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LITERATURE REVIEW 

 

Class II Malocclusion 

 

Class II malocclusion is present in approximately one third of the United States 

population. According to the National Health and Nutrition Examination Survey (NHANES) III 

completed in 1994, about 15% of the US population has an overjet greater than 4mm, while 38% 

have overjet of 3-4mm, indicating a class II malocclusion. It has been established that 

malocclusion characteristics vary based on ethnicity, among other variables. Class II 

malocclusion is most prevalent in whites of northern European descent and Class III 

malocclusion is most prevalent in Asian and African populations.1  

Class II malocclusion can be characterized by skeletal, dental, and/or functional 

discrepancies, or a combination of all three. Angle’s classification of dental malocclusion is a 

widely-used and simple system based on the position of the maxillary and mandibular first 

molars in relation to one another. A Class II Angle classification is characterized by distal 

positioning of the mandibular first molar by at least half the width of a cusp in relation to the 

maxillary first molar. Additionally, the maxillary canine is positioned anterior to the mandibular 

canine’s distal surface. In a Class II Division 1 malocclusion, the maxillary central incisors are 

labially inclined, whereas in a Class II Division 2 malocclusion, they are lingually inclined. A 

unilateral class II dental relationship can be described as a subdivision.2  

An analysis of 551 lateral cephalograms evaluating the vertical dimension in class II 

division 1 and 2 patients found that lower anterior facial height (LAFH) was significantly 

reduced in class II/2 patients, and significantly increased in class II/1 patients.3 

When considering the horizontal skeletal component of a Class II designation, Fisk 

described six possible variations in dentofacial morphology. These include an anteriorly-
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positioned maxilla and dentition, a normally-positioned maxilla and anteriorly-positioned teeth, a 

posteriorly-positioned mandible and teeth, a normally-positioned mandible and posteriorly-

positioned teeth, an underdeveloped mandible, or a combination of any of these relationships.4 

Moyers et al. described a similar classification of Class II patients in the horizontal 

dimension. The six horizontal class II types include maxillary dental protraction, maxillary 

prognathism and dental protraction, maxillary and more severe mandibular retrognathism with 

flared upper and lower incisors, maxillary and more severe mandibular retrognathism with only 

flared upper incisors, maxillary prognathism and dental protraction with mandibular dental 

protraction, and mandibular retrognathism.5  

Patterns exist in the perioral musculature that are associated with Class II Division 1 and 

2 malocclusions. The lower lip in Class II Division 1 patients may act to maintain overjet. 

Additionally, abnormal mentalis and buccinator activity during swallowing may cause maxillary 

posterior constriction and incisor protrusion and spacing. Class II Division 2 patients often have 

overactive mentalis and orbicularis oris muscles. 

Numerous studies have evaluated the relationship between dentofacial pattern and 

pharyngeal structures. In 1970, Mergen and Jacobs found that the midsagittal nasopharyngeal 

area was significantly smaller in a sample of 20 subjects with Class II malocclusion compared to 

a matched control of 20 class I patients. The average age of subjects was 13 years.6 In 2007,  

Kirjavainen and Kirjavainen evaluated two times this amount of patients and found that 

oropharyngeal (OP) and hypopharyngeal dimensions were also narrower in class II patients. 

When the Class II group treated with cervical headgear with an expanded inner bow was 

compared to a non-treated Class I control, a significant increase in retropalatal area was observed 

in the treatment group.7 Trenouth and Timms were also able to find moderate positive correlation 
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of OP airway size with cranial base angle, C3-hyoid, and mandibular length (Go-Me).8 All of 

these studies utilized lateral cephalograms yielding a 2-dimensional analysis. In 2011, El and 

Palomo utilized 3-dimensional Cone Beam Computed Tomography (CBCT) to evaluate the nasal 

passage and OP volumes of patients aged 14-18 years with Class I, II and III skeletal patterns. 

They found that OP volumes were smaller in Class II patients compared to Class I and III, 

suggesting that mandible position in relation to the cranial base affects the OP size and volume. 

Nasal passage volumes were also significantly smaller in Class II patients compared to Class I.9 

Class II Management in Adults 

 

When treatment planning for non-growing adult patients seeking orthodontic care, it is 

important to present all viable treatment options. Treatment options for non-growing patients 

with a class II skeletal malocclusion include combined surgical-orthodontic treatment and 

orthodontic camouflage treatment. Surgical treatment can correct the dental and skeletal 

components of a class II malocclusion. Surgical treatment can include mandibular advancement, 

repositioning the maxilla superiorly, or a combination. In a study by Mihalik et al., one third of 

Class II adult patients seeking orthodontic treatment required surgery, with 15% requiring 

maxillary surgery alone and 20% requiring two jaw surgery.10 

When evaluating outcomes for orthodontic versus orthodontic-surgical treatment, one 

study found that the two groups showed similar correction of the dental component, while the 

surgical treatment group had a more ideal skeletal relationship and position of mandibular 

incisors in the basal bone, as expected.11 In terms of stability for mandibular advancement and 

maxillary intrusion surgeries, studies completed at the University of North Carolina found that 

greater than 90% of patients showed skeletal landmarks within 2mm of immediate post-surgery 
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records at one year.12 A similar follow-up study at five years found that 80% of patients were 

within that same 2mm.13  

In a study comparing camouflage and surgical treatment outcomes, adult patients who 

received camouflage treatment were recalled at an average of 12 years post-treatment (range 6.5 

to 15.7 years). Small mean changes in cephalometric landmarks occurred but were less than 

those in the surgical group recalled at 5 years. In each group, 10-15% of patients showed an 

increase in overbite, while twice as many patients in the surgical group showed an increase in 

overjet. The two groups showed similar and high positive patient perception. Patient comfort 

with occlusion and function was similar in both groups, except patients with maxillary surgery 

reported difficulty chewing. Surgery patients were 3 times more likely to report 

temporomandibular joint issues.10 

A cephalometric study comparing the therapeutic effects in adults undergoing orthodontic 

treatment for a class II malocclusion with surgery, camouflage, or functional appliances found 

that all treatment modalities were effective in reducing overjet. Significant skeletal changes and 

vertical changes were seen only in the surgery group. Patients in the functional group ended with 

retruded maxillary incisors and proclined mandibular incisors, while the extraction group had 

significant retrusion of maxillary and mandibular incisors and the surgery group showed 

maxillary incisor protrusion. Surgery patients had the greatest change in soft tissue profile, while 

patients with functional appliances saw slight improvement and extractions saw an increased 

nasolabial angle.14  

Non-surgical treatment of a skeletally mature class II individual focuses solely on 

dentoalveolar correction. Treatment mechanics may include distalization of the maxillary 

dentition, mesialization of the mandibular dentition, or a combination. Maxillary distalization 
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can be accomplished with a number of non-compliant appliances, including but not limited to the 

Pendulum, Distal Jet, repelling magnets, and NiTi coil springs with a Nance appliance. A 

systematic review of maxillary molar distalization utilizing the aforementioned appliances found 

a mean of 2.9mm distal molar movement with 5.4 of distal tipping. Anchorage loss resulted in 

1.7mm of mesialization and 3.6 of mesial tipping of maxillary premolars, and 1.8mm 

mesialization and 5.4 of mesial tipping of maxillary incisors. Buccal and palatal acting 

appliances showed similar results, but the palatal appliances had less tipping, presumably due to 

their location closer to the center of resistance of the affected teeth.15 Some factors to consider 

when planning for maxillary distalization include presence of maxillary second and third molars, 

vertical morphology of the patient, and amount of anteroposterior correction required.  

Elastics are an efficient treatment modality that is commonly used for the dentoalveolar 

correction of anteroposterior discrepancies. A systematic review by Jansen et al. evaluated the 

use of elastics for class II correction. Although the studies included predominantly growing 

patients, the authors reported that only 18.9% of correction was skeletal, while 71.1% was 

dental. Maxillary growth was restrained with insignificant movement of the maxillary molars. 

Mandibular first molars moved mesially 1.2mm and mandibular incisors proclined 

significantly.16 Class II elastics can be utilized with fixed appliances or clear aligners.  

Invisalign 

 

Invisalign (Align Technology Inc., Santa Clara, California) thermoplastic aligners are a 

popular orthodontic treatment modality that is used to correct various types of malocclusions. 

Invisalign was introduced in 1998 and became a favorable choice for adult and adolescent 

patients due to its many advantages, including esthetics and ease of insertion and removal 

allowing better oral hygiene.  
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A 2004 study compared treatment outcomes for patients treated with Invisalign or full 

fixed appliances (FFA) based on the American Board of Orthodontics Objective Grading System 

(OGS). The results showed that Invisalign cases lost an average 13 OGS points more than FFA 

cases, and the OGS passing rate was 27% lower for Invisalign cases. The areas of greatest error 

included buccolingual inclination, occlusal contacts, occlusal relationships and overjet.17 A 

similar study in 2013 reported poor outcomes in regard to posterior occlusal contacts and 

occlusal relationships at the completion of Invisalign treatment.18  Over time, the clear aligner 

system has continued to improve to increase outcome predictability. Many such developments 

have focused on incorporating the basic mechanical principles of orthodontic tooth movement 

into aligner design. Clear aligner appliances that could at one time only control tipping and 

rotational movements are now able to reliably intrude, extrude, translate and enact root 

movement.19  

A 2014 systematic review assessed the scientific evidence existing regarding efficiency 

of specific tooth movements utilizing clear aligner therapy. Intrusive movements were most 

effective in maxillary (45%) and mandibular (47%) central incisors and least effective in 

maxillary lateral incisors (33%). Extrusion, the least accurate tooth movement, was most difficult 

with maxillary (18%) and mandibular (25%) central incisors. Canine rotations had a mean 

accuracy of 36%, and this increased to 43% when interproximal reduction was performed. 

Accuracy of rotation was also shown to depend on staging of rotations, with less than 1.5degrees 

per aligner resulting in higher efficacy.20 Premolar derotation showed very low accuracy of 40%, 

when comparing final outcome to Clincheck predictions, while bodily movement of maxillary 

molars was very effective at 87%.   



