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ABSTRACT 
 

 22q11.2 Deletion Syndrome (22q) is the most common genetic cause for velopharyngeal 

dysfunction. Several velopharyngeal muscles in children with 22q have been shown to be 

hypoplastic, but no studies to date have examined the musculus uvulae in children with 22q. This 

study aimed to investigate the presence and characteristics of the musculus uvulae in children 

with 22q using3D modeling software MRI scans of 13 children (8 with 22q and 5 control 

participants) were used to measure the musculus uvulae using Amira 6 visualization modeling 

software. The muscle was segmented by selecting voxels displaying the musculus uvulae on 

successive oblique coronal slices and combining those voxels into a surface model. The muscle 

volume, length, diameter, vertical length, and horizontal width were measured from the surface 

model of the musculus uvulae. Mann-Whitney U tests were used to compare differences between 

the two groups. Results revealed the musculus uvulae to be significantly hypoplastic, shorter, and 

thinner in the group with 22q.The velum was also found to be thinner in the 22q group. Further 

investigations should be conducted using larger sample sizes to confirm these preliminary 

results.  
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INTRODUCTION 

 

22q11.2 Deletion Syndrome 

 

22q11.2 deletion syndrome (22q) is a genetic condition characterized by a microdeletion 

of about 50 genes that are associated with several anatomical and physiological abnormalities 

and medical conditions (Solot et al., 2019). It is estimated that 1 in 4000-6000 births present with 

22q (Digilio et al., 2005; Solot et al., 2019). The conditions include congenital heart defect, 

palatal and facial abnormalities, T-cell immune deficiencies, among others (Digilio et al., 2005). 

It should be noted that there are other names for 22q, velo-cardio-facial syndrome and DiGeorge 

syndrome, and there is also 22q11.2 reduplication (Digilio et al., 2005; Solot et al., 2019). This 

study is focused on the velopharyngeal (VP) abnormalities found among individuals with 22q. 

 

 Velopharyngeal Dysfunction 

VPD and other VP abnormalities can be coexisting conditions of broader diagnoses. 22q 

is the most common genetic cause of velopharyngeal dysfunction (VPD) (McDonald-McGinn et 

al., 1999, Digilio et al., 2005). VPD is characterized by an incomplete seal of the VP port due to 

abnormalities in anatomical structures requisite for VP closure (Ruotolo et al., 2006). Common 

abnormal VP manifestations in 22q include palatal abnormalities, hypoplastic velar and 

pharyngeal muscles, abnormal pharyngeal depths, platybasia, and adenoid hypoplasia 

(McDonald-McGinn et al., 1999; Hakvin et al., 2000; Ruotolo, 2006; Kollara et al., 2016). 

Hypernasality is a frequent co-occurrence in 22q as a result of velopharyngeal dysfunction 

(Digilio et al., 2005). 
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Due to vocal tract abnormalities, significant swallowing and speech problems are 

common in individuals with 22q. Solot et al. (2019) reported that 35-68% of the population with 

the syndrome display feeding or swallowing disorders. This study also reported 14% of the 22q 

population had laryngotracheal abnormalities that cause voice disorders (Solot et al., 2019). With 

respect to voice characteristics, hoarseness and breathiness are common and lead to vocal 

nodules and even unilateral vocal fold paralysis in this population (Solot et al., 2001; Solot et al., 

2019).  

Velopharyngeal Closure 

VP closure describes the seal of the oral, nasal, and pharyngeal cavities which provides 

the pressure required for normal speech and swallowing (Witt et al., 2000; Inouye et al., 2015). 

VP closure requires the muscles of the pharynx and velum to come together to separate the nasal 

cavity from the oral cavity (Witt et al., 2000; Inouye et al., 2015; Kotlarek and Perry, 2018; 

Jordan et al., 2017). Under normal conditions, the lateral and posterior pharyngeal walls contract 

anteriorly while the velar muscles retract the velum posteriorly, meeting together to seal the VP 

port. The primary velar muscles involved in this action include the levator veli palatini (LVP) 

muscle and the musculus uvulae. The LVP is the primary elevator and retractor of the velum 

(Perry et al., 2014; Inouye et al., 2015; Kollara et al., 2016). Inadequate VP closure may result in 

hypernasal speech. 

