4.23 Multidetector A) Fan shaped-CT and B) CBCT (Cone Beam Computed

Tomography in Orthodontics/ Sunil K 2014).
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1. Image Reconstruction

Image reconstruction is the process by which attenuation values for each voxel in the

CBCT image are calculated from the X-ray measurements. This process tends to be the

most computationally intensive software task performed by a CBCT system. There are

tens of millions of voxels in a typical reconstruction grid and each computed voxel value

derives information from X-ray measurements taken typically at hundreds of different

gantry positions. A complete image reconstruction task may hence require, at minimum,

tens of billions of arithmetic and memory transfer operations (Horner et al. 2009).

CBCT manufacturers therefore invest considerable development effort in making

reconstructions achievable within compute times acceptable in a clinical environment.

Because of the computational hurdles associated with image reconstruction, commercial

systems have historically resorted to filtered back projection algorithms as in Figure 4.24.

Tube voltage (kVp)

Tube current (mA)

Scan time

Field of view (FOV)

Slice thickness

High

Low

High
Low

Long
Short

Large
Small

Large
Small

Reconstruction algorithm  Smooth

High frequency

Increased energy of the X-ray beam, increased tissue penetration, good
signal to noise ratio

Better contrast resolution, lower signal to noise ratio and lower dose for
a given tube current

Good signal to noise ratio, thereby increasing the contrast resolution
Lower patient dose, poor signal to noise ratio

Prone to motion related artifacts
Superior temporal resolution, fewer artifacts

Larger area is covered, lower spatial resolution
Better spatial resolution

Good signal to noise ratio, lower z-axis resolution
Partial volume effect is reduced, poor signal to noise ratio

Image appears smother and less noisy, spatial resolution suffers
Better spatial resolution but noisier image

Figure 4.24 CBCT Scan parameters influencing image quality (Cone Beam Computed
Tomographyin Orthodontics/ Sunil K 2014).
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2. Imaging Performance

Several quantitative measures of image quality that are commonly used to assess the
performance of a CBCT device, namely noise performance, low-contrast detectability,
and spatial resolution. CBCT manufacturers will typically report such quality
measurements in the user manuals issued with their devices. Typically also, manufacturers
provide customers equipment to repeat these measurements and specify in the user manual

how reproducible the measurements should be (Sunil K 2014).

3. Image Noise

The term measurement noise refers to random variations in CBCT measurements. Image
noise refers to the ensuing effect of these variations on the reconstructed image. In CBCT
scan, there are several sources of measurement noise that make the measurements not
precisely repeatable. When X-rays are fired through a patient along a certain straight-line
path, there is randomness in the number of photons that will penetrate through the object
to interact with the detector. There is also randomness in the number of photons that, after
penetrating the object, will successfully interact with the X-ray detector panel to produce
a signal. Finally, there are also elements of random fluctuation in the detector electronics
itself, independent of the object and the X-ray source (Horner et al. 2009).

4. Spatial Resolution

Spatial resolution refers to how well small or closely spaced objects are visualized in an
image. Spatial resolution in a CBCT system is partly limited by the size of the image
voxels used for reconstruction. However, the resolution is further limited by various
sources of system blur.

To measure in-plane spatial resolution, it is traditional to report the modulation transfer

function (MTF). MTF is a graph showing how the imaged contrast of densely clustered
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objects decreases, as a result of system blur, with the clustering density as in Figure 4.25
(Suomalainen et al. 2009).

MTF

Spatial Frequency (1/cm)

Figure 4.25 Spatial relaion accuracy with MTF value of image (Suomalainen et al.
2009).

As a result of blur effects, the intensity of small or narrow objects is diluted with
background material in the image, thereby lowering their apparent contrast. Since objects
must be of decreasing size to be clustered more densely, an accompanying decrease in
contrast with density is typically observed. This is illustrated a series of progressively
denser line pair targets, with the density expressed in line pairs per centimeter (Ip/cm).
One can see how not only the separation between the more densely spaced line pairs
diminishes as a result of blur, but also their percent contrast with the background medium
( Roberts et al. 2009).

5. Low-contrast Detectability

Low-contrast detectability is a performance parameter of CT systems that measures its
overall ability to resolve small differences in intensity between objects. To test low-
contrast detectability in a CT system, phantoms containing low-contrast targets of a range

of sizes, are often used. As discussed in the previous section, system blur reduces the
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contrast of small objects. However, there are other contrast-limiting effects in a CBCT

system that can affect the visibility of large objects as well (Pauwels et al. 2012).

6. Field of View

Many CBCT units allow the operator to restrict the beam size to a predetermined area or
field of view. Typically, the field of view is described as small (or limited), medium, or
large depending on the extent of anatomic coverage as in Figure 4.26:

The field of view are as below:

a. Small field of view (also referred to as limited or focused fields of view): scan height
and width less than 5 cm.

b. Medium field of view (also referred to as dentoalveolar field of view): scan height 5—
15cm.

c. Large field of view (also referred to as craniofacial field of view): scan height greater
than 15 cm. It is of utmost importance to select the optimal field of view for a particular
diagnostic task (Patel et al. 2009).

[ il sndfor Raciographic Fnavg | [[Refcnimgedl] [ rov ]

Small FOV

Medium to Large
Fov

Figure 4.26 Protocol for selection of approperiate CBCT-FOV. (Cone Beam Computed
Tomographyin Orthodontics, Sunil K, 2014)
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4.3.1 Availability Shifting From 2D To 3D Image Analysis Uses

Technology development has led to scientific advances in diagnosis and treatment
planning using three dimensional (3D) assessment of facial morphology at baseline to be
more effective and rational for orthodontic and Orthognathic surgery. With the availability
of cone beam computed tomography (CBCT), the preparation of the surgical plan is
shifting from using 2D radiographic images to 3D images and models. In the past ten
years, a number of research centers and commercial companies have strived to provide
software environments that allow preparation of the operative plan on 3D models of the
skeletal structures extracted from the CBCT (Cevidanes et al. 2005).

As these planning systems begin to be used in clinical practice, it is important to validate
the clinical application of these methods. Studies on the 3D bone remodeling and
displacements with surgery have helped elucidate clinical questions on variability of
outcomes of surgery (Pelinsari et al. 2012). The image analysis tools have been adapted
for use with CBCT imaging of the craniofacial complex and have brought significant
contribution in clinical needs that broaden the diagnosis and narrow the treatment targets.
3D morphometric approaches like volumetric analysis and landmarks linear and angular
analysis are more logical and give a clear preview for topic selected to evaluate by image

anlaysis description (Tucker et al. 2010).

4.3.2 Image Analysis Of Dentofacial Anomalies

CBCT imaging offers the ability to analyze facial asymmetry and antero-posterior,
vertical, and transverse discrepancies as in Figure 4.27. The virtual treatment simulations
can be used for treatment planning in orthopedic corrections and Orthognathic surgery
and for printing surgical splints. Computer-aided jaw surgery is increasingly in use
clinically due to the possibility of incorporating a high level of precision. In complex
cases, CBCT acquisitions for growth observation, treatment progress, and posttreatment
observations may be helpful to assess stability of the correction overtime (Aggarwal P
2011; Behnia et al. 2015).
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The methods for computer-aided systems follow procedures from the image scanners to
the operating room as in Figure 4.27, 4.28 (Ebner et al. 2010; Wilde et al. 2013).

The advantages of those systems, they do not require time or computer expertise for the
surgeon.The computer-aided facilities steps include (Dalessandri et al. 2011):

(1) data acquisition: collection of diagnostic data.

(2) Image segmentation: identification of anatomic structures of interest in the image
data sets and visualization of 3D display of the anatomic structures.

(3) Diagnosis: extraction of clinical information from the 3D representations of the
anatomy, for example, by using mirroring planes.

(4) Planning and simulation: preparation of an operative plan by using the virtual
anatomy, and preparation of a simulation of the outcome.

(5) 3D printed surgical guides or individually fabricated synthetic grafts or prosthetic
repair.

(6) Intraoperative guidance: assistance for intraoperative realization of the virtual plan.

y ¥ 4
& |

'

Figure 4.27 3D Virtual planning of orthognathic surgical plane (Cone Beam Computed

Final Posiion

A

Tomography/ Sarmant D 2014).
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Figure 4.28 3D analysis by liunear and angular references.(www.sciencedirect.com, 19
May, 2016)

4.3.3 Quantitative Image Measurements

Precise quantitative measurement is required to assess the placement of bones in the
desired position, the bone remodeling, and the position of surgical cuts and fixation screws
and/or plates relative to risk structures. Current quantification methods include the
following:

1. Volume measurements

Lepage et al. (2006), reflected the increase or decrease in size, but structural changes at
specific locations are not sufficiently reflected real volume measurements. The volume
assessment does not reveal location and direction of proliferative or resorptive changes,

which would be relevant for assessment clinical results.
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2. Landmark-based measurements

Rohr L (2001), presented errors related to landmark identification. Locating of 3D
landmarks on complex curving structures is not a trivial problem for representation of
components of the craniofacial form (Dean et al., 2005). Bookstein D (1997), noted, there
is a lack of literature about suitable operational definitions for the landmarks in the three
planes of space (coronal, sagittal, and axial). Gunz et al. (2004), proposed the use of semi-
landmarks, that is, landmarks plus vectors and tangent planes that define their location,
but information from the whole curves and surfaces must also be included. The studies of
Subsol et al. (1998) and Andresen et al. (2000), provided clear advances toward studies of

curves or surfaces in 3D, referring to tens of thousands of 3D points to define geometry

as shown in Figure 4.28, 4.29.

Figure 4.29 Landmark-base measurment analysis.(www.researchgate.com)

4.3.4 Three-Dimensional Imaging Technical Information

Two-dimensional photographs or radiographs have two axes, horizontal and vertical. In a
three-dimensional image, there are three axes: X-axis (transversal), Y-axis (vertical) and
Z-axis (anterioposterior depth). In medical imaging, both axes form a plane or section.
The plane "sagittal plane™ in front of the front is called the "coronal plane” from right to
left or left to right, and the lower "axial plane™ from above or above. The fourth sections
used are shown in Figure 4.30 (Katsoulis et al. 2009 ).
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Computer-generated three-dimensional image, photorealistic by using some algorithms to
generate images. To display a three-dimensional object on a two-dimensional computer
screen there are orthographic projection (four sectional screen), size and shape, in terms

of perspective it is more suitable to evaluate the object geometry.

Figure 4.30 Orthographic projection view of CBCT analysis.(www.InTechOpen.com)

The smallest structural element of a two-dimensional digital image is called a "pixel". A
pixel is a small quadratic image element that creates rows and columns in two dimensions.
Each pixel contains information such as color, brightness, density. Resolution is related
to the number of pixels in the image (pixels / mm), the rate of gray falling to the pixel
head (bits), and the distribution of gray layers. Radiographic images use gray color with a
density value between 8 bits (28 = 256 gray shades) and 12 bits (212 = 4069 gray shades).
The smallest structural element of a three-dimensional view is called "voxel". They are
small jugs arranged side by side. As in the pixels, each voxel contains information about
the related anatomical structure. The size of the data size is the most important barrier to

the clinical use of volumetric images (Freeland 2012).
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4.3.5 Efficacious Use Of CBCT And Limitations

CBCT and 3D imaging in orthodontic diagnosis and treatment planning accurate imaging
is an essential requirement in orthodontics for deriving an appropriate diagnosis,
formulating an optimal treatment plan, and monitoring and documenting treatment
progress and outcome. The information needed to arrive at a diagnosis and treatment plan
has relied on a combination of 2D data obtained from photographs and conventional
radiographs and 3D visualization derived through clinical examination of the patient and
analysis of plaster casts. Digital technology have evaluated study models, facial and dental
morphology using CBCT in three-dimenssions.

Despite the increasing popularity of CBCT, there is a range of opinions among clinicians
from those who advocate routinely use for all orthodontic patients to those who
recommend its use in specific cases that conventional radiography cannot supply
satisfactory diagnostic information and treatment plans (Isaacson et al. 1977; Horner et al.
2009; Sedentexct Project Consortium 2011). This implies that the justification for using
CBCT in orthodontics is linked to its diagnostic and therapeutic efficacies of clinical
problems that include impacted teeth, facial descripancy. Thus, determining the efficacy
of CBCT in enhancing orthodontic diagnosis and therapeutic decisions is a key not only
to validate the utility of the technology in specific situations, but also to define clinical
protocols that will generate optimal information with minimal radiation exposure (Figure
4.28).
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Figure 4.31 Efficacy of using CBCT in Orthoontics (Cone Beam Computed
Tomographyin Orthodontics, Sunil K, 2014)

CBCT likely provide information that could result in one or more of the following
outcomes:

(1) Enhance diagnosis by localizing the site of aberration as for impacted and transposed
teeth,

(2) quantify the magnitude of defect or deformity as for Clefts patients,

(3) help to provide a differential diagnosis on whether the defect is skeletal, dental, or
both,

(4) Identify the jaw(s) involved and determine whether the aberration is bilateral or
unilateral as in Orthognathic surgery, asymmetry, craniofacial anomaly (Feichtinger et al.
2007).