 7 

A number of studies have evaluated the ability of the Invisalign appliance to treat various 

malocclusions. When treating cases of mild mandibular crowding, there is no difference in the 

amount of incisor proclination produced by Invisalign and fixed labial appliances, based on 

cephalometric analysis.21 In a randomized controlled trial including class I adult extraction cases, 

the Invisalign appliance showed increased treatment duration compared to fixed appliances (31.5 

and 22 months, respectively). Additionally, Invisalign outcomes were worse in terms of buccal-

lingual inclination and occlusal contacts.22 Dentoalveolar expansion is often integrated into 

Invisalign treatment plans, though it is known that without proper use of auxiliary attachments 

this movement results in buccal tipping of posterior teeth. The mean accuracy of expansion is 

72.8%, with 82.9% at the cusp tips and 62.7% at the gingival margins.23 Buschang et al. 

documented through OGS grading of final 3D models that Clincheck models are not an accurate 

prediction of a patient’s final occlusion.24 

Invisalign Class II Treatment and Mechanics 

Treatment of class II dental malocclusions with Invisalign has been carried out with 

increasing success in recent years. Existing literature on the topic consists solely of clinical tips 

and techniques published by Invisalign as well as few case studies.  

One option for addressing a class II dental relationship with clear aligners is through 

sequential distalization of the maxillary posterior segments. This consists of distalizing one tooth 

at a time with the goal of more controlled anchorage. When incisors are distalized, buccal crown 

torque and lingual root torque are prescribed to maintain ideal crown torque. Class II elastics can 

be utilized to prevent anchorage loss and incisor flaring during posterior distalization. Placement 

of vertical attachments on maxillary first and second premolars and first molars is suggested to 

assist distalization.  
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If case diagnosis contraindicates significant distalization, Class II elastics alone can also 

be utilized to correct a class II dental malocclusion. In the case of a Class II division 2 

malocclusion, it is prudent to use attachments on the maxillary teeth with hooks to avoid the 

elastics dislodging the aligner.  

The Carriere Distalizer appliance is an alternative treatment option that can be utilized to 

correct anterior-posterior discrepancies prior to initiating clear aligner therapy.25 

There still remains a lack of scientific literature investigating the dentoalveolar, skeletal, 

and soft tissue components of Invisalign treatment outcomes. Existing literature consists 

primarily of case studies. Specifically, the effects of Invisalign treatment on upper airway 

dimensions have not been explored. 

Airway Anatomy 

 

The pharynx is a structure composed of soft and hard tissue that connects the nose and 

mouth to the larynx and esophagus. It acts as a part of both the digestive and respiratory systems. 

The pharynx can be divided into the nasopharynx, oropharynx and laryngopharyx or 

hypopharynx. 

The nasopharynx is connected to the nasal cavity proper through the choanae. The 

pharyngeal isthmus connects the nasopharynx to the oropharynx.  This structure is bounded by 

the soft palate, the palatopharyngeal arches, and the posterior wall of the pharynx. The isthmus is 

important because it’s closure during swallowing allows safe passage of bolus from the 

oropharynx to the hypopharynx. The pharyngeal tonsils, or adenoids, are located in the posterior 

wall of the nasopharynx. When enlarged, these tonsils can cause respiratory obstruction. The 

pharyngeal openings on the auditory tubes are also located in the nasopharynx.26 The 

nasopharynx is defined on a CBCT anteriorly by a line extending from sella to posterior nasal 
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spine (PNS) and posteriorly by a line from sella to the posterior pharyngeal wall. The superior 

boundary is sella point and the inferior boundary is a line from PNS to the posterior superior 

pharyngeal wall.27 

The oropharynx is demarcated superiorly by the soft palate and inferiorly by the superior 

border of the epiglottis. Anteriorly, the oropharynx connects to the oral cavity through the 

oropharyngeal isthmus. This isthmus is bound by the soft palate, palatoglossal arches, and the 

tongue. The velopharynx is the area in proximity to the velum, or soft palate, and pharynx. The 

lymphoid tissue present in the area of the oropharyngeal isthmus includes the nasopharyngeal, 

tubal, palatine, and lingual tonsils situated in a ring. The palatoglossus and palatopharyngeus 

muscles compose the anterior and posterior pillars, respectively, that are present in the lateral 

walls of the oropharynx. The palatine tonsil is located in the tonsillar fossa between these two 

pillars.26 The oropharynx is defined on a CBCT anteriorly by a line from PNS to the epiglottis tip 

and posteriorly by a line from posterior superior pharyngeal wall to the posterior middle 

pharyngeal wall. The superior boundary is a line from PNS to the posterior superior pharyngeal 

wall and the inferior boundary is a line from the epiglottis tip to the posterior middle pharyngeal 

wall.27 

The hypopharynx is bound superiorly by the superior border of the epiglottis and 

inferiorly by the inferior border of the cricoid cartilage.26 The hypopharynx is defined on a 

CBCT anteriorly by a line from the epiglottis tip to the base of the epiglottis and posteriorly by a 

line from the posterior middle pharyngeal wall to the posterior inferior pharyngeal wall. The 

superior boundary is a line from the epiglottis tip to the posterior middle pharyngeal wall and the 

inferior boundary is a line from the epiglottis base to the posterior inferior pharyngeal wall.27 
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There are two layers of muscles in the wall of the pharynx. The external layer contains 

the superior, middle and inferior constrictor muscles. All three muscles attach anteriorly to bone 

or cartilage and extend posteriorly to the median tendinous raphe, overlapping along the way. 

The superior constrictor arises anteriorly from the mandible and sphenoid bone, the middle 

constrictor from the hyoid bone, and the inferior constrictor from the cricoid and thyroid 

cartilages. The internal muscle layer includes longitudinally-oriented levator muscles, the 

palatopharyngeus and the stylopharyngeus. The palatopharyngeus muscles originate in the palate 

and the stylopharyngeus muscles originate at the styloid process. Both muscles insert into the 

thyroid cartilage and the side of the pharynx. 

The size and shape of the pharynx change throughout the course of human growth 

development, with adults showing larger, more elliptical, less uniform, and less compact upper 

airways than children. There are no significant differences in upper airway size or shape between 

genders in both pediatric and adult populations.28 While it has been proposed that pharyngeal 

area decreases with age in the adult male population29, more recent studies have refuted this 

finding.28 Schendel et al. report that pharyngeal volume, length, area and index all increase until 

age 20, remain consistent until age 50, and decrease dramatically following this age.30 

Adult Class II Airway 

It has been demonstrated that adult patients with a class II skeletal pattern have reduced 

upper airway volume measurements. In a study completed by Paul et al., computed tomography 

scans of 30 patients over the age of 18 were grouped by class I and class II skeletal patterns and 

evaluated. They found that total airway volume and oropharyngeal volume were significantly 

lower in the Class II patients.31 Additionally, it has been documented that higher mandibular 
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plane angles in Class II patients are associated with reduced pharyngeal airway measurements as 

well.32  

In regard to the effects of orthodontic treatment, a recent study by Pliska et al. evaluated 

the upper airway dimension of a non-growing adult population undergoing orthodontic treatment 

for Class II malocclusion. When comparing patients treated with and without extractions, they 

found a slight decrease in total airway volume and minimal cross-sectional area (MCA) in both 

groups, with no significant differences between the two.33 

Obstructive Sleep Apnea in Adults 

 

 Obstructive Sleep Apnea (OSA) is a disorder whereby patients experience intermittent 

airway collapse during sleep, whether complete or partial, that results in episodes of hypopnea or 

apnea. The prevalence of OSA in males and females in the United States is 3-7% and 2-5%, 

respectively.34 Acute adverse effects of these episodes include desaturation of oxyhemoglobin, 

blood pressure and heart rate fluctuation, sympathetic activity increase, cortical arousal, and 

sleep disturbance.35  

OSA of at least mild severity is estimated to occur in one in five adults, while one in 

fifteen adults has at least moderate severity. While OSA can be diagnosed in young children, its 

prevalence increases with age. There is a 2- to 3-fold higher prevalence in patients >65 years 

than those 30-64 years.36 

OSA prevalence increases with body mass index (BMI), neck circumference, and waist-

to-hip ratio. Forty-one percent of patients with a BMI greater than 28 have OSA.37 According to 

a cohort study with four year follow-up, there is a 6-fold greater risk of developing OSA with a 

10% increase in weight.38 Additionally, significant decreases in OSA have been documented in 

obese OSA patients who have undergone surgical or dietary weight loss.39 
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It has been hypothesized that genetics is also a risk factor for developing OSA, as there is 

an increased risk of an individual developing the condition if a family member has been 

diagnosed.40 Such a genetic association supports the idea of a racial predilection towards the 

condition. Various studies have reported that Asian patients41 and younger males or older 

African-Americans42 have a higher prevalence of OSA compared to Caucasians. 

Gender predilection towards OSA has been attributed to hormonal differences. Pre- and 

post-menopausal female populations were compared and a 3-4x increased risk of OSA was 

found in the post-menopausal group. 43, 44 When this same population was compared to post-

menopausal women on hormone therapy, the untreated patients were also found to have a higher 

risk of OSA.45 The effect of hormone therapy in reducing OSA in post-menopausal women has 

been refuted by Polo-Kantola et al.46 

Craniofacial and airway anatomy is one of many etiological factors considered when 

patients present with OSA.47 According to a review by Togeiro et al., the mechanism of upper 

airway narrowing seen in OSA patients can vary based on the individual.48 Vos et al. argue that 

while healthy and OSA subjects cannot be differentiated based on anatomy, there is a correlation 

between these anatomical markers and severity in apneic patients.49 A study by Schwab et al. at 

the University of Pennsylvania Center for Sleep and Respiratory Neurobiology used magnetic 

resonance imaging to compare the upper airway and soft tissue anatomy between normal   

subjects, mild apneic subjects, and subjects diagnosed with OSA. They found that minimum 

airway area was reduced in the lateral dimension of the retropalatal region in apneic patients. 