Previously Studied Velopharyngeal Muscles 

Certain velopharyngeal muscles have been studied in this population, specifically the 

LVP, the superior pharyngeal constrictor (SPC), and the tensor veli palatini (TVP) (Zim et al., 
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2003; Ruotolo, 2006; Perry et al., 2013; George et al., 2018; Kollara et al., 2019; Perry et al., 

2020). In a non-sedated three-dimensional (3D) magnetic resonance imaging (MRI) study, the 

LVP muscle was analyzed in 30 children (ages 4-12; 15 with 22q and 15 control subjects). The 

LVP muscle was found to be 8% shorter and 20% thinner than the LVP of children in the control 

group (Kollara et al., 2019). The origin-to-origin distance of the LVP was found to be shorter for 

the 22q group than the control group by 16% in the same study (Kollara et al., 2019). Kollara et 

al. (2019) also found a significant difference in velar thickness for the 22q group. The velum was 

found to have a 23% reduction in thickness for the 22q group compared to the control group 

(Kollara et al., 2019). In two studies measuring the velar length for the population with 22q, no 

significant differences were found between the 22q group and the control (Ruotolo et al., 2006; 

Kollara et al., 2019).  

Zim et al. (2003) compared the SPC muscle in individuals with and without 22q using 

MRI technology. 26 participants (18 male and 8 female) with 22q of ages ranging 3-29 years old 

were compared to an age and sex matched control group. The SPC muscle was found to be 

significantly thinner in individuals with 22q (mean difference = 0.82mm).  

 The TVP has been studied using 3D MRI technology in both adults and children. George 

et al. (2018) studied the TVP in 14 adult participants (6 with repaired cleft palate and 8 with no 

cleft history). The cleft group consisted of 3 females and 3 males with a mean age of 24 years 

while the control group consisted of 6 females and 2 males with a mean age of 22 years. The 

study concluded that the TVP muscle was a significantly hypoplastic (359mm3 mean difference) 
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and shorter (3.14 mm mean difference) in the group with repaired cleft palate 358.97 mm3 

(George et al., 2018).  

The TVP was also studied in 53 children with and without 22q using 3D MRI. 13 of the 

children were diagnosed with 22q and had a mean age of 8.3 years with a standard deviation of 

2.8 years. 40 of the children had normal VP anatomy and a mean age of 8.4 years with a standard 

deviation of 0.59 years. None of the children with 22q did not display either an overt cleft palate 

or a submucous cleft palate. It should be noted that 4 of the children in the 22q group displayed 

LVP irregularity in the intravelar portion, and another 3 children from the clinical group showed 

LVP diastasis on the MRI data. The hearing severity index scores were created by audiologic and 

otologic data. A review of most recent audiologic records were obtained for audiologic data and 

any degree of hearing loss was recorded. Otoscopic examinations by a physician or nurse 

practitioner recorded otologic data.  The TVP was found to be significantly shorter and less 

voluminous in those with 22q across all hearing severity ratings. As the hearing severity index 

score increased, the length and volume of the TVP decreased (Perry et al., 2020).  

Musculus Uvulae 

Although less discussed in the literature, the musculus uvulae (MU) significantly 

contributes to VP closure. The MU is made of two bundles originating in the palatal aponeurosis 

and forms into the uvula which hangs off the end of the soft palate in the oropharyngeal region It 

is considered a floating muscle because it has no formal insertion point. At rest, the musculus 

uvulae creates the convex shape of the velum (Azzam and Kuehn, 1977; Kuehn et al., 1988; 

Perry et al., 2019). Azzam and Kuehn (1977) emphasized the difference between the uvula and 
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the musculus uvulae so it should be noted that the uvula simply describes the dangling structure 

in the back of the oral cavity while the musculus uvulae refers to the muscle structure at the end 

of the velum. There is also a misconception that the muscle originates in the hard palate itself, 

but it in fact originates slightly posteriorly in the palatal aponeurosis (Boorman et al., 1985; 

Kuehn et al., 1988).  

