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INTRODUCTION

The nasal septum provides the underlying structure of the nose, providing
support, partitioning the air we breathe, and giving the nose its shape. Nasal esthetics can
greatly influence orthodontic treatment decisions and septal deviation can impact both
growth and appearance of the soft tissue nose. Two main theories have attempted to
explain the growth of the nose. Scott (1953) described the nose as an endochondrial
growth plate, having its own inherent genetic code, serving as a growth center and
providing the forces needed for anteroposterior and vertical craniofacial growth. Moss
(1954) countered that the nasal septum only serves to elevate the nasal bridge. The need
to respire and expand the nasal soft tissues is what guides the growth of the nose, not the

nasal septum itself.

Both of the two predominant nasal growth models have been tested in animal
models. The major research design has focused on extirpation of all or part of the nasal
septum. Many have found septal excision, either partial or in total, to lead to reduced
anteroposterior and vertical facial development (Wexler and Sarnat 1961; Sarnat and
Wexler 1966; Sarnat and Wexler 1967; Oyama 1969; Latham, Deaton and Calabrese
1975; Nordgaard and Kvinnsland 1979; Wada, Kremenak and Miyazaki 1980; Rhys
Evans and Brain 1981). Some have even found the septum to have its own inherent
growth potential when excised and placed in appropriate growth medium (Kvinnsland
1973; Copray 1986). Other animal models, including the closely related chimpanzees,
have found less change with total or partial septal excision (Stenstrém and Thilander
1970; Freng 1981; Siegel and Sadler 1981; Cupero, Middleton and Silva 2001). The
animal models have provided means to test the main growth theories, but as of yet are

still inconclusive.



Nasal septal deviation is defined as deviation of the bony or cartilaginous septum
to one or both sides. Septal deviation further complicates the growth theories of the
septum, as the deviation suggests some sort of growth disjunction. One of the first causes
of septal deviation is related to intrauterine pressures and trauma from birth (Gray 1978),
but patients can still develop a deviated septum in the absence of trauma. One possible
explanation could be due to excess growth, causing the septum to buckle or deviate, due
to the forces generated. Prevalence rates have been found to be around 1-20% in
children, with rates around 13% in teenagers (Podoshin et al. 1991; Kawalski and
Spiewak 1998; Song et al. 1999). Analysis of adult skulls from multiple ethnic
backgrounds has found even higher rates, with approximately 80% showing some level
of deviation (Gray 1978). Analysis of populations has found increased incidence of
septal deviation in Caucasians compared to African individuals (Mooney and Siegel
1986). One such explanation for population variation is the timing of the fusion of the
premaxillary-maxillary suture. This has been suggested to occur around the age of two,
restricting the amount of time cartilaginous septal growth plays a role in facial
development and nasal septal deviation. The remaining growth of the nasal septum
occurs only in the perpendicular plate of the ethmoid (Van Loosen et al. 1996).

Nasal airway restriction can lead to adverse clinical outcomes and alter the growth
of the face. Nasal septum deviations as small as 3mm can lead to altered airflow
resistance (Cole et al. 1988). Alterations in nasal airflow may cause an individual to
breathe more through their mouth, leading to a condition called long face syndrome.
Clinical manifestations include a retrognathic maxilla, posterior rotation of the mandible,
increased lower face height, lip incompetence, narrow alar base and dental malocclusions
(Vig 1998). A complete understanding of the growth of the nasal septum and how

deviation develops could help prevent these adverse growth effects.



Purpose of this Study

The purpose of this retrospective study is to determine the ontogenetic patterning
of nasal septal deviation and if there is a relationship between a deviated septum and
facial form growth and development. By determining when septal deviation is more
likely to occur, we can better understand the process and help to better determine timing
of treatment. In addition, attempting to correlate nasal septal deviation to facial growth
patterns may help identify patients with a predisposition to develop septal deviation.
Lastly, understanding this process will provide a better understanding of the role of the

nasal septum and its potential morphogenetic influence in human facial growth.



LITERATURE REVIEW

Embryologic Development of the Nasal Complex

Three primary germ cells form in the developing embryo: ectoderm, endoderm
and mesioderm. The ectoderm develops into the epidermis and neural crest cells. The
mesioderm provides the precursors to connective tissue and skeletal muscles. The
endoderm is the innermost layer and gives rise to most of the alimentary canal. In the
craniofacial complex and nasal apparatus, the ectoderm, mesioderm and neural crest cells
are the three main cell types (Carlson 1998). Starting in the fourth week of gestation, five
primordial structures form below the stomadeum, or depression below the growing brain.
The nasal apparatus begins to grow as paired thickenings of ectoderm arising from one of
the five primordial structures, the frontonasal prominence (Moore and Persaud 2003).
The nasal apparatus forms into structures called placodes. The mesenchymal cells on the
placodes begin to form horseshoe elevations, which are called the nasolateral and
nasomedial processes (Neskey, Eloy and Casiano 2009). The tissue surrounding the
processes continues to proliferate and form depressions, known as nasal pits. The nasal
pits give rise to the anterior nares and nasal cavities. At the end of the sixth week of
gestation, the nasolateral processes fuse with developing maxillary processes to form the
ala nasi and lateral borders of the nostrils. Near the seventh to eighth week of gestation,
the nasomedial processes fuse with the developing maxillary processes, forming the
upper lip and jaw. The nasomedial processes displace the nasofrontal prominence
posteriorly. The nasomedial processes continue to grow forward to form the

intermaxillary segment. The intermaxillary segment further develops into the primary



palate, the tip of the nose, the crest of the nose, and a portion of the nasal septum
(Carlson 1998).

The nasal septum is thought to develop as a fold growing downward between the
paired nasal cavities until it reaches the palatal shelves. Its growth is thought to be in an
inferior direction from the nasofrontal prominence (Neskey, Eloy and Casiano 2009).
The septum was believed to grow as a free process that projected from the craniofacial
complex. Contrasting theories suggested that the pattern was not a free process and
instead described the growth process as “the posterior edge of the wall between the nasal
sacs grows like a wing in a dorsal direction...the nasal septum develops from ventral to
dorsal, not from cranial to caudal” (Hinrichsen 1985). Electron microscopy of fetuses
shows that during the eighth week, the primary choanae extend almost to the auditory
tube orifices. The broad partition between the choanae gives rise to the septum. The
palatal processes assume a horizontal position to follow in line with tongue development
and develops from ventral to dorsal. The palatal processes contact each other at the
midline, permitting the nasal septum to develop (Steding and Jian 2010).

The nasal septum continues to grow and fuses with the palatal shelves to form the
secondary palate. The anterior portion of the septum is continuous with the nasomedial
processes and combines to form the primary palate (Neskey, Eloy and Casiano 2009).
Fusion separates the nasal cavity from the oral cavity. The fusion of the primary and
secondary palate forms the incisive foramen (Markus, Delaire and Smith 1992). The
nasal septum functions to divide the nose into two chambers. The septum consists of the
perpendicular plate of the ethmoid, quadrangular cartilage, vomer, maxillary crest, the

palatal crest and membranous septum. The cartilaginous nasal capsule surrounds the



cavity and is continuous with the nasal septum. The capsule further develops to form the
lateral nasal wall until its completion at 24 weeks gestation (Neskey, Eloy and Casiano

2009).

