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INTRODUCTION

Pierre Robin sequence (PRS) describes a pattern of features present in an individual 

initially caused by underdevelopment of the mandible in utero [1]. This can lead to 

other features such as glossoptosis, cleft palate, feeding and breathing difficulties, and 

failure to thrive [2]. The incidence reported varies from 1:8,500 to 1:14,000 live births [3]. 

PRS may occur in isolation, but it is part of an underlying disorder or syndrome in ap-

proximately 50% of cases [4]. It is most commonly associated with Stickler syndrome 

[5], being diagnosed in 18-35% of individuals with PRS [4,6,7].

Stickler syndrome is a connective tissue disorder that can be associated with distinc-

tive craniofacial features, eye problems, hearing impairment, mitral valve prolapse, and 

various skeletal and joint findings [4,8]. However, Stickler syndrome demonstrates wide 

variability in features leading to delayed or missed diagnoses in milder cases, even 

among individuals in the same family [8-10]. Despite variable expressivity, Stickler syn-

drome is completely penetrant. Three types of Stickler syndrome have been described 

based on collections of represented features. A diagnosis of Stickler syndrome is made 

clinically. Consensus has not been achieved on diagnostic criteria. However, non-vali-

dated criteria have been established for type 1 Stickler syndrome, which includes the 

presence of features, family history, and known pathogenic variants in autosomal 

A descriptive, prospective case study design was used to describe craniofacial, velopharyn-
geal, and speech measures of three siblings with a family history of Stickler syndrome. Two 
of the siblings had Pierre Robin sequence and cleft palate. All participants underwent na-
sometry, perceptual resonance rating, speech sound analysis, and magnetic resonance im-
aging. The child with a history of compensatory articulation errors showed notable differ-
ences in velopharyngeal function and medical history, as well as craniofacial and velopha-
ryngeal dimensions when compared to siblings without a history of these speech errors. Fur-
ther analysis of velopharyngeal and speech measures should be performed using a larger 
sample size within this population. 
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dominant genes [11].

Magnetic resonance imaging (MRI) is the only imaging mo-

dality that allows visualization of the internal musculature in 

vivo. MRI has been successfully used to describe craniofacial, 

velopharyngeal, and levator veli palatini (levator) measures in 

children. Studies have previously examined the levator mus-

cle in children with noncleft and cleft palate anatomy [12-14]. 

These MRI studies demonstrate the value of using MRI for as-

sessing velopharyngeal structures and their function and the 

potential clinical utility of MRI in improving postsurgical 

speech outcomes. However, to the best of our knowledge, no 

studies have described the use of MRI to characterize velo-

pharyngeal muscular structures in individuals with PRS [16]. 

Structural and functional investigations among this popula-

tion have been isolated to radiographic and computer tomog-

raphy studies [16-25]. A greater understanding of the anatomy 

would provide important insight into speech outcomes and 

variations among those with PRS and accompanying syn-

dromes related to velopharyngeal closure and speech. 

In this case study, we describe the speech and craniofacial 

anatomy of three siblings with a familial history of Sticker syn-

drome, two of which were diagnosed PRS and cleft palate 

(status post cleft palate repair). The purpose of this study is to 

explore potential anatomical predictors for speech outcomes, 

given that one child developed compensatory articulation er-

rors and hypernasality despite similar upbringing and diag-

noses. Relative implications contribute to further discussion 

on speech and surgical outcomes in children with PRS, par-

ticularly with a family history of Stickler syndrome.

CASE REPORTS

Methodology
In accordance with the local Institutional Review Board, three 

English-speaking, Caucasian siblings were recruited to partic-

ipate in this study. A self-reported family history was ob-

tained. A comprehensive speech evaluation was conducted 

for all participants, which included completion of the Ameri-

cleft protocol speech sample [26], perceptual resonance rat-

ing, Simplified Nasometric Assessment Procedures-Revised 

(SNAP-R) [27], and pressure-flow analysis. The Americleft 

protocol speech sample was used to assess articulation and 

consists of the American English sentence sample (repeated 

sentences), rote counting, and a two-minute conversation 

sample [26]. Perceptual resonance ratings for hypernasality 

and hyponasality were made on a 5-point and 3-point scale, 

respectively, which is consistent with the Americleft Speech 

Project protocol [26].