There are three identified functions of the MU. First, the MU provides bulky tissue to 

create a firmer seal of the velopharynx during VP closure (Azzam & Kuehn, 1977 Boorman et 

al., 1985). Additionally, it assists the LVP muscle in retracting and elevating the velum to the 

posterior pharyngeal wall by stiffening and extending the velum (Kuehn et al., 1988; Inouye et 

al., 2016). Kuehn et al. found that the MU and LVP coactivate during speech and swallowing 

(1988.) In a computational study of the musculus uvulae variability, Inouye et al. found that the 

musculus uvulae can create VP closure without the LVP involved in instances where the LVP 

muscle is not functioning at full capacity (2016). There is no known data about the musculus 

uvulae in the 22q population 

Submucous Cleft Palate 

 Submucous cleft palate (SMCP) is a palatal abnormality associated with 22q (Ryan et al., 

1997). A cleft that occurs at the level of the palatal muscles beneath the oral mucosa is 

considered a submucous cleft palate. SMCP can occur in classic and occult forms (Schenk et al., 

2021). Classic SMCP is characterized by bifid uvula, presence of a zona pellucida, and notching 

in the posterior portion of the hard palate Occult SMCP, in contrast, is a cleft in the same 

location with diastasis in the intravelar portion of the LVP with at least one of the above of the 
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characteristics of classic SMCP. Secondarily, hypoplastic or absent MU and short palate are 

characteristics of SMCP (Schenk et al., 2021). 

3D MRI   

3D MRI is an attractive method for imaging the VP mechanism. This technology allows 

for observation of the VP complex in its entirety which gives it an advantage over the two-

dimensional (2D) slices obtained in traditional MRI, X-Ray, or CT scan (Bae et al., 2011). 3D 

imaging is particularly beneficial for studying VP closure because the soft tissue muscles can be 

visualized in vivo and the movements of those muscles during swallowing can be observed 

simultaneously from the initiation of closure to its completion (Witt et al., 2000; Perry et al., 

2015). It is important to note that the movement of muscles are only observable in MRI when the 

participant is not sedated which is a new feature of 3D MRI study of the 22q population (Kollara 

et al., 2017). MRI is also a less intrusive and easily repeatable means to study the VP anatomy 

which is clinically relevant when imaging pediatric subjects and those that might otherwise be 

averse to other imaging techniques like nasendoscopy which can be uncomfortable for pediatric 

participants (Kao et al., 2008; Perry et al., 2014). 
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PURPOSE 

No studies to date have examined the musculus uvulae in individuals with 22q. The 

purpose of this study was to 1) determine if MRI can be used to visualize the musculus uvulae in 

individuals with 22q 2) provide quantitative and qualitative data on the musculus uvulae in 

individuals with 22q using advanced three-dimensional computer technology. It was 

hypothesized that the musculus uvulae in the 22q group would be hypoplastic and smaller in all 

dimensions than the musculus uvulae in the control group.  
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METHODS 

Participant Information 

Participants were recruited for this study upon approval of the study protocol from two 

insitutions (Kollara et al., 2019). 13 participants (8 with 22q and 5 as a control) were included for 

the study. The mean age for total participants was 9.22years (SD = 1.60). The mean age for the 

control group was 8.48 years (SD = 1.84) and the mean age for the 22q group was 9.68 years 

(SD = 1.57). Exclusion criteria for the group with 22q include evidence of an overt cleft palate, a 

medical history of cleft palate repair or VP surgery, additional genetic diagnoses, no less than six 

months post adenoidectomy or tonsillectomy. Exclusion criteria for the control group were a 

history of genetic syndromes, clefting, craniofacial anomalies, or abnormal velopharyngeal 

anatomy determined by an oral mechanism examination (Kollara et al., 2019). Resonance was 

rated by two experienced speech language pathologists on a four-point scale (0-3).  
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Table 1 Participant Demographics 

  

PARTICIPANTS AGE SEX RESONANCE 

RATING 

(0=NONE, 

1=MILD) 

NOTES 

C1 10.05 male None(0) - 

C2 9.10 female None(0) - 

C3 8.05 female None(0) Asymmetric 

LVP sling 

C4 6.08 male None(0) none 

C5 9.11 female None(0) none 

S1 10.11 female None(0) LVP is higher 

on the extravelar 

right than left 

S2 9.04 male None(0) Disconnected 

intravelar 

portion of LVP 

sling 

S3 6.01 male Mild 

hypernasality(1) 

Velum deviation 

to the left 

S4 8.07 female Mild 

hypernasality (1) 

- 

S5 12 female None(0) - 

S6 8.09 female Mild 

hypernasality(1) 

LVP thicker on 

the right 

extravelar 

portion 

S7 10.09 female None(0) - 

S8 8 female Mild 

hypernasality(1) 

Zona pellucida 

and notching. 