The Nasal Septum as a Facial Growth Center

Researchers have long sought to develop a theory that explains craniofacial
growth. One such theory attempted to describe the growth of the face in relation to the
growing nasal septum (Scott 1953; Wexler and Sarnat 1961; Sarnat and Wexler 1966;
Oyama 1969; Kvinnsland 1973; Nordgaard and Kvinnsland 1979; Rhys Evans and Brain
1981; Wealthall and Herring 2006) . Growth of the nasal septal cartilage acts as an
endochondral growth plate and propels all the facial bones, except the mandible,
anteriorly and inferiorly from the cranial base. This force helps to separate the facial
bones, and thus lead to cartilage apposition at sutural interfaces. Septal growth ceases to
influence growth of the facial bones when the ethmoid and vomer fuse and stabilize the
craniofacial complex, around age seven. In theory, any additional cartilage growth could
separate the palatine and maxillary bones from the ethmoid complex, deepening the nasal
cavities. Later works by Scott (1954) described the nasal septum as having its own
intrinsic genetic code, predetermining its size and acting as a growth center. Septal
growth forces caused passive force on other facial sutures, leading to growth of the
cranial base and maxillary complex. Another researcher described the septum as having
intrinsic programming within the genetic code of the bone leading to formation and
growth of the facial bones (Sicher 1952).

Researchers have utilized animal models to apply various surgical techniques to

isolate part or all of the septum to analyze its growth potential. Using 181 Moll Wistar



rats, the middle portion of the septal cartilage was excised. The tissue was placed in the
skin of the abdominal wall, in a pocket between the subcutaneous tissue and fascia.
Growth was monitored for 8 weeks. The displaced tissue grew in length and width, and
mimicked the septal tissue of control rats. The growth was more rapid over the first few
weeks and then decreased in rate (Kvinnsland 1973). A similar study analyzed growth
of the nasal septal cartilage, in a Wistar rat model, in vitro. The excised septal cartilage
was placed in culture medium for 10 days. The cartilage grew in volume and maintained
its original shape, with the greatest increase in length. The lower half of the septum was
found to grow with 3.0-3.5g force in an anteroposterior direction. Vertical growth forces
were found to only range from 1.0-2.0g of force. Growth pressures of 8.1-8.9 g/mm? in
an anteroposterior direction were greater than in the vertical dimension, 6.0-6.6g/mm?>.
Cellular activity was greatest at the center of the septum and at the septo-ethmoidal
junction (Copray 1986).

Researchers have also studied the nasal septum to see which parts possess the
greatest growth potential, via cellular development. Rabbit snout growth was found to
occur mainly in the anteroinferior and posterior zones where proliferative chondroblasts
congregated (Long, Greulich and Sarnat 1968). Other reported findings of cellular
activity found the growth rate of the dorsocaudal boundary in rats to be similar to the
cranial base sutures, providing a force that could lead to rostrocaudal nasal projection.
The rate was found to be much less than nasal septal interstitial cartilage growth, which
the researchers attributed to a greater percentage of nasal septal growth in rats.
Interstitial cartilage growth was also reported to be out of phase with septal growth

curves, implying independent regulation (Wealthall and Herring 2006). The findings



support the theory of Scott (1954), implying an intrinsic growth potential of the septum
and its role in anteroposterior craniofacial growth and development.

A separate theory argued the growth of the nasal septal cartilage was to elevate
the nasal bridge (Moss 1954; Moss and Young 1960). Instead of acting as an
endochondral growth plate with its own inherent growth potential, the nasal septal
cartilage is not genetically predetermined and only functions as an area of cellular
development. All growth is dictated by nearby soft tissue growth. Incremental nasal
sutural growth is secondary and mechanically necessary for skeletal movements in
response to soft tissue demands. The need for respiration in the nose and subsequent
expansion of the soft tissue nasal cavity is the primary morphogenetic event, in contrast
to Scott’s view. Original evidence for this theory came from excision of various sutures
in the rat skull not resulting in overall skull size changes (Moss 1954). Additional
evidence for this model could be found in patients with craniofacial anomalies.
Holoprosencephaly and cyclopia with arrhinencephaly both have absent nasal septums,
yet patients still had prenatal growth of residual midface structures. The only difference
was the lack of nasal bridge elevation and projection of the nose (Moss et al. 1968).

Another theory attempted to explain the growth of the nasal septum via
cybernetics, or the study of regulatory systems (Lavergne and Petrovic 1983). The
hormones are responsible for regulating the growth of the midface. The occlusion
provides a constantly changing environment and provides the source of input, telling the
body how to adjust hormone levels. The rate limiting factor of midface growth is

determined by the growth of the mandible (Carlson 2005). Septal growth acts as an



intrinsic cellular process inherent to all cartilaginous sutures, modified by endocrine

mediators.

Septal Extirpation Studies in Animal Models

In order to test theories of nasal septal growth and its role in overall craniofacial
growth, researchers began to surgically alter the nasal septum utilizing animal models.
The earliest published studies by Long in 1858 consisted of removing part of the nasal
septum in growing cats, dogs, pigs and goats through a trephine opening. At autopsy the
hard palate was shorter anteroposteriorly, leading to the idea that septal growth spurred
hard palate growth. Dog septa resected at 2 weeks, with follow up euthanization at 6
months, showed that the anterior part of the floor of the nasal cavity was more superior
(as referenced in Wexler and Sarnat 1961). Wexler and Sarnat (1961) repeated the study
using 24 rabbits ranging in age from 29-48 days old. Eighteen were operated on, while
six were used as controls (unoperated). A transverse incision was made through the
intraoral mucosa to expose the septovomeral joint. The cartilage was mobilized, incised
horizontally as high as possible and removed, taking most tissue from the caudal portion.
No attempt was made to save the mucoperiosteum. The animals lived an additional 7-
118 days prior to euthanization. The experimental rabbits had shorter and thicker snouts,
with a downward and anterior deflection. Nasal bones were shorter, the palatine process
of the premaxilla was reduced and the incisors were in anterior crossbite. Septal
extirpation was found to significantly reduce the maxillofacial growth pattern in the
rabbits. The operated rabbits had minimal anteroposterior growth, to the point where the

rabbits did not have functional occlusion.
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Repeat studies of rabbit snout resections found similar results. Variations
included utilizing sham rabbit subjects, where the animals were operated on in an exact
fashion except for septal excision (Sarnat and Wexler 1966). These studies showed that
the surgical procedure itself had no impact growth and therefore any comparisons
between experimental and control rabbits were the result of the removed tissue. The
experimental rabbits still showed marked decrease in anteroposterior snout growth with
only septum dislocation. Septal extirpation of adult rabbit nasal cartilage showed
minimal difference compared to control adults, suggesting the cartilaginous septum
facilitates a major role in growth, but is not needed for support (Sarnat and Wexler 1967).

One early argument against the septal extirpation studies was that the
mucoperiosteal layer, removed in the sutural excision technique, contained cells with
inherent growth potential. Removal of the mucoperiostum was a probable cause of the
facial growth restriction. To test this argument, removal of the septal cartilage was done
making sure to reflect and preserve the mucoperiosteum in rats (Nordgaard and
Kvinnsland 1979). Compared to controls, all rats showed marked snout length reduction.
More snout reduction was found when operating on younger versus older specimens.
Cartilaginous regeneration did not occur. These results suggest preservation of the
mucoperiosteum does not prevent facial restriction. Removal of the cartilaginous septum
itself limited the amount of anteroposterior facial projection.