A potential positive decision to undertake a CBCT examination should be made only after
the clinician has carefully evaluated the patient history and chief complaint. Thus decision
performed a clinical examination, and, where indicated, taken traditional 2D radiographs
not benificial. Such a careful selection of patients for CBCT imaging will ensure
maximum benefit while avoiding unnecessary risks to patients who do not need this

diagnostic imaging (Frush et al. 2012).
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4.3.6 Virtual Reality With 3D Imaging Combinations

Recent advances in technology and computer software have brought together excellent
data and methods that facilitate biomedical modeling and simulation research. For the
segmentation of three-dimensional volume data, this process is performed automatically
in current software without the need for user intervention. Software such as 3D Slicer
(MIT, Massachusetts Institute of Technology, USA), Mimics® (Materialize, Leuven,
Belgium), Amira (Mercury Computer Systems Inc., Massachusetts, USA), V-works
(CyberMed, Seoul, Korea) Image segmentation and modeling based on semi-automatic
image processing. These programs use a generalized walking cubic algorithm to construct
a segmented wireframe mesh, and form a model in the STL (Standard Triangulation
Language) format or in other formats (Enciso et al., 2003). Models created:

1- Merging of different images that US , MRI ,CT origin and others.

2- Analysis and manipulation using computer tools.

Different three-dimensional images segmented by image processing programs which can
be combined using the same programs. Uechi et al. (2006), performed the registration of
images with skeletal reference to creat a virtual model allows precise planning for
aesthetic and function for different treatment alternatives. Realistic simulation of the
complex of facial soft tissues consisting of skin, muscles, connective tissue, sebaceous
glands, nerves and veins is a very complicated and difficult operation ( Jansen et al. 2001).
The data obtained from the CBCT images were formatted can not be realistic and
deformable. So the studies indicate that the actual outcome does not clearly coincide with
real-time simulation of the soft tissue response (Peterlik et al. 2010).
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4.3.6 MIMICS Software

It is a medical imaging and control system software developed by Mimics® (Materialise's
Interactive Medical Image Control System, Materialise, Leuven, Belgium). It is an
interactive computer program can display the finest details, transfering two-dimensional
CBCT data to the three-dimensional. The most important feature of Mimics® is that it is
segmented using Hounsfield values. The only limit is the physical memory of the working
computer. The software allows physicians and radiologists to control CBCT in full detail
and segment all tissues. Mimics® has a several modular structures. These modules are:

- Basic module,

- Simulation module,

- STL + module,

- Finite element analysis (FEA) module,

- RP Slice module for rapid prototyping,

- MEDCAD module

- IMPORT module

Physicians and researchers can create a modular structure that is appropriate for the
application or operation to be performed. In addition, The two-dimensional CBCT is
converted directly into the Mimics® image format, providing ease of use with the import
module, and the necessary information is provided for the implementation of future
procedures (Santler et al. 1998).

Mimics® uses a flexible interface to quickly obtain a three-dimensional image of the area
of interest, parameters for resolution and filtering can be given. For each three-
dimensional model height, width, volume, surface and similar information can be
obtained. The image data is displayed in various ways, each of which provides unique
information. Mimics® split screen; Original axial image and cross-sectional image of
"coronal and sagittal”. It has the ability to move, zoom, rotate and adjust the contrast of
the three-dimensional image. Point-to-point measurements can be made both in two-
dimensional sections and in three-dimensional reconstructions. The Mimics® simulation

module includes functions of cutting, separating, merging, mirroring, distractor
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positioning, determining nerves. The simulation module contains points, planes and
measurement lists. It is possible to add to these lists. The angle between three points or
between two lines can be measured with this module. Inside the module is a library of
distractors (Kim et al. 2010; Manmadhachary et al. 2017).

The Mimics® STL + module interfaces format can be used from an image, from a three-
dimensional object can be output from the file. Mimics® makes it easy to understand the
problem by creating a three-dimensional model of the problematic area of the patient. In
addition, another model that will be created by coloring for problematic regions in a
complex structure will help achieve a more efficient solution. This application reduce both
the risk and the surgeon's time. In the three-dimensional modeling provide a rapid
recovery of the patient problem by covering the anatomical characteristics of the patient
(Swennen et al. 2009).

4.4.9 Morphometric Analysis With MIMICS Program

Mimics® program main screen create orthographic view of sagittal, coronal, axial and 3D
reconstruction model of the original image as in Figure 4.30. The Mimics® program
allows Hounsfield values to be used to separate images from different textures. The
desired structure can be separated from other tissues by selecting the existing values of
different tissues in the program. This process is performed with the program's thresholding
function (Manmadhachary et al. 2017).

The vertebra, mandibula, and cranium can be obtained separately three-dimensionally
after bone tissue has been separated from other structures. This process is performed by
the user, not automatically by the program. Each structure that is desired to be separated
is referred to as adjacent structures ( Santler et al. 1998; Swennen et al. 2009).

Within the Mimics® simulation module for cephalometric analysis there are different
analyzes where angular and linear measurements can be made: Downs analysis, Steiner
analysis, Tweed analysis, Ricketts analysis, Mc Namara analysis, Ortognatic surgery
analysis (Le Fort I, I1, 11l and Genioplasty), Soft tissue analysis. In addition, a different

analysis can be defined by taking advantage of the points and planes used in existing
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analyzes or by specifying new points and planes. After the preferred or later generated
cephalometric analysis is selected, the display can be marked on the three-dimensional
surface model or on the sectional views (Fishman et al. 1991; De Oliveira et al. 2009;
Cevidanes et al. 2010).
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5. MATERIALS AND METHODS

5.1. Patient selection

This retrospective study was approved by Clinical Researchs Ethic Comittee of Marmara
University, Faculty of Dentistry, with a protocol number: 2016-36. CBCT images of 150
patients were selected and examined from the patient archives of the Departments of
Orthodontics, Faculty of Dentistry, Marmara University. Due to image distortion and
artifacts, 54 images were excluded and the remaining 96 patients aged from 16 to 30 years
old were matched for the present study.

Of the patients, 36 were Angle class | normal occlusion and 60 were Angle class Il
malocclusion. In total 44 (45.8%) were female and 52 (54.2%) were male. The mean age
was 23.23 * 3.92 year-old. Patients were divied into three groups: normal type (A) group
of 37.5% (n = 36), mild type (B) group with edge to edge occlusion of class Il
malocclusion of 18.8% (n = 18) and severe type (C) group with reverse (negative)

occlusion of class 111 malocclusion of 43.8% (n = 42) as in Figure 5.1.

Type Groups

B Type B
Type C

Figure 5.1: Percentage of patients in each groups (Excel MS, 2013).
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5.2 The study Inclusion and Exclusion Criteria

1. Inclusion criteria

All patients were caucasian Turkish patient with:
1. Class | skeletal relationship as control (A) group with:
a. Balanced facial profile appearance.
b. Full set of permanent dentition.
c. Normal curve of Spee (0-2) mm.
2. Class 111 skeletal relationship as study cases for both (B, C) groups with:
a. Accepted rate of symmetry and midline of coincidence without shifting or deviation.
b. No previous orthodontic or Orthognathic treatment.
c. No acute or previous temporomandibular disorder like hyperplasia or ankylosis.
3. Age of patients between (15-30) years old.

2. Exclusion criteria

1. Traumatic facial discrepancy or incompatibility parafunctional habits.

2. Post-operative surgical facial discrepancy.

3. Post orthodontic or through orthodontic treatment or under corrective interventional or
protective device applied.

4. No craniofacial dysostosis anomaly, like Crouzon or Apert syndrome.

5. Post Orthognathic surgical treatment or past history of surgical bimaxillary correction.
6. Past history of CNS disease or treatment.

7. Past history of rheumatologic disease or treatment.

8. Midfacial alveolar related pathology (Dentofacial cyst or tumor).

9. Osteogenic related Systemic diseases like (Diabetic milletiuts, kidney related disease).

10. Angle class 11 skeletal malocclusion with increased overjet value.
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All the patients were subjected to Steiner's analysis of interocclusal (ANB) angular value
and classified into the following groups as shown in Figure 5.2.

Fle B0 Vew Pooh Segmentsben M Sendsbon MedCA0 1A Tagieten Dot Opbom  Melp
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Figure 5.2 Stenier’s analysis ANB angular value.

1. The “type A” of Angle CI | normal occlusion with a maximum interocclusal (ANB)
angular relation value above (4°< ANB >1°).

2. The “type B” of Angle CI I1l malocclusion with an edge to edge interocclusal (ANB)
angular relation value (1°< ANB >-1°).

3. The "type C” of Angle CI 11l malocclusion with an inverse interocclusal (ANB) angular

relation value (< -1°).

5.3 Collection of Data

All records of CBCT images had been taken for the pre-orthodontic treatment or
orthognathic surgery. The CBCT images were taken with the ILUMA CBCT scan for all
patients which acquired with technical properties of the CBCT (lluma Imtec, 3M, St Paul,
Minn). The Scans were acquired while the patient was sitting upright with the Frankfort
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Horizontal plane (FHP) parallel to the floor, at maximum intercuspation. The patient's
head position was adjusted with the help of two laser beams, one parallel to the floor,
coinciding with the Frankfort Horizontal plane, and one vertical beam passing through the
patient's facial midline. The patients were not asked to swallow and move to their heads

or tongues during exposure.

5.4 The Scan Machine and Mimics Software

Technical properties of the machine used:

e Brand Name: lluma Imtec imaging by 3M Company
e Focal Spot: 0.3 mm x 0.3 mm

e X-ray tube applied: 120 KV

e X-ray tube current: 1-4 mA

e Detector size: 19.5 x 24.5 cm

e Scanning with 360 degrees rotation

¢ Radiation: 58 micro Sieverts maximum

e Scanning time 7.8- 40 seconds (180 rotation angle)
e Field of View (Imaging area) : 14.2 Cm x 21.1 cm
e Voxel Size: 0.0936 mm

e Gray Scale: 14 bit

In capture mode, the STLs module data was exported in DICOM (Digital Imaging and
Communications in Medicine) format. The DICOM image-data obtained from CBCT
module were transferred to a network computer workstation, where analysis of linear,
angular variables and 3D volumetric analysis were processed in orthographic view using

Mimics 19.0 software (Materialise Europe, World Headquarters, Leuven, Belgium).
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5.5 Linear and Angular Referance (Shape) Analysis

All CBCT data were examined and analyzed by the same examiner (Dr.Ammar MOHI)
under the revision of two orthodontist-examiners in order to estimate proper orthodontic
principal for this study.The method for converting CBCT data to DICOM image in
orthographic sectional views and segmentation was manually done by the thresholds scale.
Firstly, initial orientation (top, bottom, left, right, anterior, posterior) was verified. After
verifying the orientation, a predefined threshold representing the bone Hounsfield Units
(HU) was chosen with a minimum limit of (-1024) Hounsfield Units (HU) and a maximum
of (1650) HU.The threshold (bone scale threshold) is important to create first separation
of the involved anatomical structures landmarks. A mask was generated for each patient’s

study parameters made it separetly proceed within work flow. The mask can be edited by

using aforementioned tool bar for adding removal and cropping function.

Figure 5.3: Screen view of Mimics software
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After the mask was created, using the "segment" tool “region growing” option for the
target skeleton (green) was selected and a refine mask created. So any existing irrelevant

interferences like metal bar or artifacts were excluded.

Figure 5.4: Region growing segmentation tool

After this refined mask was created, a new mask with different color (yellow) was initiated
with high quality and smooth 3D bone model. The 3D tracing of cephalometric analysis
was predefined already to estimate the linear and angular measurement on four sectional

screen using measurement tool bar of Mimics 19.0 (Materialise, Leuven, Belgium).
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Figure 5.5 Three Dimenssional Cranial bone model reconstruction

This skeletal linear and angular reference planes measurements based on landmarks were
detected, connected and traced on the 3D models. The definition of the skeletal landmarks,
the skeletal planes and the angular references used in this study are presented in Tables
5.2,5.3and 5.4.

Before the construction of the planes above, the Frankfurt Horizontal plane was defined
to overcome head tilting movement by the plane passing through left and right Porion and
right Orbitale. Also the midsagital plane of anterior cranial base through Nasion to Sella
turcica central point was detected. If the tracing of any landmark would be disturbed by
the presence of artifacts, the threshold of the hard-tissue or the soft-tissue mask would be
readjusted or excluded as in Figure 5.5, 5.6, 5.7 and 5.8.

In cases where any point was out of the field of view of the CBCT or distorted, the image

was not included in the assessment.
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Figure 5.6: 3D Midsagital coordination with Frankfurt plane (Fr-plane) lateral view.

Figure 5.7: Midsagital coordination with Frankfurt plane( Fr-plane) upper view.
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Figure 5.9:

Lanmarks with Dimenssional Analysis in 3D Reconstruction view.
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Table 5.1: Study Skeletal Landmarks with brief definition.

