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Abstract 

 

Title of Thesis: The Effects of Glossectomy on Airway to Tongue Ratio and Mandibular 

Morphology Using MRI 

 

Candidate: Eric J. Kim, Master of Biomedical Science, 2019 

 

Thesis Directed by: Dr. Maureen Stone, Professor, Department of Neural and Pain 

Sciences, Department of Orthodontics 

 

Purpose: This study asked if glossectomy surgery causes anatomical changes of the 

surrounding structures and the airway by altering the balance of forces in the oral 

cavity.  We predict that glossectomy patients will have proportionately larger pharyngeal 

air spaces than controls relative to the hard and soft structures around the mandible.  

 

Materials and Methods: Twenty subjects were studied, ten T1 or T2 SCC glossectomies 

and ten controls. The gathered MRI data sets were reconstructed into 3D volumes.  

 

Results: Mid-sagittal transpalatal airway lengths were significantly shorter for the 

glossectomy subjects. All other measurements were not statistically significant between 

the two groups.  

 



 
 

Discussion: A person may compensate for the reduction of tongue size following 

glossectomy, which may contribute to a shorter A-P airway distance at the transpalatal 

level.  However, all other tests were not statistically significant, including 

the transpalatal area inidicating that objects in the oral cavity adapt to the reduction in 

tongue size and does not affect the established equilibrium. The 

overall transpalatal airway size may be maintained in post-glossectomy speakers by 

lateral expansion of the airway at the transpalatal level.  

 

Conclusion: This study concluded that the spatial relationships between airway and oral 

structures may change in dimension, but not in balance of forces following glossectomy. 

Second conclusion was that a 3-dimensional imaging is required for evaluation of the 

airway.  

  



 
 

 

 

 

 

 

 

 

 

 

The Effects of Glossectomy on Airway to Tongue Ratio and Mandibular 

Morphology Using MRI 

by 

Eric J. Kim 

 

 

 

 

 

 

 

 

 

 

 

Thesis submitted to the faculty of the Graduate School of the 

University of Maryland, Baltimore in partial fulfillment 

of the requirements for the degree of  

Master of Science 

2019 
 



iii 
 

Acknowledgements 

 

I would like to thank my advisor, Dr. Maureen Stone, for her guidance 

throughout this project. I would also like to thank Dr. Monica Schneider for 

being my mentor throughout the residency program and Dr. Glen Minah for 

his support on this research.  

  



iv 
 

Table of Contents 

 
List of Tables ..................................................................................................................... v 

List of Figures ................................................................................................................... vi 

List of Equations ............................................................................................................. vii 

1. Introduction & Literature Review .......................................................................... 1 

Research Hypothesis .............................................................................................. 7 

2. Materials and Methods ............................................................................................. 7 

2.1. Subjects: ............................................................................................................ 7 

2.2. Instrumentation ................................................................................................ 10 

2.3. Procedures: ...................................................................................................... 10 

2.3.1. MRI Recording Procedure: ............................................................................. 10 

2.3.2. Super Resolution Volume (supervolume) Construction: ................................ 11 

2.3.3. Segmentation, Volume, and Distance Calculation: ........................................ 11 

2.3.4 Cast Fabrication ............................................................................................... 18 

2.3.5 Cast Digitization .............................................................................................. 19 

2.3.6 Measuring on Digital Casts .............................................................................. 21 

2.3.7 Statistical Analysis ........................................................................................... 22 

3. Results ...................................................................................................................... 24 

4. Discussion ................................................................................................................ 26 

5. Conclusion ............................................................................................................... 30 

Appendix .......................................................................................................................... 32 

References ........................................................................................................................ 33 



v 
 

List of Tables 

 

 

Table 1: Anatomical Landmarks ......................................................................................... 4 

Table 2: Procedures of the Oropharynx .............................................................................. 4 

Table 3: Subject Demographics: ......................................................................................... 9 

Table 4: Boundaries of the Airway ................................................................................... 12 

Table 5: Dependent and Independent Variables ............................................................... 23 

Table 6: Mean and Standard Deviations ........................................................................... 25 

 

  



vi 
 

List of Figures 

Figure 1: Segmented Airway Volume .............................................................................. 12 

Figure 2: The Measurements of ATR (left) and  ATR_O (right). .................................... 13 

Figure 3: Tongue Voume .................................................................................................. 14 

Figure 4: Airway Length at Two Levels ........................................................................... 15 

