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ABSTRACT 

 

Objectives: Masseter muscle fast-fiber composition is reportedly increased on the 

deviant facial asymmetry side in dentofacial deformities patients. Recently, four distinct 

asymmetry classes have been identified, based on posterior-anterior cephalometrics in 

this same population, which may have different functional etiologies. Our aim is to relate 

muscle fiber type properties with specific asymmetric craniofacial growth in these 

asymmetry groups. 

	

Methods: Diagnostic evaluations, radiographs, and masseter specimens were obtained 

from orthognathic surgery patients at the University of Lille. Immunohistochemical 

muscle staining and morphometrics determined the mean areas and percent occupancies 

of slow-I, fast-II, neonatal, atrial and hybrid fiber types. Eighty-three subjects (twenty 

nine symmetric, fifty-four asymmetric) had at least unilateral (left or right) fiber type 

information, while twenty-seven had bilateral (left and right) data. Fiber data were 

compared between symmetry and asymmetry subjects and between the four asymmetry 

classes. Significant differences between groups were determined by Fisher’s and 

ANOVA tests. 

 

Results: Type-II mean fiber area (p<0.006) and percent occupancy (p<0.018) were 

significantly greater on shorter ramal sides in asymmetric compared to symmetric 

subjects, supporting previous data for facial vertical dimension asymmetry. Neonatal-

atrial mean fiber area (p<0.017) and percent occupancy (p<0.027) were decreased in 
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asymmetric groups. No significant difference was found amongst the four asymmetry 

classes (p>0.05). 

 

Conclusions: Imbalanced skeletal proportions are associated with similar imbalances in 

fiber type properties in left versus right masseter muscle biopsies sampled in the same 

patient at the time of orthognathic surgery. Specific to our findings, there is an 

association between increase in neo-atrial and decrease in type II fiber type area and 

percent occupancy in symmetric patients. 
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CHAPTER 1 

 
INTRODUCTION 

 
 

1.1 Introduction 
 

 
Asymmetry within normal physiologic growth patterns of the human face has 

long standing recognition in both worlds of art and science.  Facial symmetry in art has 

been studied since the 1500s, and these works by Albrecht Durer and Leonardo da Vinci 

are still studied today in many orthodontic communities.  It wasn’t until the 1800s 

however that sculptors and artists began purposefully incorporating “normal facial 

asymmetries” beginning with the works of Hasse in 1887 (Melnik 1992).   Normal 

asymmetry, also known as slight, relative or subclinical asymmetry, is that which is 

unperceived by others.  

Symmetry is defined by the balance of the size, shape and structures, which make 

up the two mirrored counterparts.  Asymmetry, in contrast, is the imbalance of these 

things.  Perfect bilateral symmetry in the human body is only hypothetical in nature.  Not 

only does the physical structure of the body favor asymmetry, but often humans favor 

functional asymmetry as well.  A classic example of common functional asymmetry is 

right and left handed dominance (Bishara 1994).  Asymmetry is a naturally occurring 

phenomenon and its presence has been shown to enhance rather than detract from facial 

esthetics (Peck 1994).   
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CHAPTER 2 

REVIEW OF THE LITERATURE 

2.1 Prevalence of Aymmetry 

The clinical prevalence of asymmetry in the United States has been shown to 

range anywhere from 12-34% of the population with chin deviation occurring in up to 

74% of the population, other reports state that 21-85% of the population is effected by 

facial asymmetry (Sheats 1998, Severt 1997).  Asymmetry in other populations is equally 

as prevalent with 23% prevalence in Belgium and 21% prevalence in Hong Kong 

(Thieson 2015).   

In a cross sectional study of 50 adult subjects deemed with clinically acceptable 

facial harmony and symmetry, more than 50% of subjects showed an asymmetry of two 

or more millimeters in the cranial structures (Rajpara 2014).  In contrast, a study of 

patients with dentofacial deformities seeking surgical corrections reported asymmetries in 

42.6% (Sato 2014).  

Associations with prevalence of asymmetry are also important for determining 

etiologic and functional importance. Differences in prevalence amongst genders are 

generally insignificant (Hwang 2012, Melnik 1992).  

While some studies found significant left sided dominance (Rajpara 2014), others 

found insignificant laterality to one side (Peck 1994).  These disparities may be related to 

different populations and sample sizes being studied.  Recent studies have also found a 

higher frequency of asymmetries associated with class II and III malocclusions over class 

I malocclusions (Cheong 2011). 
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2.2 Diagnosis and Classification of Facial Asymmetry 
 
Diagnosis of facial asymmetry requires appropriate guidelines of clinical 

measurements.  Many studies evaluate frontal facial photographs and posterior-anterior 

(PA) cephalometric radiographs to properly diagnose facial and skeletal asymmetry 

respectively (Peck 1994, Hwang 2007).  Newer studies are incorporating computed 

tomographic in the place of frontal cephalograms (Baek 2012). To appropriately diagnose 

facial asymmetry, a thorough clinical intraoral and extraoral exam should be completed 

in addition to appropriate radiographs. A PA cephalogram can be used, and structures 

traced and measured must be chosen because they represent the most stable sites.  Peck 

and Peck’s (1994) study of 52 Caucasian patients with pleasing facial esthetics stated, 

“the craniofacial complex exhibits less asymmetry and greater dimensional stability as 

the cranium is approached”.  PA cephalograms also have that added disadvantage of 

magnification errors and difficulty with standardized head positioning.  Submentovertex 

films have also been shown to better assess the midsagittal reference points.  

Determining the difference between asymmetry and subclinical asymmetry is 

essential for proper diagnosis.  As a guideline, K. H. Lu (1965), in his mathematical 

evaluation of the face stated that, “although we observe that some asymmetry is present 

in all faces, it is important to note, however, that when all the faces were subject to visual 

examination, only those with asymmetry greater than three percent were clinically 

discernible for their asymmetry”. 

The classification of facial asymmetry types has been debated and redefined many 

times.  Earlier classification systems include one developed by Bruce and Hayward 

(1968), in which mandibular asymmetry is classified as either deviation prognathism, 
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unilateral condylar hyperplasia, or unilateral macrognathism.  Another developed by 

Obswegeser and Makek (1986) classifies mandibular asymmetry as either 

hemimandibular hyperplasia, which is in its most basic description three-dimensional 

enlargement of one side of the mandible, or hemimandibular elongation, which is a 

horizontal displacement of the mandible and chin towards an unaffected side.  

More recently, Bishara et al. (1994) classified asymmetries as dental, skeletal or 

functional placing the main emphasis on structural involvement.  Hwang (2007) later 

classified asymmetries into five clusters using seven cephalometric measurements and 

one photographic measurement.  His five clusters consisted of group A with menton 

deviating to the shorter ramus, group B with menton deviating to the longer ramus, group 

C with equal ramus heights and menton deviating, group D with a more severe 

asymmetry group A, and group E which was considered within normal limits of 

symmetry.  