Landmark Definition

Nasion (N) The junction between the nasal and frontonasal sutures

Sella (S) The center of the sella turcica on the midsagittal plane

Basion (Ba) The most anterior curve of foramen magnum

Porion (Po) The most superior point on the upper rim of the external
auditory meatus

Orbitale (Or) The most inferior point on the lower rim of the orbit

Anterior nasal spine (ANS)

The most anterior point on the floor of nose

Posterior nasal spine (PNS)

The most posterior point on the floor of nose

A point (A)

The deepest point between ANS and prosthion at the

midsagittal plane of upper alveolus of upper incisors

Canine eminence (Ce)

The point on the surface of the maxilla corresponding to

the canine root apex and symmetrical to vomer apex C

medially

B point (B) The deepest point between pogonion and the alveolus of
the lower incisors on the midsagittal plane

VVomer apex (C) The most anterior and medial point at upmost opening of

nasopalatine canal corresponding to canine eminence

point CE bilaterally

VVomer base( BV)

The most posterior and medial point of maxilla at
lowermost opening of sphenopalatine fissure opening

corresponding to point PNS medially

VVomer ala anterior (Ala)

The most superior and medial point at uppermost level

of anterior sphenoid body.

VVomer ala posterior (Alp)

The most posterior and medial point at lowermost level

of anterior sphenoid body.
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Table 5.2: Study Linear variable with breif description.

Reference plane

Definition

N-S Cranial base plane

Line plane between points N and S

S-Ba posterior facial plane

Line plane between points S and Ba

Oo0-Po  Frankfort plane

Line between points Oo, and Po

ANS-PNS midfacial lower occlusal plane

Line between points PNS and ANS

N-ANS anterior vertical facial plane height of midfacial

area (anterior depth of midfacial area)

Line between points N and ANS

S-PNS  posterior vertical facial plane height of

midfacial area (posterior depth of midfacial area)

Line between points S and PNS

N-A anterior premaxilla plane

upper facial height plane

Line between points N and A

N-B full facial height plane

Line between points N and B

ANS-C anterior horizontal maxilla impaction plane

Line between points ANS and C

N-C posterior premaxilla plane

Line between points N and C

A-C anterior vertical maxilla impaction plane

Line between points A and C

Ala-Alp horizontal ala plane of vomer

Line between points Ala and Alp

Ala-C transverse roof plane of vomer

Line between points Alaand C

Alp-C sagittal full length of vomer

Line between Alp and C

Alp-BV sagittal posterior plane of vomer

Line between Alp and BV

C-BV sagittal base plane of vomer

Line between C and BV
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Table 5.3: Study Angular variables with brief description.

Measurement

Definition

Cranial base angle NSBa (°)

The angle between points: N, S and Ba on the

midsagittal plane

Facial intermaxillary angle ANB (°)

The angle between points: A, N, and B on the

midsagittal plane

Cephalic impaction angle (°)

The angle formed by intersection between the S-ANS
line and ANS-PNS plane projected on the midsagittal

plane

Cephalic displacement angle (°)

The angle formed by intersection between the N-S line

and S-PNS plane projected on the midsagittal plane

Facial impaction angle (°)

The angle formed by intersection between the N-ANS
line and ANS-PNS plane projected on the midsagittal

plane

Facial profile angle (°)

The angle between points: N, A and B on the midsagittal

plane

Cephalic vomer displacement angle (°)

The angle between points: S, C and PNS on the

midsagittal plane

VVomer vertical impaction angle (°)

The angle between points: C, N and ANS on the

midsagittal plane

Vomer horizental impaction angle (°)

The angle between points: Ala, C and BV on the

midsagittal plane

Vomer backward occlusal angle (°)

The angle between points: ANS, C and PNS on the

midsagittal plane

Vomer backward inclination angle (°)

The angle between points: C, BV and ANS on the
midsagittal plane

Vomer roof posterior inclination angle (°)

The angle between points: Ala, BV and Alp on the

midsagittal plane

VVomer basal posterior inclination angle (°)

The angle between points: Alp, Ala and BV on the

midsagittal plane

VVomer midfacial posterior inclination angle (°)

The angle between points : C, BV and Alp on midsagittal

plane

VVomer roof midfacial displacing angle (°)

The angle between points : C, Alaand BV on midsagittal

plane
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5.6 Size Analysis of Reconstructed 3D Vomer Bone Model

After initial shape analysis of linear and angular measurements were finished, The vomer
bone size changes represented by different volumetric pattern of 3D reconstructed vomer
bone model in three study groups. The "crop mask™ and "edit mask™ options control the
area of interest (AOI) is the vomer bone area that should be isolated from the surrounding

as shown in Figure 5.9.

Figure 5.10: The area of interest AOI isolation by crop mask and edit mask tools

The segment tool "split mask "feature was isolated the same skeletal threshold with
definitly two different masks boundries by drawing outline area of interest follow
lanmarks. With an identified mask color, the vomer bone mask (region A) was isolated
from surrounding midfacial mask (region B) of same threshold scale preparing for final
steps of 3D reconstruction of vomer bone size pattern measurements as shown Figure
5.10.
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Figure 5.11: Split mask of Vomer bone from surrounding structures

As a result, the images of the isolated vomer bone with a different mask colors within the
same AOI appeared in Figure 5.11.
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Figure 5.12: The vomer bone with a different mask color within the same AOI
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After separation of vomer bone mask by split tool from surrouning AOI, The 3D

recostruction of both mask of facial an vomer bone were calculated as in Figure 5.12.
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Figure 5.13: The 3D model of reconstructed cranial bone with Vomer identification.

The 3D vomer bone size (volumetric value) in mm3 was calculated separately for each

patient in different group for evaluation an comparison as shown in Figure 5.13.

The manipulation of vomer bone or other midfacial bone masks could be formulated as

shown in (Figure 5.13) for different purposes with various modification but it required

certain knowledge about user manual instructions and training skills to provide an accurate

and clear image with definitive craniofacial profile details.
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Figure 5.14: The 3D reconstruction model of vomer bone.

5.7 Statistical analysis

Statistical processing and analysis of the data was performed using SPSS statistics
program for Windows (version 22.0, SPSS, Chicago, IL, USA). Also Statistical
Investigations NCSS 2007 (Kaysville, Utah, USA) program was used for statistical
analysis. Student t test was used in two group comparisons of the variables that showed
normal distribution in comparison of descriptive statistical methods (mean, standard
deviation, median, frequency, ratio, minimum, maximum) as well as quantitative data.
Mann Whitney U test was used in two group comparisons of non-paired variables that
were used. The Kruskal Wallis test and the Mann Whitney U test were used in the
comparison of the three groups without normal distribution. Spearman's Correlation
Analysis was used to evaluate the inter-variable relationships. The Fisher-Freeman-Halton
Test was used for the comparison of qualitative variables. Statistical Significance was
established at p <0.05.
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6. RESULTS
6.1 Study Type Age and Gender Desicription

In total of 96 patient images were (45.8%, n = 44) of female and 54.2% (n = 52) male.
The ages of the cases ranged from 15 to 30, with an average of 23.23 + 3.92 years.
According to the three study groups 37.5% (n = 36) were type A, 18.8% (n = 18) were
type B and 43.8% (n = 42) were type C as shown in Table 6.1.

Table 6.1: Descriptive Analysis of study Type, Age and Gender.

Age (year) Min-Max (Median)  16-30 (23)
MeanzSDs 23,23+3,92

Gender; n (%) Female 44 (45,8)
Male 52 (54,2)

Type; n (%) Normal (A) 36 (37,5)
Mild (B) 18 (18,8)

Severe (C) 42 (43,8)

There was no statistically significant difference between the mean ages of cases according
to study groups (p> 0.05). Whereas; there was a statistically significant difference between
male and female (p<0.01). The incidence of C type group in males is significantly higher

as shown in Table 6.2.
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Table 6.2: Descreptive Analysis of study Type Groups with Age and Gender.

Type
Normal (A) Mild (B) Sever (C)
(n=36) (n=18) (n=42) p
Age (year) xﬂ'zdﬂ"’; 16-30 (22,5)  18-30 (21) 18-30 (23)  “0.644
MeanSDs 23,2844,25 22,55+4,67 23,47+3,43
Gender;n  Female 18 (40,9) 18 (40,9) 8 (18,2) b0,001**
%) Male 18 (34,6) 0 (0) 34 (65,4)
aKruskal Wallis Test PFisher-Freeman-Halton Test **p<0,01

6.2 Evaluation of the method error

To determined the random error, all measurements of 15 randomly selected CBCTs (20%
of the sample, 5 from each group) were repeated 2 weeks after the initial examination by
the same examiner. Interclass correlation coefficients ( ICCs) test was used to assess the
reliability of the measurements as shown in Tables 6.3, 6.4, 6.5 and 6.6.

For each measurement’s method error, upper and lower of 95% confidence interval CI
was determined. Consistency level between first and second measurements for all
parameters was above 95%.

Results of ICC analysis showed that repetition of measurements does not affect the error
rate.
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Table 6.3: Interclass Correlation Coefficient for Linear parameters.

Variables ICC Correlation 95% CI P
N-S 0.975 0.898-0.994 0.001**
S-Ba 0.950 0.798-0.988 0.001**
Oo-Po 0.984 0.939-0.996 0.001**
ANS-PNS 0.990 0.960-0.998 0.001**
N-ANS 0.986 0.948-0.997 0.001**
S-PNS 0.994 0.976-0.998 0.001**
N-A 0.999 0.998-1.000 0.001**
N-B 0.999 0.994-1.000 0.001**
ANS-C 0.997 0.986-0.999 0.001**
A-C 0.998 0.955-0.997 0.001**
Ala-Alp 0.998 0.994-1.000 0.001**
Ala-C 0.996 0.986-0.999 0.001**
Alp-C 0.956 0.834-0.989 0.001**
Alp-BV 0.999 0.997-1.000 0.001**
C-BV 0.987 0.943-0.996 0.001**

**p<0,001



Table 6.4: Interclass Correlation Coefficient for Angular parameters.

Variables ICC Correlation 95% CI P
NSBa (°) 0.997 0.986-0.999 0.001**
ANB (°) 0.998 0.955-0.997 0.001**
S-ANSPNS (°) 0.994 0.976-0.998 0.001**
NS-PNS (°) 0.999 0.998-1.000 0.001**
N-ANSPNS (°) 0.999 0.994-1.000 0.001**
NAB (°) 0.950 0.798-0.988 0.001**
S-SPNS (°) 0.984 0.939-0.996 0.001**
Ala-CBV (°) 0.990 0.960-0.998 0.001**
CBV-ANS (°) 0.986 0.948-0.997 0.001**
AlpAla-BV (°) 0.998 0.994-1.000 0.001**
CBV-Alp (°) 0.996 0.986-0.999 0.001**
CAla-BV (°) 0.975 0.898-0.994 0.001**
**p<0,001

Table 6.5: Interclass Correlation Coefficient for Volume Size parameters.

Variables ICC Correlation 95% ClI P

Face Volume 0.997 0.986-0.999 0.001**

VVomer Volume 0.999 0.994-1.000 0.001**
**p<0,001
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Table 6.6: Interclass Correlation Coefficient for Study 2D and 3D parameters.

