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Morphological variation of the velum in children and adults using magnetic resonance imaging

Katelyn J. Kotlarek(®®', Abigail E. Haenssler®', Kori E. Hildebrand(®', Jamie L. Perry(®'*

'Department of Communication Sciences and Disorders, East Carolina University, Greenville, NC, USA

ABSTRACT

Purpose: The purpose of this study was to investigate variations in velar shape according to age, sex, and race using
magnetic resonance imaging (MRI).

Materials and Methods: The study sample consisted of 170 participants (85 children, 85 adults) between 4 and
34 years of age. Velar morphology was visually classified using midsagittal MRI scans for each participant by 2
independent raters. Inter- and intra-rater reliability was assessed. Statistical analyses were performed to identify
correlations of velar shape with sex, age, and race.

Results: The most frequent velar shape was “butt” for both adults (41%) and children (58%) in this study. The least
common shapes for adults were “leaf” and “S.” The children did not exhibit any “leaf”” or “straight” velar shapes. A
statistically significant difference was noted for age with respect to velar shape (P =0.014). Sex and race were found to
have no significant impact on velar shape in this study.

Conclusion: When using MRI to evaluate velar morphology, the “butt” shape was most common in both children and
adults. Velar shape varied significantly with age, while race and sex did not have a significant impact. (Imaging Sci

Dent 2019; 49: 153-8)
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Introduction

The velum, or soft palate, is a muscular structure locat-
ed immediately posterior to the hard palate and contained
within the pharynx. The posterior and lateral pharynge-
al walls, in conjunction with the velum, form a muscular
valve called the velopharyngeal port. The primary function
of this muscular valve is to close off the oral cavity from
the nasal cavity during oral speech tasks and swallowing.
Anatomical deficiencies, such as cleft palate, are known to
cause velopharyngeal insufficiency, or the inability of the
velopharyngeal mechanism to completely close off the oral
cavity from the nasal cavity. The literature has shown that
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velar shape may be pertinent to patient health and well-be-
ing, specifically relative to obstructive sleep apnea (OSA)'
and oral submucous fibrosis.>”

You et al.° established a qualitative classification system
to describe the shape of the velum across 200 participants
ranging from 5 to 48 years old using cephalometric imag-
es.’ Participants were classified as having the following 6
distinct velar shapes: “straight,” “rat-tail,” “crook,” “S,”
“butt,” and “leaf.” The “rat-tail” and “butt” shapes were
more common in men than women, and the “crook” shape
was only observed in the pediatric (<18 years of age)
population. In contrast, adults were more likely to have a
“leaf”-shaped velum. Growth of the velum as children ma-
ture is believed to be the reason why certain shapes occur
more often in adults.® However, because the age group of
young children included participants from 5 to 18 years of
age, it is difficult to draw conclusions regarding age effects
within the sample analyzed by You et al®

Additional studies have applied qualitative velar clas-

sifications to analyze lateral cephalograms."*’'* For the
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majority of these studies, the most common velar shape
was “leaf,” and no significant difference in shape was re-
ported based on sex or age."””'*'” Praveen et al."" also
found no significant difference in velar shape according to
sex, but determined that the “rat-tail” shape was most com-
mon among both males and females. However, Kumar and
Gopal8 and Verma et al."* found the most common shape
to be “leaf,” with a strong correlation with sex and/or age
groups. Across the literature, variability exists regarding
the impact of sex and age on velar morphology.

Agrawal et al.'® and More et al."” utilized the classifica-
tion system from You et al’ to analyze velar morphology
using computed tomography (CT) images. This imaging
technique has the advantage of providing a true midsagittal
image without the potential for interference from adjacent
anatomy (e.g., the mandible), as would be seen with lateral
cephalometry. Agrawal et al.'® found that the morphologi-
cal differences between the velar shape of male and female
participants were not significant, but velar shape varied
significantly across age groups, which ranged from 15 to
45 years of age in 5-year increments. The most common
shape found in that study was “rat-tail.”'® On the contrary,
More et al."” found the morphology of the velum to show a
nonsignificant association with age, and the most common
shape was “butt.” Both studies'®"” found no significant re-
lationship with sex.