Initial surgical protocols involved complete excision of the nasal septum. A less
invasive procedure, involving partial incision of the cartilaginous septum only, was
carried out on rats (Oyama 1969). The less invasive procedure would minimize the

changes from surgical trauma alone. Lateral cephalometric analysis showed a
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statistically significant reduced maxilla, premaxilla, nasal and frontal bones. Reduction
in anterioposterior growth and a downward projection of the snout were found. Vertical
changes were found short term (20-40 days postoperatively) but minimal difference was
found long-term (over 50 days postoperatively) in the rat model. Septal extirpation with
subsequent homograft and autograft replacement showed anteroposterior reduction in
rats, while nasal osteotomies had no effect on growth (Rhys Evans and Brain 1981).
Resection of the vomer in dogs suggested a role in reduced anteroposterior facial growth
of the maxillary complex (Latham, Deaton and Calabrese 1975). Removal of the vomer
only in beagles also showed a marked reduction in anteroposterior snout projection in
beagles compared to control and sham subjects (Wada, Kremenak and Miyazaki 1980).
Further research involved even less invasive procedures, either altering the
hormonal or genetic makeup to avoid any surgical complications. Strains of mice
genetically bred to have hypopituitary disorders had failure of normal cartilaginous
development and growth. All cartilage in the mice was affected. No differences were
found in overall facial shape compared to normal mice, but a significant difference was
found in all linear measurements in the nasal septum. The projection of the snout was
reduced, and the amount of septal reduction was found to be 56.3% (Roberts and Lucas
1994). A less invasive model involved injection into the cartilaginous nasal septum of a
specifically modified anti-rat nasal septum cartilage antisera produced from rabbits.
Compared to saline and non-immune antigen (control and sham protocols), radiographic
analysis showed relative maxillary and anteroposterior snout length retrusion; the results

had small but statistically significant differences (Hans, Scaletta and Occhino 1996).
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Restriction of other craniofacial sutures provides an invasive surgical procedure
yet does not directly involve the septum itself. This protocol has been analyzed in pigs.
The zygoticomaxillary and frontonasomaxillary sutures in 30 pigs (Sus scrofa) had
surgical fixation plates applied and were divided into experimental, sham and control
groups. Facial length was found to be significantly different in the experimental group,
yet no difference in vomer length was found (Holton et al. 2011). The results suggest
that the septum contains its own inherent growth potential and is not affected by localized
craniofacial sutural restriction.

Some researchers did not find significant changes in anteroposterior facial growth
following septal extirpation. Various resections on guinea pig nasal septa showed limited
facial deformity, other than downward tipping of the nasal apparatus. The main cause of
the downward tipping was likely due to structural changes, not alterations in growth
(Stenstrom and Thilander 1970). Similar surgery on cats showed no significant
difference in experimentally excised basal septal cartilage when compared to sham and
control cats (Freng 1981). Ferrets showed no change in anteroposterior length after
partial resection of vomer or nasal septal cartilage compared to controls (Cupero,
Middleton and Silva 2001). These findings suggest possible taxonomic variation in the
role of septal traction in facial growth. One possible explanation is the reduced overall
length of the septum and snout in guinea pigs, cats and ferrets, suggesting a potential
reduced role of the nasal septum in short snouted animals.

Later research focused on mammals, such as chimpanzees, to more closely mimic
the growth of the human face. Chimpanzees have a reduced snout length compared to

most animals and a longer period of growth than many of the animals previously studied
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(years versus months). Submucosal septal resection in chimps was found to have minimal
effect on the growing face compared to controls. Excised nasal tissue was able to repair

and even regenerate (Siegel and Sadler 1981).

Septal Extirpation in Humans and its Relationship to Animal Models

Archeological data can give the earliest known evidence on septal development in
early human species. Analysis of premaxilla suture patency in Neandertal children
showed patent premaxillary sutures in the nasal floor, the frontal process of the maxilla
and above/below the crista chonchalis (Maureille and Bar 1999). Comparison to known
fossil records shows an increased period of sutural patency, thus providing a potential
increased role of the nasal septum in anteroposterior facial projection.

Recent research has provided some insight into the effects of limited septoplasty
in humans. Twenty-eight patients, aged 6-15, underwent external septoplasty surgery and
were followed on average 3.4 years after surgery. External septoplasty involves removal,
modification and reinsertion of the quadrilateral cartilage. For the majority of soft tissue,
anthropometric analyses showed no difference compared to known means. Nasal dorsum
length did decrease in 57% of the patients. No statistical information was presented
(Bejar et al. 1996). Children with obstructed nasal septal deformity, aged 5.6-12.5, were
reevaluated on average 12.2 years after having primary septoplasty. Only the nasolabial
angle was significantly smaller, or more acute, in patients undergoing extracorporeal
septoplasty compared to a more conservative septoplasty procedure (Tasca and
Compadretti 2011). These two studies suggest minimal nasal septum change following
limited septoplasty in humans. Similar to mammalian models, humans possess a longer

growth phase, which possibly explains the minimal difference seen. In contrast to rodent
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models, these studies did not extirpate part of the septum. Therefore, we cannot yet know

if septal extirpation in humans would produce similar results to the rodent models.

Role of the Nasal Septum in Prenatal and Postnatal Human Facial Growth

Previous septal extirpation has found evidence that the nasal septum plays a role
in anteroposterior and vertical development in pigs, dogs, rabbits and rats, all considered
long-snouted animals (Wexler and Sarnat 1961; Sarnat and Wexler 1966; Oyama 1969;
Latham, Deaton and Calabrese 1975; Wada, Kremenak and Miyazaki 1980; Rhys Evans
and Brain 1981; Hans, Scaletta and Occhino 1996; Wealthall and Herring 2006; Holton et
al. 2011). In contrast, short-snouted animals and chimpanzees have shown minimal to
no effect from nasal septal extirpation (Stenstrdm and Thilander 1970; Freng 1981,
Siegel and Sadler 1981; Cupero, Middleton and Silva 2001). Humans have even less
nasal projection in comparison to these animal models. The exact role of the nasal
septum in humans is not clearly understood.

Timing of the growth of the nasal septum in utero has been studied to assess
exactly when growth commences and what effect the nasal septum has on overall growth
of the craniofacial complex. Siegel et al. (1985) compared fetal specimens, both from
“normal” and cleft fetuses aged 8-22 weeks. Specimens were processed and analyzed
histologically. Fetal specimens provide a method to analyze growth in a cross sectional
manner. The nasal septum was beginning to develop in the “normal” fetuses by week 8.
The labioseptopremaxillary ligament was present from 8-15 weeks in “normal” fetuses
and horizontal and oblique fibers inserted into the alar and nasal cartilages from weeks
15-22. Anterior nasal spine development accompanied the fiber insertion, thus

obliterating the labioseptopremaxillary ligament. Most cleft specimens did not have
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nasal septal tissue developing from 8-15 weeks, but if present, the septal tissue was
horizontally deviated. The septopremaxillary ligament was not detected, and the anterior
nasal spine was non-distinguishable. Weeks 15-20 still showed no apparent
labioseptopremaxillary ligament and the anterior nasal spine and premaxilla were in the
same coronal plane.

