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ABSTRACT
A CROSS SECTIONAL ANALYSIS OF THE RELATIONSHIP BETWEEN
CHILDHOOD OBESITY AND CRANIOFACIAL DIMENSIONS IN A POPULATION
RECEIVING ORTHODONTIC TREATMENT
Daniel M. Eves, D.M.D.
April 7, 2005

The purpose of this study was to determine if obesity impacts craniofacial
dimensions in adolescent and teenage subjects.

Twenty-one cephalometric measurements were selected as a basis for comparison
between normal weight, overweight and obese children. The subjects were weighed,
measured, and placed into one of the three groups based on their Body Mass Index
(BMI). Lateral cephalometric radiographs were taken, traced and digitized on all
patients. The various measurements were analyzed to determine if there were any
statistically significant differences between any of the measurements when compared on
the basis of BMI.

The following seven measurements showed a statistically significant difference
when evaluated on the basis of BMI: SNA, maxillary unit length,

SNB, corpus length, mandibular unit length, soft tissue convexity and
soft tissue facial height ratio. Comparisons were also made on the basis of gender and

age. Three of the measurements for gender showed a statistically significant difference:

S-N, maxillary unit length and mandibular unit length. Similarly, three of the



measurements for age showed a statistically significant difference: maxillary unit length,

corpus length and mandibular unit length.

Vi



TABLE OF CONTENTS

PAGE

ABSTRACT ... e v
LIST OF TABLES ... e IX
LIST OF DIAGRAMS . ... e, Xi
INTRODUCTION. ..o e 1
METHODS AND MATERIALS . ..., 11
BMI cOmMPULALION. ...t 12
Description 0f Measurements. ..........o.ouiriiiiirt et rieeaeeeenane 15

Age Groups Defined. ... 26
RE S UL T S . e 27
DISCUSSION. ... e e 41
SN 42

SN A L 43

A-POINT CONVEXILY. ... utitiii ittt et 43
Maxillary Unit Length. ..., 43

A O N PeIP. o 44

AN B . 45

[ PP PP 46

Facial AXIS. ..ot 46

vii



Corpus Length. .. ..o 48
Mandibular Unit Length............cooiiii i 48

SN0 GOGN. .. e 49

BV A 49

Y A XIS 50

MP-PP . 50

IV P A 51
Nasolabial Angle........ ... 51

Chin Throat Angle........coviiiri e 52

SOft TiSSUE COMVEXILY ... euvnenitat et ettt e e aaeae e 52

Soft Tissue Facial Height Ratio..............oooviiiiiiiiiiiiiiee e, 53

Lower Lipto E-Plane...........coooii i 54
CONCLUSIONS S . L e e 56
SUMMARY ..o e 58
REFERENCES ... e 59
CURRICULUM VITAE. ...t 62

viil



LIST OF TABLES

TABLE PAGE

1. Description of Anatomical Points.................coooiiiiii i
2. Number of Patients Exhibiting Each of the Independent

Variable Evaluated...............c.oo
3. Mean, Norm and Standard Deviations for Selected

Craniofacial DImenSIons. ... .......ouiiiti e
4. Variables Affecting Mean Craniofacial Measurements

for varying BMIs. ...
5. Variables Affecting Mean Craniofacial Measurements

for varying BMI's. ...
6. Variables Affecting Mean Craniofacial Measurements

for varying BMD’s.................... B U
7. Variables Affecting Mean Craniofacial Measurements for

Males and Females. ... ...
8. Variables Affecting Mean Craniofacial Measurements for

Males and Females.............oooii i
9. Variables Affecting Mean Craniofacial Measurements for

Males and Females. .. ..o

1x

33



10. Variables Affecting Mean Craniofacial Measurements for

Different AZe GIOUPS........ouiniiiiiiit i e 37
1 1. Variables Affecting Mean Craniofacial Measurements for

Different AZe GrOUPS.......outiititi i 38
12. Variables Affecting Mean Craniofacial Measurements for

Different Age GrOUPS......o.oiniit i e 40



LIST OF DIAGRAMS

DIAGRAM PAGE
. Tlustration of the Anatomical Points used in this Study.......................... 13
2. The Anterior Cranial Base Length (S-N).........oooiiiiin 15
3. Sella Nasion A-point (SNA). ..., 15
4. A-POINt CONVEXILY .t tnet ettt ettt et ettt e e e 16
5. Maxillary Unit Length..... .o 16
6. A-point to N-point perpendicular.............ooooiiiiiiiiiiiiin 17
7. A-point N-point B-point (ANB)........ccoooiiiiiiii 17
B W IS e 18
0. Facial AXiS......ooiiii 18
10. S-point N-point B-point (SNB).......c.coooiiiiiii 19
11. Corpus Length. ... e 19
12. Mandibular Unit Length.........ccooiiiiiii 20
13. Sella-Nasion to Gonion-Gnathion (S-N to Go-Gn)...........cooiviiiiiiiiiiin i 20
14. Frankfort Mandibular Plane Angle (FMA).........c.oooiiiiiiii 21
LS Y maXIS et e 21
16. Mandibular Plane to Palatal Plane (MP-PP)....................ooiii, 22
L7 DM P A e 22
18. Nasolabial Angle.........oooiiiii i e 23

Xi



19. Chin Throat ANGIe...... ..o e 23
20. Soft Tissue CONVEXILY. . .euuietiriiniireieeieieiienieeeieaeeeine e 24
21. Soft Tissue Facial Height Ratio..........c...ocoo i 24

22. Lower Lip to E-Plane. ..o, 25

x1i



INTRODUCTION

Obesity in the United States is an ever increasing health problem. In particular,
childhood obesity continues to increase at an alarming pace presently reaching epidemic
proportions. In 1960, the National Health and Nutrition Examination (NHNE) Survey
documented that the childhood obesity level was 5%, between 1988 and 1994 it was
documented at 11%, and the 1999 -2000 NHNE survey reported the childhood obesity
rate at 15%. This increase was seen predominantly in particular ethnic groups, such as
African Americans and Mexican Americans. Obesity increased in these groups 10%
between the1988 - 1994 survey and the 1999 — 2000 survey, but only increased by 5%
during the same time span in Caucasian children.[1] The results of a more recent obesity
study conducted on elementary school children in New York City are even more
alarming. In May 2003, 43% of the 2,681 children measured were overweight and 24%
were obese. Thirty-one percent of Hispanic children, 23% of African American children,
16% of Caucasian children and 14% of Asian children were determined to be obese.[1]

The suspected causes for this rapid rise in childhood obesity are multi-factorial,
and each of the factors has the potential to arise during childhood. Genetic mutation is
one factor. For example, two grossly obese Pakistani children were born to normal
parents and were later identified as having genetic mutations. A total of five mutations

were 1dentified as contributing to their obesity. Among these mutations is one that



encodes for leptin, a hormone that is secreted by adipocytes and is found at levels
consistent with the amount of body fat present.[2] Additional factors contributing to
obesity include the lack of physical activity and increasingly sedentary lifestyles.
According to a study conducted by Ebbeling, (2002) excessive television watching
appears to be the most significant factor contributing to the lack of childhood physical
activity. Not only does television viewing decrease the amount of time spent in physical
activity, but it often leads to an increase in the amount of calories consumed as viewing
food commercials on TV may increase appetite and influence poorer food selection.[2]

Diet has also dramatically changed over the last forty years and is a significant
contributor to the increase in childhood obesity. The consumption of simple
carbohydrates by all age groups in the United States has dramatically increased. These
foods are high on the glycemic index and include breads, cereals, potatoes, cakes, refined
sugar, sodas, etc. They promote high blood glucose levels and encourage over-eating in
adolescents which leads to an increase in central adiposity.[2] Portion size also continues
to increase and contributes to excessive food ingestion and increasing body mass. “Fast
food” in particular incorporates many of the variables mentioned above and is typically
high in saturated and trans fat, simple carbohydrates, and calories and is large in portion
size. Its popularity continues to grow as family life becomes busier, and parents have
less time to prepare conventional meals.

Social factors also play a role in the physical stature of children. Children who
are neglected or who suffer from depression are more likely to become obese than their
mentally healthy counterparts.[2]. Studies demonstrate that children with obese parents

are more likely to become obese themselves. In fact, children born to two obese parents



have a 70% chance of becoming obese. Those with one obese parent have a 50% chance
of becoming obese, while children born to two normal weighted parents have only a 10%
likelihood. Further, children of lower socioeconomic status who are part of single parent
families, and who have uneducated parents are also at increased risk.[3] The weighted
importance and interaction of each factor, however, is still yet to be determined and
further research is necessary. Of course, each child is unique and affected differently by
each variable, but a better understanding of the impact of the risk factors on a child’s
stature is important to prevent obesity and its associated problems.