Thin LVP with 

disconnected 

intravelar 

portion 
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MRI Protocol 

Participants were scanned non-sedated in the supine position, using a Siemens 3 Tesla 

Trio (Erlangen, Germany) MRI scanner with a 12-channel Siemens Trio head coil. Behavioral 

modifications were made to ensure the comfort of the participants using an MRI simulator. The 

MRI simulator presented the sounds and included a motion sensor so the researcher could guide 

the par to be still. This was an effective way to acclimate the participant and determine whether 

the participant was able to tolerate the machine protocol. The participants who were able to 

tolerate the MRI scanner were brought into the real MRI scanner room where they were able to 

explore the space for 3-5 minutes. A parent/guardian was able to stay in the room for the entire 

scanning protocol. An investigator communicated to the participant through headphones for the 

entire scan. In addition, each participant was allowed to listen to their choice in music or watch a 

pre-selected movie. These modifications are particularly important when scanning participant 

with 22q because there is increased risk for psychiatric conditions such as claustrophobia and 

schizophrenia associated with the syndrome (Philip & Bassett, 2011; Kollara et al., 2017). They 

were instructed to breathe through their nose with their mouth closed. This breathing style 

ensures the velum is relaxed in a lowered position (Perry, 2019). A velcro strap and cushions 

were placed around the head above the nasion to minimize motion during the scan. SPACE 

(Sampling Perfection with Application optimized Contrasts using different flip angle Evolution), 

which is a high- resolution, T2-weighted turbo-spin-echo three-dimensional anatomical scan, 

was used to obtain a large view of the oropharyngeal anatomy (25.6 x 19.2 x 15.5 cm) with .08 

mm isotropic resolution. The acquisition time is less than five minutes (4 minutes 52 seconds), 

echo time is 268 milliseconds, and repetition time is 2.5 seconds (Perry et al., 2013).  
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Amira Software Protocol 

The images acquired from the scans were uploaded to Amira 6 Visualization Volume 

Modeling software (Thermo Fisher Scientific, Waltham, Massachusetts). Voxels on successive 

oblique coronal slices displaying the musculus uvulae were highlighted using the paintbrush tool. 

These voxels were combined to create a voxel set and segmented as the musculus uvulae surface 

model (Perry et al., 2019). Qualitative and quantitative measurements were made using the 3D 

reconstructions. The quantitative measures included total muscle volume, muscle length, vertical 

thickness, muscle diameter, and horizontal width. The measures were selected based on 

comparable studies in the literature. Qualitative variations of the muscle were noted on both 

sagittal and oblique coronal image planes. 

Total muscle volume was measured on the muscle surface model using the volumetric 

tool. The muscle length was measured from the distance from the most anterior point to the most 

posterior point on the sagittal view. Vertical thickness of the muscle was measured as the most 

superior to most inferior point on the sagittal view. Horizontal width of the muscle was measured 

as the horizontal distance at the greatest width on the oblique coronal/axial view. The muscle 

diameter was measured as the thickness of the muscle on the transformed oblique coronal MRI 

scan. The velar thickness was measured on the midsagittal view as the distance from the velar 

knee to the oral surface of the velum.  
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Figure 1 Measures on the MU surface model 
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Statistical Analysis 

Descriptive statistics are displayed in Table 2. Mann-Whitney U tests were used to assess 

the differences between the control and clinical groups due to non-normally distributed data. A 

p-value of <.05 was considered to be statistically significant. 
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RESULTS 

All participants in the control group displayed a musculus uvulae. In 3 out of the 8 

children in the 22q group, the musculus uvulae was found to be absent. As such, statistical 

analysis included only the five participants from the 22q group that had a musculus uvulae. Of 

the four participants who had mild hypernasality, two displayed a musculus uvulae and two did 

not.  

Qualitative Findings 

The musculus uvulae was observed on the oblique coronal view of the MR images to be a 

dark approximate circle surrounded by light band of fatty tissue above the center of the intravelar 

portion of the levator veli palatini sling. Preliminary findings show that the musculus uvulae is 

hypoplastic and smaller in vertical and horizontal dimensions in children with 22q. It is not 

consistently present across all participants with 22q. When viewing the musculus uvulae in the 

22q group, the dark portion was viewed as less massive than in the control group and off the 

midline above the levator sling. The musculus uvulae in the control group contributed more 

bulky tissue to the velum than in the 22q group. Three participants in the 22q group had SMCP. 