Three-dimensional reconstruction of histological specimens allowed further
analysis of fetal nasal development. The nasal septum was found to actually be larger
overall in cleft fetuses, yet coupled with reduced airways. The airway impingement was
not found to be due to lateral septal deviations (Kimes, Siegel and Mooney 1988).
Vomer length and volume increased at a higher rate in cleft specimens. Growth rates of
both “normal” and fetal specimens were best explained by third order polynomial
equations (Kimes et al. 1992). Increased growth of the septum in light of reduced overall
airway volume, suggests that the septum is independent of the soft tissues of the area,
contradicting the functional matrix theory. However, the small sample size precludes too
much information from being taken from the series of studies.

Magnetic resonance imaging (MRI) offers another option to analyze fetal
samples, without having to histologically prepare the specimens. Analysis of sixty
second and third trimester human fetuses found that as fetal size and age increase, the
cranial base flattens out and the midface projects upward and forward. Ossification of
the midline structures appears to start posteroanteriorly from the basiooccipital to the
basisphenoid to the presphenoid cartilage (Jeffery and Spoor 2004). These cranial base

structures are inherently tied to the developing nasal septum. Their growth and
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ossification, in addition to the development of the nasal septum, could be the ultimate
driving forces in anteroposterior and vertical prenatal facial development.

The growth of the anterior nasal spine (ANS) and its relative projection also
provide insight into the role of the growing nasal septum. Analysis of fetal and child
skeletal specimens showed that the ANS was found to project more in Caucasian
populations, compared to African-American populations (Mooney and Siegel 1986). In
addition, the Caucasian specimens had more premaxillary-maxillary suture fusion and
reduced maxillary projection. The African specimens showed a more prognathic maxilla
and a greater chance of suture patency 40 weeks post-conception.

Premaxillary-maxillary suture patency enables the growth of the cartilaginous
septum to provide force to enable anteroposterior growth. Van Loosen (1996) took this
concept and attempted to define the specific timing of growth of various parts of the nasal
septum. The cartilaginous growth rate postnatally was found to be greatest at birth, slows
down continuously until age two, at which time the growth continues but at a much
slower rate. After the age of two, the role of the cartilaginous nasal septum diminishes.
Ossification of the perpendicular plate of the ethmoid starts in the first year of life and
continues growing throughout puberty. After the age of two, no net cartilage growth
occurs, but through remodeling the cartilage is displaced anteriorly.

One different method to analyze the development of a partially developed or
resected nasal septum is in craniofacial anomalies patients. Most research of these
patients has focused on cleft lip and palate patients. These patients provide a wealth of
information, both based on development, surgical outcomes and alterations in growth

patterns. The main problem is that multiple defects can be present, adding variables that
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can influence one specific area, such as the nasal septum. Researchers have sought to
evaluate the effect of the vomero-premaxillary (VPM) suture and how its growth impacts
the development of the midface. Histological analysis of bilateral cleft lip and palate
patients aged 0-22 months shows that growth was found at both sutural borders.
Secondary cartilage was found throughout the length of the suture (Friede and Morgan
1976). The cartilage could serve to dissipate mechanical stresses, found during periods
of rapid growth. To compare growth of the nasal septum in bilateral versus unilateral
cleft lip and palate patients, implants were placed in bony structures around the VPM
suture prior to surgical closure procedures. All patients had continued growth of the
VVPM suture up to 36 months. The VPM suture was displaced anteriorly, showing a
decreased rate of displacement following post-surgical closure. Surgical alteration could
limit the anterior projection provided by the VPM suture (Friede and Morgan 1976).
Unilateral cleft lip and palate patients with facial implants placed for reference showed
horizontal growth and translation of the premaxilla and maxilla relative to the vomer.
These patients were followed up to the age of three. The vomero-premaxillary suture
could serve as a growth site (Friede 1978), aiding in the anteroposterior projection of the
craniofacial complex.

Congenital abnormalities can affect the size and presence of the nasal septum.
Variation in septal growth has significant effects on nasal projection and nasal bridge
elevation (Moss et al. 1968; Kemble 1973). Patients with holoprosencephaly, which
affects the growth of midline craniofacial structures, often exhibit agenesis or reduction
of the nasal septum with a flattened nasal bridge (Fitz 1983; Kjer et al. 2002; Ribeiro et

al. 2006). Nasal hypoplasia is often found in cases of warfarin embryopathy (Zakzouk
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1986). Reduced nasal projection in these patients is associated with reduced nasal septal
size. The cause is ectopic ossification of the septum early in development (Howe et al.
1997).

The developing nasal septum often contains five main histologically and
biochemically defined zones: anterior free end, suprapremaxillary area, central area,
posterior area and caudal prolongation (Vetter et al. 1984; Pirsig 1992). Varying
metabolic rates, cellular distribution, matrix synthesis, intracellular glycogen content, cell
density and proliferative capacities are found among each zone. The posterior area of the
cartilage adjacent to the perpendicular plate of the ethmoid was found to have high rates
of chondrocyte transformation into bone by endochondrial ossification. The posterior
area was not considered a growth zone (Pirsig 1992). The greatest chondrocyte cell
density and proliferative capacity of septal chondrocytes was found in the anterior free
end. The greatest metabolic activity, as measured by DNA synthesis, was found in the
anterior and central areas. Rates for proteoglycan synthesis, DNA synthesis and
chondrocyte proliferative are higher in children and decrease in all zones into adulthood,
but decrease at a lower rate in the central and anterior free end areas (Vetter et al. 1984).

Growth of the nasal complex occurs through childhood into teenage years.
Growth of the soft tissue nose from age 7-12 years old has been found to be 4-6mm,
comparing the soft tissue nasion to hard tissue nasion, with males closer to the lower end
and females higher. From 12-17 years old, 4-5mm of anteroposterior growth has been
found in males, with only 1-2mm in females. The majority of soft tissue nasal growth is
complete around age 12 in females. Nasal bones increased in anterior projection from 7-

17 years old. Males saw a 10° increase compared to a sella-nasion plane, compared to 7°
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in females. The nasal dorsum became slightly flatter (Genecov, Sinclair and Dechow
1990). Soft tissue nasal growth occurs after skeletal growth appears to be complete. A
systematic review provided more insight into nasal maturation in adolescents. Maximum
growth rates in females were at 11.7 years old, compared to males at 14.7 years old. 98%
of adolescent females were found to be nasally mature at 15.8 years old, and 98% of
males were nasally mature at 16.9 years of age (van der Heijden et al. 2008). Growth of
the soft tissue nose length and protrusion has been found to increase throughout life, even
up to the age of 97. The nose increases in length approximately 0.5cm in both males and
females from 20 to 90 years old (Zankl et al. 2002). Other reports have suggested that

growth of the nasal septum is complete around age 36 (\Van Loosen et al. 1996)

Nasal Septal Deviation

The specific role of the nasal septum and its relationship to growth of the midface
is further complicated by the presence of septal deviation. Septal deviation occurs when
the nasal septum is displaced to one or both sides. This process suggests some sort of
disjunction in the growth process and further complicates the understanding of the growth
mechanisms.

The development of septal deviation can arise both early and late in development
and often arises from a combination of etiological sources. Failure of development at any
embryological stage can lead to a deviated septum. Both genetic and environmental
causes can lead to defects. Following normal development, one of the first causes of
septal deviation in the newborn is trauma at childbirth. Prolonged pressure during the
intrauterine phase leads to deviation. Caesarian section leads to a reduction in deviation

(22% versus 4%) rates of newborns. Spontaneous straightening was found in a majority
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of the patients after a few days (Kawalski and Spiewak 1998). Other causes include
genetic influences, mechanical injuries, and rarely, congenital malformations, infections
or neoplasia (Pirsig 1992). Reduced ossification of the sphenoidal process of the septal
cartilage lead to greater overall septal length and increased nasal septal deviation (Kim et
al. 2011).