Figure 5: Airway Volume ................................................................................................. 15 

Figure 6: Epiglottis ........................................................................................................... 16 

Figure 7: Airway near the Epiglottis ................................................................................. 17 

Figure 8: Incisor-Pharynx Length ..................................................................................... 17 

Figure 9: Dental Cast ........................................................................................................ 19 

Figure 10: D700 ................................................................................................................ 20 

Figure 11: Mechanism of D700 ........................................................................................ 20 

Figure 12: MeshLab .......................................................................................................... 21 

Figure 13: Subject Lacking TPL at Midline (a) and Parasagittally (b)............................. 28 

 

 

 

  



vii 
 

List of Equations 

 

Equation 1: ATR and ATR_O .......................................................................................... 14 

Equation 2: 3-D Pythagorean Theorem ............................................................................ 21 

Equation 3: Modified ATR ............................................................................................... 30 

 



1 
 

1. Introduction & Literature Review 

The structures of the oral cavity are in an equilibrium of forces. Any changes in 

the shape or size of one of these structures breaks the established equilibrium. As an 

example, a person who breathes through the mouth due to obstruction of the airways may 

display a change in the pattern of craniofacial growth due to unbalanced muscle function 

(Grippaudo et al., 2016). Just as tongue posturing may affect craniofacial growth pattern, 

a change in morphology of the tongue may also affect the equilibrium and the adjacent 

oral cavity structures change by adaptation.  

Interest in the relationship between tongue volume and hard oral structures is not 

new. By 1965, clinicians such as Rheinwald and Becker were already advocating for 

surgical reduction of tongue size for patients undergoing surgical correction of jaw 

deformity (Egyedi, 1965). However, even partial glossectomy can have detrimental and 

irreversible impacts on function. More extensive glossectomy has been correlated with 

more severely impacted speech and oral discrimination ability whereas a conservative 

glossectomy can allow patients to regain almost normal speech intelligibility (Rentschler 

and Mann, 1980) (Diz Dios et al., 1994). Numerous studies also looked at the relative 

sizes of mandible, tongue, and airway in patients with syndromes (Figueroa et al., 

1991)(Ardran et al., 1972). 

A prominent example of structures finding a new equilibrium is glossectomy 

performed in patients with squamous cell carcinoma. Funk et al., looked at 58,976 

patients with oral cavity cancer in the United States in 2002 from the National Cancer 

Database and determined that 86.3% of them received the diagnosis of squamous cell 
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carcinoma (Funk et al., 2002). This finding confirms previous studies that squamous cell 

carcinoma (SCC) is the most common type of cancer in the oral cavity. There are 

multiple ways of treating SCC but the most prominent treatment is the surgical removal 

of the affected portions of the tongue, also known as glossectomy. In this study, cancer is 

entirely removed in the subjects and most subjects have restored two-point sensation and 

touch sensation (Stone et al., 2018). In speech, these patients are essentially normal other 

than the removed tissue and some reduced sensation anterior to the resection. They also 

have normal hearing, which plays a key role in good speech. Therefore, we are looking at 

adaptation of healthy system to an imposed morphological change. This will give us 

insight into how glossectomy adapts and also how healthy people adapt. 

In recent years, the relationship between hard and soft tissues, especially sleep 

apnea, has gained interest. Changes in airway dimensions could lead to obstructive sleep 

apnea, which is related to severe medical complications. A person with OSA may 

experience periods of apnea and hypopnea during sleep, daytime sleepiness, fatigue, and 

complications such as hypertension, heart failure, pulmonary hypertension and strokes 

(Baptista, 2013). In a study comparing the prevalence of sleep-disordered breathing in 

adults 10-17% of adults were diagnosed with sleep-disordered breathing and the 

prevalence has increased in the past 2 decades (Peppard et al., 2013). Children are also 

affected. A systematic review showed that overall prevalence of parent-reported snoring 

by any definition in meta-analysis was 7.45% (Lumeng and Ronald, 2013). It is of 

particular interest to us because previous researches have shown that different 

orthodontic treatment are effective in alleviating the symptoms of sleep apnea (Sanner, 
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2002). In their study, clinical and polysomnographical efficacy of mandibular 

advancement device (MAD) was evaluated in 15 patients and the mean apnea and 

hypopnea index was reduced from 19.8 to 7.2. Hong et al., already showed that skeletal 

Class III patients with prognathic mandible showed greater upper pharyngeal space 

volume, confirming that the hard tissue, soft tissue, and airway are all related to each 

other (Hong et al., 2011). 