Rather than bony structures, the authors attributed this difference to the apneic patients having 

larger lateral pharyngeal walls.50 A similar study by Ciscar et al. concluded that apneic patients 

have greater change in the area and diameter of the velopharynx during the respiratory cycle, 
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especially during sleep. They proposed that this constituted the primary airway obstruction 

causing OSA.51 

Screening, Diagnosis, and Management of OSA 

 

 OSA is an incredibly underdiagnosed condition, with estimates of 75-80% of cases 

requiring treatment in the United States going undetected.42 Females with OSA are diagnosed 

less, diagnosed late, and treated less aggressively than males.52 Thus, it is of the utmost 

importance that dental and medical professionals are vigilant in recognizing potential OSA 

patients and referring them for proper diagnostic procedures. 

 According to an article published in the Journal of Clinical Sleep Medicine, signs to 

indicate a possible diagnosis of OSA include disruptive snoring, witnessed apnea, gasping while 

sleeping, excessive daytime sleepiness, difficulty concentrating, short-term memory loss, 

excessive nocturia, difficulty maintaining or restless sleep, decreased libido, morning headaches 

and irritability. On physical exam, some common signs include obesity, large neck, retrognathia 

or micrognathia, crowded airway, enlarged tonsils, high-arched palate, and nasal deformities. 

Conditions of comorbidity include hypertension, recurrent atrial fibrillation, stroke, myocardial 

infarction, pulmonary hypertension, chronic heart failure, and diabetes mellitus.53 

A common method of grading OSA severity is through the apnea-hypopnea index (AHI), 

which is simply the frequency of apnea and hypopnea events per hour of sleep. A minimum 

index score of 5 indicates mild, 15 moderate, and 30 severe OSA.36 Respiratory disturbance 

index (RDI) is another method that can be reported from polysomnography (PSG) studies. RDI 

is similar to AHI, but also considers disturbances termed respiratory-effort related arousals 

(RERAs), which are sudden transitions from a deep to shallow sleep.54 
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The standard for diagnosis of OSA is PSG. Traditional PSG takes place at a standardized 

facility where patients sleep through the night with recordings of sleep time, sleep stages, 

respiratory effort, airflow, cardiac rhythm, oximetry, and limb movements.48 Portable PSG 

devices have come into use recently, but are recommended by the American Academy of Sleep 

Medicine only for patients with “high pretest likelihood for moderate to severe OSA without 

other substantial comorbid conditions.”55 Overnight oximetry is another tool that can be used for 

OSA diagnosis, but it should only be used as a screening tool because while its sensitivity is 

98%, its specificity can be as low as 40%.56 

Treatment of OSA can vary based on the severity of the condition. Treatment for mild 

OSA can include weight loss, smoking cessation, decreased alcohol consumption, and altering 

sleeping conditions. Such lifestyle changes are not sufficient for treatment of moderate or severe 

OSA, thus targeted therapies must be considered in these cases.  

The gold standard for OSA treatment is continuous positive airway pressure (CPAP) to 

prevent upper airway collapse.  Recent advances in the design of the CPAP machine to make it 

smaller and quieter, in addition to having over 100 types of masks to choose from, have made 

this a more patient-friendly appliance. Numerous studies have documented the efficacy of CPAP. 

A recent meta-analysis of randomized controlled trials showed that CPAP was effective in 

reducing AHI by 25.37 events/hour. This reduction correlated with OSA severity, with mild AHI 

patients having -2.40 events/hour, moderate having -13.67 events/hour, and severe AHI patients 

having -33.04 events/hour. A similar reduction was documented using the Epworth Sleepiness 

Scale (ESS) to assess daytime sleepiness.57  

For patients who are unable to adhere to a PAP protocol for treatment of OSA, 

mandibular advancement devices (MAD) are an FDA-approved alternative treatment option. 
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These appliances can be fixed, typically at 60-80% of maximum advancement, or adjustable, 

which allows for titration. Custom-made, adjustable MADs have been found to be most 

effective.58 Although MADs have been shown to be less effective than CPAP treatment,58 they 

are more effective than a placebo or no treatment.59, 60 A systematic review carried out by Serra-

Torres et al. found an AHI reduction ranging from 21-80%, and 16 of the 18 studies reported a 

reduction in AHI from severe or moderate to mild. In addition, oxygen saturation improved and 

ESS decreased. The most commonly reported negative effects include muscle and joint 

disorders, salivation changes, and occlusal changes. 

The dimension of the upper airway increased in patients wearing MADs.58 The average 

increase in oropharyngeal volume was reported to be 2800mm3.61 The best parameter to predict 

changes in resistance in the upper airway is minimal cross-sectional area.62 This is because the 

device acts by repositioning the mandible with the genioglossal and suprahyoid muscle 

attachments forward and inferiorly. Stretching of the palatopharyngeal and palatoglossal arches 

increases the pharyngeal airway size and maintains its patency.63 

In severe cases, only once an individual has shown to be nonresponsive to CPAP or other 

non-surgical treatments, he may be considered for surgical treatment.64 The most commonly 

performed soft tissue surgery is the uvulopalatopharyngoplasty (UPPP), where a portion of the 

soft tissue around the soft palate and oropharynx is removed to prevent obstruction. The success 

rate is reported at 50%, but the procedure is also associated with significant relapse from tissue 

regrowth.65 UPPP is not indicated when the etiology of OSA is not related to the soft tissues.  

A common osteotomy procedure for OSA treatment is the maxillomandibular 

advancement (MMA). Soft tissues and the hyoid bone will advance with the maxilla and 

mandible segments away from the posterior pharyngeal wall, resulting in increased upper airway 
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dimension. The bimaxillary nature of the procedure allows for occlusion to be maintained or 

corrected.66 Other osteotomy procedures that are reported to improve OSA signs and symptoms 

include inferior sagittal mandibular osteotomy and, more recently, maxillary and mandibular 

expansion or distraction osteogenesis.66  

Daytime Sleepiness Assessment 

 

Obstructive sleep apnea syndrome (OSAS) can be distinguished from OSA based on the 

presence of symptoms including excessive daytime sleepiness (EDS). EDS is defined as 

difficulty maintaining the alert awake state during the wake phase of the sleep cycle. Daytime 

sleepiness is associated with an increased risk for motor vehicle accidents and work-related 

accidents, and a higher prevalence of stroke, myocardial infarction, and diabetes.67 Kamiya 

designated four categories of measurement to assess daytime sleepiness, including reduction in 

activity, “best effort” on performance exams, subjective rating scales, and readiness to fall 

asleep.68 There is great debate in the sleep medicine community over what is truly the best tool to 

assess daytime sleepiness. 

The multiple sleep latency test (MSLT), developed in the early 1970s, assesses a 

subject’s readiness to fall asleep by measuring the sleep latency (SL) in minutes for naps every 

two hours throughout the day (4-6 naps total). The subject is put in a comfortable, non-

stimulating environment with the goal of allowing the physiological sleep tendency to take 

control.68 The test-retest reliability of this assessment has shown to be high.69 It is considered by 

some to be the standard for daytime sleepiness measurement.70 Other authors refute this on the 

basis that the MSLT-SL cut-off points to classify subjects’ sleepiness were established as a “rule 

of thumb” based on clinical impression only.71 Additionally, the MSLT may not be a practical 

option based on cost, time and effort. 
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Sleep questionnaires are another commonly used tool to assess daytime sleepiness. By 

utilizing an introspective rating scale, this method introduces more subjectivity into the process, 

but is also a much more practical means of assessment. The Epworth Sleepiness Scale (ESS) is 

one such questionnaire that is widely used in sleep research to assess symptoms in OSAS 

patients. The survey questions attempt to gauge the subject’s level of daytime sleepiness by 

focusing on situations where one is immobile, relaxed, and engaged in activities with low level 

of stimulation.70 The ESS survey participant rates on a four-point scale how likely he is to doze 

off, with 0 indicating never dozing and 3 indicating a high chance of dozing. The activities 

include sitting and reading, watching television, sitting inactive in a public place, sitting as a 

passenger in a car for one straight hour, lying down to rest in the afternoon when circumstances 

permit, sitting and talking to someone, sitting quietly after a lunch without alcohol, and sitting in 

a car while stopped for a few minutes in traffic.70  

A systematic review was completed by Kendzerska et al. in 2013 to evaluate the 

measurement properties of the ESS based on 35 primary articles utilizing the questionnaire.67 

The authors found that the ESS is ideally suited for group level comparisons based on its internal 

consistency, but recommended caution for individual level comparison due to questionable 

unidimensionality. The evidence for ESS test-retest reliability is limited. ESS results correlate 

well with similar measures of daytime sleepiness, including MSLT and MWT.67 This finding 

contradicted that of Fong et al., who determined that MSLT was better than ESS in measuring 

daytime sleepiness when related to respiratory disturbance index (RDI) determined through 

polysomnography (PSG).72 Additionally, when Nishiyama et al. evaluated the criterion validity 

of the ESS based on PSG standards, it was determined that there are significant limitations in 

using ESS to identify patients with OSA.73 Regardless, ESS remains a simple and useful tool that 
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can be utilized in the prioritization of patients to be evaluated for OSAS through more costly and 

invasive means.74 

Airway Assessment 

 

A number of techniques are available for use in the visualization and assessment of the 

upper airway in patients with OSAS. The simplest of these methods is direct visual inspection. 