A Phillips 1.5 Tesla MRI scanner (Eindhoven, The Nether-

lands) and head coil were used to scan participants while ly-

ing in the supine position. The imaging protocol is consistent 

with that used in previous MRI investigations of the velopha-

ryngeal muscles [28]. An elastic strap attached to the head coil 

was used to stabilize the head during the scan to reduce mo-

tion artifact that negatively influence image quality. Partici-

pants were instructed to breathe through their nose, and im-

ages were collected at rest with the velum in a fully-lowered 

position, resting on the tongue base.

Image processing methods were consistent with previously 

reported MRI investigations [28-30]. Raw magnetic resonance 

images were transferred into Thermo ScientificTM AmiraTM 

Software (Thermo Fisher Scientific, Waltham, MA, USA), 

which includes a native Digital Imaging and Communications 

in Medicine support program to ensure that anatomical ge-

ometry is maintained. Craniofacial and velopharyngeal mea-

sures were taken from the midsagittal image. Levator dimen-

sions were taken from the oblique coronal image, which is a 

coronal image rotated to allow viewing of the levator muscle 

in its entirety. The measures selected in the present study re-

flect measures commonly reported in the literature [30-35] 

and velopharyngeal analyses using MRI [30,36-39]. Measures 

are defined in Table 1. Craniofacial landmarks and levator 

muscle locations were identified manually. 

Reliability
Pearson product moment correlation was used to obtain in-

ter- and intra-rater reliability measures. A perceptual reso-

nance evaluation was completed on all three participants by 

two speech-language pathologists with experience in cleft 

palate speech evaluation. Inter-and intra-rater reliability for 

perceptual resonance measures were excellent (r = 1.00 for 

both). Reliability was completed on one-third of all MRI mea-

surements. Inter-and intra-rater reliability ranged between 

r = 0.96 to r = 0.99. Intra-rater reliability was calculated using 

separate measurements completed by two researchers with 

experience in 3D MRI data analyses.

Family history
The family history is shown in the subsequent pedigree (Fig-

ure 1), which was created using the Proband application for 

iPad (Children’s Hospital of Philadelphia Department of Bio-

medical and Health Informatics, Philadelphia, PA). Individu-
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Table 1. Descriptions of craniofacial and velopharyngeal variables of interest

Craniofacial variables

Nasion-sella turcica Linear distance (mm) from nasion to sella turcica as seen on a midsagittal image

Sella turcica-basion Linear distance (mm) from sella turcica to basion as seen on the midsagittal image

Opithsion-basion Linear distance (mm) from opithsion to basion as seen on the midsagittal image

NSB angle Inner angle (degrees) created between the intersection of the nasion-sella turcica and sella turcica-basion reference lines as 
seen on the midsagittal image

SBO angle Inner angle (degrees) created between the intersection of the sella turcica-basion and opithsion-basion reference lines as 
seen on the midsagittal image

SN-Point B angle Angle (degrees) created at the innermost curvature from the anterior nasal spine to the crest of the maxillary alveolar 
process with sella turcica-nasion as a reference line as seen on the midsagittal image

SN-Point A angle Angle (degrees) created at the innermost curvature from chin to the alveolar process of the mandible with sella turcica-
nasion as a reference line as seen on the midsagittal image

Point A-N-Point B angle Angle (degrees) of maxilla relative to mandible as seen on the midsagittal image

ANS-basion Linear distance (mm) from anterior nasal spine to basion as seen on the midsagittal image 

Facial height Linear distance (mm) from nasion to menton as seen on as seen on the midsagittal image 

Cranial length Linear distance (mm) from front of head to back of head as seen on an axial image

Cranial width Linear distance (mm) from left of head to right of head at widest point as seen on an axial image 

Cranial index Cranial width divided by cranial length, multiplied by 100

Velopharyngeal variables

Origin to origin Linear distance (mm) between the two points of origin for the right and left levator muscle bundles as seen on an oblique 
coronal image

Levator length Distance (mm) of the levator veli palatini muscle from the base of the skull (origin) through the midline of the muscle bundle 
as seen on an oblique coronal image. The right and left muscle bundles were measured and calculated as a mean value

Angle of origin Angle (degrees) created by the line connecting the two temporal origins of the levator muscle and the line coursing through 
the levator muscle bundles as seen on an oblique coronal image. Right and left measurements were averaged for a mean 
value

Extravelar length Distance (mm) of the levator veli palatini muscle from base of the skull (origin) through the midline of the muscle bundle to 
the point where the muscle inserts into the body of the velum as seen from an oblique coronal image. This measure was 
taken for the right and left muscle bundles and averaged for a mean value