Most recently, Chung et al. (2017) utilized a more definitive classification system 

derived from a CT study (Beak 2012), which was modified for use with PA 

cephalograms.  This study classified asymmetries into four groups, which consists of 

group 1 with menton deviation only, group 2 with a significant difference between the 

left and right ramal heights and menton deviation to the short side, group 3 with deviation 

of the menton to the longer side, and lastly group 4 with severe maxillary canting, ramal 

height differences and menton deviation to the short side. Group 1 is also called 

mandibular body asymmetry, Group 2 is characterized as ramal asymmetry, Group 3 is 

considered atypical asymmetry and often has the characteristics of a prominent angle or 

gonion on the larger side and reverse maxillary canting, and lastly Group 4 is often called 
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“C-shaped” asymmetry.  This final classification method was utilized to classify patients 

in this study.  

2.3 Etiology of Facial Asymmetry 

Gross asymmetries, like those seen in hemifacial micrsomia, cleft lip and/or 

palate, childhood trauma, or those caused by habits represent a more severe version of a 

common finding.  However, the etiology of asymmetries is largely unknown and 

considered to be multifactorial, with both environmental and genetic factors playing 

different roles in each individual (Bishara 1994).  Components of facial asymmetries are 

skeletal, dental, and soft tissue facial, and any asymmetry can have one or multiple 

components involved.  Common dental asymmetries can be attributed to early loss of 

primary teeth, habits such as digit sucking, or missing teeth (Cheong 2011). It is skeletal 

asymmetry, however, that remains the main focus of this study.    

 Most asymmetry can be divided into three main etiological categories: congenital, 

developmental, or acquired.  Congenital would account for asymmetry arising prenatally, 

either from embryonic reasons or genetic, while developmental would account for 

asymmetries arising during growth that is idiopathic and non-syndromic.  These are very 

different from acquired which accounts for etiologies arising from injury or disease 

(Cheong 2011).  

 Congenital asymmetries are often associated with genetic factors, but may include 

intrauterine pressure on the fetal head or pressure of the birth canal during parturition, 

these two causes usually being transient. While congenital asymmetries are not always 

attributed to genetic variations, the category was made to include those asymmetries that 

are present at birth or early in infancy.  Congenital asymmetries include but are not 
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limited to: cleft lip and/or palate, Tessier craniofacial cleft, hemifacial microsomia, 

neurofibromatosis, muscular torticollis, craniosynostosis, and vascular disorders (Cheong 

2011).    

 Developmental asymmetries are more complex as it is not seen at birth or during 

infancy, and can have many different environmental influences, but no obvious disease or 

trauma.  These asymmetries usually manifest in adolescent years (teenage years).  

Different causes of asymmetry with a developmental etiology have been hypothesized to 

include habitual preference of chewing on one side, or persistent sleep on one side.  

Acquired asymmetries usually happen as a result of a disease process, infection, trauma 

or habit and could include TMJ ankylosis, trauma, childhood radiotherapy, pathologies 

and tumors, or hyper- or hypoplasic changes of the condyles to name a few (Cheong 

2011).  

 Other authors have classified etiologies of facial asymmetry as either genetic or 

environmental (Bishara 1994).  This classification of etiologies may work well for 

diseases like neurofibromatosis, which has a strong familial incidence and dominant gene 

association, but for diseases like cleft lip and/or palate, both genetic and environmental 

etiologies play a role.  

2.4 Molecular Contributions to Facial Asymmetries 

 Genetics, as discussed in the previous section, is a major contribution to the 

etiologies of asymmetries. Symmetry in utero usually exists until late gastrulation and 

early neurulation (Chung 2017).  Once the notochord forms however, clear left and right 

differences need to exist for normal development and a break in symmetry is required 

(Nicot 2014). Current literature suggests two different modes of symmetry breaking 
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during development: the first by subcellular chirality effects on cellular biophysics or 

secondly, by asymmetric signaling on one side of the body later in development.  These 

two types of symmetry breaking are caused by asymmetric gene expression, asymmetric 

effects of the environment, or chance (Palmer 2016).  Asymmetric gene expression leads 

to NODAL expression (Nicot 2014).  The Nodal Pathway is often responsible for 

asymmetry across the left-right axis.  Four genes within the Nodal Cascade in particular 

are referenced often, Nodal, Lefty1, Lefty2, and Pitx2, due to their asymmetrical 

expression near the midline during early developmental stages (Palmer 2004).  Nodal is a 

subgroup of the Transforming Growth Factor-β (TGF-β) transcription proteins found in 

vertebrates most responsible for mesoderm induction and left-right axis determination 

during development.  Nodal is expressed in the left lateral plate mesoderm of vertebrates 

and is required on the left for proper left-right axis formation (Schier 2003).  In order to 

have proper left-right axis development, 3 things must occur: first, a break in symmetry; 

second, asymmetric gene expression induced by the effects of left lateral plate mesoderm 

nodal expression; and third, changes in gene expression so that asymmetry is 

incorporated into developing tissues (Nicot 2014).  Lefty molecules are divergent 

members of the TGF- β family and act as antagonist molecules to the Nodal-signaling 

pathway. Leftys act as classic feedback inhibitors to Nodal expression and cause 

asymmetries (Schier 2003).  Pitx2 represents a Nodal signaling target during left-right 

axis development, which is essential in jaw development.  Besides having a large 

influence in heart muscle, Pitx2 is also expressed in most head and trunk muscles, 

including the masseter muscles.  Recent studies have shown down-regulation of Pitx2 in 

masseteric muscles in subjects with facial asymmetries.  The same study has shown that 
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“Pitx2 is required for initiation and progression of myogenic lineage of masticatory 

muscles, and overexpression of Pitx1 may cause skeletal muscle fiber atrophy” which 

suggests that Pitx1 and Pitx2 are responsible for maintaining functional laterality in 

asymmetric faces (Obwegeser 1986).    

 Similarly, many studies have evaluated the link between genetics and 

malocclusion as it related to the sagittal and vertical dimension.  Class III malocclusions 

with mandibular prognathism has been associated with EPB41, MATN1, COL2A1, 

MYO1H, TGFB3, and LTBP2, while a missense mutation in DUSP6 has been linked to 

maxillary hypoplasia (da Fontoura 2015).   Studies of Class II malocclusion have shown 

severe skeletal discrepancies linked to SNAI3 and have also associated NOGGIN with 

mandibular hypoplasia.  TWIST1 has also been studied to influence mandibular body and 

ramal lengths (da Fontoura 2015).  These genetic links to vertical and sagittal 

malocclusions are of particular importance for this study considering that current 

literature suggests an increase in the frequency and degree of facial asymmetry in patients 

with malocclusions when compared to a normal population (Mishra 2014; Scanvini 

2012).  

2.5 Skeletal Muscle and Muscle Fiber Types 
 

Skeletal muscle is made up of many diverse fibers composed of many myofibers. 

Myofibrils can be further broken down into sarcomeres, which make up the functional 

units of muscle.  Each sarcomere is composed of myofibrillar protein myosins and actin, 

or thick and thin filaments respectively.  The molecular composition of myosin includes 

six polypeptides: two heavy and four light chains.  The heavy chains contain the myosin 

head that allows muscle contraction contains an ATP (adenosine triphosphate) binding 
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site for ATP hydrolysis and energy generation.  Muscle fibers types can be categorized 

by three different methods: histochemical staining for myosin ATPase activity, myosin 

heavy chain isoform identification, and biochemical identification of metabolic enzymes.  