Many ramifications and negative medical consequences are associated with
childhood obesity. These include high blood pressure, increased incidence of Type Il
diabetes, increased total cholesterol, polycystic ovary syndrome, hepatic steatosis,
gallstone formation, accelerated growth, Blount’s disease, low self esteem, asthma, sleep
apnea and increased risk for obesity in adulthood.[4]

Hypertension is a serious consequence of childhood obesity. It may present as
dizziness, heart palpitations, easy fatigability, epistaxis, hematuria, blurred vision, angina
pectoris, loss of breath or as an aneurism. If the onset of hypertension occurs during
childhood and is prolonged, it can cause cerebrovascular insufficiency, congestive heart
failure, peripheral vascular insufficiency and premature death.[5]

The incidence of Type II diabetes is greatly increased in obese children. In a
survey conducted by The National Health and Nutrition Examination Survey, 85% of
children diagnosed with Type II diabetes were either overweight or obese. In a recent
study of obese children, 25% of the 4 -10 year olds and 21% of adolescents were

diagnosed with impaired oral glucose tolerance. The complications associated with this



can slowly destroy critical functions of the body. Most symptoms appear 15 -20 years
after the initial diagnosis of hyperglycemia. Atherosclerosis is one such complication
and is caused by an accumulation of plaque within the arteries and an increased platelet
adhesiveness, both of which tend to narrow the lumen of the arteries. Diabetic
retinopathy is a leading cause of blindness in the United States. Neuropathy, another
complication, presents as numbness, paresthesia, or pain and can affect muscular units
resulting in an abnormality of gait and even as a fracture of the tarsal bones. The
vascular disease associated with diabetes often causes a diminished blood supply that
results in ulcers and an increased risk of infection.[5] Finally, obese children often have
an increase in total cholesterol which may increase blood pressure and eventually lead to
angina pectoris, myocardial infarction or congestive heart failure.

Excessive adipose tissue results in excessive androgen production in lieu of
estrogen, contributing to the development of polycystic ovary syndrome. This syndrome
is characterized by unpredictable uterine bleeding that varies in timing and amount. The
increased amount of androgen produced perpetuates the chronic anovulation by causing a
deficiency of Follicle Stimulating Hormone (FSH) and an excess of Lutenizing Hormone
(LH). Therefore, the increased amount of adipose tissue rather than an intrinsic problem
with the ovaries causes the infertility.[5]

Gallstones are prevalent in the United States and are also a side effect of obesity.
Autopsies indicate that 20% of women and 8% of men over the age of 40 are affected.[5]
Obesity causes the secretion of cholesterol which is required for the formation of gall
stones. They typically cause inflammation or obstruction of the cystic duct which

increases intralumenary pressure and causes severe pain or a steady ache in the abdomen.



In Blount’s disease, the tibia fails to develop normally in obese patients because
of the excessive weight it bears. A medial angulation of the tibia in the area of the
proximal epiphyseal plate leads to a bowing of the legs in the area of the knees. Each leg
responds slightly differently; therefore differences in leg length are common. The
condition also results in the medial rotation of the tibia further leading to an inward
rotation of the foot. The disease is not self limiting and will likely worsen unless
corrective action is taken. Depending on the severity of the disease and the age of the
patient, treatment may include leg braces or surgery.[6]

Clinical studies have shown that obese children experience psychological
problems and feelings of low self-esteem more often than children of normal body mass.
This condition occurs more often in females than males and worsens with age. One study
concluded that 34% of obese white females between the ages of 13-14 have low self
esteem, while only 8% of nonobese white females in the same age group are affected.[7]
Obese children often receive excessive teasing throughout their lives, especially during
their teenage years which tends to be the most damaging and frequently results in feelings
of low self esteem. This condition represents a serious social impairment for these
children, and teachers often perceive them less favorably than children of normal weight.
If the condition continues into adulthood lasting consequences can occur. In a National
longitudinal survey of 10,000 females age 16-24 years, the obese females were less likely
to complete college or to marry and were more likely to face employment discrimination,
to earn less money, to have less formal schooling and to have less material wealth than

their nonobese counterparts.[4]



Obesity is one of the major causes leading to an accumulation of tryglycerides in
the hepatocytes, commonly known as hepatic steatosis, or fatty liver. This condition
usually results in only minor discomfort, slight elevations of alkaline phosphatase, and a
minor enlargement of the liver. More significant consequences such as jaundice and
prolonged blood clotting times can occur however, which may indicate fibrosis or cirrosis
of the liver.[5]

Obesity increases the risk for developing asthma, which is characterized by a
narrowing of the air passages. Over-responsiveness of the trachea and bronchioles to
external stimuli cause such narrowing and presents clinically as coughing, wheezing and
general difficulty in breathing. Asthma is an episodic disease with acute attacks lasting
from minutes to hours often followed by what appears to be a full recovery. The duration
between attacks varies, and it is difficult to predict what will precipitate the next attack or
when it will occur. In some instances, the narrowing of the tracheobronchial tree can
become so severe that the patient cannot adequately perfuse the blood with oxygen. In
some extreme cases, the disease requires hospitalization and could lead to death.[5]

Obesity is often associated with Obstructive Sleep Apnea (OSA) which is fairly
common but still represents a potentially life threatening problem. Classic symptoms
include loud snoring during sleep and excessive sleepiness during the day. Nearly all
people inflicted with the disorder are symptomatic.[8] During sleep, the upper airway
becomes obstructed which temporarily causes patients to stop breathing. The
concentration of carbon dioxide in the blood rises until the patient awakens and begins
breathing again. The respiration saturates the blood with oxygen, the patient falls back to

sleep, and the cycle continues. This not only leads to a restless nights sleep, but creates a



dangerous situation in which the patient could suffocate.[8] Although certain types of
craniofacial characteristics have been identified as contributing factors to the onset of
sleep apnea, the complete cause of the condition is not yet fully known.

The upper airway is the only part of the airway that is not surrounded by hard
cartilaginous rings to define its shape. Within the upper airway, a large tongue is a risk
factor for developing OSA. Xiujun Yu et al., (2002) found that large tongues were
common in sleep apnea patients. When in the supine position, large tongues fall
posteriorly obstructing the hypopharyngeal space and occluding the airway. An
excessively long soft palate is also a risk factor and may constrict the upper pharyngeal
air space when the patient is in the supine position. A deficient mandible and an
inferiorly positioned hyoid bone also appear to contribute. The position of the hyoid
bone is significant, because it anchors the tongue muscles. When it is inferiorly
positioned, the tongue is allowed to drop back and down.[8] Evidence suggests that
excessive adipose tissue and an increased BMI significantly increase the risk for OSA.
Excessive deposition of adipose tissue in the upper airways of obese patients greatly
increases their risk for acquiring this syndrome.[8]

Recent studies indicate that obesity may impact the size and shape of the
craniofacial skeleton and directly influence the potential for sleep apnea. In 2001, Paoli et
al., conducted a study to determine if certain craniofacial malformations contributed to
the occurrence of OSA. He hypothesized that particular malformations increased a
subject’s risk of developing OSA regardless of the afflicted individual’s body mass
composition. To help identify these malformations, he evaluated cranial base length

using Sella to Nasion (S-N), the anterior-posterior relationship of the maxilla to the



mandible, the Sella to Nasion to A-point angle (SNA), the Sella to Nasion to B-point
angle (SNB) and the A-point to Nasion to B-point angle (ANB). The size of the
mandible and maxilla were also evaluated using Posterior Nasal Spine (PNS) to A-point
and the Gonion to Menton (Go-Me) measurements, respectively. Two groups, obese and
normal weight, were evaluated with the slightly obese patients included within the
normal weight group. When the results were examined, the obese group had significantly
longer cranial bases, significantly smaller ANB angles and significantly longer mandibles
which were positioned more anteriorly than the “normal” group.[9]

In March 2003, Ferrario et al., attempted to establish a correlation between
craniofacial measurements and BMI using anthropometric measurements. They
evaluated 25 subjects using a three dimensional coordinate system and 12 facial soft
tissue landmarks. They defined obesity as a BMI of 30 or higher and grouped patients as
severely obese, obese, slightly obese, and normal. In this cross sectional study, all facial
measurements were analyzed in three dimensions. They concluded that obese
adolescents had wider skull bases and mandibles, deeper mid and lower faces, longer
mandibles, and shorter upper facial heights than their non-obese counterparts. Unlike the
study conducted by Paoli, Ferrario found the slightly obese group had statistically
significant differences from the norm, with some having facial characteristics more
similar to the severely obese group.[10]