Intravelar length Distance (mm) of the levator veli palatini muscle that is contained within the body of the velum. A single measure is 
obtained that represents a portion of the left and right levator muscle bundles

Velar insertion distance Distance (mm) between the locations where the levator bundles insert into the body of the velum as seen on the midsagittal 
image

Palate length Distance (mm) from the anterior nasal spine to the posterior nasal spine as seen on the midsagittal image

PNS-incisive foramen Distance (mm) between the posterior nasal spine and incisive foramen as seen on the midsagittal image

PNS-PPW Distance (mm) between the posterior nasal spine and posterior pharyngeal wall as seen on the midsagittal image

PNS-levator Linear distance (mm) from the posterior nasal spine to the middle of the levator muscle sling where it inserts into the body 
of the velum as seen on the midsagittal image

Velar length Curvilinear line (mm) drawn in the velar midline extending from the posterior nasal spine to the tip of the uvula as seen on 
the midsagittal image

Velar thickness Perpendicular distance (mm) between the lines drawn tangent to the velar knee on the nasal side and the velar dimple on 
the oral side from the midsagittal image

Velar knee-PPW Linear distance (mm) from the velar knee to the posterior pharyngeal wall as seen on the midsagittal image 

VP ratio Velar length divided by pharyngeal depth. Pharyngeal depth refers to the distance from the posterior nasal spine and the 
posterior pharyngeal wall at the level of velopharyngeal closure as seen on the midsagittal image
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als IV:1 and IV:2 have a history of PRS with cleft palate and 

glasses. Individual IV:3, fraternal twin sister of IV:2, has glasses 

but not PRS or cleft palate. Individual III:3, biological father to 

children in generation IV, has a clinical diagnosis of Stickler 

syndrome along with a history of bilateral hip replacement 

and glasses. Individual III:2, full sister of III:3, has a clinical di-

agnosis of Stickler syndrome along with a history of a cleft pal-

ate, PRS, ankyloglossia, glasses, one seizure, unspecified knee 

surgery, and an arterial dissection. Individual III:1 was ad-

opted into the family. Individual II:2 has a clinical diagnosis of 

Stickler syndrome along with a history of PRS, retinal detach-

ment, bilateral hip replacement, glasses, and other unspeci-

fied joint issues. There was also a reported aunt of individual 

III:3 with unknown relationship who had a history of cleft pal-

ate. Individual III:4, biological mother of individuals in gener-

ation IV, and other maternal relatives have negative histories 

for PRS and/or Stickler syndrome.

Child 1
Child 1 (Individual IV:3 in Figure 1) is a 6-year, 8-month old 

female fraternal twin presenting with normal anatomy, that is, 

without PRS or Stickler diagnosis. See Table 2 for details re-

garding surgical history and demographic information. Child 

1 had articulation within normal limits and no history of 

speech therapy. Perceptual resonance rating indicated reso-

nance within normal limits with no audible nasal air emis-

sion. SNAP-R picture stimulus items yielded the following 

mean nasalance values:  Bilabials (11%), Alveolars (14%), Sib-

ilants (14%), Velars (19%), and Nasals (55%), which are within 

the normative ranges [27]. Pressure flow values for velopha-

ryngeal stimuli papa (0.006 cm2) and hamper (0.031 cm2) 

were also within normal limits.

Magnetic resonance images from the midsagittal and 

oblique coronal image planes are shown for Child 1 in Figure 

2A and D. As evident in Figure 2D, the levator muscle is seen 

as a visible U-shaped muscular sling. All craniofacial mea-

Figure 1. Pedigree of family history is shown with respect to the three children of interest in this study. All symbols follow standardized human pedigree no-
menclature [47]. Squares represent males, and circles represent females. Relationship lines are interpreted as such: single horizontal lines demonstrate a 
partnership, vertical lines demonstrate a kinship, and vertical lines connected by horizontal line above individuals represent siblings. Fraternal twins are drawn 
as vertical lines connecting to one point on the horizontal sibling line. Solid lines represent biological relationships, whereas dotted lines are not biologically 
related. 
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sures are within one standard deviation of the normative val-

ues for a Caucasian child of six years. See Table 3 for all MRI 

measurements and corresponding noncleft control measures 

by age, according to Perry et al. [40]. However, not all variables 

used in the present study have reported mean values for con-

trols without cleft palate as evident by the empty cells for cer-

tain variables in Table 3 [40].