McNicholas claimed that in physical examination of OSA patients, anatomic 

factors that predisposes upper airway narrowing should be sought. These include 

macroglossia, inferior displacement of the hyoid, retrognathia, micrognathia, and tonsillar 

hypertrophy (McNicholas, 2008) (Jose et al., 2017). Table 1 lists anatomical landmarks 

which are related to obstruction in the retropalatal, nasal, and retroglossal regions. 

Although continuous positive airway pressure (CPAP) therapy is the primary and least 

invasive treatment, many patients do not use the device because they cannot tolerate it. 

Various medical and surgical treatments are also available. Table 2 lists some of these 

procedures (Smith et al., 2015). 
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Table 1: Anatomical Landmarks  

 
Smith et al., 2015 

 

Table 2: Procedures of the Oropharynx 

 

Smith et al., 2015 
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Uvulopalatopharyngoplasty (UPPP) was first introduced as a curative procedure 

but quickly became the most common surgical treatment of OSA in adults. UPPP 

involves removal of the uvula, a portion of the soft palate and tonsils. Pharyngoplasty, 

lateral pharyngoplasty, or expansion sphincter pharyngoplasty, z-palatoplasty, and palatal 

advancement all involve resection or repositioning of the palatal tissues and pharyngeal 

wall in order to decrease obstruction by increasing the dimension of the pharyngeal 

airway (Smith et al., 2015). 

Two methods of imaging have gained popularity in determining tongue and 

airway volumes; cone-beam computerized tomography (CBCT) and magnetic resonance 

imaging (MRI). Since the introduction in the United States in 2001, dental CBCT has 

been used in increasing numbers as CBCT expanded the field of oral and maxillofacial 

radiology by being able to capture three-dimensional volumetric data construction hard 

tissues of the maxillofacial complex (Dental Radiography , 2012). General dentists and 

dental specialists have all benefited from CBCT in precisely locating impacted structures 

within the maxillofacial complex. In addition, with development of personal computers 

and software programs, many clinicians have been using CBCT for evaluation of the 

airway (Weissheimer et al., 2012). One of the reasons for this is because companies have 

developed softwares that can automatically extract the airway volume from the CBCT 

image. Despite the similarities of being able to analyze underlying structures, there are 

inherent differences between CBCT and MRI and CBCT is not the perfect imaging 

solution and MRI offers many benefits over CBCT.  
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Unlike CBCT which utilizes x-ray to form images, MRI uses magnetic fields and 

radiofrequency pulses to visualize internal body structures. Second is the static nature of 

the CBCT. As noted by Dr. Antosz on the AJODO, the limitation of using CBCT 

imaging to analyze airway is that the images are static and the functional airway is 

constantly changing (Antosz, 2015). Various authors have already utilized MRI in 

studying upper airway anatomy (Welch et al., 2002) (Schwab et al., 2003). Third, 

although muscle interdigitation also poses challenges to imaging techniques (Gaige et al., 

2007), the present study is able to overcome these limitations using in vivo magnetic 

resonance imaging (MRI) recordings and extracting tongue muscle volumes from high-

resolution MRI data (Stone et al., 2018). 

Since glossectomy patients theoretically have excess airway and sleep apnea 

patients have too small airway, our study will look at controls and glossectomy patients 

(tongue vs. airway vs. hard structure) to create some descriptive database to see what the 

relationship is. The primary goal for this study is to see if there is a correlation between 

tongue to airway ratio and intraoral parameters including width at lower first molars, 

Angle’s classification and distance from the central incisor alveolar bone point to the 

airway in glossectomy group compared to the controls. This could then possibly be used 

as a predictor for possible future sleep apnea and help select appropriate surgical 

intervention. A secondary goal is to evaluate if difference exists between 2-dimensional 

imaging compared to a 3-dimensional imaging.  
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Research Hypothesis 