Measurement Units 2D 3D ICC P

ANB deg 4,09 4,23 0.966 0.001**
ANS-PNS mm 49,45 49,46 0.999 0.001**
Ala-Alp mm 19,02 19,05 0.998 0.001**
Ala-BV mm 19,90 19,94 0.997 0.001**
Ala-C mm 41,78 41,82 0.999 0.001**
Ala-CBV deg 27,38 27,42 0.998 0.001**
Alp-BV mm 16,06 16,09 0.998 0.001**
Alp-C mm 55,30 55,31 0.999 0.001**
AlpAla-BV deg 48,55 48,62 0.998 0.001**
C-A mm 9,50 9,54 0.995 0.001**
C-ANS mm 5,16 5,29 0.975 0.001**
C-BV mm 42,42 42,43 0.999 0.001**
CBV-ANS deg 4,01 4,24 0.945 0.001**
CBV-Alp deg 137,10 137,18 0.999 0.001**
N-A mm 54,22 54,26 0.999 0.001**
N-ANS mm 48,43 48,44 0.999 0.001**
N-ANSPNS deg 88,24 88,26 0.999 0.001**
N-B mm 93,08 93,09 0.999 0.001**
N-S mm 62,02 62,04 0.999 0.001**
NAB deg 170,25 170,73 0.997 0.001**
NSBa deg 122,78 122,86 0.999 0.001**
OoR-OoL mm 70,15 70,21 0.999 0.001**
OoR-Po mm 72,46 72,58 0.998 0.001**
OrL-Po mm 106,05 106,18 0.998 0.001**
S-ANSPNS deg 33,56 33,62 0.998 0.001**
S-Ba mm 44,90 44,94 0.999 0.001**
S-PNS mm 44,07 44,12 0.998 0.001**
SC-PNS deg 37,27 37,30 0.999 0.001**

**p<0,001
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6.3 Assessment of Linear References measurements

6.3.1 Cranial Linear Reference parameters

There was a highly significant difference between the cranial parameters and study groups
in cranial upper border variable (SN, SBa, RPo, NBa, SC) and lower border (ANS-PNS)
variables. No significant difference was noted with (NA,NB,Opo) variables as shown in

Table 6.7.
Table 6.7: Cranial Linear parameters.
Type
Normal (A) Mild (B) Sever (C)
Cranial (n=36) (n=18) (n=42) p
SN Min-Max 59,97-71,43 59,67-65,47 (63)  61,23-70,45 0,021* A=C>B
(Median) (66,7) (67,2)
Mean=SDs 66,04+3,81 62,53+2,23 66,40+2,92
SBa Min-Max 36,23-49,87 34,67-40,38 31,85-47,21 0,001** A=C>B
(Median) (42,4) (39,9) (43,9)
Mean=SDs 43,07+4,09 38,85+1,88 43,42+3,05
R-Po  Min-Max 83,32- 88,9-93,61 (92,2) 92,69- 0,001** C>A=B
(Median) 103,02(92,3) 102,33(98,9)
Mean=SDs 92,87+5,87 91,79+1,55 98,34+1,98
SC Min-Max 68-80,21 (73,7)  69,34-75,14 66,32-78,98 0,047* C>B
(Median) (72,4) (76,7)
Mean=SDs 74,19+3,95 72,31+1,82 75,45%3,31
Opo Min-Max 58,81-75,65 62,97-70,91 63,33-73,33 0,357 -
(Median) (68,8) (65,4) (68,2)
Mean=SDs 66,77+5,16 66,81+2,90 68,81+2,50
ANS-  Min-Max 45,42-58,79 43,88-50,26 41,71-71,33 0,001** A>B=C
png  (Median) (54,3) (46,2) (48,4)
Mean=SDs 53,17+4,41 46,15+1,89 48,966,41
NA Min-Max 51,38-64 (59) 54,11-59,86 46,41-67,57 0,486 -
(Median) (57'2) (57'3)
Mean=SDs 58,67+3,99 57,22+2,65 58,07+4,74
NB Min-Max 82,43- 91,94-99,61 66,26-109,4 0,880 -
(Median) 113,21(97,6) (94,3) (95,9)
Mean=SDs 96,58+10,12 94,93+2,66 94,32+8,95
NBa Min-Max 90,32- 93,85-99,17 94,31- 0,011* A=C>B
(Median) 107,52(98,7) (94,8) 112,97(99,1)
Mean=SDs 98,99+5,13 95,28+1,65 100,31+4,96
Kruskal Wallis Test *p<0,05 **p<0,01
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Type

A-B A-C B-C
SN 0,035* 0,955 0,004**
SBa 0,010* 0,517 0,001**
R-Po 0,643 0,004** 0,001**
SC 0,217 0,382 0,006**
Opo 0,837 0,499 0,060
ANS-PNS 0,001** 0,005** 0,197
NA 0,258 0,438 0,556
NB 0,719 0,725 0,683
NBa 0,035* 0,583 0,002**
Mann Whitney U Test *p<0,05 **n<0,01

6.3.2 Midfacial Linear Reference parameters

There was a highly significant difference between the midface parameters and study

groups in midface anterior border variables (AC, N-ANS, C-ANS, NC) and posterior

border (S-PNS) variable. At the same time, no significant difference was noted with (BV-
PNS, N-Ala) variables as in Table 6.8.

Table 6.8: Midfacial Linear parameters

Type
Normal (A) Mild (B) Sever (C)

Midfacial (n=36) (n=18) (n=42) p

AC Min-Max (Median) ~ 6,37-1511 (10,1)  11,42-14,85 (13,9)  9,9-30,21 (14,3) 0,001** B=C>A
Mean+SDs 10,50+2,85 13,60+1,24 15,84+4,72

N-ANS  Min-Max (Median) ~ 48,94-59,45 (53,8)  47,65-53,76 (51,4)  48,9-60,65 (57,7)  0,002** C>A=B
Mean+SDs 53,65+3,36 51,12+1,81 56,46x3,65

S-PNS  Min-Max (Median)  40-51,71 (47,1) 43,33-47,22 (45,5)  40,12-55,31 (50,2)  0,003** C>A=B
Mean+SDs 46,09+3,78 45,40+1,18 49,35+4,04

BV- Min-Max (Median) — 4,11-6,65 (5,1) 4,21-5,66 (5,5) 4,21-19,43 (5,5) 0259 -

PNS Mean+SDs 5,25+0,72 5,38+0,45 6,03%3,10

C-ANS  Min-Max (Median)  7,22-156 (11) 9,82-14,12 (13,7)  553-20,13 (14,6)  0,002** B=C>A
Mean+SDs 11,13+2,48 12,9315 14,17£3,00

N-Ala  Min-Max (Median)  48,93-62,03 (53,6) 48,97-51,87 (50,9)  20,14-5557 (51,3)  0,049* B=C>A
Mean+SDs 53,55+3,61 50,64+0,91 49,31+7,51

NC Min-Max (Median) ~ 42,72-54,96 (49,4)  41,27-47,36 (44,7)  42,72-53,31 (49,2)  0,005** A=C>B
MeanSDs 49,53+3,07 44,95+2,05 48,35+3,16

Kruskal Wallis Test *p<0,05 **p<0,01
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Type

A-B A-C B-C

AC 0,009** 0,001** 0,390
N-ANS 0,072 0,020* 0,001**
S-PNS 0,471 0,003** 0,009**
BV-PNS 0,198 0,143 0,946
C-ANS 0,045* 0,001** 0,070
N-Ala 0,033* 0,042* 0,874
NC 0,001** 0,360 0,016*

Mann Whitney U Test *p<0,05 **p<0,01

6.3.3 Vomer Linear Reference parameters

There was a highly significant difference between all study groups and vomer bone

(Ala-Alp, CBV, C-Alp, Ala-BV, C-Ala) linear variables. At the same time, no

significant difference was noted with variables as in Table 6.9.

Table 6.9: Vomer Linear parameters.

Type
Normal (A) Mild (B) Sever (C)
Vomer (n=36) (n=18) (n=42) p
Ala- Min-Max (Median) ~ 14,36-21,15 (18,6) 12,5-18,92 (15,5)  12,5-49,27 (20,2)  0,006** A=C>B
Alp Mean+SDs 18,20+2,27 15,74+1,87 20,54+7,23
Ala-BV Min-Max (Median) 15 24-27,66 (21,7) 15,31-22,46 (21,8) 18,11-29,72 (23,7) 0,049* C>A
Mean+SDs 21,20+3,40 20,73+2,41 23,65+3,18
CBV Min-Max (Median) ~ 34,33-46,03 (41,7) 29,17-37,72 (34,4) 25,91-41,58 (34,8) 0,001** A>B=C
Mean+SDs 41,27+3,54 33,35%£2,81 35,22+4,45
C-Alp  Min-Max (Median)  52,24-67,54 (60,7) 44,2-57,41 (49) 33,21-60,98 (55,1) 0,001**  A>C>B
Mean+SDs 60,50£5,52 50,06%4,46 53,81+5,90
C-Ala  Min-Max (Median) ~ 41,23-54,58 (46,4) 33,32-51,33 (42,1) 26,16-51,04 (43,7) 0,025*  A>B=C
Mean+SDs 47,01+4,23 41,3246,60 42,94+5,92
Alp- Min-Max (Median) ~ 18,74-27,75 (24,3) 16-23,59 (18) 15,71-42,33 (24,1) 0,002** A=C>B
BV
Mean+SDs 23,59+3,25 18,73+2,37 23,69+5,26
Kruskal Wallis Test *p<0,05 **p<0,01
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Type

A-B A-C B-C
Ala-Alp 0,016* 0,128 0,004**
Ala-BV 0,537 0,040* 0,054
CBV 0,001** 0,001** 0,258
C-Alp 0,001** 0,001** 0,021*
C-Ala 0,027* 0,022* 0,483
Alp-BV 0,001** 0,499 0,002**
Mann Whitney U Test *p<0,05 **p<0,01

6.3.4 Correlation between Vomer and Cranial Linear parameters
There was a significant positive correlation between the vomer bone linear parameters and

cranial linear variable for all study groups in cranial base upper border (SN,SBa,NBa,SC)
variables and (Alp-Ala, C-BV, C-Alp) variables as in Table 6.10.
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Table 6.10: Correlation between Vomer and Cranial Linear parameters

TYPE
TypeA TypeB TypeC
Vomer Cranial r p r p r p
Ala-Alp SN 0,783 0,001**  -0,312 0,413 0,514 0,017*
SBa 0,486 0,041* -0,075 0,847 0,461 0,036*
SC 0,739 0,001**  -0,218 0,574 0,370 0,098
ANS-PNS 0,711 0,001**  -0,444 0,232 -0,121 0,602
NA 0,845 0,001**  -0,156 0,688 -0,087 0,709
NB 0,742 0,001**  -0,043 0,913 -0,105 0,649
1
Ala-BV SN 0,536 0,022* 0,270 0,482 0,402 0,071
SBa 0,053 0,836 -0,092 0,814 -0,052 0,824
SC 0,374 0,127 0,385 0,306 0,135 0,559
ANS-PNS 0,701 0,001** 0,142 0,715 0,066 0,775
NA 0,562 0,015* 0,063 0,871 0,042 0,855
NB 0,717 0,001**  -0,077 0,844 0,315 0,165
CBV SN 0,608 0,007** 0,118 0,762 0,432 0,048*
SBa 0,432 0,073 -0,059 0,881 0,411 0,064
SC 0,640 0,004**  -0,084 0,831 -0,023 0,920
ANS-PNS 0,695 0,001** 0,527 0,145 -0,082 0,724
NA 0,548 0,019* 0,063 0,871 0,297 0,191
NB 0,490 0,039* 0,248 0,520 0,238 0,298
1
C-Alp SN 0,765 0,001** 0,084 0,830 0,635 0,002**
SBa 0,490 0,039* -0,300 0,433 0,313 0,166
SC 0,785 0,001** 0,283 0,460 0,087 0,707
ANS-PNS 0,917 0,001** 0,317 0,406 0,092 0,693
NA 0,703 0,001** -0,311 0,415 0,468 0,033*
NB 0,738 0,001** 0,094 0,811 0,402 0,071
C-Ala SN 0,649 0,004** 0,412 0,271 0,179 0,437
SBa 0,201 0,423 -0,117 0,765 0,186 0,420
SC 0,654 0,003** 0,283 0,460 0,261 0,254
ANS-PNS 0,858 0,001** 0,400 0,286 0,346 0,124
NA 0,610 0,007**  -0,185 0,634 -0,393 0,078
NB 0,641 0,004** 0,230 0,552 0,206 0,371
Alp- SN 0,548 0,019* -0,169 0,664 0,325 0,151
BV SBa 0,313 0,206 -0,661 0,053 -0,028 0,903
SC 0,463 0,053 0,351 0,354 0,536 0,012*
ANS-PNS 0,360 0,142 0,109 0,781 0,251 0,272
NA 0,513 0,030* -0,055 0,889 -0,310 0,171
NB 0,589 0,010* -0,274 0,476 0,100 0,665
r:Spearman’s coorelation coefficient *p<0,05 **p<0,01
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6.3.5 Corelation between VVomer Bone and Midfacial Linear parameters

There was a significant positive correlation between the vomer bone linear parameters and
midface linear variable for all study groups in anterior midface (AC, N-ANS, N-Ala) and
posterior variables (S-PNS, BV-PNS) variables with all vomer bone parameters as in
Table 6.11.
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Table 6.11 Correlation between VVomer and Midfacial Linear parameters