Child 2
Child 2 (Individual IV:2 in Figure 1) is a 6-year, 8-month old 

male fraternal twin with PRS and repaired cleft palate. See Ta-

ble 2 for details regarding surgical history and demographic 

Figure 2. The top row shows the midsagittal magnetic resonance images for Child 1 (A), Child 2 (B), and Child 3(C). The bottom row shows magnetic reso-
nance images from the oblique coronal plane for Child 1 (D), Child 2 (E), and Child 3 (F). From the oblique coronal plane, the levator veli palatini muscle can be 
seen as a dark U-shaped sling.

Table 2. Surgical history and demographic information is provided for all participants

Child Gender Age (year) Weight (kg) Height (cm) BMI Diagnoses Surgical history

1* Female 6;8 32.2 130.8 18.8 Twin
Glasses

PE tubes
Tonsillectomy

2 Male 6;8 20.6 124.5 13.3 Twin PRS
Cleft palate
FTT
Glasses

Mandibular distraction
G-tube placement
PE tubes
Palatoplasty

3 Male 9;3 45.1 147.3 20.8 PRS
Cleft palate
Glasses

PE tubes
Palatoplasty

*Denotes the noncleft participant. 
BMI, body mass index; PRS, pierre robin sequence; FTT, failure to thrive; PE, pressure equalizing; G, gastronomy.

A

D

B

E

C

F
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information. At the time of this evaluation, Child 2 had devel-

opmental articulation errors (gliding of /l, r/). He also had a 

history of speech therapy for remediation of compensatory 

articulation errors, including velar backing of /t, d, n/ and 

posterior nasal fricative substitution for all sibilant phonemes 

and blends. Perceptual resonance rating indicated a mixed 

resonance (mild hypernasality and mild hyponasality) with 

occasional turbulent nasal air emission present during con-

nected speech. SNAP-R picture stimulus items yielded the fol-

lowing mean nasalance values:  Bilabials (9%), Alveolars (9%), 

Sibilants (12%), Velars (7%), and Nasals (54%), which are 

within normative range [27]. Pressure flow values for velopha-

Table 3. Craniofacial and velopharyngeal measures for all participants are shown in the table along with normative values for children by same age and race, 
according to Perry et al, 2018 [40]

Child 1 
6;8 yr

Child 2 
6;8 yr 

PRS/CPO
Control for 6 yr olda

Child 3 
9;3 yr 

PRS/CPO
Control for 9 yr olda 

Craniofacial measures

Nasion-sella turcica 56.11 58.03 57.3 (2.5) 52.00* 61.9 (3.4)

Sella turcica-basion 34.95 29.87* 33.05 (2.2) 41.55 39.1 (3.1)

Opithsion-basion 40.75 46.32 - 33.44 -

NSB angle 129.00 122.10* 127.7 (6.0) 131.80 127.4 (6.4)

SBO angle 228.50 215.00 - 213.60 -

SN-Point B angle 79.40 82.60 - 83.30 -

SN-Point A angle 89.00 85.10 - 89.20 -

Point A-N-Point B angle 12.40 2.60 - 5.60 -

ANS-basion 75.77 72.69 - 84.92 -

Facial height 94.37 89.40 90.9 (6.3) 99.32 99.9 (2.7)

Cranial length 179.24 180.68 - 176.22 -

Cranial width 143.87 143.73 - 149.32 -

Cranial index 80.27 79.55 - 84.73 -

Velopharyngeal measures

Origin-Origin 56.39 50.34 55.2 (5.9) 53.06 52.8 (4.3)

Levator length 38.35 34.93 37.4 (3.7) 38.25 40.2 (2.7)

Angle of origin 52.85 52.80 55.4 (5.4) 53.25 52.1 (3.5)

Extravelar length 53.17 45.51 - 54.50 -

Intravelar length 23.64 24.81 - 22.40 -

Velar insertion distance 26.48 21.90 - 11.96 -

Palate length 39.27 35.53 - 37.81 -

PNS-incisive foramen 30.49 24.66 - 24.54 -

PNS-PPW 18.67 15.33 20.3 (5.8) 19.03 19.5 (3.8)

PNS-levator 12.07 9.10* 12.4 (1.5) 7.04* 10.1 (1.8)

Velar length 27.65 26.25 26.0 (3.7) 25.41 28.0 (3.7)

Velar thickness 8.55 7.26 7.4 (1.6) 9.49 8.8 (1.0)

Velar knee-PPW 5.50 5.49 6.3 (2.7) 5.59* 11.0 (2.5)