H1 Glossectomy patients will have a larger relative airway size due to the soft 

tissue taking up less intraoral space 

H10 Glossectomy patients will not have a larger relative airway size due to the 

soft tissue taking up less intraoral space 

H1a Glossectomy patients will have larger Transpalatal Volume (TPV) than 

controls 

H1b Glossectomy patients will have larger Transpalatal Length (TPL) than 

controls 

H1c Glossectomy patients will have larger  Hypopharyngeal Length (HPL)than 

controls 

H1d Glossectomy patients will have larger Hypopharyngeal Volume (HPV) than 

controls 

H1e Glossectomy patients will have longer Incisor to Pharynx Length (IPL) than 

controls 

H1f Glossectomy patients will have larger Molar Distance (MD) than controls 

 

2. Materials and Methods 

 

2.1. Subjects:  

Twenty high-resolution MRI data-sets were included in this study. The 20 subjects, 

as shown in Table 3, included ten glossectomy patients with previous oral tongue cancer 

(five males, five females), ranging from 29 to 57 years old (mean=45.5 years). The ten 

control subjects consisted of healthy adults (five males and five females), ranging from 22 

to 52 years old (mean= 33 years). All subjects were informed of the purpose of the study 
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and provided written informed consent, approved by the Institutional Review Board at the 

University of Maryland. All subjects were native speakers of American English, had 

normal hearing, general good health other than glossectomy surgery and normal oral motor 

function as tested by an oral neuromotor exam, except for surgical effects. All subjects 

under age 21 or have claustrophobia, metal objects in or near mouth that would interfere 

with scanning, Cardiac Pacemakers or other high-risk devices or pregnant were excluded. 

Patients had tumors that were T1N0M0 or T2N0M0 with unilateral tumors and resections 

that did not cross the midline. Also, one of the inclusion criteria for patients was that the 

surgical resection did not reach the midline, so the septum should have been intact for all 

patients. The analyses of the data were approved by IRB protocol #42060 and the subjects 

signed IRB approved consent forms prior to participating in this survey. Pre-operative MRI 

was not taken because some subjects were in pain. Surgeries were performed immediately 

after the diagnosis for the best prognosis.  
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Table 3: Subject Demographics 

Controls 

ID # Age Race Sex 

1 23 W M 

2 27 W F 

3 41 W F 

4 35 AA M 

5 27 AA F 

6 26 W F 

7 22 W M 

8 27 AA M 

9 52 W M 

10 50 AA F 

Mean 33  

 SD 11.04 

 

Patients 

ID # Age Race Sex Size of Tumor Time Since Surgery 

11 46 W F T1 9 M 

12 29 W M T1 2 Y 

13 44 W M T1 1 Y 

14 57 W F T1 1 Y 

15 45 W M T1 14 Y 

16 57 W M T2 9 M 

17 37 W F T2 1.75 Y 

18 40 W F T2 2.5 Y 

19 55 W M T2 5 Y 

20 45 W M T2 10 M 

Mean 45.5 

SD 9.02 
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2.2. Instrumentation 

1- MRI recordings of the tongue at rest. 

2- Custom segmentation software written in Matlab (details in section 2.3.2) 

3-  ITK-SNAP Version 3.6.0 software (Yushkevich et al., 2006) (section 2.3.3) 

4- Alginate impressions & study casts 

5- 3Shape D700 3D cast scanner 

6- Meshlab (Cignoni et al., 2008) 

Each of these procedures will be described in detail in the sections below.  

2.3. Procedures: 

2.3.1. MRI recording procedure: 

All MRI scanning was performed on a Siemens 3.0 Tesla Tim Trio system 

(Siemens Healthcare, Inc., Malvern, PA, USA) with a 12-channel head and a 4-channel 

neck coil using a segmented gradient echo sequence. Each dataset was composed of a 

sagittal, coronal and axial stack of images encompassing the tongue and surrounding 

structures. Each image stack had 256 x 256 pixels x z slices (where z ranged from 10 to 24 

slices) with 0.94 mm x 0.94 mm in-plane resolution and 3mm slice thickness. The datasets 

were acquired in a supine rest position, and the subjects were required to remain still from 

1.5 to 3 min for each orientation. 
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2.3.2. Super resolution volume (supervolume) construction: 

Each stack of images is acquired with an in-plane resolution that is much better 

than the through-plane resolution (0.9x0.9x3mm).  As a result, any one stack, by itself, was 

not ideal for automatic volumetric analyses such as segmentation, registration or even for 

visualization when oblique slices are required. This helps to minimize data collection time 

while maintaining low noise, high visual detail, and minimal blurring due to involuntary 

motion artifacts. However, it is difficult to observe 3D tongue muscles clearly in any one 

of the volumes.  Therefore, reconstruction of a single 3D super resolution volume, hereafter 

supervolume, was made from the three stacks so that each voxel had an isotropic volume 

of 0.9 x 0.9 x 0.9 mm (Woo et al., 2012). A supervolume was created for each of the 

subjects used in this study.  