Two of the three were occult SMCP with no other SMCP characteristics besides the absence of a 

musculus uvulae, and one of the three had classic SMCP.  

Quantitative Findings 

The findings from this study support the hypothesis that the musculus uvulae is visible on 

MR images. Significant quantitative variations were noted across the control and clinical groups. 

Significant differences (p < 0.05) were noted for volume, length, and thickness of the musculus 
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uvulae. Specifically, the musculus uvulae was hypoplastic (23.98mm3 vs. 41.06mm3), shorter 

(7.37mm vs. 10.09mm), and thinner (2.43mm vs. 3.02mm) in children with 22q. Velar thickness 

was also found to be significantly different between groups (6.54mm in 22q group vs. 7.71mm in 

control group). The decrease in thickness of the velum may in part be due to the hypoplasticity of 

the musculus uvulae. No statistically significant differences were found in the horizontal width 

or muscle diameter between the two groups. 
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Table 2 Results 

Variables Mean (Standard Deviation) Significance 

 
Control 22q 

MU Volume (mm3) 41.07 (3.8) 23.98 (0.48) .08 

U= 25.0 

MU Length (mm) 10.09 (1.3) 7.37 (1.6) .032 

U= 23.0 

Vertical thickness 

(mm) 

3.03 (0.28) 2.44 (0.02) .008 

U=25.0 

Horizontal Width 

(mm) 

3.25 (0.45) 3.27 (0.12) 1.0 

U=12.5 

MU diameter (mm) 2.45 (0.33) 2.53 (0.09) .69 

U=10.0 

Velar thickness(mm) 7.71 (0.31) 6.55 (0.87) .032 

U=22.5 
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Figure 2 Midsagittal MRI comparison  
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Figure 3 Oblique Coronal MRI Comparison 
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DISCUSSION 
 

MRI Feasibility  

3D MRI technology was successful in visualizing the musculus uvulae in this study. 3D 

MRI is the most effective method of visualizing and quantifying VP musculature to date (Perry 

& Kuehn, 2007; Bae et al., 2011, Perry et al., 2014; Kuehn, 2016; Kollara et al., 2017; Mason & 

Perry, 2017).  

The first method of studying VP muscles was dissection and histology which allowed for 

thorough examination of the muscles and their make up, but it excluded in vivo study of the 

structures (Azzam & Kuehn, 1977; Kuehn, 2016).  Simple radiologic imaging methods, such as 

X-Ray and CT scans have been used to study speech anatomy, but this technology primarily 

displays bony anatomy without delineating soft tissue structures, such as VP musculature (Bae et 

al., 2011). The most commonly utilized clinical tools for visualizing the VP anatomy are 

nasendoscopy and multi-view videofluoroscopy. They are, however, unable to visualize 

underlying muscle such as the musculus uvulae (Perry et al., 2014). MRI allows for the 

visualization of soft tissue anatomy and underlying muscle tissue as in the LVP and MU (Bae et 

al., 2011; Kuehn; 2016; Kollara et al., 2017). It is especially preferable for measuring those 

muscles because it can display the VP mechanism from the oblique coronal view (Bae et al., 

2011; Perry et al., 2014; Kollara et al., 2017). MRI is also the only methodology for objectively 

identifying an absent musculus uvulae (Mason & Perry, 2017). Previous methods of identifying 

MU dysmorphology included the observation of a flat nasal velar surface on nasopharyngoscopy 

or a ‘V-shaped’ depression on the nasal surface of the velum on videofluoroscopy (Lewin et al., 
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1980; Kuehn et al., 1988; Inouye et al., 2016). 3D MRI allows for definitive identification of 

musculus uvulae absence as well as objective MU measurements. Perry et al. developed the 3D 

MRI protocol for evaluating VP anatomy that is used in this study (2014).  