VP ratio 1.48 1.71 - 1.34
aPerry et al. (2018) [40].
Not all variables within the present study have comparable mean values reported by Perry et al., 2018 [40], thus these cells are left blank. Control measures 
are italicized. All measures outside of one standard deviation of the mean for the control group are bold with*. All measures of interest are reported in 
millimeters (mm) with exceptions including NSB angle (°), SBO angle (°), angle of origin (°), and index/ratio calculations. 
NSB, nasion-sella turcica-basion; SBO, sella turcica-basion-opithsion; ANS, anterior nasal spine; PNS, posterior nasal spine; VP, velopharyngeal; PPW, 
posterior pharyngeal wall.
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ryngeal stimuli papa (0.007 cm2) and hamper (0.000 cm2) 

were also within normal limits.

Magnetic resonance images from the midsagittal and 

oblique coronal image planes are shown for Child 2 in Figure 

2 (B and E). For craniofacial measures, the sella turcica-basion 

length was more than two standard deviations under the nor-

mative control value for Child 2. Nasion to sella turcica dis-

tance, nasion-sella turcica-basion angle, and facial height 

were all within the mean and standard deviation for compari-

son children of the same age [40]. As previously mentioned, 

Child 1 and 2 are fraternal twins, however, differences of 

greater than 4 mm or degrees were noted for sella turcica-ba-

sion distance (5.08 mm), opithsion-basion distance (5.57 

mm), nasion-sella turcica-basion angle (6.9°), sella turcica-

basion-opithsion angle (13.5°), Point A-N-Point B angle (9.8°), 

and facial height (4.97 mm). The twin with PRS demonstrated 

smaller values for these dimensions. For all other craniofacial 

variables assessed, differences were within 3.90 mm or de-

grees between these two individuals. Comparison of the mid-

sagittal images (Figure 2A-C) highlights the posterior dis-

placement of the facial skeleton in Child 2. The oblique coro-

nal image of Child 2 (Figure 2E) demonstrates a cohesive leva-

tor sling that appears to be of similar thickness to that of Child 

1, however, the length of the muscle is nearly 4 mm shorter 

than that of Child 1. 

Compared to the mean and standard deviations for the 

noncleft control children of the same age [40], Child 2 dis-

played values that were smaller than the mean but still within 

one standard deviation for measures of origin-origin distance, 

levator length, angle of origin, posterior nasal spine-posterior 

pharyngeal wall distance, and velar knee to posterior pharyn-

geal wall distance. Velar thickness was greater than one stan-

dard deviation above the normative mean. The distance from 

the posterior hard palate to the insertion of the levator was 

smaller than the mean values observed in control noncleft 

participants [40]. This indicates the levator muscle is more 

anteriorly positioned in Child 2 compared to control partici-

pants of the same age. See Table 3 for all MRI measurements 

and corresponding noncleft control measures by age, accord-

ing to Perry et al. [40].

Child 3
Child 3 (Individual IV:1 in Figure 1) is a 9-year, 3-month old 

male with PRS and repaired cleft palate. See Table 2 for details 

regarding surgical history and demographic information. 

Child 3 had articulation within normal limits and no history 

of speech therapy. Perceptual ratings indicated mild hypona-

sality with no audible nasal air emission. SNAP-R picture 

stimulus items yielded the following mean nasalance values:  

Bilabials (8%), Alveolars (6%), Sibilants (10%), Velars (8%), 

and Nasals (49%), which are within normal limits [27]. Pres-

sure flow values for velopharyngeal stimuli papa (0.007 cm2) 

and hamper (0.002 cm2) were also within normal limits. 

Magnetic resonance images from the midsagittal and 

oblique coronal image planes are shown for Child 3 in Figure 

2C and F. Nasion-sella turcia distance was the only craniofa-

cial measure to be greater than two standard deviations below 

the mean. For velopharyngeal measures, levator length and 

the distance from the velar knee to the posterior pharyngeal 

wall were greater than two standard deviations below the nor-

mative mean. See Table 3 for all MRI measurements and cor-

responding noncleft control measures by age, according to 

Perry et al. [40].

DISCUSSION

Previous studies have quantified the facial skeletal morphol-

ogy of children with nonsyndromic PRS. Children with PRS 

have a proportionate retrusion of the maxilla and mandible, 

which result in a convex facial profile. Shen et al. [24] reported 

no significant difference in maxillary and mandibular length 

for children 4-7 years of age with PRS compared to those with 

isolated cleft palate. However, the authors observed mandibu-

lar length to be significantly shorter among children 10-13 

years of age [24]. Although measures in the present study were 

different from those of Shen et al. [24], this study did observe 

differences between Child 1 and 2 in the craniofacial skeleton. 