TYPE
TypeA TypeB TypeC
Vomer Midfacial r p r p r p
Ala-Alp AC 0,618 0,006** 0,118 0,762 0,452 0,040*
N-ANS 0,746 0,001** 0,402 0,284 0,389 0,081
S-PNS 0,806 0,001**  -0,343 0,366 0,197 0,393
BV-PNS 0,272 0,276 -0,387 0,303 0,357 0,112
C-ANS 0,251 0,316 -0,101 0,796 0,052 0,823
N-Ala 0,505 0,033* -0,357 0,345 0,002 0,993
NC 0,507 0,032* -0,268 0,486 0,336 0,137
Ala-BV AC 0,457 0,056 -0,169 0,664 0,125 0,589
N-ANS 0,492 0,038* -0,335 0,379 0,296 0,193
S-PNS 0,688 0,002** 0,226 0,559 0,534 0,013*
BV-PNS 0,298 0,229 0,378 0,315 0,376 0,093
C-ANS 0,492 0,038* -0,151 0,698 0,137 0,553
N-Ala 0,356 0,147 -0,340 0,370 0,179 0,438
NC 0,432 0,073 0,100 0,797 -0,004 0,987
CBV AC 0,067 0,791 0,177 0,648 0,165 0,474
N-ANS 0,606 0,008**  -0,167 0,667 0,350 0,119
S-PNS 0,451 0,060 0,008 0,983 0,441 0,045*
BV-PNS 0,264 0,289 0,318 0,405 -0,025 0,914
C-ANS 0,061 0,810 0,479 0,192 0,274 0,229
N-Ala 0,761 0,001** 0,038 0,923 0,141 0,542
NC 0,664 0,003** 0,184 0,635 0,072 0,758
C-Alp AC 0,259 0,299 0,244 0,527 0,131 0,571
N-ANS 0,746 0,001**  -0,567 0,112 0,500 0,021*
S-PNS 0,740 0,001** -0,133 0,732 0,734 0,001**
BV-PNS 0,235 0,347 0,061 0,877 0,303 0,182
C-ANS 0,059 0,817 0,226 0,559 0,328 0,147
N-Ala 0,713 0,001** 0,075 0,847 0,061 0,792
NC 0,664 0,003** -0,117 0,765 0,057 0,805
C-Ala AC 0,129 0,610 0,034 0,932 0,504 0,020*
N-ANS 0,754 0,001** -0,417 0,265 0,157 0,498
S-PNS 0,684 0,002** 0,317 0,406 0,169 0,465
BV-PNS 0,094 0,711 -0,269 0,485 0,227 0,323
C-ANS 0,065 0,798 0,142 0,715 0,106 0,648
N-Ala 0,633 0,005**  -0,092 0,814 -0,487 0,025*
NC 0,540 0,021* -0,100 0,798 -0,353 0,116
Alp-BV AC 0,763 0,001**  -0,203 0,601 0,371 0,098
N-ANS 0,354 0,150 -0,586 0,097 0,428 0,053
S-PNS 0,498 0,035* -0,192 0,620 0,284 0,211
BV-PNS 0,279 0,263 -0,309 0,419 0,704 0,001**
C-ANS 0,653 0,003** 0,176 0,650 0,072 0,756
N-Ala 0,585 0,011* 0,458 0,215 -0,222 0,334
NC 0,278 0,265 0,067 0,864 0,092 0,692
r:Spearman’s coorelation coefficient *p<0,05 **p<0,01
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6.4 Assessment of Angular References measurements

6.4.1 Cranial angular Reference parameters

There was a highly significant difference between the cranial angular parameters and

study groups in interocclusal angle (ANB). Also the cranial base angle (NSBa) and

anterior impaction angle (ANC) variables were highly significant differences within study

groups. No significant difference was noted with facial plane angle (NAB) variable as in

Table 6.12.
Table 6.12 Cranial Angular parameters
Type
Cranial A (n=36) B (n=18) C (n=42) p
NSBa . . 117,8/2361,43 117,23 /1133,13 113,98 / 2649,24 0,036* A>C
Min-Max (Median) (131.6) (124.7) (127.2)
Mean+SDs 131,19+6,15 125,90+6,12 126,15+6,90
ANB Min-Max (Median)  0,25/67,53 (3,7)  -3,38/-0,96 (-1,4) -7,83/-64,1 (-3) 0,001** A>B>C
Mean=SDs 3,752,2 -0,11+3,68 -3,05+1,96
NAB . - 160,21 / 3087,42 165,55/ 1551,04 163,91/ 3648,31 0,522 -
Min-Max (Median) 173 8) (173.2) (175.1)
Mean+SDs 171,52+45,81 172,34+4,16 173,73+4,30
ANC Min-Max (Median) 3,82/127,23 (6,4) 6,32/100,17 (9,4) 1,79/181,59 (7,2) 0,036* B>A
Mean+SDs 7,07+2,39 11,13+4,39 8,65+4,35
Kruskal Wallis Test *p<0,05 **p<(0,01
Type
A-B A-C B-C
NSBa 0,057 0,018* 0,874
ANB 0,012* 0,001** 0,049*
NAB 0,837 0,310 0,402
ANC 0,009** 0,185 0,154
Mann Whitney U Test *p<0,05 **pn<0,01
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6.4.2 Midfacial angular Reference parameters

There was a highly significant difference between the midfacial angular parameters and
study groups in (AAla-C, BV-CA, AC-ANS) variables. At the same time, no significance
difference was noted with (NANS-PNS, CBV-ANS) variables as in Table 6.13.

Table 6.13 Midfacial Angular parameters

Type
Midfacial A (n=36) B (n=18) C (n=42) p
AAla-C  Min-Max (Median) 2,66 /118,05 (6,7) 1,92/26,73 (2,9) 0,9/151,24 (6,3) 0,001** A=C>B
Mean+SDs 6,56%1,95 2,97£1,02 7,20£2,78
NANS- " . 71,58 /1480,66 81,86/ 754,48 76,53 /1753,68 0,546 -
PNS Min-Max (Median) (82.5) (84,1) (82.5)
Mean+SDs 82,26+4,35 83,83+1,64 83,51+3,91
CBV- Min-Max (Median) 0,03 /101,04 (6,1) 1,08 /64,97 (7,2) 1,02 /165,08 (9,5) 0,166 -
ANS MeanSDs 5,61+3,29 7,22+3,21 7,86+4,17
BV-CA . . 106,1/2212,91 109,21 /1142,85 89,92/ 2430,17 0,022* A=B>C
Min-Max (Median) (124.2) (125.4) (116,3)
MeanSDs 122,94+9,33 126,98+10,73 115,72+12,13
AC- . . 24,78 1 685,95 12,26 / 250,05 23,15/832,78 0,034* A=C>B
ANS Min-Max (Median) (38.5) (24.2) (34.5)
MeanSDs 38,11+6,91 27,78+£11,51 39,66+13,37
Kruskal Wallis Test *p<0,05 **n<0,01
Type
A-B A-C B-C
CAla-N 0,758 0,367 0,982
AAla-C 0,001** 0,447 0,001**
NANS-PNS 0,328 0,481 0,512
CBV-ANS 0,258 0,071 0,541
BV-CA 0,471 0,032* 0,017*
AC-ANS 0,014* 0,693 0,025*
Mann Whitney U Test *p<0,05 **p<0,01
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6.4.3 Vomer angular Reference parameters

There was a highly significant difference between the midfacial angular parameters and
study groups in (AAla-C, BV-CA, AC-ANS) variables. At the same time, no significance
difference was noted with (NANS-PNS, CBV-ANS) variables as in Table 6.14.

Table 6.14: Vomer Angular parameters

Type
Vomer A (n=36) B (n=18) C (n=42) p
AlaCBV  Min-Max (Median) ~ 22,29/491,11 (25,5) 26,65/312,41 (36,2) 22,24/727,52(36,2) 0,001** B=C>A
Mean+SDs 27,28+4,36 34,71+4,61 34,64+7,57
gola- Min-Max (Median) f’&?f)’ 1205,74 38,97 / 456,67 (53) gé’lzs)/lzzo,m 0,001**  A>B=C
Mean+SDs 66,99+10,39 50,74+7,36 58,11+9,87
Ala- Min-Max (Median) 37,04 /984,95 (55,1)  29,41/387,11 (39,4) 27,74/ 969,56 (50) 0,019*  A>B=C
BVAIp Mean+SDs 54,72+10,19 43,01+10,81 46,17+9,94
CAIaAID  jin-Max (Median) %12?’15;712)/2456,53 (1;)19ée‘3f)/1092,4 (1;);1?,’?93)/2554,51 0,004 A>B=C
Mean+SDs 136,47+9,9 121,38+12,04 121,64+13,8
SANS- Min-Max (Median) 25,17 / 526,94 (29) 28,27/281,37 (31,5) 8,01/626,29 (30) 0,048*  B>A
PNS Mean+SDs 29,27+2,49 31,26+1,87 29,82+5 49
SC-BV  Min-Max (Median) 30,69 /660,86 (35,9) 38,06/378,65 (42,3) 34,22/872,58 (41,9) 0,001** B=C>A
Mean+SDs 36,71+2,79 42,07+2,88 41,55+4,13
CN-ANS  Min-Max (Median)  7,98/250,59 (14,2)  13,21/152,1(15,6)  11,15/311,05(152) 0,310 -
Mean+SDs 13,92+3,37 16,9+4,23 14,81+2,56
Kruskal Wallis Test *p<0,05 **p<0,01
Type
A-B A-C B-C
AlaCBV 0,002** 0,001** 0,946
CAla-BV 0,001** 0,017* 0,077
Ala-BVAlp 0,012* 0,030* 0,377
CAlaAlp 0,007** 0,003** 0,839
SANS-PNS 0,015* 0,086 0,512
SC-BV 0,001** 0,001** 0,803
CN-ANS 0,150 0,490 0,267
Mann Whitney U Test *p<0,05 **pn<0,01
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6.4.4 Correlation of vomer and cranial angular planes parameters

There was a significant correlation between the vomer bone angular parameters and
cranial angluar variable for all study groups in interocclusal angular (ANB) with almost
vomer bone angular variables in positive and negative direction. No significant corelation
was appeard with vomer bone variable (AlaBV-Alp) as in Table 6.15.

Table 6.15: Correlation between Vomer and Cranial Angular parameters

TYPE
TypeA TypeB TypeC
Vomer Cranial r p r p r p
AlaCBV NSBa 0,082 0,747 0,550 0,125  -0,392 0,079
ANB 0210 0,403 0326 0391 0697 T 0,001%*
NAB 0,136 0,589 0533 0,130 0,720 0,001%
ANC 20,029 0,909 0350 0356 0163 0480
CAla-BV NSBa 0287 0,248 0467 0205 0531 0,013
ANB 0155 0,539 044402320432 0,049
NAB 0,134 0,595 0083 0831 0366 0103
ANC 20,027 0,916 0067 0865 0272 0233
NSBa 0035 0,890 0450 0224 0309 0,173
Ala-BVAIp AR 0.060 0,813 00337093 05610953
NAB 20,045 0,858 0183 0637 0183 0428
ANC 02090,406 0,200 0,606 0,243 0,288
CAlaAlp NSBa 0,660 0,000%% -0,067 0,865 0,745 0,001%*
ANB 0,159 0528 0527 0,145 0,681 0,001%
NAB 0145 0,567 0083 0,831 20,666 0,001%
ANC 0,001 0,720 0200 0,606 20,079 0,735
NSBa 0100 0,694 -0,100 0,798 -0,543 0,011
SANS-PNS “ANB 02120399 02430529 07430,001%*
NAB 0251 0,315 0,250 0,516 0740 0,001%*
ANC 204270077 0633 0,067 0176 0,446
— " ———— |
SC-BV NSBa 0246 0,325 0,217 0,576 -0,698  0,001%*
ANB 20,043 0,864 0126 0,748 0573 0,007%*
NAB 0072 0776 0250 0516 0598 0,004%*
ANC 0114 0,653 0683 0042¢ 0539 0,012
CN-ANS NSBa 0405 0,096 0,000 1,000 0058 0,803
ANB 02480321 0393 0,295 20431 0,049
NAB 0151 0,550 0300 0433 0435 0,049
ANC 0607 0,008% 0833 0005 0,661  0,001%*
r:Spearman’s coorelation coefficient *p<0,05 **p<0,0
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6.4.5 Correlation of vomer and midfacial angular planes parameters

There was a significant positive correlation between the vomer bone angular parameters
and midface angluar variable for all study groups in occlusal backward inclination (CBV-
ANS) and premaxilla inclination (AC-ANS) variable with almost vomer bone angular
variables. No specific significant corelation was appeard between vomer bone variables

and other midface variable as in Table 6.16.
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Table 6.16: Correlation between Vomer and Midfacial Angular parameters

TYPE
TypA TypB TypC
Vomer Midfacal r p r p r p
AlaCBV CAla-N 0,356 0,147 0,117 0,765 0,057 0,805
AAla-C -0,105 0,677 0,183 0,637 0,289 0,205

NANS-PNS 0,472 0,048* -0,600 0,088 0,043 0,854
CBV-ANS -0,037 0,883 0,717 0,030* 0,682 0,001**

BV-CA 20,4920,038% 0,017 0,966 10,117 0,614
AC-ANS 0,1137770,656 0,750 0,020 0,440 0,046*
—————————————————————————————————————————
CAla-BV  CAla-N 0171 0499  -0267 0488 0003 0,991
AAla-C 0328 0,184 N0,450 0224 0,334 0,140

NANS-PNS 0,020 0,938 -0,017 0,966 0,235 0,306
CBV-ANS 0,280 0,260 -0,233 0,546 -0,313 0,167

BV-CA -0,104 0,680 0,300 0,433 -0,404 0,069

AC-ANS -0,109 0,668 0,417 0,265 0,689 0,001**
Ala- CAla-N 0,305 0,219 0,500 0,170 -0,049 0,832
BVAIlp AAla-C 0,249 0,319 0,517 0,154 0,327 0,148