Upon direct examination, there are certain features that may suggest an increased likelihood of 

OSA, such as nasal septum deviation or polyps, but no findings can definitely diagnose or rule 

out its presence. Because direct visualization of the entire upper airway is not possible, fiberoptic 

pharyngoscopy can be used to examine the entire region with relaxed musculature and closed 

mouth. A catheter attached to the scope allows determination of pressure and compliance, in 

addition to size, of distinct regions of the upper airway.75 Another non-radiographic technique 

for airway dimensional analysis is acoustic reflection technique. Sound waves sent along the 

respiratory tract are picked up by a microphone at the mouth, which records the time of arrival 

and reflection intensity. Through calculations utilizing reflection coefficients, one can determine 

the cross-sectional areas along the upper airway. A recent study concluded that assessment of 

airway anatomy through acoustic pharyngometry can help to differentiate severity of OSA.76  

The use of radiography for the assessment of airway is common practice in medicine and 

dentistry. While lateral cephalograms allow for linear and angular measurements of the airway to 

be made, numerous studies have documented that such two-dimensional renderings are prone to 

distortion, magnification differences, superimposition of bilateral structures and low 

reproducibility due to landmark identification.77, 78 Additionally, a lateral cephalogram fails to 

allow cross-sectional or volumetric measurements, which are important when evaluating a 3-

dimensional space.  
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The technological innovation of CBCT found use in the field of dentistry in the late 

1990s, and since then has vastly improved the diagnostic capabilities of general dentists and 

specialists. Compared to medical computed tomography and conventional CT, CBCT has the 

advantages of shorter scan time, lower radiation, lower cost, and ease of accessibility.79 Martins 

et al. reported that there is sufficient correlation between 2D and 3D nasopharyngeal and 

oropharyngeal measurements to permit the use of routine lateral cephalograms for airway 

analysis.80 Although Lenza et al. found that there was correlation between linear cephalometric 

measurements and CBCT area and volume measurements in the nasopharyngeal portion of the 

upper airway, they concluded that overall there was a weak correlation between 2D and 3D 

measurements.81 The reliability of CBCT airway measurements has been demonstrated, and it is 

now established as a useful tool for the 3D study of upper airway.27, 79, 82  

A number of digital imaging and communications in medicine (DICOM) viewers exist to 

evaluate and analyze CBCT scans. The first step after importing the 3D image into the program 

is to segment the airway. This involves separating the airway volume from surrounding 

structures for improved visualization and to allow evaluation of size, shape and volume. 

Segmentation can be completed manually by defining the area in each slice, or the process can 

be automated through the chosen software, which is more time-effective. Thresholding the image 

by determining a cut-off for voxel grey level is necessary prior to segmentation. This can be a 

single threshold value or dynamic.83 

El and Palomo studied the reliability of three commercially available programs, including 

Dolphin3D, InVivoDental, and OnDemand3D. The three programs were compared to 

OrthoSegment (OS), a program developed at Case Western Reserve University for manual 

segmentation that had been previously tested. The authors concluded that all three programs 
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showed high reliability for airway volume calculations and high correlation of results, but poor 

accuracy.84 A more recent study by Weissheimer et al. evaluated the accuracy of six software, 

including Mimics, ITK-Snap and OsiriX, in addition to the three previously studied. This study 

utilized an acrylic phantom oropharynx with a known physical volume that was then compared 

to the volume determined from CBCT segmentation. The authors concluded that all six programs 

were reliable in volume segmentation, but underestimated the volume. Mimics, Dolphin3D, ITK-

Snap, and OsiriX were more accurate than InVivo Dental and Ondemand3D for assessment of 

the airway.  

Statement of the problem 

 

The effects of the Invisalign appliance on the airway for treatment of class II 

malocclusion have not been investigated. Studies are warranted to investigate this topic. The 

pharyngeal airway is a three-dimensional structure and hence, CBCT is ideal to study its axial 

and cross-sectional dimensions before and after the Invisalign intervention. Our hypothesis is 

that the airway dimension will increase and daytime sleepiness will decrease with correction. 

Objectives 

 

The aims of this study are: 1) to evaluate the post-treatment effects of Invisalign aligners 

on the dimensions of the upper pharyngeal airway; 2) to assess the effects of Invisalign treatment 

on daytime sleepiness, in a population of class II adult patients.  

Results of this study will provide preliminary data for future studies. Prospective studies 

could investigate whether treatment with Invisalign improves outcomes in patients previously 

diagnosed with OSA through overnight sleep studies.  
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ABSTRACT 

 

Purpose: To evaluate the post-treatment effects of Invisalign aligners on the dimensions of the 

upper pharyngeal airway and to assess the effects of Invisalign treatment on daytime sleepiness, 

in a population of class II adult patients.  

Materials and Methods: A prospective cohort study was completed. Inclusion criteria were 

healthy females and males over the age of 18 years, Angle Class II malocclusion, first molar 

relationship of end-to-end or greater, full permanent dentition from molar to molar, overjet < 

10mm, and presenting for non-surgical non-extraction comprehensive orthodontic treatment in 

both arches with the Invisalign appliance. Treatment mechanics for class II correction included 

class II elastics only without maxillary sequential distalization programmed into aligners. 

Treatment changes were evaluated based on upper airway analyses of pre and post-treatment 

CBCT scans using the Dolphin 3D module. Dentoskeletal treatment changes were evaluated 

based on pre and post-treatment lateral cephalograms constructed from the CBCT scans. The 

treatment effect on daytime sleepiness was evaluated using an Epworth Sleepiness Scale (ESS) 

completed pre and post-treatment.  

Results: Eight subjects were included in the study. The mean age of patients at treatment 

initiation was 44.6 years (SD = 15.3). (Table 4) The mean treatment duration was 12.2 months 

(SD = 3.4) with a mean of 81.4 aligners for both the upper and lower arches (SD = 30.6). No 

statistically significant treatment changes were observed in upper airway dimensions and 

morphology, cephalometric analysis, or ESS questionnaires.  

Conclusion: This study concluded that treatment of a class II malocclusion in non-growing 

patients using the Invisalign appliance has no statistically significant effects on the airway 
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morphology, skeletal or dental characteristics, or daytime sleepiness. Future studies with larger 

samples are warranted. 
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INTRODUCTION 

Invisalign (Align Technology Inc., Santa Clara, California) thermoplastic aligners are a 

popular orthodontic treatment modality that is used to correct various types of malocclusions. 

Invisalign was introduced in 1998 and became a favorable choice for adult and adolescent 

patients due to its many advantages, including esthetics and ease of insertion and removal 

allowing better oral hygiene. A 2014 systematic review assessed the effectiveness of specific 

tooth movements utilizing clear aligner therapy. Intrusive movements were most effective in 

maxillary (45%) and mandibular (47%) central incisors and least effective in maxillary lateral 

incisors (33%). Extrusion, the least accurate tooth movement, was most difficult with maxillary 

(18%) and mandibular (25%) central incisors. Canine rotations had a mean accuracy of 36%, and 

this increased to 43% when interproximal reduction was performed. Accuracy of rotation was 

also shown to depend on staging of rotations, with less than 1.5 degrees per aligner resulting in 

higher efficacy.20  

A number of studies have evaluated the ability of the Invisalign appliance to treat various 

malocclusions. When treating cases of mild mandibular crowding, there is no difference in the 

amount of incisor proclination produced by Invisalign and fixed labial appliances, based on 

cephalometric analysis.21 In a randomized controlled trial including class I adult extraction cases, 

Invisalign outcomes were worse in terms of buccal-lingual inclination and occlusal contacts.22 

Dentoalveolar expansion is often integrated into Invisalign treatment plans, though it is known 

that without proper use of auxiliary attachments this movement results in buccal tipping of 

posterior teeth. The mean accuracy of expansion is 72.8%, with 82.9% at the cusp tips and 

62.7% at the gingival margins.23 Buschang et al.24 documented through the American Board of 

Orthodontics’ Objective Grading System (OGS) rof final 3D models that Clincheck models are 
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not an accurate prediction of a patient’s final occlusion. The Invisalign appliance showed 

increased treatment duration compared to fixed appliances (31.5 and 22 months, respectively).22 

Additionally, To this date, there are no published studies evaluating the efficacy or efficiency of 

anteroposterior correction utilizing the Invisalign appliance.  

Craniofacial morphology and the effects of orthodontic interventions on upper airway 

and sleep disordered breathing have received so much attention during the last decade. It has 

been demonstrated that adult patients with a class II skeletal pattern have reduced upper airway 

volume measurements. In a study completed by Paul et al., computed tomography scans of 30 

patients over the age of 18 were grouped by class I and class II skeletal patterns and evaluated. 

They found that total airway volume and oropharyngeal volume were significantly lower in the 

Class II patients.31 Additionally, it has been documented that higher mandibular plane angles in 

Class II patients are associated with reduced pharyngeal airway measurements.32, 85, 86  

In regard to the effects of orthodontic treatment, a recent study by Pliska et. al evaluated 

the upper airway dimension of a non-growing adult population undergoing orthodontic treatment 

for Class II malocclusion. When comparing patients treated with and without extractions, they 

found a slight decrease in total airway volume and minimal cross-sectional area (MCA) in both 

groups, with no significant differences between the two.33 

Obstructive Sleep Apnea (OSA) is a disorder whereby patients experience intermittent 

airway collapse during sleep, whether complete or partial, that results in episodes of hypopnea or 

apnea. The prevalence of OSA in males and females in the United States is 3-7% and 2-5%, 

respectively.34 Acute adverse effects of these episodes include desaturation of oxyhemoglobin, 

blood pressure and heart rate fluctuation, sympathetic activity increase, cortical arousal, and 

sleep disturbance.35 
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Craniofacial and airway anatomy is one of many etiological factors considered when 

patients present with OSA.47 According to a review by Togeiro et al., the mechanism of upper 

airway narrowing seen in OSA patients can vary based on the individual.48 Vos et al. argue that 

while healthy and OSA subjects cannot be differentiated based on anatomy, there is a correlation 

between these anatomical markers and severity in apneic patients.49 A study by Schwab et al. at 

the University of Pennsylvania Center for Sleep and Respiratory Neurobiology used magnetic 

resonance imaging to compare the upper airway and soft tissue anatomy between normal   

subjects, mild apneic subjects, and subjects diagnosed with OSA. They found that minimum 

airway area was reduced in the lateral dimension of the retropalatal region in apneic patients. 