The second method, myosin heavy chain isoform identification, uses 

immunohistochemical analysis of antimyosin antibodies to identify differing fiber types 

based on the ATPase within the heavy chain.  Each muscle fiber may contain multiple 

myosin heavy chain isoforms, so pure and hybrid fibers can exist (Scott 2001).  Three 

main fiber type groups exist in human skeletal muscle, which include type I, type IIA, 

and type IIX, and more recently neonatal and alpha cardiac types have also been 

identified (Sciote 1994)   

 Muscle fibers represent a diverse and dynamic structure.  With ever-changing 

functional demands, it is possible for adaptive changes to occur within the fiber type 

composition.  Phenotypic expression of skeletal muscles can be influenced by a multitude 

of factors, which include “development, innervation, increased and decreased 

neuromuscular activity, overloading and unloading, hormones, and aging” (Pette 1997).  

According to Pette (2002), increased neuromuscular activity and overloading will lead to 

transitions from fast to slow fiber types and vice versa in that reduced levels of 

neuromuscular activity and unloading lead to transitions from slow to fast fiber types.  He 

also noted that transitions are most notably noticed in chronic low frequency stimulation 

and unloading.   

2.6 Masticatory Muscles 
 

Human masticatory muscles are made up of four main muscles, which develop 

from the first pharyngeal arch during embryogenesis and are innervated by the 
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mandibular division of the trigeminal nerve.  The four muscles include the temporalis, 

masseter, medial pterygoid and lateral pterygoids and together contribute to excursive, 

closing, opening, retrusive and protrusive movements.  In addition, the digastric muscle, 

made up of an anterior and posterior belly, is developed from the first (anterior belly) and 

second (posterior belly) pharyngeal arches, and contributes to jaw opening.  The posterior 

belly of the digastric muscle is innervated by the facial nerve, and the anterior belly is 

innervated by the trigeminal nerve (Liebgott 2011).   

The focus of this study however remains on the masseter muscle.  The masseter 

muscle, which is a strong elevator muscle, consists of a deep and superficial layer.  The 

superficial portion of the masseter originates from the zygomatic arch and inserts on the 

angle and lower border of the mandible.  The deep portion of the muscle also originates 

on the zygomatic arch but inserts on the upper section of the ramus (Liebgott 2011). 

2.7: Limb and Masseter Muscle Comparisons 
 

 The relationship between muscle fiber type and facial form is complex.  Certain 

fiber types have different functional characteristics, type I fibers are found more in 

postural muscles as they are fatigue resistant and slow contracting, whereas type II fibers 

are found in areas of rapid movements as they are fast contracting and fatigable.  The 

fiber types within limb muscle are very different from the fiber type in masticatory 

muscles, as there are more main types of fibers (eight total main masseter fiber types) and 

more individual variable within the fiber type composition.  Limb muscle, on the other 

hand, is composed of only three main fiber types consisting of type I, type IIA, and type 

IIb (Rowlerson 2005). 
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 Masseter fiber types are differentiated by atypical myosin heavy chain expression 

(neonatal and atrial fiber types) and co-expression (hybrids, type II), as well as fiber size 

variability, which is particularly of note in Type II fibers (Sciote 1994).  Rowlerson et al. 

(2005) combined the eight masseteric fiber types into four groups by myosin heavy chain 

composition and associated physiologic characteristics (shortening velocity).  Type I 

fibers have slow shortening velocity, type II are more rapid, type I/II hybrid shares the 

aforementioned characteristics, and neonatal/atrial fiber types are not entirely understood.   

While much of these characteristics are true for limb muscles, type II fibers in masseter 

muscles differ from limb muscle fibers of the same types, as they have a smaller mean 

area and less force.  In addition, neonatal and atrial fiber types are not typically found in 

adult limb muscles.  Neonatal fibers are generally developmental and have been found 

during regeneration or as a response to denervation, but those findings do not coincide 

with their appearance in masseter muscles.  Alpha cardiac myosin heavy chain found in 

atrial type is found in the heart atrium and not in any limb skeletal muscle.  Masseter 

muscle is also different from limb in that it has a large predominance of type I fibers, in 

both size and proportion (Sciote 1994).  Table 1 and Figure 1 describes the different 

masseter fiber types as described by Sciote et al. (1994) and the combinations of the eight 

subtypes into four groups 
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Table 1: Fiber Type Staining showing Antibody Reactivity of Fiber Types 
 
Table 1: Fiber Type Staining 
Antibody Reactivity of Fiber Types 
 Type I Hybrid Type II Neonatal/Atrial  
Anti- I IM IIC IIA IIX Neo. Atrial Other 
I + + + - - (+) (+) (+) 
Fast - (+) (+) + + + + + 
IIA - (+) (+) + (+) (+) (+) (+) 
Neo. - - - - - + - + 
Cardiac - - - - - - + + 
ATPase Reactivity for Fiber Types 
 Type I Hybrid Type II Neonatal/Atrial  
pH* I IM IIC IIA IIX Neo. Atrial Other 
10.2 - (+) + + + + (+)/+ (+)/+ 
4.6 + + (+) - (+) (+) (+)/+ (+)/+ 
4.3 + + (+) - - (+) (+)/+ (+)/+ 

*Myofibrillar ATPase reactivity after preincubation in buffer at specified pH. 
 

 
Figure 1: Stained Serial Sections for ATPase Activity  
“Serial sections of rectus abdominis stained for myofibrillary ATPase activity after 
preincubation in buffer of pH 10.2 (A) and 4.6 (C, F) and for reactivity to anti-fast (B), 
anti-neonatal (D) and anti-alpha-cardiac and (E) MHC antibodies.  Arrow marks a type 
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IIB fiber, stars mark type IIA fiber and type I fibers are unmarked.  Magnification (A-E): 
x 115, (F) x 57”. *Taken from Sciote et al., 1994. 
 

2.8: Fiber Type Contributions to Malocclusions and Asymmetry 
 
 The idea that form follows function is certainly not a new one, it has been 

understood in classic and current literature that muscle plays an important role in skeletal 

form.  Facial types have been characterized as having muscular differences in fiber 

direction, with vertical fibers associating with a skeletal deep bite and more oblique fibers 

associating with a skeletal open bite (Sassouni 1969).    Rowlerson et al. (2005) furthered 

this by finding a statistically significant interaction between fiber type and vertical 

dimension, fiber type and bite, and fiber type and bite and class for class III subjects.  In 

his study, Sciote et al. (2012), agreed that both fiber type mean area (size) and percent 

occupancy (proportions) are closely associated with vertical growth variation but 

furthered the research by adding that there was no evidence of association to sagittal 

malocclusion. In the analysis of fiber type associations, it was found that variations in the 

size and proportions of type II fibers specifically were the most important interaction 

when evaluating masseter fiber types and malocclusions (Sciote 2012).   

 It is important to note that fiber type adaptations and transitions, discussed in 

chapter 2.5, can occur in masseter muscle, just like in skeletal muscle.  A commonly 

noted masticatory fiber type change is one which occurs with a change in diet, wherein 

soft diets can alter muscle function, decrease fiber diameter, reduce total muscle weight, 

and reduce bite force exertion (Abed 2007).   