Researchers have sought to develop an understanding on the prevalence of nasal
septal deviation in a general population, both of children and in adults. Work by Gray
(1978) analyzed a mixed study of 2,380 Caucasian infants. The two main septal
deformities were classified as anterior cartilage deviation or combined septal deformity.
An anterior cartilage deviation was defined as asymmetry of the external bony pyramid
and dislocation of the cartilage off the anterior nasal spine. 10% of children had this
present at 3 days post-birth, and most disappeared by six months of age. Combined
septal deformity involves vomer, perpendicular plate of ethmoid and quadrilateral
cartilage having some level of kinking or spur deformity. 58% of children under the age
of 6 months were found to have kinked septa. Other analysis of newborns have reported
rates ranging from 0.93% (Podoshin et al. 1991) to 22% (Kawalski and Spiewak 1998).
Clinical analysis of children aged 6-9 found smaller deviation rates of 13.6% (Song et al.
1999). Ranges often vary due to differing measuring techniques of septal deviation and
nasal examination (Vig 1998). No one protocol has been established to accurately define
the occurrence rates and diagnosis in children.

Early analysis of adult population variation of nasal septal deviation focused on
skulls. One of the first studies on 2,152 adult skulls of varied races found 23% straight,

67% kinked and 10% deviated. A higher prevalence of left sided defects (58%) was
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found (Mackenzie 1880). A separate study analyzed 2,112 adult skulls of five ethnic
origins. 37% of septa were deviated, 42% kinked and 21% straight. The septal
deviation correlated with dental malocclusion. Comparison of deviation rates between
twins in the same study had a poor correlation, suggesting a minimal impact of heredity
(Gray 1978).

Recent investigations of global populations have led to a more defined septal
deviation nomenclature. Seven specific types of deviation have been recorded and
defined (Mladina et al. 2008). Septal deviation incidence rates were found to be 89.2%,
although the sample was taken from patients visiting an ENT office with nasal
complaints. Type 3, or a unilateral vertical ridge located more deeply in the nasal cavity,
opposite the head of the middle turbinate, was the most common septal deformity
(20.4%). Males showed a higher incidence of three types of deviation, with females
showing a higher incidence of type 3 and straight septa. As patients age, certain types
become more frequent, possibly due to growth of the splanchnocranial bones and final
angulation of the skull base. Left sided deformities were more common but not
statistically significant. Magnetic resonance imaging (MRI) and computed tomography
(CT) scans, enable improved septal imaging. Using this technology, septal deviation was
found to occur in higher rates in teenagers and adults, compared to patients under 4 years
of age (Reitzen, Chung and Shah 2011).

Researchers have sought to analyze the amount of deviation necessary to change
airflow in the nose. Artificial obstructions were placed in the nasal cavity at different
locations and of different thicknesses to simulate unilateral septal deviations. Airflow

resistance was greatest at the caudal edge of the upper lateral cartilage, followed by the
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caudal end of the septum that overlapped the upper lateral cartilage. Obstructions
moving toward the cavum had progressively less effect on nasal resistance. In
decongested nasal cavities, a 3mm obstruction had no effect on resistance, while an
untreated control nasal cavity showed significant resistance. A deviation of 4mm
produced significant resistance changes in control and decongested noses (Cole et al.
1988). Small deviations in the anterior portion of the nose produce significant airflow
resistance changes.

Septal deviation can lead to numerous clinical implications. Neonates require
open nasal passages to feed properly. Blockage can lead to choking, food in the
respiratory tract and sudden infant death syndrome (SIDS). Trauma at birth can lead to
septal deviations, and if accompanied by inflammation, leads to nasal blockage and
ultimately hypoxia (Kawalski and Spiewak 1998). Deviation in adolescents and adults
can lead to mouth breathing, crusting, epistaxis, sleep apnea, recurrent sinusitis due to
mechanical obstruction of drainage, Eustachian tube disturbances and/or middle ear
infections and ultimately deafness (Sooknundun et al. 1986). Dental malocclusions,
palatal asymmetries, respiratory tract infections and ear disease requiring placement of
ear tubes were found to be more common in patients with unilateral septal deviation
(Gray 1983). Growth patterns may be altered, leading to a class Il dental and skeletal
pattern, in addition to a more vertical growth pattern (D’ Ascanio et al. 2010). Septal
deviation has found to be correlated with facial form, including retrognathic midface and
projecting external nose. Patients with straight nasal septa are more likely to have
midfacial prognathism and less external nasal projection (Figueroa, et al. 2011). Facial

asymmetry is also correlated with septal deviation, including significant growth
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retardation of the midface and orbit on the concave side of the nose (Hafezi et al. 2010).
Septal body size has been found to change in the presence of septal deviations. Analysis
of patients with mild, moderate and severe septal deviation found increased septal body

size contralateral to the side of the deviation (Setlur and Goyal 2011).

Septal Deviation as it Relates to Mouth Breathing

One clinical manifestation of septal deviations is chronic nasal-breathing
obstruction. Numerous etiologies of nasal obstruction include enlarged adenoids, allergic
rhinitis, enlarged tonsils and nasal septum deviation (D’Ascanio et al. 2010). Septal
deviations as small as 3-4mm can produce airway resistance changes (Cole et al. 1988).
Patients adapt to nasal obstruction by breathing through their mouths more often. This
leads to a condition termed “adenoid facies” by Meyer in 1868 (as referenced in Freng,
Kvam, and Kramer 1988). The basis of this diagnosis included a retrognathic upper jaw
and posterior rotation of the lower jaw. More recently this has been referred to as long
face syndrome. Clinical manifestations include an increase in lower face height, lip
incompetence, narrow alar base and self-reported mouth breathing. Dental
manifestations include a narrow maxilla, posterior crossbite and class 11 malocclusion
(Vig 1998).

One of the first studies to show that nasal obstruction leads to altered growth was
completed in rhesus monkeys. Plugs were placed into the nostrils preventing inhalation.
The monkeys became obligate mouth breathers. More vertical growth was observed, the
maxilla reduced in width and the tongue altered its position and shape (Harvold,
Vargervik and Chierici 1973). Aurtificial obstruction in rats also found a decrease in

vertical growth and the skull base longitudinal axis. Differences were found only in the
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anterior nasomaxillary complex, with minimal change in the posterior segment (Scarano
et al. 1998). Placement of laryngectomy tubes in dogs resulted in reduced mandibular
length, nasal width and intercanine width (Schlenker et al. 2000). These studies relied on
complete obstruction. The majority of patients with septal deviation only have partial
obstruction, limiting the clinical application of this research. Still, researchers now knew
that nasal obstruction could at some level influence craniofacial growth in an animal
model.

One of the first studies looking solely at septal deviation and growth in humans
analyzed patients complaining of nasal obstruction with a deviated septum. None of
these patients or the controls had any allergies or infectious disease, no inflammation of
the tonsils, or history of nasal trauma that could otherwise account for the nasal
obstruction except septal deviation. 30% increased airflow resistance was found in the
group with the deviated septum. Significantly smaller posterior facial height, smaller
height of the anterior nasal aperture, posterior rotation of the mandible and shorter nasal
ceiling were found in the deviated septum group (Freng, Kvam and Kramer 1988). This
study showed that a deviated septum could alter both breathing patterns and growth of the
face. Criticisms of the results stated that sensitivity and specificity of diagnostic tests for
impaired nasal breathing are poor indicators of nasal resistance, peak flow rate and
percentage of nasal airflow. Form-function interaction, comparing nasal obstruction to
facial growth, is multifactorial in nature (Vig 1998).