Rather than bony structures, the authors attributed this difference to the apneic patients having 

larger lateral pharyngeal walls.50 A similar study by Ciscar et al. concluded that apneic patients 

have greater change in the area and diameter of the velopharynx during the respiratory cycle, 

especially during sleep. They proposed that this constituted the primary airway obstruction 

causing OSA.51 

A number of techniques are available for use in the visualization and assessment of the 

upper airway in patients with OSA. The technological innovation of CBCT found use in the field 

of dentistry in the late 1990s, and since then has vastly improved the diagnostic capabilities of 

general dentists and specialists. Compared to medical computed tomography and conventional 

CT, CBCT has the advantages of shorter scan time, lower radiation, lower cost, and ease of 

accessibility.79, 87 Martins et al. reported that there is sufficient correlation between 2D and 3D 

nasopharyngeal and oropharyngeal measurements to permit the use of routine lateral 

cephalograms for airway analysis.80 Although Lenza et al. found that there was correlation 

between linear cephalometric measurements and CBCT area and volume measurements in the 
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nasopharyngeal portion of the upper airway, they concluded that overall there was a weak 

correlation between 2D and 3D measurements.81 The reliability of CBCT airway measurements 

has been demonstrated, and it is now established as a useful tool for the 3D study of upper 

airway.27, 79, 82  

El and Palomo studied the reliability of three commercially available programs, including 

Dolphin3D, InVivoDental, and OnDemand3D. The three programs were compared to 

OrthoSegment (OS), a program developed at Case Western Reserve University for manual 

segmentation that had been previously tested. The authors concluded that all three programs 

showed high reliability for airway volume calculations and high correlation of results, but poor 

accuracy.84 A more recent study by Weissheimer et al. evaluated the accuracy of six software, 

including Mimics, ITK-Snap and OsiriX, in addition to the three previously studied. This study 

utilized an acrylic phantom oropharynx with a known physical volume that was then compared 

to the volume determined from CBCT segmentation. The authors concluded that all six programs 

were reliable in volume segmentation, but underestimated the volume. Mimics, Dolphin3D, ITK-

Snap, and OsiriX were more accurate than InVivo Dental and Ondemand3D for assessment of 

the airway.  

Obstructive sleep apnea syndrome (OSAS) can be distinguished from OSA based on the 

presence of symptoms including excessive daytime sleepiness (EDS). EDS is defined as 

difficulty maintaining the alert awake state during the wake phase of the sleep cycle. Daytime 

sleepiness is associated with an increased risk for motor vehicle accidents and work-related 

accidents, and a higher prevalence of stroke, myocardial infarction, and diabetes.67 

Sleep questionnaires are another commonly used tool to assess daytime sleepiness. By 

utilizing an introspective rating scale, this method introduces more subjectivity into the process, 
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but is also a much more practical means of assessment and/or screening for OSA symptoms. The 

Epworth Sleepiness Scale (ESS) is one such questionnaire that is widely used in sleep research to 

assess symptoms in OSAS patients. The survey questions attempt to gauge the subject’s level of 

daytime sleepiness by focusing on situations where one is immobile, relaxed, and engaged in 

activities with low level of stimulation.70 The ESS survey participant rates on a four-point scale 

how likely he is to doze off, with 0 indicating never dozing and 3 indicating a high chance of 

dozing. The activities include sitting and reading, watching television, sitting inactive in a public 

place, sitting as a passenger in a car for one straight hour, lying down to rest in the afternoon 

when circumstances permit, sitting and talking to someone, sitting quietly after a lunch without 

alcohol, and sitting in a car while stopped for a few minutes in traffic.70  

A systematic review was completed by Kendzerska et al. in 2013 to evaluate the 

measurement properties of the ESS based on 35 primary articles utilizing the questionnaire.67 

The authors found that the ESS is ideally suited for group level comparisons based on its internal 

consistency, but recommended caution for individual level comparison due to questionable 

unidimensionality. The evidence for ESS test-retest reliability is limited. ESS results correlate 

well with similar measures of daytime sleepiness, including the multiple sleep latency test 

(MSLT) and the maintenance of wakefulness test (MWT) MSLT and MWT.67 

The effects of the Invisalign appliance on the airway for treatment of class II 

malocclusion have not been investigated. Studies are warranted to investigate this topic. The 

pharyngeal airway is a three-dimensional structure and hence, CBCT is ideal to study its axial 

and cross-sectional dimensions before and after the Invisalign intervention. Our hypothesis is 

that the airway dimension will increase and daytime sleepiness will decrease with correction. 

The proposed mechanism is that anterior repositioning of the mandibular incisors will increase 
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the tongue space and allow the tongue to follow anteriorly. This could stretch the 

palatopharyngeal and palatoglossal arches, which increases the pharyngeal airway size and 

maintains its patency. 

The aims of this study are: 1) to evaluate the post-treatment effects of Invisalign aligners 

on the dimensions of the upper pharyngeal airway; 2) to assess the effects of Invisalign treatment 

on daytime sleepiness, in a population of class II adult patients.  

Results of this study will provide preliminary data for future studies. Prospective studies 

could investigate whether treatment with Invisalign® improves outcomes in patients previously 

diagnosed with OSA through overnight sleep studies.  
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MATERIALS AND METHODS 

The protocol followed for this prospective longitudinal cohort pilot study was approved 

by the Institutional Review Board at the University at Buffalo (00000725). The study followed 

the Declaration of Helsinki guidelines. All subjects were treated by an Invisalign (Align 

Technology Inc., Santa Clara, California) Diamond Plus provider (T.C.) at Get It Straight 

Orthodontics, a private practice located in Pittsford, NY. The study was conducted between 

August 2017 and February 2019. All data were de-identified prior to removal from the treatment 

site.  

Seventeen patients were enrolled in the study. Nine patients were not included in the 

study because treatment was still ongoing at the time of data analysis (Figure 1). The final study 

group consisted of 8 patients (5 female, 3 male). Demographic data were recorded, including 

age, sex, and classification of malocclusion. The inclusion criteria were healthy females and 

males over the age of 18 years, Angle Class II malocclusion, first molar relationship of end-to-

end or greater, full permanent dentition from molar to molar, overjet < 10mm, and presenting for 

non-surgical non-extraction comprehensive orthodontic treatment in both arches with the 

Invisalign appliance. Treatment mechanics for class II correction included class II elastics only 

without maxillary sequential distalization programmed into aligners. Subjects were excluded if 

they had a history of OSA diagnosis, craniofacial anomalies with or without syndromes, 

pharyngeal pathology, or previous orthodontic treatment. 

Study Outcomes 

Outcomes included the upper airway dimension changes with Invisalign for Class II 

correction using CBCT scans; daytime sleepiness evaluation using the previously validated67 
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Epworth Sleepiness Scale (ESS); and dentoskeletal treatment changes using 2D lateral 

cephalograms constructed from the CBCT scans. 

Study Procedures 

 All subjects presenting to Get It Straight Orthodontics were screened for inclusion by two 

calibrated treatment coordinators. Those that met the inclusion criteria were invited to participate 

in the study and sign a consent form after being informed about the risks and benefits of the 

study. One of two calibrated orthodontic assistants collected routine initial records, including 

intraoral and extraoral photographs and a 3D CBCT scan. For this study, subjects also completed 

the ESS Questionnaire for daytime sleepiness determination at pre- and post-treatment with 

Invisalign. Subjects were seen for routine evaluation appointments every two months to monitor 

treatment progress. Refinement aligners were fabricated as needed. At the completion of 

treatment, one of the two calibrated orthodontic assistants gathered final records, including 

intraoral and extraoral photographs, a 3D CBCT scan, and an ESS Questionnaire completed by 

each subject in the sample.   

Treatment Protocol 

 Clear aligner treatment was initiated according to the standard procedures of the treating 

doctor at the private office, including sequencing of treatment, use of interproximal reduction, 

attachment design, and other treatment features. Clinchecks were designed with lower incisor 

retroclination to prevent proclination from class II mechanics. The degree varied by case. Cases 

were treated at half speed, so there was 0.0125 mm or less of tooth movement per aligner. Five 

patients changed aligners at seven-day intervals and three patients utilized the AcceleDent device 

(OrthoAccel Technologies, Inc. Houston, TX) and changed aligners at three-day intervals. If 

treatment in one arch finished before the opposing arch, passive aligners were prescribed to 
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allow continued elastic wear. Anteroposterior correction of the class II malocclusion was 

achieved through 6 oz ¼” elastics (Ormco, Glendora, CA) from the maxillary canine or first 

premolar to the mandibular first or second molar.  No maxillary sequential distalization was 

prescribed. At the conclusion of the first set of aligners, those subjects requiring further 

correction received refinement aligners until a satisfactory outcome was achieved. All patients 

were treated to a class I occlusion. Upon treatment completion, clear retainers were delivered to 

all patients.  

CBCT Acquisition 

The upper pharyngeal airway dimensions were assessed using CBCT scans taken at two 

time points: T1: initial records; and T2: post-Invisalign treatment (debond visit). 

All CBCT images were taken by one of two calibrated technicians at Get It Straight 

Orthodontics with the i-CAT scanner (Imaging Sciences International, Hatfield, Pa) as a part of 

routine records. All scans were taken for 4.8 seconds at 5mA and 120 kV with a 13x16cm field 

of view. Each image data set included 328 slices with a slice thickness of 1 mm and 0.4 voxel 

size (14 gray scale). 

All scans were taken with the subject seated in an upright position with natural head 

position and teeth in maximal intercuspation. They were instructed to place the tongue in the roof 

of the palate and to refrain from swallowing during scanning.  

T1 and T2 CBCT image files were de-identified prior to analysis. New identification 

numbers were issued to ensure examiner blindness and random assessment. Images were 

exported in Digital Imaging and Communications in Medicine (DICOM) format then imported 

into Dolphin Imaging (Version 11.7.05.66 Premium, Dolphin Imaging and Management 

Solutions, Chatsworth, California). 
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Airway Measurements 

The measurements taken at T1 for each subject were used as his or her individual control 

values. The upper airway was divided into three regions: the nasopharynx (NP), oropharynx 

(OP), and hypopharynx (HP). Dolphin 3DTM (Version 11.7.05.66 Premium, Dolphin Imaging 

and Management Solutions, Chatsworth, California) was used to determine volume, cross-

sectional area, and linear measurements in each of the three aforementioned regions. The scans 

were first oriented in the frontal, sagittal and coronal planes, as shown in Figures 2-5. In the 

frontal view, a line intersecting the most inferior points on the inferior margins of the left and 

right orbits was oriented parallel to the horizontal plane. In the sagittal view, the Frankfort 

Horizontal Plane (FHP) (porion-orbitale) was oriented parallel to the horizontal plane. If right 

and left planes were both visible, the midline between the two was used. From the coronal view, 

crista galli and the midline of foramen magnum were oriented parallel to the vertical plane.  