NANS-PNS -0,175 0,488 0,000 1,000 0,042 0,856
CBV-ANS 0,208 0,408 0,483 0,187 -0,254 0,266

BV-CA -0,026 0,919 0,067 0,865 -0,302 0,183

AC-ANS -0,169 0,504 -0,050 0,898 0,517 0,016*
CAlaAlp CAla-N 0,034 0,893 -0,400 0,286 0,036 0,878

AAla-C 0,173 0,493 -0,050 0,898 0,109 0,640

NANS-PNS -0,057 0,823 0,183 0,637 0,141 0,542
CBV-ANS -0,001 0,997 -0,467 0,205 -0,329 0,145

BV-CA 0,164 0,514 0,300 0,433 -0,160 0,487

AC-ANS -0,030 0,906 -0,017 0,966 0,554 0,009**
SANS- CAla-N 0,254 0,309 -0,100 0,798 -0,237 0,301
PNS AAla-C -0,134 0,596 -0,417 0,265 0,246 0,283

NANS-PNS 0,551 0,018* 0,333 0,381 0,086 0,712
CBV-ANS -0,229 0,360 -0,250 0,516 0,557 0,009**

BV-CA -0,184 0,465 0,617 0,077 -0,357 0,112

AC-ANS 0,151 0,551 -0,050 0,898 -0,237 0,302
e e e e

SC-BV CAla-N 0,189 0,452 -0,033 0,932 -0,040 0,864

AAla-C 0,117 0,644 -0,300 0,433 0,174 0,450

NANS-PNS 0,282 0,256 0,033 0,932 0,171 0,459
CBV-ANS 0,078 0,760 0,267 0,488 0,705 0,001**

BV-CA -0,204 0,417 0,417 0,265 0,096 0,680

AC-ANS -0,260 0,298 -0,467 0,205 -0,585  0,005**
CN-ANS CAla-N -0,011 0,964 -0,417 0,265 -0,133 0,565

AAla-C -0,020 0,938 -0,467 0,205 -0,267 0,242

NANS-PNS -0,243 0,331 0,100 0,798 0,045 0,847
CBV-ANS -0,022 0,932 -0,333 0,381 -0,098 0,672

BV-CA 0,460 0,055 0,600 0,088 0,626 0,002**
AC-ANS 0,121 0,632 -0,117 0,765 -0,266 0,243
r:Spearman’s coorelation coefficient *p<0,05 **p<0,01
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6.5 Assessment of 3D Model of Reconstructed Vomer Bone

The vomer volume measurements of all study cases showed a statistically significant
difference (p <0.01). According to the bilateral statistical comparisons; VVomer bone size
measurement of C groups was (2249,77+457,69) mma3 significantly higher than A group
(1253,64+263,46) and B group (1656,64+477,78) measurments were shown with a high
significant differences (p <0.001) as in Table 6.17.

Table 6.17: Assessment of 3D Model of Reconstructed Vomer Bone

Type
Volume A (n=36) B (n=18) C (n=42) p
vol (Median)  (359786,3) (421677,7) (4932318)

Meantsps  41182753+04680,17 395089,79+54770,1 482389,16+74392,88

Vomer  Min-Max 888,1-1784,3 (1208,6)  993,6-2119,7 (1889,5)  1073,6-2843,3 (2090,3)  0,001** C>B>A

vol (Median)
Mean+SDs 1253,64+263,46 1656,64+477,78 2249,77+457,69
Kruskal Wallis Test *p<0,05 **p<(0,01

Type
A-B A-C B-C

Face vol 0,941 0,004** 0,001**

Vomer vol 0,005** 0,001** 0,001**

Mann Whitney U Test *p<0,05 **p<0,01
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7. DISCUSSION

Midfacial deficiency or hypoplasia has become an important concept for orthodontists and
maxillofacial surgeons due to wide range of facial discrepancy. The Class Il incisal
relationship is more likely a skeletal deformity than a dental problem (lwasaki et al.,2009,
2011 and 2014).

The vomer morphometry represents a central key of midfacial growth and has a significant
morphogenic influence on the etiology of controversial clinical concept (Latham RA
1969; Jerolimov, Keros, Bagi¢ and Lazi¢ 1999; Komar 1986; Wealthall and Herring 2006;
Holton, Yokley and Figueroa 2012, Hur et al. 2016).

Several clinical manifestations of dentofacial malformation patients demonstrated the
vomer bone biodynemic interstitial forces as a functional growth modulation and a
compensation detector. These normal forces are direct for better facial integrity and
preserve the craniofacial compartment in acceptable outline to some extent (Sato SA
2001). There were many inaccuracies perpetuated to its identification, location, size,
morphology and function (Kjaer and Fischer 1996; Sadler TW 2011).

Some researchers have partially described the role of the vomer bone in the development
of the maxillary complex. That has a possible influencing factor in the lowering of the
hard palate or in the distribution of masticatory forces to the cranial base (Friede H 1978;
Kimes et al. 1992; Hansen et al. 2004, Lilja et al. 2006). However, its influence on the
morphology of the craniofacial architecture still remains unclear (Barteczko K 2004;
Hilloowala and Kanth 2007). Most of the information from previous studies about
craniofacial interrelations was obtained from 2D cephalometric images which has a
limitation in the identification of this structure. Nowadays, the development of the Cone
beam computed tomography systems and its applications in craniofacial diagnosis provide
new alternatives to evaluate the morphology of the craniofacial skeleton in a three-
dimensional way with great accuracy (Adam et al. 2004; Korbmacher, Kahl-Nieke,
Schélichen and Heiland 2007; Lagravere et al. 2008; Muramatsu et al. 2008, Periago et
al. 2008; Van Vlijmen, Berge and Swennen 2009).
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Recently, cone beam computed tomography (CBCT) systems have been developed
specifically for the maxillofacial region evaluation. Many devices are capable of imaging
most skull anthropometric landmarks used in cephalometric analysis. Time and dose
requirements have been suggested to be the same as other dental radiographic modalities.
High dimensional accuracy an reality have been reported for maxillofacial CBCT in
measurement of facial structures that assissted the CBCT imaging shifting from 2D
cephalometry to 3D visualization of craniofacial morphology (Adam et al., 2004; Periago
et al. 2008).

Three dimensional image analysis is being used for diagnosis, treatment planning and
evaluation of treatment outcomes (Lagravere et al. 2008; Muramatsu et al. 2008). The
main objective of the evaluation and measurements on the obtained images is to clearly
identify the size, shape outline and relationship of the craniofacial structures to each other
and to determine the degree of deviation from normal toward anomaly or dysmorphology
(Olszewski and Reychler 2011; De Jong and Breugem 2013; Ren et al. 2014,2015).

For this purpose, 3D CBCT images were analyzed between the dates of April 2016 to
November 2017 in Marmara University, Faculty of Dentistry, Department of Oral and
Dento-Maxillofacial Radiology. A total of 96 patients (45.8%, n = 44) were female and
54.2% (n = 52) were male. The ages of the cases ranged from 15 to 30 with an average of
23.23 £ 3.92 years. When the types into three groups were classified according to purpose
of this study. There were type (A) 37.5% (n = 36), type (B) 18.8% (n = 18) and type (C)
43.8% (n=42). All study subjects were white, Caucasian Turkish population and patients
were selected respectively. 3D CBCT data obtained from the analysis relation between
the vomer bone and different structures are described with a significant difference and
correlation at a different level of assessment (cranial, midfacial and vomer bone) using
definite variable parameters using Standard anatomical points references (Basili et al.
2009; Ren et al. 2015).

Firstly, cephalometric landmarks were determined then the linear references and angular
inclination variable were measured at different level using Mimics19.0 tools for the
description of shape outline of vomer bone in a comparison among three different study

groups.
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Secondly, 3D model of the reconstructed vomer bone for the recognition of size
differences among study groups using volumetric mask tools of Mimics 19.0.
According to the statistical analysis of this study parameters by significant difference and
correlation, our parameters variables of vomer bone give a clear image description toward
relevant relation of vomer bone with midface hypoplasia in class 111 Malocclusion.
Cephalometric analysis methods of measuring linear and angular skeletal parameters of
vomer bone and their relations with each other (Dhopatkar, Bhatia and Rock 2002; Van
Vlijmen, Berge and Swennen 2009).

In this study, 21 linear and 16 angular palnes of 13 skeletal landmarks in three level
analysis were used. Attention is drawn to the fact that all cases with Class 111 malocclusion
have same angle malocclusion profile within anterioposterior diminished and retrusion
maxilla with long face skeletal relationships range from mild (edge to edge relation) to
sever midface hypoplasia (retrusion) (Ngan P 2005,2006).

Formerly, in order the cephalometric analysis to be used in a realistic diagnosis and
treatment planning, the individual values must be compared with the average face pattern
standars and the differences should be interpreted (Periago et al. 2008, Lagravere et al.
2008).

For this reason, Class I normal occlusion from the first time was used as inclusion standard
normal group orthopedic analysis. In order to determine the size and location of the
craniofacial structures in different cephalometric analysis methods, the reference
cephalometric points of this structure, which are preferably highly reproducible and high
in detection are used. While cephalometric points may sometimes be directly marked
points, they can sometimes be superposition points seen in the cuts of the lines formed
between the points or in the lateral cephalograms (Korbmacher, Kahl-Nieke, Schéllchen
and Heiland 2007). The choice of cephalometric points used in this study has not been
based on superposition and sagittal points that occur in the lateral cephalogram but must
be detected accurately in the three-dimensional image (Adam et al. 2004).
Cephalometric analysis is three-dimensional object with two-dimensional projection
images. In this study cephalometrics were measured without magnification correction; the

shapes of the anatomical structures in the regions most affected by magnitude and the
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magnitude of the influence of the angular and linear measurements have been tried to be
more clearly defined formerly by operators (Van Vlijmen Berge and Swennen 2009).
Conventional cephalometrics tow dimenssional analysis can give a general idea of the
problem in most cases. However, unambiguous craniofacial deformities are not clearly
diagnosed and treatment planning alone suffices. Especially in Orthognathic surgery
planning, the position, size and relationships of craniofacial structures need to be
determined more precisely. In order to solve this problem, although many investigators
try to make three-dimensional reconstructions using two-dimensional posteroanterior and
lateral cephalograms, the reproducibility of measurements and sensitization has not been
adequately used (Muramatsu et al. 2008).

In this study, unlike a conventional cephalograms, CBCT images without errors, such as
superposition of anatomical structures or different magnifications in different regions,
have been used frequently for the purpose of examining craniofacial structures
(Halazonetis DJ 2007).

In the initial image visualization with CBCT, using three sectional view of coronal,
sagittal and axial section data with three-dimensional reconstruction, and the investigators
evaluated these images in terms of using orthodontic points (Materialise 2009; Li et al.
2016).

In studies where cephalometric CBCT 3D images are compared with between the two-
dimensional cephalometric radiography technique; More accurate results were obtained
from three-dimensional CT images (Park et al., 2012,2013; Scolozzi and Herzog 2017).
Togashi et al 2005 also studied the effects of linear measurements on three-dimensional
CT images on whether they were affected by the head position, as well as the effects of
two-dimensional cephalograms. CT images of a skull taken at 1 mm, 3 mm, 5 mm and 7
mm slice thicknesses and different angled head positions were examined in three
dimensions. Changes in the head position do not affect linear measurements on three-
dimensional CT images. However, as the slice thickness increases, it is indicated that some
measurement errors have occurred in some linear measurements (Hajeer et al. 2004).
CBCT images linear and angular measurements made in the lateral cephalograms are

reported to be influenced by the unfavorable head position (Trpkova et al. 1997; Kau et
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al. 2009). The choice of that on CT images quality, the linear and angular measurement
values, are sensitive, considering the cases head (N-ANS) plane perpendicular to the
Frankfurt plane ground plane without initial rotation) as a midsagittal plane in our study,
although the studies were conducted that slight head movement not affected the initial
position and rotation of the CT images because of stabilization of natural head posture
with ear rods were controlled (Schatz et al. 2010).

The definition of the reconstructed vomer bone slightly differs from that defined by Basili
et al. (2009), that a constructed vomer bone extended forward to the ANS point. The
reason for this was to obtain a clear landmark and excellent reproducibility in positioning
them, but in that way, the reconstructed vomer bone apex (C) point was extended more
than its real normal anatomical border. So in this study we adjust apex point (C) over
incisal crest of maxilla in sagittal view and to be over nasopalatine orifice superiorly that
anatomically well-defined than that of before to be prevent superimposition of ANS and
C points anteriorly and reveal outline of vomer bone clear. This must be considered in the
interpretation of the results (Fawecett E 1911; Farkas LG 1994; Sperber G 2001).

On the other hand, new studies using 3D facial bone CT scanning provides sagittal images
routinely and can be demonstrate an excellent view of the nasal septum outline by
distinguishing the border of the bony structure at minimal cost (Moore et al. 2005).
Basili et al. (2009), Foster and Holton (2015) and Hur et al. (2016), have shown the vomer
bone more highlighted and interesting interrelations within craniofacial architecture using
3D CBCT analyis. This bone usually remains hidden from our cephalometric analysis,
because of the difficulties in identifying it in a two-dimensional X-ray.