In Sweden, Ohrn et al., theorized that some of the hard tissue components of the
head would be reduced in size in obese patients, because they have lower rates of growth
hormone production. She performed a cross sectional study of 25 female and 14 male

adolescent patients and made various linear and angular measurements using standard



lateral cephalometric tracings. The linear measurements evaluated included cranial base
length, anterior total face height, upper anterior face height, lower anterior face height,
sella to gonion, hard palate length, condylion to pogonion, and mandibular body length.
The angular measurements included SNA, SNB, SNPg, NSBa, palatal plane to S-N, and
mandibular plane angle.[11] The results indicated that obese adolescents had increased
linear and angular measurements, with differences occurring more frequently in females
than in males. The length of the mandible had the largest discrepancy between obese and
non-obese subjects. Both jaws and the anterior cranial base in obese patients exhibited
increased length. Aside from the measurements of prognathism, there were no significant
angular measurement differences between the male groups. In the female groups, the
obese patients exhibited significantly lower mandibular plane angles. The authors
concluded that the obese children demonstrated more growth before the pubertal growth
spurt than did the non-obese children.[11] In comparison to lean children, obese children
are often taller prior to puberty but closer in height after puberty. Therefore, the authors
speculated that the pubertal growth spurt is less drastic, but longer with a more gradual
curve in obese children than in lean children. This implies that there is no difference
between the final craniofacial dimensions between obese and lean adolescents.[11]
Unfortunately, the research currently available regarding craniofacial growth and
obesity is incomplete. The sample sizes used were small (i.e. 85 or less), and no one has
evaluated both hard and soft tissues. Further, no longitudinal studies exist to determine if
craniofacial dimensions in obese patients continue to be larger than their non-obese
counterparts after the pubertal growth spurt. Currently, most research on the subject of

obesity and craniofacial dimensions rclates to sleep apnea. Thus, many of the



craniofacial measurements that are of interest to the orthodontic community have not
been addressed by any of the previous studies. Therefore, the purposes of this study are
to confirm the accuracy of the previously published results and to determine if obesity is
related to altered orthodontic craniofacial measurements. Specifically our aims were: 1)
to test the results that have already been published stating that obese children have certain
craniofacial structures that are significantly larger than their lean counterparts, 2) to
evaluate orthodontically related hard and soft tissue measurements to determine if obesity
has an effect on growth, 3) to determine if a difference exists between male and female
craniofacial structures, 4) to determine if there is a difference between the craniofacial
structures of overweight patients and obese patients and 5) to determine if a difference in
craniofacial structure exists between various age groups.

More specifically we hypothesized: 1) that the results and conclusions of previous
studies were accurate, 2) obesity does significantly affect various components of the
craniofacial complex (i.e. more prognathic maxillas and mandibles), 3) male and female
craniofacial structures differ significantly in size, 4) the craniofacial structures of obese
patients are affected more than simply overweight patients, and 5) there are significant

differences in craniofacial structures between the varying age groups.
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METHODS AND MATERIALS

Appropriate Institutional Review Board (IRB) approval was obtained at the
University of Louisville in November 2003 (reference number 569.03.) The study
comprised a chart review of patients at the University of Louisville Graduate Orthodontic
Clinic. During the orthodontic records appointment, all new patients routinely receive
lateral cephalometric radiographs as well as height and weight measurements. Both the
lateral cephalometric radiograph and the height-weight measurements were used in this
study to establish craniofacial dimensions and BMI. Inclusion criteria required that the
patients be either Caucasian or African American, under 19 years of age, and healthy (no
endocrine or developmental disorders). All new patients who satisfied the inclusion
criteria between January 2003 and September 2004 were accepted into the study as
subjects.

The radiographs were taken by one of three different dental assistants using the
Instrumentarium Orthopantomograph OP 100/Orthoceph OC 100. All patients were
given the same set of instructions. They were asked to remove any jewelry involving
their head and neck, to stand up straight, and to remain motionless while occluding
(maximum intercuspation) on their posterior teeth. Ear rods were placed into the ears, the
Franfort Horizontal Plane (FH) was parallel to the floor, and the midsagital plane was

perpendicular to the floor. The nasion rest was placed in contact with the deepest part of
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the bridge of the nose. The radiograph machine was set at 77kVp, 12mA, and either 0.4s
or 0.5s depending on the size of the patient. Nexadental 8X12 radiographic film was
used and processed by the All-Pro Imaging 100 Plus Automatic X-ray film processor.
Processing chemicals were monitored every 7 days by the same representative of
Commonwealth X-ray Company and replenished or changed when necessary.

All lateral cephalometric radiographs used rare earth screens in order to lower the
radiation dose to the patient while maintaining diagnostic quality. The patients were
positioned five feet (standard) from the radiation source, and the magnification (8 and 14
percent) was dependant on the distance from the radiographic film to the patient’s head.
The film cassette was positioned as close to the patient’s head as possible without
contacting their shoulders. Height measurements were made with patients standing with
their backs against the wall where a tape measure was fixed. A pencil was placed on top
of the head marking the corresponding height to the nearest 0.1 inches. All weight
measurements were made using one digital scale which was calibrated to within one
pound. At the completion of the measurements, one of the three dental assistants who
had been calibrated, recorded the date, the height, and the weight.

Body Mass Index (BMI) was calculated by dividing the body weight in kilograms
by the square of the body height in meters, or [Weight (kg)/(Height(M) X Height(M))].
Patients whose BMI was 25 or less were considered “normal weight, while those with a
BMI of 26 to 30 were considered “over-weight”, and those whose BMI was above 30
were considered “obese”.[12]

Twenty-one planes and angles were evaluated in the study and recorded for

comparison. All the associated points are illustrated in Figure 1.
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A- A point

ANS - Anterior Nasal spine
B - B point

Ba - Basion

Go - Gonion

Gn - Gnathion

L1 - Lower incisor root apex
LL - Lower Lip

L1!- Lower Incisor tip

Me - Menton

N - Nasion

O - Orbitale

Pm - Protuberance menti
PNS - Posterior Nasal Spine
Po - Porion

Pog - pogonion

Pt - Pt point

Prog - Prognathion

S- Sella

SN - Subnasale

ST G - Soft Tissue Glabella
ST M- Soft Tissue Menton
ST Pog - Soft Tissue Pogonion
TMJ - TMJ point

UL - Upper Lip

Xi~ Xi point

Figure 1. Illustration of the anatomical points used in this study.
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Table 1:

Description of all points listed in figure 1,

Anatomical Description Anatomical Description

Point Point

A The junction of the maxillary PNS The most posterior point on the
basal bone with the alveolar spine of the palantine bone
bone

ANS The tip of the spinous process Po The midpoint of the upper contour
of the maxilla of the external auditory meatus

B The junction of the mandibular ~ Pog The most anterior point of the
basal bone with the alveolar bony chin
bone

Ba The lowest point on the Pt The posterior superior border of
anterior margin of the foramen the pterygopalatine fossa
magnum

Go The most outward point on the  Prog The point on the contour of the
angle of the mandible bony chin

Gn The most anterior inferior point S The center of the pituitary cavity
on the bony chin

Ll Lower central incisor root apex SN Where the nose connects to the

middle of the upper lip

LL The most anterior point on the STG Most anterior point on the soft
curve of the lower lip tissue covering the frontal bone

L1I Lower central incisor incisal STM The most inferior point on the soft
edge tissue chin

Me The most inferior point on the ST Pog The point on the curve of the soft
mandibular symphysis tissue chin

N The most anterior point of the ™I Posterior wall of the glenoid fossa
junction of the frontal and nasal
bones

0 The lowest point on the inferior UL Most anterior point on the curve of
border of the bony orbits the upper lip

Pm The point where the curvature Xi A constructed point that represents

of the anterior border of the
mandibular symphysis changes
from concave to convex

14

the geometric center of the
mandibular ramus



Figure 2. The Anterior Cranial Base length (S-N) - This line is formed by connecting

sella to nasion. It is one of the two major reference planes associated with the cranium.

Figure 3. Sella Nasion A point (SNA) - The SNA angle measures the anterior —
posterior position of the maxilla in relation to the cranial base. It is the angle formed by

the intersection of the S-N and N-A lines.
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Figure 4. A-point Convexity - This references the anterior posterior position of the
maxilla. It is found by measuring the distance from A-point to the line connecting nasion

to pogonion, (facial plane).

Figure 5. Maxillary Unit Length — This is the linear measurement from TMJ-point to
Anterior Nasal Spine. This measurement estimates the length of the maxilla in the

sagittal plane.



Figure 6. A-point to N-point perpendicular (A to N perp.) - This linear measurement is
found by constructing a perpendicular line to the Frankfort Horizontal (FH) passing
through N-point and measuring the distance from that line to A pt. It indicates the

protrusion of the maxilla relative to nasion.