Volumetric airway measurements were made in the Dolphin 3DTM Sinus Airway module 

based on a sagittal plane reconstruction at the anatomic midline (Table 1). Boundary points to 

enclose the airway were based on a validation study by Guijarro-Martinez and Swennen.79 The 

anterior boundary is a plane perpendicular to FHP passing through the posterior nasal spine 

(PNS). The posterior boundary is a plane perpendicular to FHP passing through the midpoint of 

the superior border of C2 (C2up). 

The horizontal anatomical planes are detailed in Table 2. The superior limit of the NP is 

defined by a plane parallel to FHP intersecting the base of the clivus (CB). The inferior limit of 

the NP is a plane parallel to FHP intersecting the PNS. The anterior limit of the OP is the 

aforementioned vertical boundary and the soft tissue contour of the anterior pharyngeal wall. The 

posterior limit of the OP is the soft tissue contour of the posterior pharyngeal wall The OP is 
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bordered superiorly by the inferior limit of the NP. The inferior limit of OP is defined by a plane 

parallel to FHP intersecting the most anterior superior point of C3 (C3as). The HP is bordered 

superiorly by the inferior limit of the OP. The inferior limit of HP is a defined by a plane parallel 

to FHP running through the most anterior superior point of C4 (C4as). The anterior limit of the 

HP is the soft tissue contour of the anterior pharyngeal wall (APW). The posterior limit of the 

HP is the soft tissue contour of the posterior pharyngeal wall (PPW). 

Volumetric analysis included the total volume (TV), NP volume (NPV), OP volume 

(OPV), HP volume (HPV). Additionally, minimum cross-sectional area and height of NP 

(CSAn), OP (CSAo), and HP (CSAh), and anteroposterior and lateral dimensions of the 

minimum CSAs were determined. 

Cephalometric Measurements 

  

Lateral cephalograms were constructed from the oriented CBCT images at the two time 

points (Figure 6). The cephalometric analysis was based on the analyses of Baik88, Bjork89, 

Jacobson90, McNamara91, Steiner92, Downs93, Tweed94, and Jarabak95. The linear and angular 

measurements are described in Table 3 and include: Beta Angle, Wits, cranial base angle, 

PFH:AFH ratio, LFH (%), SN-GoGn, FMA, FMIA, IMPA, Facial angle, Facial axis, U1-SN, 

NLA, Upper lip to E-plane, and Lower lip to E-plane. Linear measurements of hyoid position 

included C3-Rgn, C3-H, H-Rgn and H-H’. Angular measurement of hyoid included the hyoid 

angle (H-Go to H-Me). Linear measurements were made to the nearest 0.1 mm and angular 

measurements to the nearest 0.1 degrees. One calibrated examiner made all measurements (K.K).  

Daytime Sleepiness 

Completed ESS Questionnaires from T1 and T2 time points were analyzed to evaluate 

daytime sleepiness of subjects. Mean paired differences were reported based on a Student’s t-
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test. Initial and final values were evaluated in comparison to a score of 11, above which daytime 

sleepiness was considered excessive.  

Sample Size Estimation 

Sample size estimation was determined using the findings of Sam et al.96 To determine a 

5mm3 change in the upper airway volume before and after the use of aligners with a 2mm3 

standard deviation, a sample of 33 subjects will be needed using 80% power at the 5% 

significance level and 20% loss to follow-up rate.  

Repeatability 

 

All CBCT measurements were completed by the primary investigator (K.K.) in duplicate 

separated by two weeks. Intraclass correlation coefficients were calculated to determine intra-

rater reliability of all measurements. A second investigator (B.L.) completed these measurements 

in duplicate separated by two weeks. Intraclass correlation coefficients were calculated to 

determine inter-rater reliability of the same measurements.  

Statistical Analysis 

 

Data were analyzed using SPSSTM software (Version 24.0, SPSS, Chicago, Ill.). 

Descriptive statistics were first conducted to explore the distribution of the data. If the data were 

normally distributed based on the Shapiro-Wilk’s test, the CBCT and cephalometric 

measurements were compared at T1 and T2 using paired Student’s t-tests. If the data were not 

normally distributed, the measurements were compared using the Wilcoxon signed-rank test. 

Changes in daytime sleepiness between T1 and T2 were analyzed using paired Student’s t-test. 

This variable was dichotomized into: excessive sleepiness (Score >11) and acceptable (Score 

<11). The significance level was set at 5% using two tailed tests.  
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RESULTS 

 The upper airway evaluation was completed on 8 healthy adult skeletal class II subjects 

treated consecutively with the seventh generation Invisalign appliances. The mean age of 

patients at treatment initiation was 44.6 years (SD = 15.3). (Table 4) The mean treatment 

duration was 12.2 months (SD = 3.4) with a mean of 81.4 aligners for both the upper and lower 

arches (SD = 30.6). 

There was high reproducibility based on paired differences in all measurements except 

NP mCSA, NP length, and HP height (Table 5). Inter-rater reliability varied based on the 

measurement, with HP height, NP length, and NP height showing poor reliability and all other 

values showing good to excellent intraclass correlation values (Table 6).  

Analyses of Airway 

Analysis of the normality of all CBCT data was completed using the Shapiro-Wilk test at 

the 5% level of significance. As seen in Table 7, the variables NP volume (mm3), OP width 

(mm) and HP volume (mm3) were not normally distributed. The initial, final, and treatment 

changes for volumetric, area, and linear measurements are detailed in Table 8. The Student’s t-

test was utilized to assess significance of treatment changes for all normal measurements, while 

the Wilcoxon Sign Rank test was utilized for non-normal data.  

No statistically significant treatment changes occurred for the reported measurements. 

Decreases were seen in mean total volume (2.81cm3, SD = 8.04), NP volume (0.49 cm3, SD = 

1.45), OP volume (0.98 cm3, SD = 5.26), and HP volume (1.54 cm3, SD = 2.20), although none 

of these changes were statistically significant. Additionally, mCSA of NP increased by 6.47 mm2 

(SD =189.03), but mCSA of OP and HP decreased by 12.74 mm2 (SD = 85.53) and 72.18 mm2 

(SD = 128.88) respectively.  
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Analysis of Lateral Cephalograms 

 As seen in Table 9, all variables tested normal based on Shapiro-Wilk test except for 

upper lip to E-plane. Initial, final, and changes in these cephalometric measurements are detailed 

in Table 10. Normal variables were analyzed using the Student’s t-test, while upper lip to E-

plane was analyzed with the Wilcoxon Sign Rank test.  

 Notable skeletal treatment effects include a decreased Wits measurement (1.35mm, SD = 

2.49), PFH:AFH ratio (1.64%, SD = 2.66), and facial angle (3.25, SD = 5.11). Dentally, upper 

and lower incisors retroclined by 2.85 (SD = 3.47) and 2.81 (SD = 7.07), respectively. Upper 

and lower lips retracted 1.48mm (SD = 2.66) and 0.88mm (SD = 1.98), respectively, with an 

increase in NLA of 2.68 (SD = 5.72). Hyoid position was unaffected. None of these reported 

changes were statistically significant.  

Daytime Sleepiness  

 Initial and final ESS values, as well as treatment change, are displayed in Table 11. A 

mean change of -0.85 (SD = 1.96) occurred from initial to final, but this decrease was not 

statistically significant (p = 0.25) based on a paired Student’s t-test. Six subjects started with ESS 

less than 11 and stayed below this value. Of the 2 subjects that started at 11 or above, 1 stayed 

above this value and 1 dropped below. 
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DISCUSSION 

 

Class II malocclusion is present in approximately one third of the United States 

population. A number of studies have used CBCT imaging to document reduced airway 

dimensions in growing and non-growing class II subjects, compared to class I and class III 

subjects.9, 31 The aim of this study was to evaluate for the first time the effects of class II 

Invisalign treatment mechanics on the dimensions of the upper pharyngeal airway, as well as the 

level of daytime sleepiness, in a population of non-growing subjects.  

This study followed a prospective design. Procedures were standardized for all included 

subjects. The consent process and ESS questionnaire acquisition were standardized, and CBCT 

scans were taken by the same calibrated technicians using identical techniques. The treating 

doctor used consistent treatment mechanics for all subjects, including class II correction through 

elastics alone without progressive maxillary distalization. These factors allowed us to follow the 

cohort throughout treatment to observe changes in airway and ESS and limited bias in study 

methodology.  

Clear aligner therapy continues to gain popularity in orthodontics as an effective and 

patient-friendly treatment modality. The Invisalign appliance is the most commonly used clear 

aligner, and as such was chosen for the current study. There are still very few reliable studies 

published investigating the efficacy and efficiency of Invisalign treatment, and to date, there are 

no published studies investigating the effects of Invisalign treatment on the airway.  

As detailed in Table 6, the mean treatment changes in airway measurements for the 

patient sample were not statistically significant, suggesting that dental correction of a class II 

malocclusion with the Invisalign appliance and elastics may not affect airway morphology. It is 

worth noting that for individuals within the sample, differing treatment effects were observed for 
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most measurements. For example, total airway volume decreased for four patients, yet increased 

for two patients. Similarly, nasopharyngeal volume increased for five patients and decreased for 

three patients.  

The lack of significant change in upper pharyngeal airway dimension seen in this study 

agrees with the work of Pliska et al., who compared non-growing patients undergoing extraction 

vs non-extraction treatment. They found no significant volumetric changes in either group 

following treatment.97 Conversely, numerous studies have documented that a mandibular 

advancement device has the effect of significantly increasing the upper pharyngeal airway 

dimensions of total volume, minimum CSA, and anteroposterior and transverse widths.61, 98 The 

device repositions the mandible, and as such the genioglossal and suprahyoid muscle 

attachments, forward and inferiorly. While a direct comparison with Invisalign in normal 

subjects without OSA can’t be made, the effects of dentoalveolar correction of class II 

malocclusion using Invisalign are not on par with MADs.  