2.3.3. Segmentation, volume, and distance calculation: 

  Segmentation is a method of labeling an object in an MRI image and defining its 

boundaries. The method of segmentation used in this project was Random Walker 

methodology in which points are placed within the object and outside the object and a 

gradient finds the boundary between them (Woo et al., 2012). Volume calculations were 

made and recorded for the tongue of each subject using ITK-SNAP (Yushkevich et al., 

2006). ITK-SNAP determines tongue volume by adding together all the voxels with the 

tongue label.   
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In addition to the tongue, airway was also segmented using ITK-SNAP. The lateral 

margins of the segmented airway are shown in Table 4. Segmented airway volume is shown 

in Figure 1. 

Table 4: Boundaries of the Airway 

BOUNDARIES ANATOMICAL STRUCTURE 

SUPERIOR Middle of velum 

INFERIOR Vocal fold 

ANTERIOR Posterior border of the epiglottis 

POSTERIOR Pharynx wall 

 

 

Figure 1: Segmented Airway Volume 
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The MRI images of some patients showed that the tongue was rested up against the 

palate and others displayed airway between the palate and the tongue. The airway was 

measured in two segments: the pharyngeal portion (AV) and the pharyngeal plus oral 

portion (AV_O) (Figure 2). These were used with the tongue volume (TV) to create two 

ratios in order to normalize airway size across subjects (Equation 1). Larger subjects may 

have larger airway. In order to standardize the size of the structures, airway to tongue ratio 

was used for statistical analysis. Even though both the airway size and the tongue volume 

differ across subjects, the normalization component comes from the immutability of the 

oral cavity size for any one subject. The volumes of the muscles of the tongue were 

obtained by segmentation of the tongue using the same program and method. These 

muscles included genioglossus, hyoglossus, vertical muscle of tongue, inferior longitudinal 

muscle of tongue, superior longitudinal muscle of tongue, and transverse muscle of tongue 

(Figure 3). 

Figure 2: The Measurements of ATR (left) and  ATR_O (right). 
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Equation 1: ATR and ATR_O 

𝐴𝑇𝑅 =
𝐴𝑉

𝑇𝑉
                       𝐴𝑇𝑅_𝑂 =

𝐴𝑉_𝑂

𝑇𝑉
  

 

Figure 3: Tongue Voume 

 

 

 

Previous research on OSA has claimed that two areas of the airway are most 

involved in restricted airway (Stratemann et al., 2011). The transpalatal level and the 

hypopharyngeal levels. The airway area and AP dimension were measured at these two 

levels (Figure 4, Figure 5).  
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Figure 4: Airway Length at Two Levels 

 

 

Figure 5: Airway Volume 
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When measuring the sagittal distance at the hypopharyngeal level, varying 

positions of the epiglottis were noted (Figure 6). Epiglottis is a 3D structure and when 

lowered, it blocks the lower pharynx so the food is shunted into the esophagus. If this 

structure flops down, airway is blocked. Therefore, in determining the anterior border of 

the antero-posterior dimension of the airway, measurements were made from the 

pharyngeal wall to the most posterior part of the epiglottis for this study (Figure 7. Option 

1).  

 

Figure 6: Epiglottis 
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Figure 7: Airway near the Epiglottis 

 

 

In order to measure jaw length (IPL), two points of the jaw were selected on the 

MRI. The anterior landmark was the most superior portion of the lingual alveolus and the 

lower incisor root and the posterior landmark was the anterior border of the airway in the 

same axial level as the anterior landmark (Figure 8). 

Figure 8: Incisor-Pharynx Length 
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2.3.4 Cast fabrication 

Fabricating a study model involves taking impressions and making a stone mold 

with the impression. There are numerous types of impression materials in the market 

including hydrocolloid, polyvinyl siloxane (PVS) and alginate. Hydrocolloid impression 

is stable over a long time but is rigid and is difficult to work with. PVS material is stable 

over long time and is relatively easy to work with but is costly. Alginate impression is 

simple and cost-effective. However, precautions should be taken when taking alginate 

impressions. Alginate powder contains sodium alginate, calcium sulfate, trisodium 

phosphate, diatomaceous earth, zinc oxide, and potassium titanium fluoride. Upon 

reaction with water, a sol is formed then chemical reaction turns the two into gel. 