Figure 7. A-point N-point B-point (ANB) - This angle relates the sagittal position of the
maxilla to the mandible. It is formed by the intersection of the lines N-A and N-B. The
larger this angle is, the more anteriorly positioned the maxilla is in relation to the

mandible.



Figure 8. Wits — This measures the relationship of the maxilla to the mandible. It is
calculated by drawing perpendicular lines from A-point and B-point to intersect the

functional occlusal plane. The distance is measured between the two intersecting points.

Figure 9. Facial Axis — This angle is calculated by measuring the inferior angle formed
by the intersection of the N-Basion (Ba) line and the Pt point (Pt) ~Gnathion (Gn) line.
A small angle indicates that the patient’s mandible is growing in a predominantly vertical
direction, and a large angle indicates that the patient’s mandible is growing in a

predominantly horizontal direction.



Figure 10. S-point N-point B-point (SNB) — This measurement is used to establish the
relationship of the anterior mandible to the cranial base and indicates mandibular

protrusion. It is determined by measuring the angle between the S-N and the N-B lines.

Figure 11. Corpus Length — This measurement describes the length of the mandible
from the midpoint of the ramus, Xi point, to protuberance menti. It describes the length

of the body of the mandible and indicates the degree of mandibular prognathism.



Figure 12. Mandibular Unit Length — This measures the length of the entire mandible
in the anterior-posterior direction. The end points of the linear measurement are TMJ
point posteriorly and prognathion anteriorly. These anatomic locations describe the most
posterior superior and anterior inferior points of the mandible respectively, and thus

measures its entire length.,

Figure 13. Sella-Nasion to Gonion-Gnathion (S-N to Go-Gn) — This measurement is
used to determine the inclination of the mandibular plane relative to the cranial base. It is
found by measuring the anterior angle between the planes formed by the cranial base and

the inferior border of the mandible.



Figure 14. Frankfort Mandibular Plane Angle (FMA) - The mandibular plane angle
completes the Tweed triangle by measuring the anterior angle between FH and the line
connecting gonion (Go) and menton (Me). It is similar to the S-N to Go-Gn

measurement as it measures mandibular inclination.

Figure 15. Y-axis - This angular measurement is designed to evaluate the vertical growth
pattern of the mandible. It is found by measuring the anterior inferior angle between the

S-Gn line and FH.
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Figure 16. Mandibular Plane to Palatal Plane (MP-PP) - The mandibular plane is
defined by the line connecting Me to Go, and the palatal plane is defined by the line
connecting Anterior Nasal Spine (ANS) to Posterior Nasal Spine (PNS). The anterior
angle made by the intersection of these two lines is the angle of interest and indicates the

mandibular vertical growth pattern.

Figurel7. IMPA — This measurement relates the inclination of the lower incisor to the
lower border of the mandible. It measures the posterior angle between the long axis of

the lower incisor and a tangent to the inferior border of the mandible.



Figure 18. Nasolabial Angle - This angle is formed by a line tangent to columella of the
nose and a line connecting subnasale (SN) to the soft tissue border of the upper lip (UL).

This angle measures protrusion of the upper lip and the maxillary anterior dentition.

Figure 19. Chin Throat Angle — This measures the angle of the neck with the
submandibular soft tissue. This measurement indicates the length of the mandible and
the amount of adipose tissue. The angle is made by the intersection of the lines tangent to

the neck and to the submandibular soft tissue.
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Figure 20. Soft Tissue Convexity - The convexity is found by measuring the inferior
angle formed by the intersections of the Soft Tissue Glabella (ST G), subnasale (SN) line
and the SN, Soft Tissue Pogonion (ST Pog) line. This measurement indicates the relative

position of the mandible in the AP plane with respect to the upper facial profile.

Figure 21. Soft Tissue Facial Height Ratio - Gives the ratio between the vertical height
of the upper face and the vertical height of the lower face. It is calculated by dividing the

distance from ST G to SN by the distance from SN to ST M.
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Figure 22. Lower Lip to E-Plane - Measures the protrusion of the lower lip. The length
is found by measuring the distance from the most anterior point on the lower lip (LL) to

the plane defined by SN-ST Pog.

All the lateral cephalometric radiographs were hand traced onto acetate tracing
paper by one investigator to minimize interobserver variability. Five randomly selected
radiographs were retraced and compared to the original tracings to verify that the
intraobserver variability was within acceptable limits. Correlations between the two
tracings of each of the five radiographs were compared, and ranged from 0.995 to 0.999
indicating a high level of consistency. Since only one investigator performed the
tracings, no interobserver variability existed. After the radiographs were traced, they
were digitized, entered into the computer, and analyzed using Dental Facial Planner.

BMI was calculated for each subject who were then categorized into one of three
groups. Those subjects with a BMI of less than 25 were placed in the “normal weight”
category, those whose BMI was between 25 and 30 were placed in the “overweight”
category and those whose BMI was over 30 were placed in the “obese™ group. The

various craniofacial measurements were then compared using Analysis of Variance,
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(ANOVA) with BMI as the independant variable. Second, the craniofacial measurements
were compared using ANOVA with gender as the independant variable.
Finally, patients were placed into categories to estimate pre-pubertal, pubertal and post-
pubertal groupings as follows:

1) 4-10.9 years

2) 11-12.9 years

3) 13-14.9 years

4) 15-19.9 years
The craniofacial measurements of the four age groups were then compared using
ANOVA.

The data collected from this study was analyzed using the Statistical Package for
Social Sciences (SPSS 12.0) software to determine if there was a significant difference
between the craniofacial measurements with BMI, age and gender as the independent
variables. Thus, three ANOVAs were computed. If the omnibus F test showed a
statistically significant difference for BMI or age, Tukey’s post hoc procedure was used
to compute pairwise comparisons. Since gender has only two categories, post hoc

analysis was not appropriate and was not performed.
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RESULTS

The data for this project was collected over a six month period and a total of 150

subjects were included.

Table 2:

Number of Patients Exhibiting Each of the Independent Variables Evaluated

Independent variable No. of Subjects

BMI

Less than 25 111

25-30 19

More than 30 20

Gender

Male 61

Female 89

Age

4-10.9

11-12.9 30

13-14.9 48

15-20 51
21

Table 2 describes the patient demographics of those subjects included in our study. It

lists the number of patients that fell into each of the categories evaluated.
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Table3:

Mean, Norm and Standard Deviation Values for Selected Craniofacial Dimensions

Craniofacial Measurement  Study Value Norm Norm S.D.
Ant Cranial Lth (mm) 59.1 55.0 2.5
SNA (deg) 82.9 81.4 3.3
A pt Convexity (mm) 3.2 1.0 2.0
Mx unit Lth (mm) 96.3 92.0 4.5
A pt to N perp (mm) 1.3 04 2.7
ANB (deg) 3.9 3.7 2.1
Wits (mm) 0.6 -0.4 2.0
Facial Axis (deg) 88.8 90 3.5
IMPA (deg) 89.1 90 10
SNB (deg) 79.2 71.7 2.7
Corpus Length (mm) 734 73.0 2.7
Mand Unit Length (mm) 122.4 117.0 6.1
SN to GoGn (deg) 324 34.0 4.8
Mand Plane (deg) 24.6 24.3 4.5
Y Axis (deg) 57.9 594 3.8
MP - PP (deg) 28.2 28.0 2.0
Nasolabial Angle (deg) 108.1 102.0 8.0
Chin Throat Angle (deg) 70.0 100.0 7.0
S.T. Convexity (deg) 14.3 12.0 4.0
S.T. Facial Ht Ratio (%) 93.4 102.0 7.0
Lower Lip to E-Plane (mm) 0.3 -3.0 2.0

Table 3 describes the sample means of the selected craniofacial measurements, the norms

and standard deviations as described by Schuler.[13]
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Table 4:

Variables Affecting Mean Craniofacial Measurements for Varying BMI's

: : ¢ © _
il = o0
= z & 2 3
» = 3 ~
BodyMassIndex & & & = 5 2 & %
ody Mass Index § k5 S = % —;8/ = Z
T 2 &2 % = 8 g 3
2 5§ < 3 < Z B £
Normal Weight
Sample Size 111 111 111 111 11t 111 111 111
Mean 5893 8198 3.05 9551 1.60 3.73 091 88.5
Std. Dev. 4.61 480 353 6.07 571 308 4.12 4.64
Over Weight
Sample Size 19 19 19 19 19 19 19 19
Mean 58.58 86.11 3.88 97.57 1.03 423 056 89.6
Std. Dev. 307 5.65 3.12 51.16 495 271 4.03 3.70
Obese
Sample Size 20 20 20 20 20 20 20 20
Mean 60.59 84.76 3.26 99.77 0.10 3.31 -0.67 90.1
Std. Dev. 475 574 352 483 494 318 440 5.33

All the measurements in table 4 are related to the anterior cranium or the maxilla.
Some of the measurements such as Anterior Cranial Length and Maxillary Unit Length
are strictly linear measurements while the other measurements, SNA, A pt Convexity, A
pt to N Perp., ANB and Facial Axis all describe the relative protrusion of the maxilla in
relation to other craniofacial structures.