 Rats who were given a soft diet showed fiber type and skeletal changes, affecting 

not only the vertical dimension, but the transverse dimension as well.  This alone bolsters 

the belief that muscle function has a direct effect on craniofacial structure and that 
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“masticatory function is a key determinant of the craniofacial growth pattern” (Abed 

2007). 
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CHAPTER 3 
 

AIMS OF THE INVESTIGATION 
 
 

The aim of this study is to investigate the associations between I, hybrid I/II, II 

and neo-atrial muscle fiber types in masseter muscle and asymmetric growth of the 

mandible.   
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CHAPTER 4 
 

MATERIALS AND METHODS 

 
4.1 Data Base Collection 

Retrospective database information compiled from a long-standing study out of the 

University of Lille, France in the Department of Oral and Maxillofacial Surgery was 

analyzed and compared. 

The initial database of masseter muscle sample fiber types was made available for 

analysis.  The database included fiber type analysis for fiber type groups Type I, Hybrid 

Type I/II, Type II, Type Neonatal/Atrial.  Data included for all biopsies was: 

• Mean Area (measured in µm2) 

• Mean Area Standard Deviation 

• Number  

• Total Area 

• Percent Occupancy  

A complimentary database of radiographs and patient demographic information was 

also made available for the same subjects, who were all deidentified and coordinated 

numerically.  Patient information available included:  

• Radiographs (PA Cephalogram ± Panoramic Radiograph, Lateral Cephalogram) 

• Age  

• Gender 

• Skeletal sagittal Classification (Class I, II or III) 

• Skeletal vertical Classification (Skeletal Open, Deep, or Normal) 
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Patient radiographs were categorized into asymmetry classifications using the 

methods described by Chung et al. (2017).  From this previous study information, the 

current study had two goals: to classify the asymmetry and to see how fiber type related 

to the asymmetry classifications. 

4.2 Patient Population (Inclusion/Exclusion Criteria) 
 

From these databases, 150 subjects undergoing orthodontic and maxillofacial 

surgery treatment for correction of non-syndromic jaw deformations were included for 

study participation.  All subjects were previously identified for surgical treatment with 

dentofacial deformities and signed informed consent for participation in this study in 

accordance with the French Independent Ethical Committee for human subject research.  

 Of the 150 subjects reviewed and classified into the five distinct asymmetries, 83 

had complimentary fiber type data base information available.  Of the 83 subjects with 

fiber type information available, only 27 subjects had fiber type data for both the left and 

right sides combined.  The 83 patients with fiber type data available were surgically 

treated between 2002-2006.  Subject demographic information, including age and gender, 

were assessed. Sagittal and vertical relationships were evaluated and patients were 

classified as Class I, Class II, or Class III in the sagittal dimension and open or deep bite 

in the vertical direction.   Classifications of patient malocclusion was done using the 

Delaire Cephalometric Analysis of lateral cephalograms as it has been shown as an 

effective cephalometric analysis to use prior to maxillofacial surgery	(Brevi 2015).  All 

patients selected presented with non-contributory medical record and all demographic 

information, radiographs, and clinical examination information was deidentified.  Patients 
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were eliminated if radiographic information was missing, had syndromes, had facial 

surgery prior to radiographs, were missing fiber type information or were edentulous.  

4.3 Asymmetry Classification 
 

 Using the methods outlined in Chung et al. (2017), all subjects were classified 

into five groups, which are represented in Figure 2.  This method is an adapted system 

from Baek et al. (2012) for PA cephalometrics: Group 1: lateralization of the mandibular 

body with no ramal asymmetry or “mandibular body asymmetry”; Group 2: ramal height 

asymmetries with menton deviation to the shorter ramal side or “ramus asymmetry”; 

Group 3: ramal height asymmetries with menton deviation to the longer ramal side or 

“atypical asymmetry”; Group 4: ramal height asymmetries with menton deviation to the 

shorter ramal side and severe maxillary canting or “C-shaped asymmetry”.  

 Cephalometric landmarks were used following the methods outlined in Chung et 

al. (2017).  Six cephalometric measurements were taken which included occlusal plane 

tilt, maxillary canting, menton deviation, mandibular width to midsagittal plane, 

mandibular width to menton, and ramal height.  For a subject to be classified as showing 

asymmetric ramal heights, the difference in the ramal sides were greater than 3 mm. 

Maxillary canting was determined by a 3 mm difference in the left and right vertical 

distances of the frontozygomatic suture to the left and right jugal processes. Occlusal 

plane tilt was determined by the difference between the Frankfort Horizontal and 

horizontal line bisecting the buccal cusps of the maxillary and mandibular right and left 

first molars equally 2° or greater.  
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All cephalograms were then re-evaluated within two months of initial tracing by 

the initial examiner (HG) and three additional examiners (JS, KC, TB) to ensure all 

radiographic tracings and classifications were calibrated and correct.   

Figure 2: PA Cephalogram Asymmetry Classifications 
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4.4 Database Analysis 
 

 The fiber type database was organized into excel spreadsheets with each fiber 

type mean area, standard deviation, and percent occupancy available for each subject. 

Mean total area and percent occupancies of each fiber type (I, hybrid I/II, type II and 

neonatal/atrial) for each subject were extracted and coordinated and compiled with 

patient demographic information (age, gender, sagittal diagnosis and vertical diagnosis), 

and asymmetric group categorization.  Long versus short and right versus left data were 

also included for all available patients. 

4.5 Statistical Analysis 
 

All data was evaluated based on age, gender, and any other potential contributing 

factors.  Once this was completed, comparative and predictive analyses were used to 

determine the differences in symmetric and asymmetric patient fiber type samples as well 

as the potential predictive values of the different fiber types for asymmetry.  Fischer’s 

and ANOVA tests were used to compare fiber type composition and distributions 

amongst the groups 
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CHAPTER 5 

RESULTS 
 

5.1 Results Overview 

 The subject population was gathered from patients undergoing orthodontic and 

maxillofacial surgery treatment for correction of non-syndromic jaw deformations.  The 

subject population was well distributed for age and gender.  Comparisons between 

subjects were made based on asymmetry classification group and fiber type areas and 

percent occupancies for type I, hybrid I/II, type II and neonatal/atrial.  

 5.2 Asymmetry Classifications 

 150 posterior-anterior cephalograms were classified into one of the four 

asymmetry groups or the symmetry group.  Of the 150 subjects, 83 subjects were 

included in the final analysis.  Exclusion of the remaining subjects was due to missing 

information on radiographs, records were post-surgical, syndromes, and most commonly 

lack of fiber type data.  Of the 83 included subjects, there were 53 females (63.9%), and 

30 males (36.1%).  The mean age was 24.0 with a minimum of 14 and maximum of 55.  

Patients under 25 years of age accounted for 58 (69.9%) of the subjects.   

 Using the cephalometric landmarks and measurements outlined in the materials 

and methods chapter, all subjects were divided into the symmetric or asymmetric 

classifications as shown in Figure 3 and Appendix A.  Grouping resulted in 29 subjects 

(34.9%) classified as symmetric, 16 subjects (19.3%) as Group 1, 18 subjects (21.7%) as 

Group 2, 12 subjects (14.5%) as Group 3, and 8 subjects (9.6%) as Group 4. 