The application of the three-dimensional Computerized Tomography, and the possibility
of creating 3D volumetric digital skull reconstruction provided the opportunity to analyze
the skull, with great accuracy and reproducibility by applying a different computer based
software, like the one used in this study. The analysis of the structures was developed by
defining landmarks and planes (Muramatsu et al. 2008).

These were extracted initially from the traditional 2D cephalometric analysis, allowing us
to compare the data with other study results; and some of them redefined to a three-

dimensional environment, in order to be able to correlate anatomical structures. To
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emphasize the role of vomer bone as a midfacial strut or force modulator for compensating
the collapse of the midfacial complex (Adam et al. 2004; Lagravere et al. 2008; Periago
et al. 2008; Van Vlijmen Berge and Swennen 2009).

Traditional two-dimensional radiograph (2D) refers to lateral cephalic radiography,
panoramic radiography, and posteroanterior cephalic radiography analyses are used to
measure the shape, size, position, and orientation of the different facial units are projected
onto a single sagittal plane. Nonetheless, the information that can be gathered from them
is limited. In determining position, the information is limited to the anterioposterior and
vertical dimensions. In determining size, the parameters are limited to length and height.
However three-dimensional (3D) images taken from computed tomography (CBCT) can
be a solution and be effective in diagnosing and treating maxillofacial deformities.

A clear visualization of the vomer bone role was determined by two categories:

1) Shape outline changes by linear and angular measured values changes (landmarks
analysis):

For all study groups, all linear measurements were shown a statistically significant at three
different levels (cranial , midface, vomer) for of 21 linear parameters.

For all study groups ; all angular measurements almost shown a statistically significant at
three different levels (cranial , midface, vomer) for almost of 16 angular parameters were
used.

The result of this study was parallel with study of (Dibbets JH 1996; Polat and Kaya 2007,
Lee and Liao 2013; Panainte, Suciu and Martha 2017), that they has been shown that the
role of the cranial base in the aetiology of class Il malocclusion resulting in midfacial
deficiency but they did not overlook completely and there were some doubt has been cast
on the association between the Angle's classes difference and facial morphology
correlation. Therefore, a rigorous quantitative analysis of the spatial organisation of size
and shape change during class 11l morphogenesis is warranted.

As well as there were a high significant differences of occlusal plane (ANS-PNS) and
interocclusal base angle (ANB) with linear parmeters of vomer bone and its angular
inclination for all study groups. That finding was emphasized the result reported by
(Dhopatkar, Bhatia and Rock 2002; Periago et al.2008; Tanaka and Sato 2008). They have
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been emphasized there were a significant differences clinically between (ANB)
measurements and midface or occlusal maxilla plane length (ANS-PNS) variable of
different Class 111 Angle malocclussion in comparison to norm.

In total of statistically significant differences parameters ; There were some parameters in
each level of analysis were no significant differences among study groups.

Among 21 linear parameters; only 11 parameters were highly significant and positively
correlation among all study groups. whereas 16 angular parameters; 12 angular
measurements were highly significant difference and some negatively correlation with
midfacial (C) groups severity.

Within limitation of this study sample size and the retrospectivity, later studies have
described the relation between cranial and facial profile of different malocclusions classes
with large sample size and prospectivety analysis. However; there were no clear
significant differences about the shape outline anlysis of craniofacial skeleton with (ANS-
PNS) plane and interocclusal plane angle (ANB) for describing the facial parameters
significant differences (Kerr et al.1993; Dhopatkar, Bhatia and Rock 2002; Tanaka and
Sato 2008).

Furthermore, there was no significant difference of age mean among the three groups in
the vomer bone. Based on the role of the vomer in the maxillary growth of the cleft palate,
malocclusion and craniofacial discrepancies.

The age distribution of the study groups varied when the nasomaxillary complex was
examined. Some studies have chosen patients with a very broad age range, and some
studies have examined patients in certain age groups and some other not mentioned
absolutely.

The age analysis of this study related litreature review, Basili et al (2009), examined
patient in the adulthood; Botti et al (2017); in the childhood, Kim et al (2010), in an
average age of 42 years; Foster and Holton (2015), examined mices of the age between
(9-15) weeks; Singh et al (1998), examined sample age between 5-11 years old; Peter et
al (2010), examine the cases of 16 years old; Olszewski et al (2011); determined the cases
of 7 years old; Langford et al (2002), examined children between 1 month and 15 years of

age; Mayer et al (2009), examined samples between ages 18 and 86 of ages; Agrawal et
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al (2012), examined cases under the age of 2 years; Van loon et al (2010), examined within
the age over 12 years; Teke et al (2007), examined cases between 20-50 years of age;
Chovalopoulou et al (2013), examined patient in the adulthood age; Mayordomo et al
(2013), examined between 15-40 years of age; Ren et al. (2014) and (2015), examined
between 3-25 years of age; Uygun et al (2016), examined between 21-50 years of age;
Yang et al. (2016), age of mixed and primary permanent dentitions children; De Menzes
et al. (2011), reported that the ages of twin 10 years old were examined; Sandikcioglu
(2009), reported the age of examined fetus after spontaneous ablation; Suri et al. (2008),
examined within the mean age of 11.59 + 1.34 years; Liao et al. (2013), examined patients
at 20 years old; Choi et al (2012), examined between 19-43 years old; De Jong et al. (2013)
examined within the mean age of 4 month; Pelo et al. (2009), examined the age between
18-43 years old; Schneiderman et al. (2009) examined the age over 15 years old of female
and 17 years old of male.

In this study, considering the completion of growth development of the midface complex
and the vomer bone inclusively. These consieration took in regard to determine the outline
alteration away from anatomical variation or incomplete growth confessional concepts.
So the patients over 15 years of age were preferred and Included. The mean value of age
was 23,23+3,92 years for this study patients. When considering that, There were no
significant differences between age groups as this study was parallel and conducted by
Choi et al. (2012), Schneiderman et al. (2009), Mayordomo et al. (2013), Teke et al.
(2007), Hur et al. (2016), Basili et al. (2009), Uygun et al. (2016) Holton et al. (2015),
Suri et al. (2008), Pelo et al. (2009), Olszewski et al. (2011).

Liao et al. (2013), stated that there was a positive correlation between the age groups and
the vomer bone dimensional changes in relation to midface components. They evaluated
separately in specific age groups at 20 years old, they found no relationship between them.
Sandikcioglu et al. (2009), concluded that the maxillary growth and the vomer bone
volume with an increase of fetus age; there was an association between them.

Hur et al. (2016), observed that when the age increases, the vomer bone proportion had

no significant relation among three different study group like this present study. This is
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thought to be due to the fact that the study Hur et al. groups consisted of children and adult
individuals with an upmost level of age intervals (13-105) years used a dry skull cadavers.
Basili et al. (2009), Foster and Holton (2015), Uygun et al. (2016), Ren et al. (2014 and
2015), Singh et al. (1998), reached the conclusion that the vomer bone proportion varies
in different groups with different sex but there were no age related changes.

In this study, in accordance to the findings of De Jong et al. (2013), Uygun et al. (2016),
Ren et al. (2015), Hur et al. (2016) results. No statistically significant relationship between
age and different study type groups (p> 0.05) were found.

When the gender was evaluated in this study, There were parrell result to study of Liao et
al. (2013), Uygun et al. (2016), De Jong et al. (2013), Botti et al. (2017), Kim et al. (2010),
Schneiderman et al. (2009), Pelo et al. (2009), Langford et al. (2002), Teke et al. (2007),
Suri et al. (2008) and Choi et al. (2012).

It was thought that the reasons for this difference in age and gender distribution were due
to the retrospective nature of these studies and concept of manner to focus the surgical
outcome of clefts accompanied with/without malocclusion.

This study is a retrospective and a careful attention has been paid to the balanced
distribution of the male to female ratio when the patient were selected. The study group
consisted of 96 patients 44 female (45,8%) and 52 male (54,2%)

Wendl et al. (2017), Chovalopoular et al. (2013), Mayordomo et al. (2013) found the
anterior maxilla part had a significant volume differences evaluated in the males with
more deep and elongated anteriorly than the females.

Basili et al. (2009), Agrawal et al. (2012), Hur et al. (2016) reported the same result by
evaluating the nasal septum components in relation to the vomer bone proportions.

In this study accordance to the findings of Wendl et al. (2017), Mayordomo et al. (2013),
Basili et al. (2009), Agrawal et al. (2012), Hur et al. (2016), represented that the total
maxillary variable in relation to the vomer bone dimensional changes of males
significantly higher than females (p<0.01) were found.

In recent studies evaluated the vomer bone relation with the palatal deficiency of the
healthy maxilla bone. Agrawal et al. (2012), Foster and Holton (2015), Hur et al. (2016),

compared the maxilla bone of the control group with clefts pediatric of sex-matched
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patients. As a result with long-standing cleft defects, The vomero-maxillary volumes were
found to be affect the midface deformity. They also found that cleft caused an increase in
bone thickness posteriorly, which in turn caused anterior bending and deviation of the
posterior nasal border.

Ren et al. (2014, 2015), assessed the relationship of the palate-vomeral development of
19 female and 11 male patients in centric occlusion before the surgeries with submucosal
clefts. Also Murthy et al. (2016), measured the Pre-maxillary complex morphology in
bilateral cleft and deviated pre-maxilla features. Both of them as a retrospective cross-
sectional study reported the morphology of midface complex and the vomer bone. They
determined that there was a significant relationship between the vomer bone anterior
deviation and the premaxilla bone. On this highlighting, this study revealed parallelism to
these studies by highly significant differences between the vomer angular inclinations
(CBV-ANS, Ala-CBV, C-Ala BV) and backward retardation.

Botti et al. (2017), measured the degree of the anteroinferior impaction angle of the vomer
bone at the incisive canal using CT scans. As this study measured the impaction angle of
anterior vomeral area (Ala-CBV) in relation to the midface defecincy rather than that in
Botti’s study focused on the differences of vomeral outline in healthy individuals.

For this reason, inclusion criteria of the present study were being with no craniofacial
anomalies, no pathological changes such as fractures, inflammation, cysts, and tumors in
the midface area, no surgical treatment in the nasal region were included in the study. It
was taken into account the close relation of the nasomaxillary complex with the teeth,
attention has been paid to ensure that all teeth except the 3rd molar teeth are present and
missing teeth are missing. Since the teeth and jaws changed their relationships with each
other, the cases were selected from those who had not received any orthodontic treatment.
Patients with systemic records and radiographic review of nasal treatments were not
included in the study group, thus ensuring that all individuals in the study group consisted
healthy individuals and patient with orthodontic and orthognathic demand.

Numerous methods have been used to measure the volume of nasomaxillary
compartments. Palatine process, Septal cartilage, Ethmoid, Sphenoid and the vomer bone

measuring methods used in conjunction with advancing technology have been developed.
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Initial studies were done using dry heads or by injecting various materials into the cadaver.
The major disadvantages of dry head measurements are; Age and gender are unknown and
there is destruction of vomer border.

In cadaver measurements, because of the invasive nature of the materials used, they are
not applicable to living organisms, and some midfacial complex anatomical structures not
appear clearly and the difficulty of its reproducibility (Foster and Holton 2015).

Wendl et al. (2017), performed his study using a conventional 2D imaging system
(ProMax 2D) in 38 Class |11 patients treated with a chincup were retrospectively analyzed.
A greater skeletal discrepancy between maxilla and mandible and anterio-posterior
midface dysplasia was appeard.

The deficiency of conventional radiographs in nasomaxillary complex imaging have been
tried to be solved by using of three dimensional imaging methods (such as CT, MR,
CBCT). With these imaging methods, anatomical structures can be evaluated in different
planes (coronal, axial, sagittal, cross-sectional). In addition, one of the greatest advantages
of three-dimensional imaging methods is that the measurements made on acquired images
are reproducible without harming the living organism according to other invasive methods
(Adam et al. 2004).

Many studies have been carried out on the volume measurement of midface units in
CBCT, considered as the gold standard for surgical, anthropological and dentoalveolar
evaluation. Some of these studies obtained information about the volumes of the midface
area skeletal units using various formulas on the images and some computer software’s
on some parts (Langford et al. 2002; Ren et al. 2014, 2015; Botti et al. 2017).

Ren et al. (2014) measured the volume of was to visualize bony defects of the palate and
vomer in submucous cleft palate patients (SMCP) by three-dimensional (3D) computed
tomography (CT) reconstruction and to classify the range of bony defects. The images
were taken by using spiral CT. 3D reconstruction models of the palate and vomer bones
were created. The sagittal extent of the bony cleft in SMCP was classified into four types.
The extent of the vomer defect was classified into three shape types that significant
differences highly in sever type of hard palate defects in SMCP. The association of clefts

insufficiency with anatomical malformations of vomer may be complex but it is appear
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obviously by 3 reconstructed model that resemble our findings of vomer bone size
variation among different study groups in relation to malocclusion severity.