We found two measurements in this group that showed significant statistical
differences. The angle defined by the anatomical reference points SNA showed a
significant difference when compared against patients in the different BMI groups.

Those patients who fell into the overweight category have a statistically significant
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(P=0.004) larger measurement (86.111) than those who fell into the normal weight
category (81.983). The obese patients however were not found to have a significantly
(P=0.072) larger SNA measurement (84.760) than either the normal weight individuals or
the overweight individuals.

Maxillary Unit Length, a strictly linear measurement of the maxilla, showed a
statistically significant difference when compared against the different BMI groups. The
obese individuals had a significantly (P=0.006) larger maxillary unit length (99.77) when
compared against the normal weight (95.51), but there were no significant differences
noted between the normal group and the overweight group (97.57) or between the over
weight group and the obese group. Anterior cranial length, A-pt convexity, A-pt to N
perpendicular, ANB and the Wits measurements showed no significant differences when

compared using the BMI groupings.
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Table 5:

Variables Affecting Mean Craniofacial Measurements for Varying BMI’s

-
g & B 0w
5 2 2 % 3
e e ;33 0§ ¢
£ 3z 5 S = 5 &
9 o !
= & F - £ £ 4
n &) p> n = > p>
Normal
Weight
Sample Size 111 111 111 111 111 111 111
Mean 78.27 7226 120.71 3249 2433 57.61 27.64
Std. Dev 433 508 7.55 6.10 585 425 546
Over Weight
Sample Size 19 19 19 19 19 19 19
Mean 81.47 7543 124.51 3099 24.54 58.50 29.23
Std. Dev 513 573 8.68 586 544 353 598
Obese
Sample Size 20 20 20 20 20 20 20
Mean 81.85 77.50 129.72 3291 26.26 58.95 30.40
Std. Dev 6.24 538 827 558 584 372 6.72

The measurements in Table 5 are all related to the mandible. SNB relates the
relative protrusion of the mandible to the maxilla. Corpus length and mandibular unit
length are linear measurements describing the length of the mandible. S-N to GoGn,
mandibular plane, Y-Axis and MP-PP are all indicators of the vertical growth pattern of
the mandible.

The angle defined by the anatomical reference points SNB shows significant
differences when compared among the specified BMI groups. Our findings show that as

BMTI increases, SNB also increases. Normal weight individuals have a mean
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measurement of (78.27) overweight individual have a mean measurement of {81.47) and
obese individuals have a mean measurement of (81.85). There is a significant difference
between normal weight individuals and overweight individuals (P=0.021) and between
normal weight individuals and obese individuals (P=0.007) but not between overweight
and obese individuals.

Significant differences were also found between BMI groups when evaluating the
Corpus Length variable, which serves as a good indicator of mandibular length. Our
results indicate that as the BMI increases, corpus length also increases. Normal weight
individuals have an average corpus length of (72.26), overweight individuals have an
average corpus length of (75.43), and obese individuals have an average length of (77.5).
Statistically, there is significant difference between normal weight individuals and
overweight individuals, (P=0.013) and between normal weight individuals and obese
individuals, (P=0.000) but not between overweight individuals and obese individuals.

Mandibular unit length, which was chosen as a check on corpus length, shows
significant differences when related to BMI. Our results show that normal weight
subjects have the shortest mandibles (120.71), overweight subjects have longer mandibles
(124.51), and obese individuals have the longest mandibles (129.72). There was a
significant difference between normal weight patients and overweight patients (P=0.047),
between normal weight patients and obese patients (P=0.000) and between overweight
patients and obese patients (P=0.031). None of the variable dealing with the vertical
growth S-N to GoGn, mandibular plane, Y-Axis or MP-PP showed any significant

differences.
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Table 6:

Variables Affecting Mean Craniofacial Measurements for Varying BMI’s

_ £}
O &
Body Mass Index © b < Q9 ~
> £ oz ;=
% = 5 5 = 2
3 £ £ &z T 5
< % f‘; O = oY
s 2 = B = 7
= Z @) ) 7} —
Normal Weight
Sample Size 111 111 111 111 111 111
Mean 89.54 109.22 70.83 15.77 95.67 0.62
Std. Dev 7.68 17.11 10.60 11.25 11.95 5.09
Over Weight
Sample Size 19 19 19 19 19 19
Mean 87.90 103.90 69.27 11.80 89.45 0.38
Std. Dev 6.10 1963 11.74 8.44 12.16 5.13
Obese
Sample Size 20 20 20 20 20 20
Mean 87.80 105.59 6591 8.71 8490 -1.29
Std. Dev 734 1295 15114 522 11.16 5.38

Table 6 lists the variable dealing with soft tissues compared against the different
BMI groups. Only two of the dependant variables show a difference when compared in
this manner. Soft tissue convexity shows a significant difference (P=0.018) between
groups, with normal weight individuals having more convexity (15.77) than the obese
individuals (8.71). Soft tissue facial height ratio also showed a significant difference
(P=0.001) between normal and obese subjects. Normal weight subjects have a mean ratio
of (95.67) and obese subjects have a mean ratio of (84.90). This indicates that the upper

anterior vertical dimension of the face is smaller in relation to the lower anterior vertical
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dimension of the face in obese individuals when compared to normal weight individuals.
None of the other soft tissue determinants, IMPA, nasolabial angle, chin throat angle, or

lower lip to E-plane showed any statistically significant differences.

Table 7:

Variables Affecting Mean Craniofacial Measurements for Males and Females

] 2 -
£ - -
R > g ~ oy
S| = = £ =
. - OD ><
Gender z 5 g = (z) g E <
o L £ b S m oz =
< 7 < 3= < < 2B L
Male
Sample Size 61 61 61 61 61 61 61 61
Mean 61.15 82.74 3.47 98.07 0.21 405 133 88.24
Std. Dev. 433 540 361 588 570 3.10 4.30 4.96
Female
Sample Size 89 89 89 89 89 89 89 89
Mean 57.71 83.00 3.00 95.15 2.09 3.52 0.18 89.21

Std. Dev. 404 5.16 338 577 528 299 401 440

All the measurements in Table 7 are related to the variability of the anterior
cranium or maxilla in relation to gender. Anterior cranial length shows a significant
difference (P=0.000) when compared on the basis of gender with the males having an
average length of (61.15) and the females having an average length of (57.71). Maxillary
unit length also shows a statistically significant difference (P=0.021) when compared on

the basis of gender with the males having an average measurement of (98.07) and the
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females having an average measurement of (95.15). No significant differences were
found between SNA, A pt. convexity, A-pt. to N perpendicular, ANB, the Wits

measurement or the facial axis when compared on the basis of gender.

Table 8:

Variables Affecting Mean Craniofacial Measurements for Males and Females

~~ = o0 E
: = ¢ £
Gender = é’ i 5 2 o
3 = 2 = 2
o] 9 = E 1
% g g Z. g < 9
wn @) p= 75! > > >
Male
Sample Size 61 61 61 61 61 61 61
Mean 78.71 7398 12452 3221 25.75 50.05 28.59
Std. Dev 522 598 924 6.59 594 422 571
Female
Sample Size 89 89 89 89 &9 89 89
Mean 7946 7294 12093 3246 2383 57.11 27095

Std. Dev 471 517 7.40 558 5.61 386 5.80

The measurements in Table 8 compare mandibular measurements on the basis of
gender. Mandibular unit length not only shows a statistically significant difference when
compared on the basis of BMI, but it also shows a difference (P=0.003) when compared

on the basis of gender with males having an average length of 124.52 mm and females
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having an average of 120.93 mm. SNB, corpus length, SN to GoGn, mandibular plane,

Y Axis and MP - PP showed no differences when compared on the basis of gender.