It is possible that these apparent differences can be attributed to the use of CBCT for 2D 

and 3D analysis of the airway. While there is ample research to document the reliability of such 

measurements on CBCT, Guijarro-Martinez and Swennen point out that a number of factors can 

contribute to changes in these values, namely respiration phase and tongue position.99 Although 

all subjects were positioned in the same manner and received the same instructions prior to 

CBCT scans, it is impossible to ensure that conditions during T1 and T2 scans were identical. 

For this reason, the observed treatment effects could have differed greatly from patient to patient. 

Dynamic upper airway imaging using functional MRI is an accurate diagnostic tool that can be 

used to overcome this limitation. Numerous studies have evaluated the airway with this 

technique, which allows one to visualize respiratory-related changes.100, 101 
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In addition to limitations with the chosen imaging technique, the lack of significant 

airway changes in this study can be attributed to the insignificant change in tongue space. 

Although the class II malocclusion was corrected through dentoalveolar changes in all subjects, 

without this significant increase in tongue space we would not expect significant changes in the 

airway dimension.  

 As detailed in Table 10, there were no statistically significant treatment changes in terms 

of cephalometric measurements for the patient group studied. Because the sample consisted of 

non-growing patients, we would expect that there would be no changes in skeletal measurements 

with treatment. The slight decrease in Wits appraisal can be attributed to bone remodeling at 

Points A and B that occurred as a result of changes in upper and lower incisor inclination.  

Because of the small sample size, sub-group analysis was not performed on the basis of 

class II division 1 vs 2 designation. In general, the mean change in upper incisor position was a 

reduction of the U1-SN value. It is also interesting to note that the Invisalign appliance with class 

II mechanics did not result in lower incisor proclination, and in fact the mean IMPA decreased 

through treatment. This is because clear aligner treatment allows good control of incisor 

proclination. Soft tissue changes, although not statistically significant, correlated with the dental 

changes observed.  

Previous literature suggests that orthodontic treatment of the class II phenotype can affect 

the airway dimension by altering the tongue space and hyoid position.102 Our results, in 

accordance with those of Ozdemir et al.103, did not show any statistically or clinically significant 

changes in the position of the hyoid bone following treatment. This lack of change in hyoid 

position may be due to the small amount of anterior dental changes that occurred.  
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Daytime sleepiness results are reported in Table 11. Based on the lack of change in 

airway dimension, we would not expect to see a large change in daytime sleepiness levels, as is 

reflected in these values. It is important to note that only two patients reported an increase in 

sleepiness, but the changes were 1 and 2 points, which did not change their classifications. 

Additionally, it has been suggested that ESS is more suited to group-level comparisons based on 

its internal consistency.67 Thus, individual level comparison based on these values may not be 

appropriate. 

No previous research exists in regard to the airway effects of class II treatment mechanics 

with lower dental advancement using the Invisalign appliance on a non-growing patient 

population. Thus, the power analysis may not have produced an accurate sample size estimation, 

and this should be interpreted with caution. While the small sample of patients included in this 

study was a large limitation, results from this pilot study can be used to determine an appropriate 

sample size for future larger studies on this topic. 

Future studies could utilize a larger sample size to increase the statistical power of the 

results. Additionally, this study did not utilize a control group that received no treatment or class 

II treatment with full fixed appliances. Finally, the airway could be studied through CBCT 

imaging with the aligners in the mouth to evaluate the effects of the appliance on airway 

morphology. 
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CONCLUSION 

 

This study concluded the following: 

 

1. Treatment of a class II malocclusion in non-growing patients using the Invisalign 

appliance has no statistically significant effects on the airway morphology.  

2. Treatment of a class II malocclusion in non-growing patients using the Invisalign 

appliance has no statistically significant skeletal or dental effects, based on cephalometric 

analysis.  

3. Treatment of a class II malocclusion in non-growing patients using the Invisalign 

appliance has no statistically significant effects on daytime sleepiness. 

4. The hypotheses were rejected 

5. Future studies with larger samples are warranted. 
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LIST OF TABLES 

 

Table 1. Airway measurements 

Measurement Definition 

Total Volume (cm3) 

Volume of full airway with upper limit at NP superior 

plane, lower limit at HP inferior plane, and lateral, 

anterior and posterior limits defined by the pharyngeal 

walls 

NP Volume (cm3) 
Volume of airway space between NP superior and inferior 

planes 

NP Area (mm2) 
Minimum cross-sectional area (mCSA) of airway within 

the defined NP 

NP Length (mm) Longest anteroposterior distance at the plane of NP mCSA 

NP Width (mm) Widest lateral width distance at the plane of NP mCSA 

NP Height (mm) Longest vertical distance within the defined NP  

OP Volume (cm3) 
Volume of airway space between OP superior and inferior 

planes 

OP Minimum CSA (mm2) 
Minimum cross-sectional area of airway within the 

defined OP 

OP Length (mm) Longest anteroposterior distance at the plane of OP mCSA 

OP Width (mm) Widest lateral width distance at the plane of OP mCSA 

OP Height (mm) Longest vertical distance within the defined OP 

HP Volume (cm3) 
Volume of airway space between HP superior and inferior 

planes 

HP Minimum CSA (mm2) 
Minimum cross-sectional area of airway within the 

defined OP 

HP Length (mm) Longest anteroposterior distance at the plane of HP mCSA 

HP Width (mm) Widest lateral width distance at the plane of OP mCSA 

HP Height (mm) Longest vertical distance within the defined HP 
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Table 2. Horizontal anatomical planes 

Plane Definition 

NP Superior Plane parallel to FHP intersecting CB 

NP Inferior Plane parallel to FHP intersecting PNS 

OP Superior Plane parallel to FHP intersecting PNS 

OP Inferior Plane parallel to FHP intersecting C3as 

HP Superior Plane parallel to FHP intersecting C3as 

HP Inferior Plane parallel to FHP intersecting C4as 

 

Table 3. Summary of angular and linear measurements used while digitizing 2D lateral 

cephalograms 

Skeletal Analysis 

Beta Angle () 
Angle formed between the A-B line and the perpendicular 

through point A from the apparent axis of the condyle (C) 

Wits (mm) 
Distance on the occlusal plane between lines drawn from 

point A and point B perpendicular to the plane 

Cranial Base Angle () N-S-Ba 

PFH:AFH (%) Ratio between S-Go and N-Gn distances 

LFH (mm) ANS-Me 

SN-GoGn () Sella-Nasion to Mandibular Plane 

FMA () Frankfort mandibular plane angle (MP-FH) 

Facial Angle () F-H to N-Pg 

Dental Analysis 

FMIA () Frankfort to mandibular incisor angle (FH-L1) 

IMPA () Incisor to mandibular plane angle (L1-MP) 

U1-SN () Angle between upper incisor and NA line 
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Soft Tissue Analysis 

NLA () 

Angle between the line drawn through midpoint of the 

nostril aperture and a line drawn perpendicular to FH while 

intersecting subnasale  

Upper Lip to E-Plane (mm) 
Distance from most anterior point on upper lip to line from 

soft tissue nasal tip to chin  

Lower Lip to E-Plane (mm) 
Distance from most anterior point on lower lip to line from 

soft tissue nasal tip to chin  

Hyoid Analysis 

Hyoid Angle () Third cervical vertebra to Hyoid to Retrognathion 

H-Rgn (mm) Hyoid to retrognathion 

C3-Rgn (mm) Third cervical vertebra to Retrognathion 

H-C3 (mm) Hyoid to third cervical vertebra 

H to C3-Rgn (mm) 
Hyoid to line connecting third cervical vertebra and 

Retrognathion 

 

Table 4. Patient demographic and treatment details 

Patient ID 
Initial 

Age 
Gender 

Number of 

Maxillary 

Aligners 

Number of 

Mandibular 

Aligners 

Acceledent Start Date 
End 

Date 

Treatment 

Duration 

K2 54.4 F 75 75 N 8/8/17 1/8/19 17.0 

K3 28.4 F 115 115 Y 10/31/17 11/8/18 12.2 

K4 64.2 F 98 98 Y 12/11/17 11/29/18 11.6 

K5 50.1 M 63 63 N 11/17/17 1/4/19 13.5 

K6 41.8 F 130 130 Y 11/15/17 1/16/19 14.0 

K7 57.6 F 40 40 N 12/27/17 10/15/18 9.6 

K13 18.5 M 56 56 N 12/21/17 2/14/19 13.8 

K16 41.6 M 74 74 N 1/3/18 6/29/18 5.8 
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Table 5. Intra-examiner reliability based on paired differences for CBCT measurements 

Intra-examiner 
Intraclass 

Correlation 

95% Confidence Interval F Test with True Value 0 

Lower Bound Upper Bound Value df1 df2 Sig 

Total Volume (mm3) 1.00 1.00 1.00 1141.05 13 13 <0.001 

NP Volume (mm3) .98 .94 .99 93.60 15 15 <0.001 

NP mCSA (mm2) .87 .66 .95 14.16 15 15 <0.001 

NP Height (mm) .96 .88 .98 44.30 15 15 <0.001 

NP Width (mm) .93 .82 .98 29.07 15 15 <0.001 

NP Length (mm) .84 .60 .94 11.59 15 15 <0.001 

OP Volume (mm3) 1.00 1.00 1.00 1866.37 15 15 <0.001 

OP mCSA (mm2) 1.00 1.00 1.00 1330.69 15 15 <0.001 

OP Height (mm) .97 .92 .99 68.78 15 15 <0.001 

OP Width (mm) .94 .83 .98 31.71 15 15 <0.001 

OP Length (mm) .92 .78 .97 22.91 15 15 <0.001 

HP Volume (mm3) .99 .98 1.00 260.53 13 13 <0.001 

HP mCSA (mm2) 1.00 1.00 1.00 4924.87 13 13 <0.001 

HP Height (mm) .83 .55 .94 10.59 13 13 <0.001 

HP Width (mm) 1.00 .99 1.00 568.48 13 13 <0.001 

HP Length (mm) .99 .98 1.00 251.22 13 13 <0.001 

 