One hypothesis for the alteration in growth is due to muscular changes in
response to pressure. Airway resistance, for example, could lead to altered muscular

function. Simulated nasal obstruction in rabbits found an increase in orofacial muscle
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activity. Simulated negative air pressure in the pharynx, independent of airway source
(i.e. mouth or nose), increased muscle activity as well (Song and Pae 2001). Changes in
muscle tone could alter the growth of the craniofacial complex and lead to any potential
growth disturbances found in patients with nasal obstruction.

Researchers have sought to analyze the effect nasal airway resistance has on the
partitioning of airflow through the mouth and nose. A weak inverse correlation was
found between nasal airflow resistance and nasal fraction of ventilation. Yet, some of the
patients predicted to be mouth breathers based on nasal resistance were nasal breathers.
Vasoconstriction of the nostrils produced a simulated large increase in resistance yet had
little effect on the flow between mouth and nasal airflow (Leiter and Baker 1989). Nasal
resistance is only one measurement of breathing and may not be accurate enough to
predict which patients are more inclined to be mouth breathers. More definite methods
are needed to accurately assess breathing characteristics.

More recent data analyzed 98 children, age 7-12, with obligate mouth-breathing
secondary to nasal septum deviation compared to age and sex matched controls. Nasal
breathing obstruction was defined as nasal-breathing resistance >0.40 Pa/cm®/s at 150Pa
on each nostril. The obligate mouth breathers were found to have an increase of upper
anterior facial height and total facial height as measured on lateral cephlometric
radiographs. In addition, the gonial angle, palatal height and overjet were greater in the
mouth breathers, leading to a higher incidence of class Il malocclusion (D’ Ascanio et al.
2010). Similar findings, including constricted maxilla, posterior crossbite, backward and
downward rotation of the mandible and increased overjet, have been found in children

with chronic mouth breathing (Harari et al. 2010).



26

MATERIALS AND METHODS

Subject Selection

All patients for the present study were selected from the lowa Facial Growth
Study. Subject selection for the original growth study was based on “likelihood of
continuing resident in the community and willingness to participate...not related to
odontic condition or need for orthodontic treatment” (Meredith 1959). The sample
consisted of of 60 boys and 65 girls of northwest European descent. Starting from age 3-
5, lateral and posteroanterior (PA) cephalometric radiographs were made at 3 month
intervals until age 6. Biannual radiograhs were made from 6-12 years old and annual
radiographs were made from 12-17 years old. Addititonally, at a minimum of 21 years of
age, many of the subjects returned for a final “adult” radiograph.

From this data set, 19 females and 20 males were selected. Selection was based
first on the availability of radiographs from all ages and second based on quality. No
prior knowledge of growth patterns was known upon selection. The patients were
sectioned into nine age ranges for analysis: 3-4.9, 5-6.9, 7-8.9, 9-10.9, 11-12.9, 13-14.9,
15-16.9, 17-18.9 and over 20 years of age. Full compositie male and female subject
tables can be found in Appendix Tables Al and A2. Table 1 is a summary showing

average age and number of subjects in each age range.
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Figure 3. Example of a non-deviated septum in an a)child and b)adult subject.
The red line represents the absolute distance between the superior and inferior borders of

the nasal septum. The green line represents the actual path of the septum.
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Figure 4. Example of a deviated septum in an a)child and b)adult subject. The red
line represents the absolute distance between the superior and inferior borders of the

nasal septum. The green line represents the actual path of the septum.
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RESULTS

Ontogenetic Changes in Septal Deviation

There was a clear tendency for septal deviation to increase with age (Table 5,
Figure 5). Mean percentage of septal deviation, broken down by age group, can be
found in Table 5. A full listing of percentage of septal deviation for all subjects can be
found in Tables A3-A1l in the Appendix.

The youngest group (age 3-4.9) had the lowest mean percentage of septal
deviation (0.620% = 0.463%). The adult (age 20+) group had the largest mean
percentage of septal deviation (0.991% £ 0.519). Each age group showed an increase in
mean percentage deviation. Each of the first five groups (ages 3-12.9) had significantly
different percentage of septal deviation when compared to the adult (age 20+) group

(P<0.05).

Craniomandibular Coordinate Landmark Analysis

Principal component analysis of Procrustes scaled landmarks produced a total of
32 components. Of these, the first three cumulatively explained 56.23% of the variance
and were selected for further analysis. These three components were selected on the
basis that they explained either ontogenetic variation of facial form or other aspects of
shape that have been previously suggested to vary with the nasal septum. The first
principal component (PC1), which accounts for 27.11% of the variation, explained
ontogenetic changes in cranimandibular form as evidenced by the significant correlation
with centroid size (r=0.82). The thin-plate splines showing variation of PC1 can be
found in Figure 6. Figure 7 shows a scatter plot of PC1 compared to centroid size.

The second principal component (PC2) shows variation in vertical development.
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PC2 accounts for 21.08% of the total variation in shape. When compared to centroid
size, PC2 has a small, statistically significant, positive correlation (r=0.17, P<0.003). The
lack of a strong correlation suggests PC2 is a non-allometric component. The thin-plate
splines showing variation along PC2 can be found in Figure 8. Figure 9 shows the
scatter plot of PC2 compared to centroid size.

The third principal component (PC3) shows variation in the nasal complex. Total
nasal area, nasal projection and vertical nasal development all are explained by PC3.

PC3 accounts for 8.04% of the total shape variation. When compared to centroid size,
PC3 has a small, statistically significant, negative correlation (r=-0.26, P<0.0001). The
lack of a strong correlation suggests that PC3 is also a non-allometric component. The
thin plate splines showing variation along PC3 can be found in Figure 10. Figure 11
shows the scatter plat of PC3 versus centroid size.

Each of the three principal componenets was compared to the percentage of septal
deviation. None of the the first three principal components was found to have a strong
correlation with the percentage of nasal septal deviation. PC1 was found to have a small,
statistically significant, positive correlation with nasal septal deviation (r=0.16, P=0.007).
PC2 had no correlation with nasal septal deviation (r=0.09, P=0.113). PC3 had a small,
statistically significant, negative correlation with nasal septal deviation (r=-0.13,

P=0.025).