Sagittal and vertical relationships were evaluated and patients were classified as 

Class I, Class II, or Class III in the sagittal dimension (3.6% Class I, 59.0% Class II, 



	
	
	

	
	

22	

37.3% Class III) and open or deep bite in the vertical direction (61.4% open bite, 21.7% 

deep bite, and 16.9% normal).  In addition, each group was analyzed for age, gender, and 

sagittal and vertical classifications in Table 2:  

Table 2: Patient Demographics and Skeletal Diagnoses 

 

 

 

 

 

Patient Demographics 
 Total 

Number 
Males Females Mean Age 

(Years) 
Age SD 
(Years) 

Symmetric 29 11 (37.9%) 18 
(62.1%) 

21.2 6.5 

Group 1 16 9 (56.3%) 7 (43.8%) 23.8 8.2 
Group 2 18 3 (16.7%) 15 

(83.3%) 
25.8 10.8 

Group 3 12 4 (33.3%) 8 (66.7%) 27.0 9.9 
Group 4 8 3 (37.5%) 5 (62.5%) 26.5 10.0 

Patient Skeletal Diagnoses 
  Skeletal Sagittal Diagnosis Skeletal Vertical Diagnosis 
 Total 

Number 
Class I Class II Class 

III 
Open Deep Norma

l 
All 
Subjects 

83 3 
(3.6%) 

49 
(59.0%) 

31 
(37.3%) 

51 
(61.4%) 

18 
(21.7%) 

14 
(16.9%) 

Symmetric 29 1 
(3.4%) 

16 
(55.2%) 

12 
(41.4%) 

16 
(55.2%) 

8 
(27.6%) 

5 
(17.2%) 

Group 1 16 1 
(6.3%) 

11 
(68.8%) 

4 (25%) 10 
(62.5%) 

1 
(6.3%) 

5 
(31.3%) 

Group 2 18 0 13 
(72.2%) 

5 
(27.8%) 

12 
(66.7%) 

6 
(33.3%) 

0 

Group 3 12 0 4 
(33.3%) 

8 
(66.7%) 

8 
(66.7%) 

1 
(8.3%) 

3 (25%) 

Group 4 8 1 
(12.5%) 

5 
(62.5%) 

2 (25%) 5 
(62.5%) 

2 (25%) 1 
(12.5%) 
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Figure 3: Patient Aymmetry Diagnosis Distribution.  

5.3 Fiber Type Analysis 

  All subjects included were compared.  Of these 83 subjects, 27 subjects had both 

left and right fiber type samples taken and additional comparisons were done on this 

subset.  Of these 27 subjects, 6 subjects (22.2%) were classified as Symmetric, 5 subjects 

(18.5%) as Group 1, 7 subjects (25.9%) as Group 2, 5 subjects (18.5%) as Group 3, and 4 

subjects (14.8%) as Group 4. 

Comparisons were made based on right or left sides, short or long lengths, 

symmetry, percent occupancy, and area. T test comparisons were done for all samples 

using comparisons described in Tables 3 and 4: 
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Table 3: Statistical	Groupings-	All Subjects Included 

 
Table 4: 	Statistical	Groupings-	Subjects with Bilateral Samples Only Included 

Comparison Groups Compared Measurement 
Compared 

# of 
Subjects 

Test 

Right versus 
Left 

All (Group S, 1, 2, 
3, and 4) 

Area 
Percent 
Occupancy 

83 Independent 

Right versus 
Left 

Symmetric and 
Group 1 Only  

Area 
Percent 
Occupancy 

45 Independent 

Right versus 
Left 

Groups 1, 2, 3, 
and 4 Only 

Area 
Percent 
Occupancy 

54 Independent 

Short versus 
Long 

Groups 2, 3, and 4 
Only 

Area 
Percent 
Occupancy 

38 Independent 

Right Side 
Samples Only 

Symmetric versus 
Types 1, 2, 3, and 
4 

Area 
Percent 
Occupancy 

31 Independent 

Left Side 
Samples Only 

Symmetric versus 
Types 1, 2, 3, and 
4 

Area 
Percent 
Occupancy 

78 Independent 

Comparison Groups Compared Measurement 
Compared 

# of 
Subjects 

Test 

Right versus 
Left 

All (Group S, 1, 2, 
3, and 4) 

Area 
Percent 
Occupancy 

27 Paired 

Right versus 
Left 

Symmetric and 
Group 1 Only  

Area 
Percent 
Occupancy 

11 Paired 

Right versus 
Left 

Groups 1, 2, 3, and 
4 Only 

Area 
Percent 
Occupancy 

21 Paired 

Short versus 
Long 

Groups 2, 3, and 4 
Only 

Area 
Percent 
Occupancy 

15 Paired 

Right Side 
Samples Only  

Symmetric versus 
Types 1, 2, 3, and 
4 

Area 
Percent 
Occupancy 

27 Independent 

Left Side 
Samples Only  

Symmetric versus 
Types 1, 2, 3, and 
4 

Area 
Percent 
Occupancy 

27 Independent 
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5.4 Fiber Type Area and Percent Occupancy Analysis- All Subjects 

 Fiber type mean area and percent occupancy were evaluated and analyzed as 

described in chapter 4.  Among the 83 subjects, statistical significance was found for 

comparisons between the right sides of symmetric versus groups 1, 2, 3, and 4 combined 

for neonatal/atrial fiber type area (p=0.025) and percent occupancy (p=0.005). See Tables 

5 and 6 and figures 4 and 5 for compiled data.  

Table	5:	Mean	Area	Comparisons-	All	Subjects 

	 I	 I/II	Hybrid	 II	 Neonatal/Arial	 Area	Total	
All	 0.688	 0.408	 0.952	 0.386	 0.730	
S+1	 0.754	 0.173	 0.472	 0.705	 0.991	
1,2,3,4	 0.398	 0.636	 0.847	 0.195	 0.950	
S	vs	1-4	(Left)	 0.675	 0.712	 0.279	 0.655	 0.685	
S	vs	1-4	(Right)	 0.332	 0.873	 0.314	 0.025	 0.804	

 
Table	6:	Mean	Percent	Occupancy	Comparisons-	All	Subjects 
 
	 I	 I/II	Hybrid	 II	 Neonatal/Arial	
All	 0.157	 0.202	 0.887	 0.832	
S+1	 0.591	 0.336	 0.962	 0.582	
1,2,3,4	 0.103	 0.195	 0.903	 0.423	
S	vs	1-4	(Left)	 0.935	 0.599	 0.060	 0.092	
S	vs	1-4	(Right)	 0.245	 0.340	 0.196	 0.005	
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Figure 4: Mean Area (µm2) Differences and p-Values  

 

Figure 5: Percent Area Differences and p-Values 

5.5 Fiber Type Area and Percent Occupancy Analysis- Bilateral Samples Subjects 

Among the 27 subjects with both left and right fiber type samples present, statistical 

significance was present in bilateral comparisons between the left sides of symmetric 
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versus groups 1, 2, 3, and 4 combined for fiber type II (p=0.006; p= 0.001) and 

neonatal/atrial (p=0.017; p= 0.010) areas and percent occupancies respectively.  

Significance between the right sides of symmetric versus groups 1, 2, 3, and 4 combined 

was found for only neonatal/atrial type percent occupancy (p= 0.027). See Tables 7 and 8 

and figure 4 and 5 for compiled data.  