Table 6. Inter-examiner reliability based on paired differences for CBCT measurements 

Inter-examiner 
Intraclass 

Correlation 

95% Confidence Interval F Test with True Value 0 

Lower Bound Upper Bound Value df1 df2 Sig 

Total Volume (mm3) 1.00 .99 1.00 1025.20 13 13 <0.001 

NP Volume (mm3) .93 .82 .98 29.44 15 15 <0.001 

NP mCSA (mm2) .87 .67 .95 14.63 15 15 <0.001 

NP Height (mm) .74 .41 .90 6.76 15 15 <0.001 

NP Width (mm) .82 .55 .93 9.94 15 15 <0.001 

NP Length (mm) .77 .46 .91 7.75 15 15 <0.001 

OP Volume (mm3) 1.00 .99 1,00 401.35 15 15 <0.001 

OP mCSA (mm2) .99 .98 1.00 325.24 15 15 <0.001 

OP Height (mm) .90 .75 .97 19.58 15 15 <0.001 

OP Width (mm) .98 .93 .99 84.37 15 15 <0.001 

OP Length (mm) .98 .93 .99 78.81 15 15 <0.001 

HP Volume (mm3) .99 .97 1.00 195.57 13 13 <0.001 

HP mCSA (mm2) .99 .97 1.00 231.47 13 13 <0.001 

HP Height (mm) .66 .21 .88 4.80 13 13 .004 

HP Width (mm) .86 .62 .95 13.29 13 13 <0.001 

HP Length (mm) .80 .49 .93 9.12 13 13 <0.001 
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Table 7. Shapiro-Wilk test of normality for CBCT measurements 

 
Initial Final Paired Differences 

Statistic df Sig. Statistic df Sig. Statistic df Sig. 

Total Volume (mm3) .87 7 0.170 .95 7 0.759 .91 6 0.466 

NP Volume (mm3) .94 8 0.622 .86 8 0.111 .74 8 0.007 

NP mCSA (mm2) .98 8 0.981 .89 8 0.231 .94 8 0.618 

NP Height (mm) .94 8 0.600 .97 8 0.914 .95 8 0.715 

NP Width (mm) .84 8 0.072 .91 8 0.346 .99 8 0.987 

NP Length (mm) .95 8 0.742 .95 8 0.665 .97 8 0.859 

OP Volume (mm3) .88 8 0.182 .98 8 0.971 .89 8 0.231 

OP mCSA (mm2) .92 8 0.458 .86 8 0.125 1.00 8 0.999 

OP Height (mm) .91 8 0.361 .94 8 0.560 .83 8 0.053 

OP Width (mm) .97 8 0.885 .81 8 0.037 .93 8 0.467 

OP Length (mm) .88 8 0.178 .88 8 0.171 .97 8 0.918 

HP Volume (mm3) .92 7 0.478 .81 7 0.050 .78 6 0.042 

HP mCSA (mm2) .92 7 0.486 .95 7 0.704 .88 6 0.253 

HP Height (mm) .88 7 0.206 .89 7 0.272 .87 6 0.242 

HP Width (mm) .93 7 0.580 .98 7 0.947 .99 6 0.990 

HP Length (mm) .98 7 0.975 .95 7 0.734 .92 6 0.509 

 

Table 8. Initial (T1), final (T2), and change in airway measurements  

  T1 T2 Paired Differences   

  Mean SD Mean SD Mean SD Sig  

Total Volume (cm3) 35.05 14.02 32.24 9.16 -2.81 8.04 0.431 n.s. 

NP Volume (cm3) 9.47 1.80 8.98 1.73 -0.49 1.45 0.674 n.s. 

NP mCSA (mm2) 647.14 213.26 653.61 129.63 6.47 189.03 0.926 n.s. 

NP Height (mm) 13.44 1.83 13.91 1.75 0.47 0.94 0.202 n.s. 

NP Width (mm) 31.27 5.16 33.14 5.96 1.87 7.28 0.491 n.s. 

NP Length (mm) 24.82 3.34 25.19 3.03 0.38 4.25 0.809 n.s. 

OP Volume (cm3) 17.99 8.80 17.00 5.93 -0.98 5.26 0.614 n.s. 

OP mCSA (mm2) 256.23 144.72 243.49 111.74 -12.74 85.53 0.686 n.s. 

OP Height (mm) 48.07 3.78 45.08 5.17 -2.99 5.91 0.195 n.s. 

OP Width (mm) 29.07 8.15 29.45 8.12 0.38 5.18 0.889 n.s. 

OP Length (mm) 8.66 3.14 8.63 2.69 -0.04 1.88 0.957 n.s. 

HP Volume (cm3) 7.17 3.19 5.62 1.58 -1.54 2.20 0.345 n.s. 

HP mCSA (mm2) 357.00 166.22 284.82 78.38 -72.18 128.88 0.228 n.s. 

HP Height (mm) 16.56 0.78 16.77 1.23 0.21 1.18 0.687 n.s. 

HP Width (mm) 30.35 6.86 31.04 6.27 0.69 3.02 0.598 n.s. 

HP Length (mm) 13.85 4.22 11.25 3.57 -2.60 4.73 0.236 n.s. 
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Table 9. Shapiro-Wilk test of normality for cephalometric measurements 

 
Initial Final Paired Differences 

Statistic df Sig Statistic df Sig Statistic df Sig 

Beta Angle .95 8 0.663 .93 8 0.546 .94 8 0.573 

Wits .85 8 0.090 .93 8 0.490 .87 8 0.165 

Cranial Base Angle .98 8 0.977 .91 8 0.319 .96 8 0.838 

PFH:AFH (%) .91 8 0.365 .91 8 0.380 .87 8 0.138 

LFH (%) .94 8 0.625 .87 8 0.164 .89 8 0.237 

SN-GoGn .90 8 0.295 .98 8 0.979 .91 8 0.378 

FMA .91 8 0.338 .97 8 0.890 .99 8 0.989 

FMIA .91 8 0.359 1.00 8 1.000 .97 8 0.866 

IMPA .95 8 0.706 .91 8 0.342 .92 8 0.443 

Facial Angle .99 8 0.985 .86 8 0.118 .94 8 0.649 

U1-SN .97 8 0.891 .95 8 0.672 .93 8 0.476 

NLA .97 8 0.853 .96 8 0.834 .85 8 0.096 

U-E Plane .92 8 0.434 .82 8 0.045 .87 8 0.152 

L-E Plane .90 8 0.317 .97 8 0.862 .86 8 0.119 

Hyoid Angle .95 8 0.656 .93 8 0.504 .94 8 0.614 

Hy-Rgn .98 8 0.955 .88 8 0.172 .96 8 0.830 

C3-Rgn .89 8 0.222 .85 8 0.098 .90 8 0.314 

Hy-C3 .97 8 0.896 .84 8 0.082 .90 8 0.287 

Hy to C3-Rgn .95 8 0.704 .94 8 0.647 .96 8 0.802 
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Table 10. Initial (T1), final (T2) and changes in cephalometric measurements  

   T1 T2 Paired Differences   

   
Mean SD Mean SD Mean SD Sig  

Skeletal 

Beta Angle 23.19 4.27 24.79 3.05 1.60 3.27 0.209 n.s. 

Wits 2.98 2.93 1.63 2.36 -1.35 2.49 0.169 n.s. 

Cranial Base Angle 128.04 4.67 127.23 3.40 -0.81 4.07 0.590 n.s. 

PFH:AFH (%) 65.15 4.65 63.51 5.04 -1.64 2.66 0.126 n.s. 

LFH (%) 57.08 2.37 58.06 2.33 0.99 2.30 0.265 n.s. 

SN-GoGn 32.16 6.40 32.66 5.14 0.50 3.05 0.657 n.s. 

FMA 24.65 7.91 28.15 4.05 3.50 6.51 0.172 n.s. 

Facial Angle 89.40 4.17 86.15 3.19 -3.25 5.11 0.115 n.s. 

Dental 

FMIA 59.93 4.28 59.26 4.64 -0.66 5.83 0.757 n.s. 

IMPA 95.41 8.74 92.60 3.48 -2.81 7.07 0.298 n.s. 

U1-SN 97.25 11.10 94.40 9.94 -2.85 3.47 0.053 n.s. 

Soft 

Tissue 

NLA 110.44 8.36 113.11 7.29 2.68 5.72 0.228 n.s. 

U-E Plane -4.49 3.62 -5.96 2.21 -1.48 2.66 0.123 n.s. 

L-E Plane -3.51 2.94 -4.39 2.51 -0.88 1.98 0.252 n.s. 

Hyoid 

Hyoid Angle 121.96 7.12 119.25 6.20 -2.71 7.47 0.339 n.s. 

Hy-Rgn 38.94 5.12 39.53 4.65 0.59 3.57 0.655 n.s. 

C3-Rgn 72.79 6.79 71.90 7.03 -0.89 6.79 0.722 n.s. 

Hy-C3 35.79 4.14 35.38 4.08 -0.41 2.49 0.654 n.s. 

Hy to C3-Rgn 7.48 4.66 8.18 6.91 0.70 5.32 0.721 n.s. 

 

Table 11. Epworth Sleepiness Scale results 

Patient ID Initial Final Change 

K2 6 8 2 

K3 7 3 -4 

K4 9 8 -1 

K5 8 8 0 

K6 11 10 -1 

K7 6 5 -1 

K13 3 4 1 

K16 15 12 -3 
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Figure 1. Flowchart describing patient enrollment 

 

 
Figure 2. Orientation of CBCT in frontal view 
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Figures 3,4. Orientation of CBCT in lateral views 
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Figure 5. Orientation of CBCT in top view 

 

 
Figure 6. Exporting lateral cephalogram from CBCT  
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