Table 9:

Variables Affecting Mean Craniofacial Measurements for Males and Females
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Male
Sample Size 61 61 61 61 61 61
Mean 89.06 109.41 67.41 16.28 90.79 0.59
Std. Dev. 7.33 1754 1272 1434 12.00 5.37
Female
Sample Size 89 89 89 89 89 89
Mean 89.13 107.14 71.74 1298 9527 0.16

Std. Dev. 757 1661 1023 6773 1247 5.0

Table 9 lists the variables dealing with soft tissues and compares them on the
basis of gender. IMPA, nasolabial angle, chin throat angle, S.T. convexity, S.T. facial
height ratio and lower lip to E-plane showed no statistical differences when compared on

the basis of gender.
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Table 10:

Variables Affecting Mean Craniofacial Measurements for Different Age Groups

g T & _
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Age in Years 5 3 5 3 <zD s é 2

T s =% = 8 z %

S 5 < 5 < Z FB £
4-10.9
Sample Size 30 30 30 30 30 30 30 30
Mean 57.47 8092 3.13 9290 0.77 3.82 1.02 8849
Std. Dev 446 494 361 6.52 573 349 493 505
11-12.9
Sample Size 48 48 48 48 48 48 48 48
Mean 58.65 83.86 4.13 96.68 2.81 4.52 134 88.75
Std. Dev 396 541 3.61 553 633 319 395 445
13-14.9
Sample Size 51 51 51 51 51 51 51 51
Mean 60.48 8270 2.65 9796 055 3.21 -0.14 88.78
Std. Dev 404 487 313 573 484 261 391 462
15-20.0
Sample Size 21 21 21 21 21 21 21 21
Mean 59.16 83.85 241 96.52 062 3.10 049 89.52
Std. Dev. 577 568 350 507 426 272 391 48]

All the measurements in table 10 are related to the variability of the anterior
cranium or maxilla in relation to age. The maxillary unit length shows a considerable
difference when comparisons between age groups are made. The significant difference is
found between the subjects in the 4-10.9 year old group and the subjects in the 11-12.9
(P=0.028), and the 13-14.9 (P=0.001) year old group. The average length maxilla in

those groups is 92.9mm, 96.68mm and 97.96mm respectively. Anterior cranial length
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SNA, A pt. convexity, maxillary unit length, A pt. to N perpendicular, ANB, the Wits

measurement and the facial axis showed no significant difference between age groups.

Table 11:

Variables Affecting Mean Craniofacial Measurements for Different Age Groups
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4-10.9
Sample Size 30 30 30 30 30 30 30
Mean 71.11 67.84 11444 32.68 24.59 57.96 28.01
Std. Dev 450 439 7.77 6.14 577 459 5.5
11-12.9
Sample Size 48 48 48 48 48 48 48
Mean 79.18 72776 121.02 3221 2443 58.05 27.96
Std. Dev 4.14 469 6.26 6.40 624 4.10 55
13-14.9
Sample Size 51 51 51 51 51 51 51
Mean 79.51 76.04 126.89 3248 2494 58.08 28.6
Std. Dev 485 452 6.99 576 552 373 6.2
15-20.0
Sample Size 21 21 21 21 21 21 21
Mean 81.15 76.10 12594 3193 2428 57.03 28.10
Std. Dev. 643 486 7.36 576 584 443 554

The measurements in Table 11 compare mandibular measurements on the basis of

age groups, and as would be expected, corpus length shows a significant difference when

it is compared in this manner. The length continues to increase as the patient’s age
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increases. The average length for the 4-10.9 year old is 67.84, for the 11-12.9 year olds is
72.76mm, for the 13-14.9 year olds is 76.04 and for the 15-20 year olds is 76.10mm. The
difference in length is statistically significant between each age group except between the
13.0-14.9 and the 15.0-20.0 age groups. The significance values are (P=0.000) between
the 4.0-10.9 year olds and all the other age groups, (P=0.002) between the 11.0-12.9

" and13-14.9 year olds, and (P=0.026) between the 11.0-12.9 and 15.0-20.0 year olds.

The mandibular unit length, which is similar to corpus length, shows a statistically
significant difference between age groups except between the 13.0-14.9 and the 15.0-20.0
age groups as well, with the length increasing with increasing age. The average length
for the 4-10 year olds is 114.44mm , the 11-12.9 year olds is 121.02mm, the 13-14.9 year
olds is 126.89, and the 15-20 year olds is 125.94mm. The significance values are
(P=0.000) between the 4.0-10.9 year olds and all the other age groups, (P=0.000)
between 11.0-12.9 and the 13.0-14.9 year olds, (P=0.020) between the 11.0-12.9 and the
15.0-20.0 year olds. No significant differences were found between age and SNB, S-N to
GoGn, mand. plane angle, Y Axis or MP-PP, but there was interaction between gender

and age groups when comparing the dependant variable MP-PP.
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Table 12:

Variables Affecting Mean Craniofacial Measurements for Different Age Groups

E
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4-109
Sample Size 30 30 30 30 30 30
Mean 88.11 112.58 68.62 1334 97.12 -0.49
Std. Dev. 6.60 1447 1299 782 1325 3.14
11-12.9
Sample Size 48 48 48 48 48 48
Mean 90.63 105.83 69.12 1553 92.62 0.61
Std. Dev 808 17.10 1029 6.52 13.59 5.73
13-14.9
Sample Size 51 51 51 51 51 51
Mean 88.17 108.70 70.43 14.69 92.61 1.0l
Std. Dev. 721 18.87 11.05 1551 10.80 5.83
15-20.0
Sample Size 21 21 21 21 21 21
Mean 89.31 105.19 72.78 12.09 92.11 -0.75
Std. Dev. 7.56 1459 1299 593 12.11 4.09

Table 12 lists the variable dealing with soft tissues and compares them on the

basis of age groups. Neither IMPA, nasolabial angle, chin throat angle, soft tissue

convexity, soft tissue facial height ratio or lower lip to E plane show any significant

difference between age groups.
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DISCUSSION

The Body Mass Index (BMI) rating system was used to categorize subjects into
one of three groups, because it is a well recognized and accepted system for
approximating body composition. In addition, delineations between groups are well
defined in the literature.[12] Besides analyzing our data by comparing individuals with
differing BMI’s we also compared the individuals by gender. This was done to
determine which, if any, craniofacial measurements were related to gender in the age
groups examined. We further compared different age groups to determine if age
impacted the size of, or relationships between, craniofacial structures.

Our results substantiated the findings of the previously conducted studies. Paoli
et al., conducted a similar study in 2001 to determine if obesity contributed to the
occurrence of OSA. Using 31 measurements, he concluded that the obese group had
longer cranial bases, longer mandibles and smaller ANB angles.[9] In March 2003,
Ferrario et al., using 50 soft tissue landmarks, concluded that obese individuals have
wider skulls bases and mandibles. They have deeper mid and lower faces with longer
mandibles and shorter upper faces than their non-obese counterparts.[10] In our study,
we found that obesity significantly affects a variety of craniofacial structures including,
SNA, Maxillary Unit Length, SNB, Corpus length, Mandibular Unit length, ST

Convexity and ST Facial Height Ratio, while having no effect on others.
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We chose specific linear and angular measurements on the lateral cephalometric
radiograph in order to represent most of the important measurements, including hard and
soft tissues, evaluated during routine orthodontic treatment planning. When undertaking
the treatment planning phase of orthodontics, many orthodontists find the following
measurements useful:

S-N

Both sella and nasion are easily located on most lateral cephalometric
radiographs, allowing this line to be drawn relatively consistently. Originally used in the
Steiner analysis of the 1950’s and still in use today, it provides a reliable and objective
means for measuring the cranial base. The critics of this measurement however, contend
that the position of sella varies from patient to patient making this an unreliable reference
plane and prefer to use the Frankfort horizontal as their reference plane instead. As with
many other cephalometric analysis, it is unknown exactly how Steiner determined his
norms, therefore comparisons were made between one subject group and another rather
than between subject groups and a norm.[13]

In our study, this dependant variable did not vary significantly with different
levels of BMI, but differed significantly with differences in gender. On average the
males had an anterior cranial length 5 mm longer than the females. We did not find any
significant differences in the S-N measurement when comparisons were made based on

age.

42



SNA also originated as part of the Steiner analysis in the 1950’s and is still widely
used and well understood. It indicates the relative protrusiveness of the maxilla, and the
points are easy to locate. Its weakness lies in the variability of the Sella position.[13]

In our study, SNA was found to be significantly affected by obesity, but we found
conflicting results. We found that there was a statistically significant difference between
normal BMI individuals and over weight individuals with regard to SNA, but not
between normal BMI individuals and obese individuals, or between over weight
individuals and obese individuals. Therefore, it is difficult to draw a definite conclusion.

This dependant variable did not differ significantly in our study when compared
on the basis of gender or age.

A-point Convexity

A point convexity was selected to use in the study as a linear check on the angular
measurement SNA. Dr. Robert Ricketts first used it in his bioprogressive analysis of
1960 which predicted growth. Ricketts’ norms were developed by evaluating 1000
consecutive cases with “usual” orthodontic problems from his private office.[13]

In our study, this dependant variable did not vary significantly when compared on
the basis of BMI, gender or age.