Table	7:	Mean	Area	Comparisons-	Bilateral	Sample	Subjects 

	 I	 I/II	Hybrid	 II	 Neonatal/Arial	 Area	Total	
All	 0.376	 0.904	 0.879	 0.176	 0.370	
S+1	 0.663	 0.854	 0.104	 0.469	 0.623	
1,2,3,4	 0.543	 0.763	 0.504	 0.530	 0.449	
S	vs	1-4	(Left)	 0.826	 0.684	 0.006	 0.017	 0.516	
S	vs	1-4	(Right)	 0.645	 0.998	 0.691	 0.073	 0.638	

 
Table	8:	Mean	Percent	Occupancy	Comparisons-	Bilateral	Sample	Subjects	
 
	 I	 I/II	Hybrid	 II	 Neonatal/Arial	
All	 0.760	 0.501	 0.988	 0.644	
S+1	 0.330	 0.399	 0.643	 0.723	
1,2,3,4	 0.859	 0.510	 0.601	 0.931	
S	vs	1-4	(Left)	 0.390	 0.817	 0.001	 0.010	
S	vs	1-4	(Right)	 0.259	 0.924	 0.265	 0.027	

 

5.6 Fiber Type Analysis in Right versus Left Groups 

 Left versus right analyses were compared for all subjects and bilateral subjects 

and no statistical significance was found (Tables 9 and 10).  

Table	9:	Left	versus	Right	Comparisons	–	All	Subjects 

	 I	 I/II	Hybrid	 II	 Neonatal/Arial	 Area	Total	
Area		 0.688	 0.408	 0.952	 0.386	 0.730	
Percent	Occupancy		 0.157	 0.202	 0.887	 0.832	
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Table	10:	Left	versus	Right	Comparisons	–	Bilateral	Subjects	
 
	 I	 I/II	Hybrid	 II	 Neonatal/Arial	 Area	Total	
Area		 0.376	 0.904	 0.879	 0.176	 0.370	
Percent	Occupancy		 0.760	 0.501	 0.988	 0.644	

 

5.7 Fiber Type Analysis in Short versus Long Groups 

When comparing the 27 patients with bilateral samples, symmetric versus short 

side fiber type samples revealed statistical significance in neonatal/atrial type area 

(p=0.003) and percent occupancy (p=	0.001).	

Symmetric versus long side fiber type samples also revealed statistical significance in 

neonatal/atrial type area (p=	0.002) and percent occupancy (p=	0.000). Comparisons of 

symmetric versus short side fiber type samples additionally showed significance in fiber 

type II percent occupancy in all (p=	0.015) and in bilateral (p=0.018) subject groupings. 

See Tables 11, 12, 13 and 14 and figures 4 and 6 for compiled data.  

Table	11:	Long	versus	Short	Comparisons	–	All	Subjects 

	 I	 I/II	Hybrid	 II	 Neonatal/Arial	 Area	Total	
Area		 0.881	 0.904	 0.268	 0.653	 0.552	
Percent	Occupancy		 0.483	 0.986	 0.350	 0.739	

 
Table	12:	Long	versus	Short	Comparisons	–	Bilateral	Subjects 
 
	 I	 I/II	Hybrid	 II	 Neonatal/Arial	 Area	Total	
Area		 0.837	 0.653	 0.212	 0.077	 0.309	
Percent	Occupancy		 0.481	 0.474	 0.218	 0.203	
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Table	13:	Areas 

 
Table 14: Percent Occupancy 

 

 

Figure 6: Percent Occupancy Differences for Long versus Short Comparisons 

All	Subjects	
	 I	 I/II	Hybrid	 II	 Neonatal/Arial	 Area	Total	
S	vs	All	Long		 0.998	 0.637	 0.557	 0.098	 0.670	
S	vs	All	Short	 0.880	 0.518	 0.105	 0.410	 0.840	

Bilateral	Subjects	
	 I	 I/II	Hybrid	 II	 Neonatal/Arial	 Area	Total	
S	vs	All	Long		 0.913	 0.836	 0.373	 0.002	 0.406	
S	vs	All	Short	 0.835	 0.921	 0.069	 0.003	 0.854	

All	Subjects	
	 I	 I/II	Hybrid	 II	 Neonatal/Arial	
S	vs	All	Long		 0.462	 0.452	 0.191	 0.105	
S	vs	All	Short	 0.920	 0.410	 0.015	 0.055	

Bilateral	Subjects	
	 I	 I/II	Hybrid	 II	 Neonatal/Arial	
S	vs	All	Long		 0.224	 0.590	 0.132	 0.000	
S	vs	All	Short	 0.769	 0.996	 0.018	 0.001	
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5.8 Fiber Type Analysis Amongst Asymmetry Groups 

 When comparing fiber type contributions and distributions amongst the 

asymmetric groups, no significant difference was found in any single asymmetry 

classification (p<0.05) for either mean area or percent occupancy.  See Tables 15 for 

compiled data. 

Table 15: ANOVA Analysis for Asymmetry Groups 

Left	vs.	Right	Mean	Area	Comparisons	by	Asymmetry	Type	
	 I	 I/II	Hybrid	 II	 Neonatal/Atrial	 Total	
1	 0.239	 0.218	 0.173	 0.848	 0.452	
2	 0.575	 0.695	 0.396	 0.497	 0.366	
3	 0.914	 0.183	 0.782	 0.220	 0.554	
4	 0.883	 0.388	 0.790	 0.096	 0.730	
Left	vs.	Right	Percent	Occupancy	Comparisons	by	Asymmetry	Type	
	 I	 I/II	Hybrid	 II	 Neonatal/Atrial	
1	 0.377	 0.231	 0.800	 0.671	
2	 0.072	 0.358	 0.279	 0.930	
3	 0.359	 0.427	 0.696	 0.515	
4	 0.346	 0.260	 0.565	 0.367	
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CHAPTER 6 

DISCUSSION 
 
 

6.1 Introduction 

 With facial asymmetry prevalence estimations ranging from 12% to 85% (Sheats 

1998, Severt 1997), it is becoming more important than ever for clinicians to understand 

not only the etiology of asymmetry, but the factors affecting the stability of treatment 

outcomes.  In studying not only fiber type associations, but also prevalence and 

demographics, a better understanding of the factors affecting facial asymmetry can be 

reached.  The population studied demonstrated facial asymmetry in 65.1% (54/83) of the 

subjects, which falls within the range of estimates from previous studies.  Unlike other 

studies however, this study included only subjects undergoing Orthognathic surgery and 

would therefore be expected to show a higher prevalence of asymmetric subjects.  

Classification of the asymmetric subjects into the previously defined four asymmetric 

subgroups proved ineffectual, as the separation reduced the group numbers to too few to 

show any significance.  The most valuable information gleaned from this association 

study was that found when combining all asymmetric subjects to the symmetric group.    