Table 5. Composite results for percentage of septal deviation of both male and female
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subjects.
Age Range (Years) Number  Mean % Deviation P-Value Minimum  Maximum
3-4.9 26 0.620+0.463 0.006**  0.012 1.660
5-6.9 31 0.637+0.460 0.003**  0.060 1.840
7-8.9 35 0.650+0.458 0.002**  0.091 1.990
9-10.9 36 0.687+0.477 0.008**  0.020 2.110
11-12.9 36 0.783+0.642 0.047** 0.010 2.750
13-14.9 35 0.852+0.440 0.215 0.213 1.854
15-16.9 31 0.859+0.420 0.327 0.340 2.169
17-18.9 18 0.926+0.619 0.551 0.158 2.830
20+ 28 0.991+0.519 N/A 0.140 2.310

**indicates statistically significant (P<0.05) mean percentage deviation compared

to the adult (20+) group.
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Figure 6. Thin-plate splines illustrating the variation along the first principal component

(PC1) from the scaled lateral cephalometric landmarks.
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Figure 7. Scatter plot of the first principal component (PC1) versus the Centroid size.
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Figure 8. Thin-plate splines illustrating the variation along the second principal

component (PC2) from the scaled lateral cephalometric landmarks.
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Figure 9. Scatter plot of the second principal component (PC2) versus the Centroid size.
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DISCUSSION

No study to date has been conducted on the morphological development of nasal
septal deviation in a longitudinal study. Our data suggests that deviation is already
present at three years of age. Other research has evaluated septal growth and potential
deviation both prenatally and in the first few years of life. Deviation rates have been
reported to be as low at 0.93% up to 58% of children under six months of age (Gray
1978; Podoshin et al 1991; Kawalski and Spiewak, 1998). Our results found that
deviation continues to increase throughout adulthood, where the maximum mean
percentage of deviation was found. The amount of deviation in subjects aged 3-12.9 was
statistically significantly lower when compared to the adult levels. The 11-12.9 age
group may correspond to previously reported ranges of the the adolescent growth spurt
(Profitt et al. 2006). Other reports of nasal growth timing found a maximum growth rate
at 11.7 and 14.7 years of age in females and males, respectively (van der Heijden et al.
2008). Even though the amount of deviation was not significant past age 13 in this study,
the amount continued to increase, suggesting that the growth of the septum continues into
adulthood. Nasal growth has been reported to be mature, or complete, by the age of 15.8
and 16.9 years of age in females and males, correspondingly (van der Heijden et al.
2008). The continued increase in deviation in this study suggests continued growth into
adulthood, defined in our study as over age 20. Our findings correspond to other research
that found continual growth through puberty and up to age 36 (\Van Loosen et al. 1996;
Zankl et al. 2002).

Craniomandibular coordinate landmark analysis enabled examination of facial

changes in shape. The first principal component (PC1) explained the most variance in
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of space available (Holton et al. n.d.). The Caucasian subjects had increased septal size,
reduced ANS projection and reduced maxillary projection all with higher rates of early
premaxillary-maxillary suture fusion (Mooney and Siegel 1986). This data suggests that
the role of the septum in midface development is minimized with early premaxillary-
maxillary suture fusion. Scott’s (1953) theory of the nasal septum acting as a growth
plate requires suture patency in order to transmit nasal growth forces to the rest of the
face. The presence of suture fusion makes the growth of the septum and its effect on the
rest of the face far more complex.

While our results do not show a morphological relationship between the septal
deviation and facial form, there is a functional relationship present. Our study did not
measure nasal airflow. Previous research suggests that once nasal resistance is greater
than 0.40 Pa/cm®/s at 150Pa, then nasal breathing obstruction is present (D’ Ascanio et al.
2010). Yet, others have suggested that nasal resistance does not correlate with nasal
fraction of ventilation (Leiter and Baker 1989). Our study found that vertical growth
patterns were maintained throughout growth, in the presence of an increasing amount of
septal deviation. Our results suggest that untreated septal deviation will not self-correct
and change a vertical growth pattern. However, we cannot assess if treatment would
change the growth of the septum and the growth pattern of the face. More research
would be needed to assess any changes. Minimally invasive surgeries on the nose have
found minimal growth changes on the growing nose and face (Bejar et al. 1996; Tasca
and Compadretti 2011). The nasal growth changes due to more invasive surgeries to
correct septal deviations are yet unknown, in addition to any changes to the entire

craniofacial complex.
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Limitations and Directions for Future Research

This analysis of nasal septal deviation in a longitudinal sample has limitations.
The nasal septum comprises three main parts, each of which can possess some deviation
or growth differences. Our analysis looked at deviation in a 2-dimensional radiograph.
Our method of measurement could only analyze the greatest curvature present throughout
the entire septum. In a 3-dimensional analysis, via cone beam computed tomography
(CBCT), the entire septum can be viewed. A septum with multiple small deviations
would not be detected in a 2-dimensional analysis, while a 3-dimensional analysis would
give a more complete understanding of the amount and location of the deviation. As past
research has shown, the location of the deviation and exact size can lead to increased
nasal airway resistance (Cole et al. 1988). The 2-dimensional imaging also superimposes
various structures. Only with a 3-dimensional analysis can each part of the face be
separated and analyzed without overlying structures. A longitudinal, CBCT based study
would provide the best data collection possible for this research design. Yet, the current
levels of radiation emitted via CBCT have prevented approval from an institutional
review board.

Each radiograph offered the potential for patient or operator error. If the patient
did not hold still, the quality of the image would decrease. Patients have varying levels
of bone density, thus making standardized radiographic collection more difficult. The
operator had to position the patient properly to ensure a quality image. In the PA
cephalometric radiographs, if the patient was not positioned perpendicular to the source
of the x-rays, then the nose and septum would be more deviated to one side or another.

Additionally, different machines were used for the adult radiographs (Meredith, 1959).
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The contrast was different, making some images more difficult to analyze. Each adult
had to be placed in the same position as the children, leading to some adult structures to
be cut off from the radiographic image. In our analysis, a few of the nasal tips were not
in the field of view and thus were estimated.

The sample size was 39 of the lowa Growth Study patients, limited due to the low
amount of adults returning for radiographs after the age of 20. The sample size is small,
but enabled analysis at nine different age ranges. In addition, population variation was
limited to Caucasian patients. Past research has suggested ethnic differences between
African and Caucasian patients (Holton et al. n.d.). Caucasian patients have been found
to have bigger nasal septa, more nasal septal deviation and overall greater nasal size. The
subjects used in the present study are only of one background, thus preventing any
population comparisons with the data.

Future analysis could utilize the same breakdown of age groups used in this study
and collect CBCT images in a cross sectional manner. This would enable large sets of
data collection. The entire nasal septum could be measured, preventing the overlap found
in this study. Different ethnic backgrounds could be analyzed to study population
variation. The exact location and amount of deviation could be quantified. Lastly, nasal
resistance, or some other form of breathing analysis could be utilized to check for
changes in nasal airflow. Through all of this data collection, nasal septal growth and the
development of deviation could be better understood. Specific cases could be diagnosed
and treated early, potentially preventing adverse growth found in patients with long face

syndrome and its related clinical manifestations.
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CONCLUSION

Nasal septal deviation has been found to increase in a longitudinal sample of
subjects of northern European descent. Nasal septal deviation was detected in patients in
our youngest analyzed sample, 3-4.9 years of age, and increased throughout adulthood,
defined as over the age of 20 in our sample. Craniomandibular coordinate analysis found
no correlation between facial form and nasal septal deviation. Nasal septal deviation
represents a disjunction in the growth of the nasal septum with the rest of the face. The
results in this study suggest that nasal septal deviation continues to increase after the
pubertal growth spurt. The amount and timing of nasal septal deviation that can cause
nasal obstructions leading to vertical growth changes was not analyzed in this study and

will require future study.
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Table Al. Composite male subject table

(+02) (+02) (+02) (+02) (+02) (+02) (+02) (+02) (+02)
(0-21)  (0-21) (-21)  (0-21)  (0-21)  (9-21)  (0-21)  (0-2T)

(0-91)  (091) (091  (0-91) (091  (0-91)  (0-91)  (0-91)  (0-9T)
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(0-2) (0-2) (0-2) (0-2) (0-2) (0-2) (0-2) (9-2) (0-2) (0-2)
(0-9) (0-9) (€-9) (0-9) (0-9) (0-9) (0-9) (0-9) (0-9) (0-9)
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Table Al cont.