Trisodium phosphate is often added to slow down this reaction (Nandini et al, 2008). It is 

also sensitive to moisture or in warm temperatures. Dentsply Sirona, the manufacturer of 

the alginate material which was used for this study, recommends casting the impression 

within 10 minutes of the impression. If it is necessary to pour it at a later date, impression 

is to be wrapped in wet paper towels and must be poured within 24 hours as impression 

distortion is proportional to the delay in pouring and amount of water evaporation 

(Dentsply, 2005). Yellow dental stone was used to pour the casts (Figure 9).  
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Figure 9: Dental Cast 

 

 

2.3.5 Cast Digitization 

Stone models was inserted into the 3Shape D700 (Copenhagen, Denmark). D700 

is a 3-D desktop scanner by 3Shape (Figure 10). The scanner is comprised of a blue-LED 

light source, two 1.3 mega pixel cameras, and a motion system which directs the model 

toward the camera and the light source. The light source projects lines onto the cast and 

based on known angle and distance between camera and the light source, the 3D of the 

projected light is calculated using trigonometry. Each line of projected light creates one 

3D contour line and multiple lines are generated by moving the scan-head along a precise 

linear axis (Figure 11). This method is also known as triangulation. Scanning accuracy is 

10 microns for crown and bridge and 12 microns for implant bars. It is important that the 

scanner is re-calibrated prior to scanning models to increase accuracy. The resulting 
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product of the scan is a Stereolithography (STL) file which is native to the 

stereolithography CAD software created by 3D Systems (Valencia, California).  

Figure 10: D700 

 

(Dentsply, 2005) 

 

Figure 11: Mechanism of D700 

 

(Dentsply, 2005) 

 



21 
 

2.3.6 Measuring on digital casts 

STL files were imported to MeshLab (Cignoni et al., 2008). MeshLab is a 

freeware software (PC, MAC) that can be used to rotate 3-dimensional STL files. Once 

imported, pinpoint markers can be placed on the model (Figure 12). The 3-axis position 

of the points can be found under PickedPoints. The distance between the points was 

found (i.e., intermolar width) using a 3D version of the Pythagorean Theorem shown in 

Equation 2.  

 

Figure 12: MeshLab 

 

 

Equation 2: 3-D Pythagorean Theorem 

𝐷𝐼𝑆𝑇 𝑃1 𝑡𝑜 𝑃2 =  √(𝑥1 − 𝑥𝑥)2 + (𝑦1 − 𝑦2)2 + (𝑧1 − 𝑧2)2   
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2.3.7 Statistical Analysis 

In order to determine how glossectomy affects the balance of dental, skeletal, and 

muscular structures on the airway and tongue relationship, statistical tests were conducted 

among the controls and the patients. The Kruskal-Wallis test is a nonparametric group 

comparison test used for non-normally distributed continuous variables in independently 

sampled groups (McKnight and Najab, 2010). It is comparable to a t-test. 

Several parameters were compared for all subjects. KW test was done looking at 

the effect of surgical status on the dependent variables listed in Table 5. Tongue size and 

the IPL distance was performed to evaluate the effects of tongue size on the antero-

posterior dimension of the jaw.  
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Table 5: Dependent and Independent Variables 

Dependent Variables Independent Variables 

Airway to Tongue Ratio (ATR) 

Surgical Status 

Airway to Tongue Ratio with 

Oral Cavity (ATR_O) 

Molar Distance (MD) 

Transpalatal Length (TPL) 

Transpalatal Volume (TPV) 

Hypopharyngeal Length (HPL) 

Hypopharyngeal Volume (HPV) 

Incisor-Pharynx Length (IPL) 

 

 

 

 

 

 
 
 

  



24 
 

3. Results 

This study was conducted in order to determine the effects of glossectomy on 

intraoral measurements; therefore, the study was composed of 10 glossectomy patients 

and 10 control subjects. The intraoral measurements are in Table 5. The mean and 

standard deviations are listed in Table 6. By comparing these variables between the two 

groups, effects of glossectomy on intraoral structures could be analyzed. In addition, 

correlations were ran on ATR and ATR_O against IPL in order to determine if jaw size is 

affected by glossectomy.  