6.2 Study Demographics 

The demographic analysis also showed a much higher percentage of females 

(63.9% or 53/83) than males, which may suggest that females have a higher prevalence of 

asymmetry.   Concordantly, our female group showed that 35 of the 53 subjects (66.0%) 

were asymmetric.  On the other hand, our male group included 19 of 30 asymmetric 

subjects (63.3%).   It has been shown that the perceived need for orthodontic treatment in 

the United States is higher in females compared to males (Kiyak 2000).  Similarly, it is 
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possible that the increase in asymmetric females in this study may be due to the fact that 

females were seeking surgical correction more frequently.  

 In addition to age and gender demographics, we evaluated our population by the 

sagittal and vertical facial classifications.  While the vertical skeletal dimension has been 

shown to be associated with fiber type variations, sagittal skeletal patterns have yet to 

show significant associations with any fiber type.  An increase in type II fibers in 

skeletally deep bite subjects has long been understood (Sciote 2012).  This is especially 

important to note as 61.4% (51/83) of our subject population was classified as being 

skeletally open bite.   

6.3 Type II Fiber Type Associations with Asymmetric Subjects 

Despite an abundance of skeletally open bite patients, an association was still 

found with Type II fibers being increased in asymmetric patients.  There was a significant 

increase in mean area and percent occupancy when comparing left side samples of 

asymmetric versus symmetric patients.  Although this association was found in only the 

bilaterally biopsied group analysis, both the bilaterally and unilaterally biopsied groups 

showed a significant increase in percent occupancy in Type II fibers in short ramal sides 

of asymmetric subjects compared to symmetric subjects.  This could suggest that there 

was not a left or right dominance of asymmetry in the larger unilaterally biopsied subject 

group.  There is debate amongst previous studies as to whether there is a left dominance 

(Rajpara 2014) or insignificant laterality (Peck 1994) in asymmetric populations.  Our 

population showed increased type II fiber mean area and percent occupancy on the left 

only in our bilaterally sampled subjects, which agrees with Rajpara et al (2014).  The lack 

of significance in the larger group could also be due to preference in the unilateral biopsy 
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side, the data could be skewed due to unequal data points for the left versus the right in 

the unilaterally sampled subjects.  When assessing our 56 unilaterally biopsied subjects, 

51 (91.1%) had left biopsies only, whereas only 5 (8.9%) had right biopsies only. 

As expected, there was a significant increase in percent occupancy of type II 

fibers in asymmetric patients on the shorter ramus side in both the unilaterally and 

bilaterally sampled subjects. Type II, fast contracting, high force, fibers are, as previously 

stated, more common in skeletal deep bites.  Our findings agree with the findings by 

Sciote et al. (2012).  By confirming previously known information, we have validated our 

additional findings.   

6.4 Atypical Fiber Type Associations with Asymmetric Subjects 

 Our unexpected findings relate to the neonatal and atrial fiber types.  We have 

classified these fiber types together as “atypical” fiber types since they are not usually 

found in adult limb muscle.  Atrial fiber type is typically found in the heart, whereas 

neonatal fiber types are typically found in development.  Unfortunately, very little is 

known about these atypical fiber types except that they contain unusual motor protein 

expression and have not been examined on a single-fiber level (Rowlerson 2005).  In 

addition to this, the atrial muscle fibers have been shown to have an intermediate 

contractile speed when compared to type I (slow) and type II (fast) fibers in rabbits 

(Sciote 1996).  

 Our larger unilaterally sampled subject population showed significantly increased 

atypical fiber type percent occupancy and mean area in symmetric subjects compared to 

the asymmetric right side biopsy subjects.  This again may be attributed to an unequal 

preference of location for the biopsy information.   
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 The bilaterally sampled subjects showed symmetric subjects to have increased 

neonatal-atrial fiber type mean area when compared to the left biopsy subjects only.  

When assessing percent occupancy, symmetric subjects showed an increase when 

compared to both left and right biopsy data.  The difference in significance is likely due 

to the variability in fiber type size, which makes percent occupancy a more valuable tool 

for assessing fiber type information.  It describes the percent of area composition in the 

biopsy and accounts for fiber area and frequency.   

 Additionally the bilaterally sampled subjects showed significantly increased 

neonatal-atrial fiber type percent occupancy and mean area in symmetric subjects when 

compared to the long and short ramal sides of the asymmetric subjects.   This suggests 

that there is neither a decrease nor an increase in the atypical fibers due to a vertical 

dimensional change but simply a deviation from symmetric growth.   Previous data has 

not shown these atypical fiber types to be associated with a specific vertical or sagittal 

skeletal type, and these results agree with those previous studies.  

 Figure 7 shows the immunohistochemical staining of an asymmetric patient.  

These slices are used to calculate percent occupancy and mean area for all fiber types.  
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Figure 7: Immunohistochemical	Staining	of	Masseter	Muscle  
Immunohistochemical staining of masseter muscle of a group 4 asymmetry subject.  
Panels show muscle from short (right) and long (left) ramal sides.  Sections A-F show 
antibody reactivity with (A) anti-II Fast (MY32), (B) anti-IIA (SC71), (C) anti-Neonatal, 
(D) anti-type-I (BA-F8), (E) anti-Alpha Cardiac and (F) Anti-BF35.  
 

6.5 Atypical Fiber Types 

As previously noted, alpha cardiac fibers in the masseteric muscles of rabbits 

were of intermediate contractile speed, slower than that of type II fibers.  Alpha cardiac 

muscle in the heart however was found to be faster than that found in masseter. 

According to this same study it was determined that alpha cardiac fibers in the masseter 

muscle and cardiac muscle are different potentially due to either differences in the 

myosin isoforms, hormone interactions or differences in myofibrillar proteins (Sciote 

1996).    

Right	(Short)	Side	Samples	 Left	(Long)	Side	Samples	
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In a study, which classified these atypical fibers, neonatal fibers were found to be 

closest in size to masseter type IIC fibers, whereas atrial fibers were intermediate in size 

between masseter fibers IIC and IM.  The same study hypothesized that atypical isoforms 

are likely minor components in the fiber in which they occur (Sciote 1994). 

The presence of these atypical fibers in masseteric muscle is anomalous.  

Neonatal isoforms are usually found in response to denervation or during regeneration.  

However, expression in the masseter muscle of neonatal myosin heavy chains show no 

central nuclei or basophilia, which would be expected and typical.  Alpha cardiac myosin 

heavy chain is variable across species, which suggests variable function (Sciote 1994). 

Fetal muscles contract against a very low load and it has been speculated that 

these neonatal or atypical myosins persist beyond development because the muscle needs 

to contract against a lower load compared to other skeletal muscles.  The same study 

stated that these developmental myosin heavy chains and myosin light chain-1 

embryonic/atrial, which are present in adult masseter muscle, are the predominate 

essential myosin light chain associated with MYH16 in jaw closing muscles (Schiaffino 

2015).   

Overall, more in depth single fiber analysis is required to better understand these 

atypical fibers.   

6.6 Fiber Type Variations Amongst Asymmetric Subgroups 

 Subjects were categorized into four subgroups, based on the methods used by 

Chung et al. (2017) prior to analysis: Group 1: lateralization of the mandibular body with 

no ramal asymmetry or “mandibular body asymmetry”; Group 2: ramal height 

asymmetries with menton deviation to the shorter ramal side or “ramus asymmetry”; 
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Group 3: ramal height asymmetries with menton deviation to the longer ramal side or 

“atypical asymmetry”; Group 4: ramal height asymmetries with menton deviation to the 

shorter ramal side and severe maxillary canting or “C-shaped asymmetry”.  It was 

expected that fiber type variations would be expressed amongst these groups.  Based on 

previous findings, it may be expected that type II fibers would be more prevalent in 

Groups 2, 3 and 4 and not expressed in Group 1.  Anova and Fischer’s Chi Squared tests 

showed no significant difference amongst the four subgroups.  The null hypothesis is then 

accepted.   