Maxillary Unit Length

Harvold first used maxillary unit length in his analysis in 1974 to demonstrate the
skeletal changes that took place after using functional appliances. He used this particular
measurement to determine the anterior-posterior length of the maxilla. His norms were

developed by the Burlington Growth Study, in which the subjects were predominantly
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children of Northern European decent with both malocclusions and ideal occlusions.[13]
Maxillary unit length differed significantly with variations in BMI. We found a
significant difference between normal BMI patients and obese patients with the obese
group having significantly longer maxillas than the normal weight group. The over
weight patients tended to have longer maxillas than the normal BMI patients on average,
but the results were not statistically significant. In this study we found that maxillay unit
length is directly related to BMI and as body mass increases so too does the length of the
maxilla.

Maxillary unit length also differed significantly when compared on the basis of
gender. The male mean was 98 mm and the female mean was 95 mm. This was not
surprising, since males tend to be larger overall and to have larger bone structure.

We also found significant differences in maxillary unit length when comparing
individuals in different age groups. As the groups progress in age their average maxillary
unit length also increases except for the 15-20 year old group whose average is 0.5 mm
less than the 13-14 year old group. This agrees with previously published reports of
normal growth in this area of approximately 1.0 mm per year.[14] Although our study
was not longitudinal, the average length of the maxilla appeared to increase with age.

A to N perp

This measurement was introduced in July 1982 at the University of Michigan as
part of the McNamara Analysis. This analysis was developed because the other
cephalometric analyses were developed in the 1940’s, 50’s and 60’s prior to the use of
orthognathic surgery or functional appliances. McNamara contended that the new found

ability to move bony structures, which began in the 1980’s, created the need for a new
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cephalometric analysis. His normative sample was compiled data from three groups,
giving him a large and very diverse set of norms. The first sample was of children in the
Bolton Brush Growth Study who were followed from 6 to 18 years old. The second
group was comprised of children seen in the Burlington Growth Center from 6 to 20
years of age. The last group was comprised of 111 children from Ann Arbor, Michigan
who were determined to have good to excellent facial configurations by McNamara and
his colleagues.[13]

In our study, this dependant variable did not vary significantly when compared on
the basis of BMI, gender or age.

Summary of maxillary measurements

Based on the results of the three dependent variables listed above describing
maxillary protrusion it appears that maxillary prognathism is independent of BMI. This
contradicts the study performed by Ohrn et al., in which she concluded that both jaws of
the obese patients were prognathic.[11] She relied on only one measurement, SNA, to
estimate the anterior-posterior positioning of the maxilla. Our study used three
measurements, two of which indicated that the maxilla was no more prognathic in obese
patients than in the normal weight patients, while SNA gave mixed results. We did,
however, find that the anterior-posterior length of the maxilla was significantly greater in
obese patients than in normal BMI patients, but this greater length did not result in a
more anteriorly positioned maxilla.

ANB
ANB, found in the Steiner analysis, is commonly used in orthodontic treatment

planning even though the variable anterior-posterior positioning of nasion alters the
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consistency of the measurement. The norm was derived from the Steiner model as
described above.

In our study this dependant variable did not vary significantly when compared on
the basis of BMI, gender or age.

The Wits analysis is generally used to verify the accuracy of ANB which has
inherent inaccuracies in a certain small percentage of patients whose N point is either
abnormally anteriorly or posteriorly positioned. Dr. Jacobon first published the analysis
in 1975 at the University of Witwaterstrand in Johannesburg, South Africa. The cant of
the occlusal plane influences this measurement; therefore the measured relationship of
the maxilla to the mandible will vary with an excessively tipped occlusal plane. Norms
for this analysis were based on 21 males and 21 females with “excellent” occlusion.[13]

In our study this dependant variable did not vary significantly when compared on
the basis of BMI gender or age.

Facial Axis

Facial Axis is a measurement developed by Ricketts to measure the vertical
direction of the growing mandible. A smaller angle suggests a growth pattern which will
result in a shorter mandible with a class II profile, while a larger angle results in a longer
mandible and a class IlI profile. Again this “norm” was developed from 1,000
consecutive cases treated by Ricketts. He used this angle to determine the effect of his
treatment. He indicated that even with age this angle would not change unless active

orthodontics were undertaken.[13]
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We did not find any significant difference between facial axis measurements
when compared on the basis of BMI, gender or age. Finding no significant differences
between age groups when evaluating the facial axis or the y axis, both of which measure
nearly the same dimension is consistent with previously reported data. Dr. Ricketts used
the facial axis angle to determine the effect of his treatment. He indicated that facial axis
as well as the inclination of the lower incisors does not change with age. Our results
agree with his conclusion, as we found no significant differences in either measurement
when the comparisons were based on age.

SNB

SNB is a component of the Steiner analysis (Steiner norms), but its weakness is
the unfortunately high variability in the position of sella.

In our study, SNB, an indicator of mandibular prognathism, showed a significant
difference when compared on the basis of BMI. Our results showed a direct relationship
between BMI and SNB. These results are in agreement with the other measurements
related to mandibular prognathism, as well as with the results of studies performed
previously by Ohrn et al., and Paoli et al. Ohrn concluded that the mandible exhibited an
increased prognathism in obese patients of both genders,[11] and Paoli reached similar
conclusions stating that normal weight individuals have smaller SNB angles when
compared to obese individuals.[9]

In our study SNB did not significantly differ based on gender or age.
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Corpus Length

Corpus length, from Ricketts’ bioprogressive analysis (Rickett norms), is a
measurement of the body of the mandible in the sagittal plane . It uses the constructed Xi
point as its posterior limit and Pm point as its anterior limit.[13]

Corpus length, a measurement of the length of the body of the mandible, was
significantly different between normal weight and obese patients. As BMI increased
corpus length also increased. This finding was consistent in all the studies done
comparing this measurement in patients with varying BMIs. Both Paoli [9] and Ohrn
[11] came to similar conclusions. Ohrn concluded that the dependant variable differing
the most in relation to BMI was the length of the mandible.[11] Our results yielded an
average difference of 3 mm and 5 mm between normal weight patients and over weight
patients, and between normal weight patients and obese patients respectively.

Although not significant, males did have a longer corpus length measurement on
average (74 mm) than females (73 mm) (P=0.145).

Corpus length, an indicator of mandibular growth, varied significantly between
age groups. This concurs with previously published growth statistics that indicate that
the length of the mandible will increase a little less than 2 mm per year between the ages
of 6 and 16.[14]

Mandibular Unit Length

Harvold (Harvold norms) first published his analysis, including mandibular unit
length, in 1974.[13] It is a similar measurement to corpus length as described above.
Since we saw a significant difference in one of these measurements we would expect to

see a significant difference in the other as well.
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In our study, mandibular unit length showed similar results to corpus length when
compared on the basis of BMI. Since these measurements both evaluate mandibular
length the similarity in results was expected. We found that the mandibular unit length
measurement increased with increasing BMI. This measurement differed significantly by
gender as well. Males had an average length of 125 mm and females had an average
length 121 mm.

. Mandibular unit length, another indicator of mandibular growth, varied
significantly between age groups also. This concurs with previously published growth
statistics that indicate that the length of the mandible will increase a little less than 2 mm
per year between the ages of 6 and 16.[14]

S-N to GoGn

S-N to GoGn is from the Steiner analysis (Steiner norms). It measures the
vertical growth of the mandible. Larger angles suggest a retrognathic mandible and
anterior open bite, while smaller angles indicate a prognathic mandible and deep bite. Its
weakness, like other measurements that incorporate S-N is the variability of sella.

We did not find a significant difference between S-N to GoGn when comparisons
were based on BMI gender or age.

EMA

FMA is one of the three angles that make up the Tweed triangle, and also
measures the inclination of the mandibular plane similar to S-N to GoGn. Tweed used
the Frankfort Horizontal reference plane rather than S-N reference plane. For his norms

Tweed used 100 of his own cases with satisfactory facial esthetics and 3,500 of the
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Bolton-Brush subjects who had satisfactory and unsatisfactory esthetics for his normative
values.[13]

We did not find a significant difference between BMI and FMA, which agreed
with our results for the S-N to GoGn measurement. These values both measure
mandibular angulation, and neither showed any relationship to BMIL. Ohrn, however,
found the mandibular plane angle significantly decreased in obese female patients,[11]
but did not evaluate S-N to GoGn or the facial axis.

In our study, the FMA did not differ significantly when based on gender or age.
Ricketts, however, predicted that FMA decreases by one degree every three years.[14]
Our sample may have been too small to detect such a small change over such a long
period.