Results Compared to the Literature 

In this study, the musculus uvulae was analyzed in children with and without 22q on MRI 

and 3D visualization software. While there are no studies to compare measures taken from 

children with 22q, there was a study measuring the musculus uvulae in adults with and without 

cleft palate using the same technology (Perry et al., 2019). Measures from the control group of 

this study can be compared to the adults studied by Perry et al. (2019). The location and shape of 

the musculus uvulae on the oblique coronal view of the MRI scans were consistent with the 

description provided in the Perry et al. study published in 2019. The mean volume of the 

musculus uvulae in the control group (41.06mm3) was approximately half of the mean volume of 

the musculus uvulae in typical adults (97.62mm3) (Perry et al. 2019). The mean length of the 

muscle in the control group (10.09mm) was found to be approximately two thirds of the length 

of the muscle in adults (16.07mm) from that same study. Further investigation should be 

conducted to study whether there is a growth pattern associated with the musculus uvulae that 

can correlate to these findings.  

Submucous Cleft Palate in Participants 

Out of the eight participants in the 22q group, three presented with SMCP. One child had 

a classic SMCP. Two participants presented with occult SMCP. The child with the classic SMCP 

was observed to have a zona pellucida and bony notching along the midline of the hard palate 
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upon oral mechanism examination. On the oblique coronal slice of the MRI data, the child 

displayed a missing musculus uvulae. The first child with occult SMCP displayed a normal sling 

on the MRI and an absent MU. The second child with occult SMCP displayed asymmetrical 

thickness of the extravelar portions of the LVP and an absent MU. The absence of the musculus 

uvulae in three out of eight the children with 22q is consistent with the findings of Schenk et al. 

who found that four out the five children with submucous cleft palate lacked a musculus uvulae 

(2021).  

Musculus Uvulae Contribution to VP Closure   

Under normal conditions, the MU has three functions including occupying space during 

VP closure, modifying velar stiffness, and extending the velum during speech and swallowing 

(Azzam & Kuehn, 1977; Kuehn et al., 1988; Inouye et al., 2016). With abnormal MU anatomy, 

increased difficulty in VP closure is observed (Inouye et al., 2016). This can be especially 

exasperated in individuals whose closure pattern is dependent on longitudinal contraction, such 

as coronal, circular, and circular with a Passavant’s ridge (Kummer et al., 2012; Inouye et al., 

2016). 

In a study of individuals with classic and occult SMCP, Lewin et al. identified that people 

whose only displayed a hypoplastic or missing musculus uvulae have a 4mm or lessgap in the 

VP port during phonation which yielded hypernasal speech (1980). Croft et al. (1978) also 

observed hypernasal speech in subjects with only MU dysmorphology, identified by a midline 

depression in the velum. VP dysfunction and hypernasal speech was related to missing or 

hypoplastic MU in the 3D computational model study from Inouye et al. (2016). In this study, 

there was not a clear correlation between the absence of the MU and increase in hypernasal 
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speech. This is likely to due to the small sample size of the study. Additional participants with 

more severe hypernasality scores will be included in following studies. 

 

Velopharyngeal Surgery 

  Several studies concerning the MU suggest the surgical practice of adding either fat, 

muscle, or artificial implant for patients with absent or hypoplastic MU to compensate for the 

lack of bulk in the velar midline which has been found to contribute significantly to VP closure. 

Kuehn et al. (1988) recommended muscle tissue transfer as opposed to fat or implant because of 

the important stiffening and extending functions of the MU, not just its space occupying function 

(1988). Inouye et al. (2016) highlighted that several VP surgeries do not allow for MU 

reconstruction or the general preservation of longitudinal intrinsic velar muscle which limits the 

velum’s extension such as the Z-plasty procedure. The present study has confirmed the 

hypoplasia and absence of the MU in the 22q population so surgical considerations should be 

made in terms of preserving longitudinal muscle and bulk in the velum.  

Limitations 

The small sample size is a limitation of this study. Given the paucity in the literature 

concerning musculus uvulae in children and the confirmation from this study that the musculus 

uvulae in children is visible on this technology, further investigation should be conducted in 

larger sample sizes to confirm these preliminary results.  
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CONCLUSION 

The MU plays an important role in enhancing the efficacy of VP closure (Sumida et al., 

2014). This study provides preliminary data on the musculus uvulae in children with and without 

22q. Assessment of the MU and LVP muscle using MRI and 3D technology sheds additional 

insight on the pathophysiology of VPD in 22q. It is evident that children with 22q exhibit 

significant variations in their speech muscles, which negatively impacts speech production, 

Therefore, it is important that we examine the musculus uvulae and characterize its contributions 

to speech resonance in this clinically challenging population.  
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