Specifically, decreased palate length, most notably from the 

posterior nasal spine to the incisive foramen, was greatly re-

duced for the two participants with PRS in the present case 

study. This suggests a retruded maxilla among those in the 

present study with a diagnosis of PRS, similar to previous find-

ings [24].

Associated comorbidities can put syndromic patients with 

cleft palate at risk for poor speech outcomes [41]. Successful 

cleft repair in individuals with PRS has been reported using 

the von Langenbeck technique at 18 months of age, however, 

long-term speech outcomes were not reported [42]. Patel et al. 

[43] found a significantly higher incidence of velopharyngeal 

insufficiency following primary palatoplasty for syndromic 

(38%) compared to nonsyndromic (16%) PRS after reviewing 

96 cases retrospectively. Of the syndromic cases, Stickler syn-
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drome was the most commonly associated condition (45% of 

syndromic cases), with 25% of these patients developing velo-

pharyngeal insufficiency [43]. It has been proposed that the 

maxillary hypoplasia in Stickler syndrome results in a smaller 

resting velopharyngeal gap, therefore explaining the lower in-

cidence of velopharyngeal insufficiency compared to others 

with syndromic PRS [44]. Of interest in the present study, both 

children with a history of cleft palate (Child 2 and 3) showed a 

more anteriorly positioned levator sling compared to both the 

child without cleft palate and PRS diagnosis and also to non-

cleft control participants reported by Perry et al. [40]. In non-

cleft anatomy, the levator muscle inserts into the middle 40% 

of the velar length [45]. An anteriorly positioned levator mus-

cle sling produces a velar eminence that yields an unfavorable 

function. To our knowledge, this is the first study to examine 

structure and positioning of the levator muscle in individuals 

with PRS and/or Sticker syndrome. Future research should 

employ a larger sample size to determine muscular position-

ing during palatoplasty and the corresponding relationship to 

speech outcomes within this population. Dynamic assess-

ment of velopharyngeal closure during speech would be criti-

cal to better understand the causes of velopharyngeal dys-

function in one child (Child 2) compared to normal resonance 

found in Child 3.

Overall, there is very little information regarding speech 

outcomes of individuals with PRS with or without Sticker syn-

drome. A retrospective review of 32 patients with Stickler syn-

drome and 45 patients with PRS resulted in competent speech 

for 73.3% of patients with Stickler syndrome and 71.4% with 

associated PRS [41]. Although Child 2 and 3 in the present 

study both had PRS and repaired cleft palate, only Child 2 de-

veloped hypernasality and compensatory articulation errors. 

We were intrigued by the variability in speech outcomes be-

tween participants in this case study and anticipated anatom-

ical differences may be present that would increase the likeli-

hood that one participant would present with hypernasality 

and a history of compensatory articulation errors. Reduced 

palate length has been reported as a possible predictor of ve-

lopharyngeal dysfunction [46]. Compensatory articulation er-

rors are known to develop as a result of velopharyngeal dys-

function. When compared to Child 3, average muscle length 

(specifically extravelar length), PNS-levator insertion, and 

pharyngeal depth were drastically reduced in Child 2. Child 2 

also had a larger velopharyngeal ratio. Although one cannot 

draw conclusions from this data set, these dimensions war-

rant further investigation into whether these characteristics 

can predict speech deficits in participants with repaired cleft 

palate, such as compensatory articulation errors and hyper-

nasality.

With a sample size of two participants with PRS and one fa-

milial comparison, conclusions cannot be drawn as to which 

craniofacial and velopharyngeal measures vary between par-

ticipants with or without PRS. This study adds to the literature 

base regarding anatomical variables of individuals with PRS 

and indicates several areas that warrant further investigation 

with a larger sample size. To our knowledge, the present case 

study is the first to examine levator muscle variables in indi-

viduals with PRS. This is an important application of craniofa-

cial and velopharyngeal measures to individuals with repaired 

cleft palate, specifically within syndromic populations. Future 

research in this area should quantify the variables included in 

this study within a greater sample size and compare to nor-

mative data to determine differences in anatomic parameters 

between these populations. Comparison between individuals 

with PRS and cleft palate only, such as that completed by Shen 

et al. [24], should be performed utilizing velopharyngeal vari-

ables to determine whether differences in skeletal morphol-

ogy influence velopharyngeal variables for those with PRS.
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