Of the various statistics that were run, there was only one significant result: the 

effect of subject group on transpalatal length. The difference between the mean of the 

glossectomy and the control subjects was significant with means of 3.60mm and 5.78mm, 

respectively (U=85.000, p=0.008). The control group had larger TPL’s than the patients 

which means that the airway was larger. The second transpalatal measure was volume 

(TPV). Unlike the TPL, the TPV was not significantly different between the patients and 

controls (U=39.500, p=0.427). This is a 2-dimensional versus a 3-D effect. 

The second set of interesting measurements related the size of the oral cavity to 

the size of the tongue. The average airway to tongue ratio including the oral cavity 

(ATR_O) between the two groups of subjects turned out to be identical (U=50.00, p=1). 

Even when only the volumetric space anterior to the pharyngeal wall was included in 

calculating the airway-to-tongue ratio (ATR), the differences were not statistically 

significant (U= 36.00, p=0.290)  
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Table 6: Mean and Standard Deviations 

 Control Glossectomy 

Variable Mean SD Mean SD 

ATR 0.076 0.037 0.098 0.035 

ATR_O 0.115 0.053 0.113 0.056 

MD 37.490 3.948 37.305 3.053 

TPL 5.784 1.373 3.598 1.782 

TPV 65.904 35.160 76.955 39.512 

HPL 5.507 2.332 6.469 3.662 

HPV 72.164 59.321 101.673 74.245 

IPL 64.745 6.832 65.998 3.213 

 

 

The region of the hypopharynx, which represents a different perspective on 

tongue-airway relationship, showed no significant difference between subject groups. 

The KW-test comparing the HPL of the groups revealed a U=41, p=0.496. For the HPV, 

the two groups were similarly not significantly different (U=36, p=0.290). 

The distance between the first mandibular molars (MD) for each group was not 

influenced by the tongue size. The KW-test comparing the values of the MD for the 

glossectomy and control groups was not significant (U=59, p=0.496).  

Finally, a linear correlation analysis was performed to examine the relationship 

between incisor-to-pharynx length (IPL) and ATR as well as ATR_O. Neither result was 

significant (ATR: R=0.051, ATR_O: R=-0.084).  
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4. Discussion 

The purpose of utilizing the airway-to-tongue ratio, rather than just comparing the 

airway size between groups, was to account for the size differences of subjects and to 

standardize values. The main finding of this study, shown by the statistically significant 

KW test results, was the difference in transpalatal length (TPL) between the controls and 

the patients. A KW test between the two groups of TPL revealed p-value of 0.008 and U-

test value of 85. Glossectomy patients had a mean TPL of 3.60 mm compared to 5.78 mm 

of the controls. This is somewhat surprising as the glossectomy patients had lingual tissue 

removed and should have a proportionately larger airway than the controls. It may be 

possible that in glossectomy patients, scar tissues in the upper surface of the tongue are 

more rigid than muscle, and prevent the tongue from being pulled anteriorly as much as 

controls during the breath since scar is less compressible than muscles. Therefore, TPL 

would be shorter. Since TPL is not a normalized measurement, it was possible that one 

group had larger oral cavity than the other. To test this, 2 KW tests were run to compare 

AV_O and tongue volume in patients versus controls. Neither was significantly different, 

supporting the result that the patient group did not have a smaller airway size.  

In contrast, the TPV values were not statistically different between the two groups 

(U=39.50, P=0.427). The TPL and TPV were measured in the same location and differ 

only in dimension; they are 2D and 3D respectively. These measurements are made at the 

height of the velum and reflect airway size during quiet breathing. This difference may 

reflect a minimal airway size required for comfortable quiet breathing. Recall that the 

mid-sagittal length was significantly different possibly due to scar tissue preventing the 
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tongue from compressing anteriorly during the breath. This 2D vs 3D difference may be 

due to the width at this level of airway compensating for the short midsagittal airway AP 

length by expanding laterally and maintaining a sufficient airway for quiet breathing. In 

fact, the airways were wider, which is why the volume was not significantly different. 

This leads to the supposition that a 2D study is not adequate for assessing airway volume. 

3D imaging, such as MRI or CBCT, which includes the antero-posterior dimension and 

medial-lateral dimension is required to analyze dimensions of the airway fully.  

We also consider an apparent anomaly. One of the glossectomy patients (#16) had 

no transpalatal length at the measured site, as the velum appeared to be resting against the 

posterior pharyngeal wall (Figure 13). This suggested that he might be a mouth breather. 