As a retrospective study, Botti et al. (2017), measured the vomer-palatal junction of
anterior maxilla to evaluate the degree of impaction of the vomer in the incisive canal (IC)
by using CT scans. Thirty-two out of a series of 506 nasal sinus CT scans were used. As
a result, 31 of the 32 vomer images were impacted in the IC. In the case of a Y-shaped
vomer, the length of the vomer was impacted in 41% of the length of the IC. In the case
of I-shaped vomers, the length of the vomer was impacted in 41% of the length of the IC.
The only vomer that did not impact into the IC was Y-shaped. In regard they confirmed
that the vomer is deeply impacted in the incisive canal.

Langford et al. (2002) firstly reported the volumetric maxillary deficiency in form,
position, and development of children with prominent features of craniosynostosis.
Maxillary volumes were larger in boys at all ages. However, the pattern of nasomaxillary
growth in boys and girls was not similar in volume (boys: mean maxillary volume =56.55
cm", girls: mean maxillary volume = 40.68, p< 0.001). These findings were in parallel
with this study result that volume size of the vomer bone model was larger in male than
female in different groups.

The first study has been used CBCT computer software for volume evaluation of
maxillary compartments was conducted by Agarwal et al. (2012). They determined the
analysis of the maxilla in unilateral cleft lip and palate. The contribution of maxillary
hypoplasia to the etiology of this deformity has often been implicated for surgical
treatment. They assessed the relevant maxillary parameters of length, width, height, depth,
and volume in patients with UCLP and compare the parameters of the cleft and noncleft
sides. The volume of each maxilla was calculated on 3D reconstructions using the
technique of manual segmentation, which allowed complete reconstruction of the right
and left maxilla individually. They emphasized that anatomy of the maxillary asymmetry
existing in UCLP and underlines the importance of correcting the bony deficiency by
appropriate techniques to harmonize the results of rhinoplasty.

Mayordomo et al. (2013), aimed to use CBCT to analyze the available bone volume in the

palatine process of the maxilla (PPM), which is a potential source of bone grafts. The
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study comprised 6 women and 14 men (mean age 39.4 + 11.5 years). Calculated bone
volume averaged as 2.41+ 0.785 cm3. The palatine process of the maxilla contains a
considerable bone volume (2.41 + 0.785 cm3). As a result, they regarded the anterior
maxilla palatine as powerful area for the regeneration of maxillary atrophy.

Pelo et al. (2009), Langford et al. (2002), Teke et al. (2007), Agrawal et al. (2012),
Oliveira et al. (2016), as anatomical outline morphometry studies, were used Multiplanar
CT scan of helical C-arm and MRI device. In almost of a volumetric analysis of hard
tissues accompanied with special consideration to surgical and esthetic demand.
Schneider et al. (2009), De Menzes et al. (2011), Choi et al. (2012), Mayordomo et al.
(2013), Yang et al. (2016) emphasized the differences of volumetric measurements using
proper image acquisition and segmentation by certain software.

Schneider et al. (2009), their measurements were made with i-CAT scan, version 1.0.3.4
or higher (Imaging Sciences International). De Menzes et al. (2011), Images were
acquired using i-CAT scanner (Imaging Sciences International, Hatfield, PA, USA).

The available bone volume in the palatine process of the maxilla (PPM), which is a
potential source of bone grafts. 20 CBCT scans were evaluated from the most caudal axial
slice of the PPM and the bony surface was calculated cranially up to the nasal floor
(Mayordomo et al. 2013).

Teke et al. (2007), Chovalopoular et al. (2013), examined healthy Greek /Turkish
population in a forensic scope of view for the sexual dimorphism determination using
CBCT and MRI images. All other studies almost represented the volumetric analysis of
certain bony compartment that subjected on clefts patient and in less on Class IlI
malocclusion with maxillary deficiency.

The three dimenssional analysis of the vomer bone shape and size were not definitely
evaluated in different skeletal patterns up to this present study time. However a lot of
studies determined the vomer bone outline inclusively by measuring the widest
dimensions (width, length, height) of the maxilla, nasal and palatine bone compartements

in all three dimenssion but not the concentrated the vomer bone breifely.
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Langford et al. (2002), used the MRI for the maxillary volumetric analysis of children
from 1 month up to 15 years old because its ideal imaging method with no risk of the
ionizing radiation and with multiplanar assessment.

Rafferty et al. (2006), argued that the CBCT was developed to acquire multiple projections
in the rotation about a subject. Initial imaging used to investigate the system’s spatial
resolution in 3D image reconstruction. Subsequently bone dissection was performed on
five cadaver heads using the modified C-arm as an image guidance system. They
concluded CBCT provided submillimeter accuracy at high speed with low radiation
dosage to offer utility of intraoperative imaging system.

In recent years, CBCT has been able to achieve high-resolution images with low doses,
and the end result can be preferred to CT.

A significant reduction in radiation dose using CBCT has been shown by Mayordomo et
al. (2013). They considering the incisive canal to the points of the posterior bone
boundary. A three-dimensional (3D) image of the delimited zone was constructed and
analyzed using 3D imaging software. The study calculated bone volume averaged of the
palatine process of the maxilla and regarded as a potential donor site for the regeneration
of maxillary atrophy.

The reasons for choosing CBCT instead of CT in both studies were; CBCT is described
having less radiation dose than CT, less artifacts and less cost. At the same time, the fact
that patients are in a sitting position during shooting is very important in airway
assessments. Supine position led to morphological changes in the airway indicating that
gravity affects the soft tissue surrounding the oropharyngeal cavity and contribution of the
midfacial complex (Adam et al. 2004).

Various software programs such as MIMICS, Simplant pro-crystal, Dolphin, Viterea
console, ProMax Planmeca, Amira 5.3.3, Vision FMC, GVCM and ITK-snap which can
be used of some with 3D/2D imaging methods such as CT and MRI before, are also
compatible with CBCT images. These software provide a great advantage especially for
treatment planning and preoperative-postoperative evaluation of orthodontic and surgical
treatment patients (Kim et al. 2013; Hur et al. 2015; Ren et al. 2016).

98



Kim et al (2010), Liao et al (2013) used 2D image analysis cephalometrics to determine
the maxilla growth in relation with particular component of vomer and palatine process of
anterior maxilla by using different software ProMax Planmeca, or commercial program
like Vision FMC with variant results according to linear references estimation and
algorithmic relationship of parameters used. Wendl et al (2017), recently stated that it was
possible to evaluate the maxillary complex with segmentation via 2D CBCT analysis by
using ProMax Planmeca software.

However; the 3D image analysis was used by Botti et al. (2017); Olszewski et al. (2011);
Ren et al. (2014,2015); Fakhry et al. (2013); Agrawal et al., (2012); Oliveira et al. (2016);
Mayordomo et al. (2013), to evaluated the volumetric changes of maxilla components
totally or partially like the palatine process or the vomer-palatine area in clefts patients
using different software like Simplant pro-crystal, Viterea console, Amira 5.3.3, Vision
FMC, GVCM and ITK-snap rather than using a MIMICS software.

Olszewski et al. (2011), Hur et al. (2016), Yang et al. (2016), have used MIMICS software
to evaluate the morphometric pattern alteration and volumetric change of particular bone
like the nasal septum, ethmoid, maxilla, palatine process in relation to craniofacial
discrepancy mostly in clefts patients. As in those study, the thresholds have chosen with
a minimum value of (-1024) HU and a maximum of (1064) HU in the software to subtract
the hard tissue from surrounding.

This study was suggested that the evaluation of the dimensional or volumetric size change
of the midfacial complex under the highlight of all literature. Hur et al. (2016) and Ren et
al. (2014,2015), were estimated some of this study principal like points definition and
compartements segmentation but they were more concentrated toward clefts rather than
malocclusion patients.

The volumetric measurements of the vomer bone were designed in parallel with the study
of Basili etal. (2009), Ren et al. (2014), Hur et al. (2016) that performed by using MIMICS
19.0 with the same values range of thresholds. The midfacial compartment preliminary
cropped from other facial compartment preparing to subtract the vomer bone from other
midface bones like ethmoid, palatine, sphenoid, and maxilla absolutely using the tools of

splitting with color identification. The borders of the vomer bone outline were determined
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using defining anatomical landmarks themselves used in linear and angular evaluations.
Thus, the separation of the vomer bone from neighboring structures was ensured.
Because of the anatomical position of the vomer bone and their association with the
maxillary dentofacial area relation, a lot of studies were investigated the obvious
relationship with dental and skeletal malocclusion that have been performed by Singh et
al. (2001), Basili et al (2009) and Foster and Holton et al. (2015).

According to the central position of the vomer bone within midface complex, the
classification of malocclusions made by taking the vomer bone inclusively to be evaluated
more accurately. Basilli et al. (2009), stated that the skeletal evaluation made only
according to the cranial base angle guidelines does not give a clear information about the
situation of the final facial esthetic. Because the grouping of cluster appear with different
features of Angle class 111 malocclusion. For example, class Il patient's maxilla are
retruded lead to the class Il malocclusion with midface hypoplasia but with different
pattern or clustering.

Finally, a virtual 3D CBCT reconstructed models of both full skull and vomer bone can
be used instead of 2D conventional cephalometric radiography (Muramatsu et al. 2008).
Although; There was a statistically significant differences between the type groups and
the volumetric sizes (p<0.01), also with the retrusion sagittal position of the midface in
relation to the vomer bone. The ANS-PNS value gives the information only about the 2D
two dimensional antero-posterior length of the maxilla and related compartements but not
give real 3D accuarte image of dentofacial anaomalies. It is thought that this may be due
to the fact that the vomer bone size of those with low ANS-PNS values are more sever
midfacial deficiency. Also the impaction angle of the vomer bone (Ala-CBV) and anterior
vomer-palatal base backward inclination (CBV-ANS) in relation to ANB angle of
malocclusion emphasize a high interrelation of midface compartement with the vomer
bone. However, the vomer bone 3D reconstructed model shown a high significant in males
with more elongations than females. That response of the elongation and extension has a
real evidence about the compensating role of the vomer bone that modulate the
dimensional changes of the facial profile in midface area accompined Angle class Il

malocclusion.
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8. CONCLUSIONS

Within the limits of this study, the vomer bone was considered to be directly related to
maxillary complex and midface compartements totally because of its spatial anatomical
interrelation. Three-dimensional analysis of the vomer bone changes in relation to the
midfacial hypoplasia pattern in a class 111 malocclusion groups proved the hypothesis of
functional compensation of this study. The vomer bone dimensional shape changes and
size derangement varied in different skeletal discrepancy.

There was no relationship between age and different study groups parameters.

There were significant differences of the vomer bone dimensional outline (shape) and
volumes (size) in different skeletal facial pattern and it was found highly severe in males

than in females.

Based on the findings of this study, it can be concluded that:

1. The exact morphometry of the hard facial tissue was accompanied the dentofacial
discrepancy accurately analysed by using 3D analysis software like Mimics.

2. The dimensional changes of the vomer bone in relation to Class 111 malocclusion were
correlated with the midface skeletal changes. This changes were presented not only in the
orientation of the vomer bone to be displaced and diminished but also they were in
volumetric size changes to compensate and preserve the midface contour.

3. The effect of the vomer bone spatial variation on the midface complex was clear in
accordance with the occlusal midsagittal plane and interocclusal angle.

4. The dimensional changes of vomer bone could not be evaluated as an isolated manner
but they should be determined in relation to different parts of the face. Thus, different
malocclusion patterns could have an effect on distinct area represent by (C) point
anteriorly and backward inclination of vomer bone.

5. Morphological changes of the vomer bone in relation to the midfacial deficicency were
observed using multiple 3D analysis of skeletal landmarks (C, BV, Ala and Alp) and
should be considered for a detailed diagnosis of dentofacial malocclusion.
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6. In class 111 malocclusion patients, volume or size measurement differences related to
the different dentofacial units were more frequently identified in males with severe
midfacial hypoplasia and less often in females.

7. Subjects classified as sever hypoplasia dentofacial pattern seemed to have skeletal
changes more than mild dentofacial pattern for compensation by surface modulations and
bone remodeling of the vomer bone response. .

8. Although class 11l malocclusion patients have different morphometric patterns for
different populations and gender, size and shape outline measurements of the vomer bone
region with the absolute mean ages showed no significant differences.

9. At the occlusal anterior levels; hypoplasia was apparent with meaningful changes. In
the vomer anterior apex of C point area in relation to both A, ANS points revealed the
inclination backward with severe pattern of midfacial hypoplasia.

10. The comparison of different skeletal dentofacial pattern type group’s size and shape
measurements of the vomer bone segments provided evidence of midface hypoplasia
pattern severity in the craniofacial region. To create an ideal treatment plan in
malocclusion patients, not only the angle classification in general concept but also the
morphometric analysis for subgroups with different dentofacial pattern should be
evaluated.

In conclusion, the multifactorial nature of the vomer bone on the surrounding dentofacial

parameters needs to be evaluated in well designed future prospective studies for better

understanding of the contribution of each factor to the final result.
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