(+02)  (+02)  (+02)  (+02) (+02) (+02)  (+02)
(0-27)
(0-91)  (0-91)  (0-97) (0-97) (0-s1)  (-s1)  (0-GT)
(v1)  (oe1)  (0€1)  (0v1)  (0e1)  (0€1)  (o-e1)  (0-€1)  (0€1)  (0-€T)
(-11)  (0-11) (0T (0T (91D (9-11)  (0-TT) (0T (011 (O-TT)
(9-6) (9-6) (0-6)  (0-0T) (9-6) (9-6) (9-6) (9-6) (9-6) (9-6)
(0-2) (0-2) (0-2) (0-2) (9-2) (0-2) (0-2) (0-2) (0-2) (0-2)
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Table A2. Composite female subject table

(+02)  (+02) (+02) (+02) (+02)  (+02)  (+02) (+0z)  (+02)  (+02)
(0-21) (0-21)  (0-LT) (0-21) (0-21) (0-21) (01 (1-21) (0-2T)
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Table A2 cont.

(+02)  (+02) (+02) (+02) (+02) (+02)  (+02)
(0-81) (0-21) (0-21)
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Table A3. Septal deviation percentages for all subjects in 3-4.9 age range.

Female Subjects

Percentage Deviation Male Subjects

Percentage Deviation

F1

F3

F4

F7

F10

F13

F19

F32

F46

F50

F55

0.51

0.435

0.27

0.807

0.05

0.109

0.6

0.141

0.012

0.16

131

M1

M2

M7

M24

M31

M33

M35

M40

M41

M50

M55

M60

M61

M64

1.66

1.66

0.673

1.22

0.19

0.87

0.8

0.474

0.466

0.601

0.752

1.07

0.693

0.319




Table A4. Septal deviation percentages for all subjects in 5-6.9 age range.

Female Subjects Percentage Deviation Male Subjects Percentage Deviation
F1 0.710 M1 1.430
F4 0.278 M2 1.670
F7 1.051 M3 0.589
F10 0.390 M7 0.552
F13 0.266 M9 0.464
F15 0.240 M10 0.060
F19 0.312 M24 0.533
F21 0.190 M31 0.650
F32 0.268 M33 1.840
F34 0.241 M40 0.640
F38 0.385 M41 0.366
F46 0.600 M50 0.779
F49 0.450 M55 1.229
F50 0.145 M60 0.930
F55 1.440 M61 0.426

M65 0.620
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Table A5. Septal deviation percentages for all subjects in 7-8.9 age range.

Female Subjects Percentage Deviation Male Subjects Percentage Deviation
F1 0.870 M1 1.990
F3 0.730 M2 1.590
F4 0.238 M3 0.385
F7 1.049 M7 0.880
F10 0.430 M9 0.270
F13 0.241 M10 0.162
F15 0.091 M24 1.035
F19 0.424 M31 0.410
F21 0.560 M33 0.960
F32 0.350 M35 0.430
F34 0.215 M40 0.493
F38 0.510 M41 0.429
F46 0.550 M50 0.809
F49 0.990 M55 0.461
F50 0.435 M60 0.706
F55 0.769 M61 0.732

M64 1.965
M65 0.198
M68 0.389
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Table A6. Septal deviation percentages for all subjects in 9-10.9 age range.

Female Subjects Percentage Deviation Male Subjects Percentage Deviation
F1 0.650 M1 0.660
F3 0.380 M2 0.260
F4 0.235 M3 0.530
F7 0.906 M7 0.403
F10 0.680 M9 0.544
F13 0.365 M10 0.112
F15 0.107 M24 1.547
F19 0.725 M31 0.860
F21 1.057 M33 1.200
F32 0.660 M35 0.700
F34 0.710 M40 0.411
F38 0.547 M41 0.208
F46 0.683 M50 0.382
F47 0.378 M55 0.896
F49 1.300 M60 1.220
F50 0.260 M61 2.107
F55 0.020 M64 1.858

M65 0.354
M68 0.798
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Table A7. Septal deviation percentages for all subjects in 11-12.9 age range.

Female Subjects Percentage Deviation Male Subjects Percentage Deviation

F1 0.940 M1 2.500
F3 0.420 M2 2.060
F4 0.322 M3 0.244
F7 1.036 M7 0.747
F10 0.610 M9 0.708
F13 0.235 M10 0.090
F15 0.203 M24 1.231
F19 0.948 M31 0.878
F21 1.350 M33 1.136
F32 0.431 M35 0.554
F34 0.384 M40 0.482
F38 0.377 M41 0.281
F46 0.337 M50 0.557
F47 0.316 M55 1.065
F49 1.100 M60 1.360
F50 0.282 M61 1.413
F55 0.010 M64 2.751

M65 0.203

M68 0.629




Table A8. Septal deviation percentages for all subjects in 13-14.9 age range.

Female Subjects Percentage Deviation Male Subjects Percentage Deviation

F1 1.103 M1 1.620
F3 0.420 M2 1.250
F4 0.410 M3 0.442
F7 1.106 M9 0.842
F10 0.730 M10 0.771
F13 0.394 M24 1.854
F15 0.442 M31 0.906
F19 0.213 M33 0.730
F21 1.244 M35 0.544
F32 0.570 M40 0.822
F34 0.395 M41 0.984
F38 0.865 M50 0.436
F46 0.468 M55 0.315
F47 1.266 M60 1.150
F49 1.580 M61 0.920
F50 0.443 M64 1.303

F55 0.430 M65 1.140




Table A9. Septal deviation percentages for all subjects in 15-16.9 age range.

Female Subjects Percentage Deviation Male Subjects Percentage Deviation

F1 0.747 M1 0.960
F4 0.710 M2 0.512
F7 0.889 M3 0.596
F10 0.560 M7 0.905
F13 0.946 M9 0.405
F15 0.573 M10 0.770
F19 1.456 M24 2.168
F21 1.257 M31 0.340
F32 0.592 M35 0.767
F34 0.518 M40 0.891
F38 1.139 M41 0.876
F46 0.423 M55 1.457
F47 0.730 M61 0.449
F49 1.380 M64 1.223

F50 0.519 M65 1.487




Table A10. Septal deviation percentages for all subjects in 17-18.9 age range.

Female Subjects Percentage Deviation Male Subjects Percentage Deviation

F1 0.690 M2 0.490
F3 0.340 M3 0.663
F4 0.680 M9 0.781
F13 0.848 M10 1.220
F18 0.679 M24 2.830
F19 1.847 M31 1.140
F21 1.360
F32 0.616
F34 0.560
Fa7 1.102
F50 0.663

F55 0.158




Table A1l. Septal deviation percentages for all adult subjects over 20 years old.

Female Subjects Percentage Deviation Male Subjects Percentage Deviation

F1 0.580 M2 0.140
F3 0.790 M3 1.303
F4 0.850 M7 1.347
F7 1.357 M9 0.777
F10 1.097 M10 0.486
F13 0.393 M24 2.310
F15 0.470 M31 1.040
F21 1.860 M33 0.806
F34 0.651 M40 1.314
F38 0.950 M41 0.533
F47 1.317 M50 1.032
F49 0.510 M55 0.780
F50 0.663 M61 0.545
F55 0.812 M65 1.887

M68 1.800
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