Y-axis

Found in the Down’s analysis (Downs norms), the Y axis is closely related to the
Ricketts’ facial axis angle. This angle increases as the mandible becomes more
retrognathic and the class II profile becomes more pronounced.

We did not find a significant difference between the y-axis when measurements
were based on BMI, gender or age.

MP — PP

The intersection of the MP and PP lines measures the angular relationship
between the palatal plane and the mandibular plane and is a component of the 1955
Sassouni analysis. He does not present norms with this study but rather standardizes
relationships between the measurements of each individual patient, so each patient

measured will have their own distinct set of norms.[13]
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We did not find a significant difference between MP —PP measurements when

comparisons were made on the basis of BMI gender or age.

IMPA

Found in the Down’s analysis, IMPA was one of the first measurements made
using lateral cephalometric radiographs. It describes the relationship between the
mandibular incisor teeth and the mandibular basal bone. Downs selected 20 Caucasian
children, 10 males and 10 females, age 12 to 17 who were judged to have excellent
occlusion to develop his norms.[ 3]

We did not find a significant difference between IMPA measurements when the
comparisons were based on BMI, gender or age. Ricketts indicated that the inclination
of the lower incisors does not change with age, and our results, which showed no
significant difference between age groups, agree with that conclusion.[14]

Nasolabial Angle

Nasolabial angle measures the soft tissue prominence in the area of the upper lip
and is a component of the McNamara analysis (McNamara norms). A large obtuse angle
indicates a “tipped up nose” or a lack of anterior development of the maxilla, while an
acute angle indicates excessive fullness in the anterior maxilla or a “low hanging nose”.
This angle is easily determined and is usually evaluated if extractions are a
possibility.[13]

We did not find a significant difference in nasolabial angle when the comparisons

were based on BMI, gender or age.
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Chin Throat Angle

Chin throat angle is a measurement used in the Moshiri surgical analysis. More
obtuse angles suggest the deposition of adipose tissue in the submental area. To develop
his norms Dr. Moshiri chose 50 Caucasian and 50 African Americans between the ages
of 18 and 50 years. All subjects had “balanced profiles” and were skeletal and dental
class I's. Sexual differentiation was included in the set of norms.[15]

Surprisingly we did not find a significant difference in chin throat angle when the
comparisons were based on BMI, and the average angle decreased with increased BMI
(normal 70.84, over weight 69.27, obese 65.91). This was most likely caused by the
difficulty in consistently drawing a line tangent to the submandibular soft tissue. The
large standard deviation associated with this measurement indicates that there is
considerable variability in it. The angle between the ramus and body of the mandible,
appears to be unaffected by variations in BMI and could potentially alter the chin throat
angle.

We did not find a significant difference between chin throat angles when

comparisons were made based on gender or age.

Soft Tissue Convexity

Soft tissue convexity is a measurement from the Legan analysis of 1980. Legan
concentrated solely on the soft tissue and contended that the soft tissue should be the
primary point of focus. This measurement describes the sagittal relationship of the
maxilla to the mandible. The norm for this measurement was taken from a group of 40

white subjects, 20 males and 20 females, between the ages of 20 and 30 who were

52



determined to nave normal anterior vertical relationships and untreated class 1
occlusion.[13]

Soft tissue convexity defines the soft tissue anterior-posterior position of the
mandible in relation to the upper facial plane. In our study, it was significantly different
when comparing non-obese patients to those who were obese. As expected if obese
subjects have longer more prognathic mandibles, they should also have smaller soft tissue
convexities. Although this particular measurement was not evaluated in any of the
studies referenced, it does seem to be in agreement with the other studies that concluded
that the mandible is larger and more anteriorly placed in the obese population when
compared to the non-obese population.[10], [11]

We did not find a significant difference between soft tissue convexity
measurements when comparisons were made based on gender or age.

Soft Tissue Facial Height Ratio

Soft tissue facial height ratio is used in the Legan analysis in which a well
balanced face in the vertical dimension is a 1:1 ratio.[13] If the ratio is not within two
standard deviations of the 1:1 norm, both measurements must be evaluated to determine
which one is at fault. The normative sample is the same as that described for soft tissue
convexity.

We also found that the soft tissue facial height ratio was significantly different
between the different BMI groups. The normal weight group had a longer upper anterior
face height in relation to their lower anterior facial height than did the obese group.
Although this measurement was not evaluated in any of the previous studies reviewed,

the study performed by Ferrario concluded that obesc individuals had decreased upper
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facial heights.[ 10] This substantiates our results and explains the differences seen
between the groups with regard to the soft tissue facial height ratios.

We did not find a significant difterence between soft tissue facial height ratios
when the comparisons were based on gender or age.

Lower Lip to E-Plane

Lower lip to E-Plane indicates incisor and lower lip protrusion. The norms are
based on the same subjects as those used for the soft tissue facial height ratio
measurement.

No significant differences were found between lower lip to E-plane measurements
when comparisons were based on BMI, gender or age.

Dentofacial Planner Plus version 2.5b was used to digitize the lateral
cephalometric radiographs and measure the 21 areas of interest. Dempsey Smith et al.,
(2004) compared it to the other lateral cephalometric tracing programs. He found that
Dentofacial Planner ranked the highest of five programs in its ability to predict surgical
outcomes, and ranked first in almost all other categories evaluated.[16] The limiting
factor in the accuracy of the tracings and measurements however, are the radiographs
themselves and the investigator’s ability to accurately choose the points consistently. The
computer simply calculates the linear and angular measurements based on the chosen
points. The clarity of the radiographs and the positioning of the patient were potential
sources of inaccuracies, but we standardized the process and limited the number of
assistants exposing the radiographs to reduce this source of error as much as possible.

Although individuals vary, males and females reach puberty at different ages;

therefore four age groups were defined: 4-10.9, 11-12.9, 13-14.9 and 15-20 years.
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The independent variable BMI significantly affected most craniofacial
measurements, 7 total out of 21, while gender and age only significantly affected three
apiece. Importantly, obesity had a greater affect on the craniofacial structures studied in
the range of 4-20 years than either gender or age, two variables assumed to have a

dramatic effect on the craniofacial structure.
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CONCLUSION

Increased BMI significantly affects the SNA measurement; larger values are seen
in overweight individuals with significant differences between the norm and
overweight.

Increased BMI significantly affects maxillary unit length; larger values are seen in
overweight and obese individuals, with a significant difference between the norm
and obese.

Increased BMI significantly affects the SNB measurement with larger values seen
in overweight and obese individuals. Significant differences were seen between
the norm and the overweight groups and between the norm and the obese groups.
Increased BMI significantly affects corpus length with larger measurements seen
in the overweight and the obese groups. Significant differences were seen
between the norm and the overweight groups and between the norm and the obese
groups.

Increased BMI significantly affects the mandibular unit length with larger values
seen in the overweight and the obese groups. Significant differences were seen
between the norm and the overweight groups, between the norm and the obese

groups and between the overweight and the obese groups.



10.

11.

12.

13.

Increased BMI significantly affects soft tissue convexity with smaller values seen
in the overweight and obese groups. Significant differences were seen between
the norm and the obese groups.

Increased BMI significantly affects the soft tissue facial height ratio in an inverse
relationship. Significant differences were seen between the normal weight and
the obese groups.

Gender affects the S-N measurement with males having a significantly longer
anterior cranial base.

Gender affects the maxillary unit length with males having a significantly longer
maxilla.

Gender affects mandibular unit length with males having a significantly longer
mandible.

Age affects the maxillary unit length with the older groups having longer
maxillas. Significant differences were seen between the 4-10 yr olds and the 11-
12 yr olds and the 13-14 yr olds.

Age affects the corpus length with the older groups having the greater
measurement with a significant difference between all the age groups except the
13-14 and the 15-20.

Age affects the mandibular unit length with the older groups having the greater
measurement with a significant difference between all the age groups except the

13-14 and the 15-20.
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SUMMARY

As orthodontists, this information is useful because it helps in the diagnosis and
treatment planning of our patients. Our study indicates that overweight/obese children
tend to have accelerated bone growth in both the maxilla and the mandible. Although the
increased growth does not manifest itself as a more anteriorly placed maxilla, it does
manifest itself as a more anteriorly placed mandible. This results in overweight/obese
children presenting with a tendency for a class Il skeletal relationship. It is unknown if
this relationship corrects itself as the patients progress into adulthood; this is a question
that requires further study. If it is determined that the class III tends to resolve on its
own, aggressive treatment prior to growth cessation may not be warranted. In the case of
an overweight/obese adolescent with a mild class III tendency, the problem may be
expected to self correct without any special orthodontic appliances. If, after further
research, it is determined that the class III does not tend to resolve on its own, then more

aggressive treatment may be warranted at an earlier age.
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