 Using our findings in this preliminary study on fiber types and asymmetry, it 

would be possible to conduct a power analysis to better understand these fiber type 

associations amongst the asymmetric classifications.  Within our largest sample size of 

83 subjects, grouping resulted in 29 subjects (34.9%) classified as symmetric, 16 subjects 

(19.3%) as Group 1, 18 subjects (21.7%) as Group 2, 12 subjects (14.5%) as Group 3, 

and 8 subjects (9.6%) as Group 4.  When looking at our smaller subject pool of 27 

subjects, 6 subjects (22.2%) were classified as Symmetric, 5 subjects (18.5%) as Group 1, 

7 subjects (25.9%) as Group 2, 5 subjects (18.5%) as Group 3 and 4 subjects (14.8%) as 

Group 4.  We hypothesize that with larger individual group samples, associations may be 

found between an increase in type II fibers in subjects with ramal height asymmetries.  

Further research and larger sample sizes would be required to fully understand these 

associations.  
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CHAPTER 7 

CONCLUSIONS 

1. Both size and number of masseter muscle Type II fibers are significantly increased 

with asymmetry as compared to symmetry in our population of orthognathic surgery 

patients.   

The increased Type II fiber percent occupancy associated with facial asymmetry 

occurs primarily on the short ramal side. 

2. In contrast, percent occupancy of masseter neonatal/atrial fiber types is increased in 

patients with facial symmetry. 

Concomitantly, atypical (neonatal and atrial) fiber type properties are decreased in 

both short and long ramal sides of asymmetric patients. 

3. However, comparisons within the four subtypes of asymmetry showed no significant 

differences in fiber type data.  

4. Collectively, these findings suggest that altered fiber type composition plays an 

important role in asymmetric growth and development. 

5. Future research is required to better understand the role of atrial and neonatal atypical 

fiber types in symmetry breaking.  
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APPENDIX A 

Patient Demographic Information 

Table Key: 
S: Symmetric 
M: Male 
F: Female 
N: Normodivergent 
O: Open Bite 
D: Deep Bite 
 
Year	of	Surgery	
and	Patient	
Number	

Group	
Classification	

Gender	 Age	
(Years)	

Sagittal	
Classification	

Vertical	
Classification	

2002-00045	 S	 M	 22	 3	 N	
2002-00337	 S	 F	 46	 2	 O	
2002-01113	 S	 F	 18	 2	 O	
2002-02071	 S	 F	 24	 3	 O	
2002-02384	 S	 F	 20	 2	 O	
2003-00740	 S	 M	 33	 2	 O	
2003-01575	 S	 F	 16	 3	 O	
2003-01582	 S	 F	 15	 2	 D	
2003-01675	 S	 F	 20	 1	 N	
2003-19735	 S	 M	 20	 3	 D	
2004-04280	 S	 M	 16	 2	 N	
2004-05066	 S	 M	 17	 2	 O	
2004-10050	 S	 F	 19	 2	 D	
2004-10168	 S	 F	 26	 2	 D	
2004-11948	 S	 F	 19	 2	 D	
2004-14345	 S	 M	 25	 3	 O	
2004-15025	 S	 F	 18	 2	 D	
2004-16134	 S	 F	 16	 3	 O	
2004-17288	 S	 F	 24	 2	 D	
2004-17620	 S	 M	 18	 2	 O	
2004-21596	 S	 M	 19	 3	 O	
2004-23966	 S	 F	 15	 2	 D	
2004-25531	 S	 F	 19	 3	 N	
2004-28566	 S	 F	 24	 3	 O	
2005-01646	 S	 M	 31	 2	 N	
2005-06150	 S	 F	 19	 3	 O	
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2005-12449	 S	 M	 22	 3	 O	
2005-15782	 S	 F	 16	 2	 O	
2005-15890	 S	 M	 18	 3	 O	
2002-02075	 1	 M	 33	 2	 O	
2002-02609	 1	 M	 25	 2	 D	
2003-01669	 1	 F	 18	 3	 N	
2003-01822	 1	 M	 22	 3	 O	
2003-01855	 1	 F	 21	 2	 O	
2003-01980	 1	 M	 20	 2	 N	
2004-04295	 1	 F	 15	 1	 N	
2004-10087	 1	 F	 31	 2	 N	
2004-10099	 1	 M	 14	 2	 O	
2004-11901	 1	 F	 20	 3	 O	
2004-21075	 1	 F	 20	 2	 O	
2004-21642	 1	 M	 22	 3	 N	
2005-02318	 1	 M	 21	 2	 O	
2005-06701	 1	 M	 44	 2	 O	
2005-07829	 1	 F	 36	 2	 O	
2005-16039	 1	 M	 18	 2	 O	
2002-00842	 2	 F	 17	 3	 O	
2002-00864	 2	 F	 23	 3	 O	
2002-02875	 2	 M	 28	 2	 O	
2003-01674	 2	 F	 17	 2	 D	
2003-01985	 2	 F	 18	 3	 O	
2003-02314	 2	 M	 30	 2	 D	
2003-17811	 2	 F	 34	 2	 D	
2004-13046	 2	 F	 22	 2	 O	
2004-17039	 2	 F	 17	 2	 D	
2004-18652	 2	 F	 24	 2	 O	
2004-27470	 2	 M	 29	 2	 O	
2004-28514	 2	 F	 23	 2	 O	
2005-02829	 2	 F	 16	 3	 O	
2005-08541	 2	 F	 15	 2	 D	
2005-12368	 2	 F	 55	 2	 O	
2005-13157	 2	 F	 39	 2	 O	
2005-14559	 2	 F	 40	 2	 D	
2005-16412	 2	 F	 17	 3	 O	
2002-00444	 3	 F	 37	 2	 D	
2002-02447	 3	 F	 17	 3	 O	
2002-02599	 3	 M	 39	 3	 O	
2004-04965	 3	 F	 16	 3	 N	
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2004-10692	 3	 F	 35	 3	 O	
2004-15655	 3	 F	 16	 3	 O	
2004-19998	 3	 M	 18	 3	 N	
2004-24290	 3	 F	 17	 3	 O	
2005-00163	 3	 F	 28	 2	 O	
2005-00845	 3	 M	 32	 2	 O	
2005-00988	 3	 M	 42	 3	 N	
2005-02871	 3	 F	 27	 2	 O	
2003-01586	 4	 F	 40	 3	 O	
2004-00841	 4	 F	 23	 1	 N	
2004-04428	 4	 M	 17	 2	 D	
2004-20291	 4	 M	 16	 2	 O	
2004-27436	 4	 F	 17	 2	 D	
2004-29230	 4	 M	 32	 3	 O	
2005-07447	 4	 F	 40	 2	 O	
2005-13781	 4	 F	 27	 2	 O	
	

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