However, Subject #16 did have a transpalatal volume indicating that he was not a mouth 

breather, rather his main air channel was off-center. This is another demonstration of the 

benefit of a 3-dimensional imaging over a 2D imaging such as a lateral cephalogram. 

In contrast to that of the transpalatal level, measurements at the hypopharyngeal 

level did not yield statistically significant results. The average HPL of glossectomy group 

was 6.469 mm compared to 5.507 mm of the control group (U= 41, P = 0.496). 

Differences of HPV of the two groups were not statistically significant (U= 36, p = 

0.290). These results shows the adaptive nature of the body. When supine, a minimal 

airway patency is needed to prevent an obstructive apneic event. In the hypopharyngeal 

region, unlike the transpalatal region, the tongue root was not scarred and was able to 

compress anteriorly during the breath and the lateral pharyngeal walls did not need to 

widen.  
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Figure 13: Subject Lacking TPL at Midline (a) and Parasagittally (b) 

 
 

 

As briefly written above, a change in the balance of forces is expected to affect 

the equilibrium of structures in the mouth. For example, tongue thrusting patients have 

been associated with increased overjet (Jalaly et al., 2009). Other abnormal functions 

such as tongue thrusting and mouth breathing can disrupt oral cavity equilibrium and 

cause jaw deformity and malocclusion (Yamaguchi and Sueishi, 2003). In our study, the 
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two groups did not have statistically significant differences in inter-molar distance and 

incisor-to-pharynx measurement, indicating that there were no effects of glossectomy on 

these structures. The balance of forces in the oral cavity was not affected even though a 

significant portion of the tongue had been surgically removed. It is possible that the 

tongue has adapted its shape to occupy the same lateral volume. For example, the 

remaining portion of the tongue may compress into a flatter but wider dimension, resting 

against the lingual surfaces of the teeth. Therefore, the previous equilibrium of forces 

around the teeth have not been changed, allowing for the maintenance of the AP and 

lateral dimension. A good follow-up study would be to obtain impressions of the patients 

a set period of time following the surgery and look at the dental changes that occur to 

evaluate dentoalveolar adaptation following glossectomy procedure.  

Another consideration for the follow-up study is to use a structure other than the 

tongue to standardize the size of the subjects. When the protocol was developed for this 

study, airway-to-tongue ratio was deemed the most ideal for standardizing the sizes 

because both the airway and the tongue are affected by the overall size of the subject and 

because both structures affect each other’s shape and size. However, their sizes trade-off 

because airway plus tongue equals oral cavity. Therefore, a subject who is large in size 

may have had a relatively large resection but also had a large airway. In contrast, a 

subject who is small in size with a relatively large tongue resection will have a 

proportionately large airway than a large subject. This expands the range of difference 

between small and large subjects. One way to minimize this effect in the next study 

would be to use an object that is related to subject’s physical size but does not change in 
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size following glossectomy procedure. For example, this could be done using Equation 3, 

in which case the denominator is the entire oral cavity. 

 

Equation 3: Modified ATR 

ATR =  
AV

AV +  TV
  

 

5. Conclusion 

This study showed that glossectomy results in narrowing of the airway at the 

transpalatal level in the antero-posterior dimension but does not have a significant impact 

on the volume of airway at the same level. This may be due to compensation of the 

airway to expand laterally in order to maintain airway patency. All other intraoral 

structures including molar distance, incisor-pharynx width, airway to tongue ratio, and 

airway to tongue ratio with oral cavity were not statistically different between the 

surgical group and the control group. This shows that the effect of glossectomy procedure 

may be local and the surrounding structures adapt to maintain the previously established 

equilibrium.  

A 3-Dimensional measurement is often better than a 2-dimensional one since the 

oral cavity has 3 dimensions. The transpalatal antero-posterior dimension showed 

significant differences between the two groups but the volume at the same level (TPV) 

did not. This proved that a 3-dimensional imaging is necessary to properly assess airway 

dimensions in subjects.  
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A follow-up study looking at the dentoalveolar changes following glossectomy 

procedure may be of interest. By studying how the tongue adapts to the change in its size 

and shape, healthcare providers such as the surgeons, orthodontists, and speech therapists 

can anticipate effects of a particular glossectomy procedure and provide necessary 

treatments without a delay.  
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Appendix 

 

Raw Data of all Subjects 
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