The prevalence of specific velar shapes has been shown
to vary across regional groups within India and China.
In the central Madhya Pradesh population of India, the
most common shape was “rat-tail.”'® Within a north In-
dian sub-population, the most common velar shape was
“leaf.”®'" Niu et al."’ completed a similar investigation
within a normative Chinese population and also found
“leaf” to be the most common shape. Research has shown
that craniofacial and velopharyngeal dimensions vary
based on race across African-American, Asian, and Cauca-
sian individuals."®

To the best of our knowledge, race-, age-, and sex-based
effects on velar shape have not been controlled within the
same study, which may contribute to a greater reported

occurrence of one velar shape over another. In addition,
cephalometric imaging produces a sagittal image that can
be masked by adjacent and overlapping anatomy (e.g., the
mandible) and is sensitive to head rotation, which can make
assessments of velar shape less reliable than when CT or
magnetic resonance imaging (MRI) are used. MRI offers
the advantage of a single, midsagittal image plane with
higher image resolution than radiographic imaging meth-
ods. Selecting the midsagittal image allows the examiner
to modify the slice selection to remove the effect of head
rotation on the data. Although radiographic methods have
previously been utilized due to cost-effectiveness and ease
of use,'”> MRI provides better contrast of muscular and soft
tissue structures than radiological imaging assessments,
which may reduce the high level of variability observed
in the literature on velar morphology.19 To the best of our
knowledge, this is the first study to use MRI to describe the
shape of the velum. The purpose of this study was to inves-
tigate the morphological variation of the velum using MRI
across different age, sex, and racial groups.

Materials and Methods

In accordance with the local Institutional Review Boards,
170 participants were recruited for participation in this
study. Participants were excluded if they had a history of
previous surgery or a medical condition affecting their
head and neck anatomy. There were 85 adult participants
between 18 and 34 years of age and 85 child participants
between 4 and 18 years of age. The participants varied in
terms of both sex (83 male, 87 female) and race (80 Cau-
casian, 52 African-American, 32 Asian, 2 Hispanic, and
3 interracial). Using a Siemens 3 Tesla Trio (Erlangen,
Germany) and a 12-channel Siemens Trio head coil, a
high-resolution T2-weighted turbo-spin-echo 3-dimension-
al (3D) anatomical scan with high sampling efficiency was
completed with the participants lying in the supine posi-
tion without sedation. To ensure that the velum was in a
relaxed and lowered position, participants were instructed
to breathe through their nose with a closed mouth. A large

Table 1. Velar shape configurations and definitions, as described by You et al.®

Shape Definition

Leaf the medial portion of the velum is thicker than the posterior potion of the velum

Rat-tail the size of the velum is consistent from the anterior to the posterior portion, gradually narrowing to a point
S the velum is distorted from the hard palate to the uvula and contains two bends

Butt the length of the velum is consistent with a blunt end

Crook the velum appears to have a crook that hooks anteriorly and superiorly

Straight the velum is thin in size with a straight-line shape
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field of view (25.6 X 19.2 X 15.5 cm) was covered with an
0.80 isotropic resolution in 4 minutes and 52 seconds. This
imaging sequence has been described in the previous litera-
ture. !

The MRI data was transferred into Thermo Scientific™
Amira™ Software (Thermo Fisher Scientific, Waltham,
MA, USA). This software has a native Digital Imaging
and Communication in Medicine support program that
preserves the natural geometric configuration of the imag-
es. To visualize the velum, the 3D data were sliced along
a midsagittal plane. All midsagittal MRI scans were ran-
domized and then rated blindly by 2 raters to establish in-
ter-rater reliability. Intra-rater reliability was assessed by
the primary rater performing a re-evaluation at an interval
of 3 weeks between ratings. The 6 velar shape configura-
tions described by You et al.® were utilized in this study, as
described in Table 1.

Statistical analyses were conducted using SPSS version
25.0 IBM Corp., Armonk, NY, USA). An analysis of vari-
ance (ANOVA) was used to determine the significance of
differences in velar shape based on sex, age, and race. In-
ter-rater and intra-rater reliability measures were obtained
using the intra-class correlation coefficient to determine
the consistency of measurements between raters and for
the primary rater. Estimates were based on a 2-way random
model with a 95% confidence interval.

Results

The frequency of velum shapes across groups is pre-
sented in Table 2. Using an ANOVA, a statistically sig-
nificant difference was noted for age (F (1, 158)=6.146,

Katelyn J. Kotlarek et al

P=0.014). No significant difference was observed for sex
(F(1, 158)=1.407, P=0.237) or race (F (4, 158)=0.458,
P=0.766). Adults presented with all 6 shapes, with the
majority having with a “butt” (41.2%) or “crook” (30.6%)
shape (Fig. 1). Children did not present with any cases of
a “leaf” or “straight” velar shape (Fig. 2). Instead, chil-
dren typically presented with a “butt” (57.6%) or “rat-tail”
(28.2%) velum. The distribution of velar shapes across
both adults and children is visually depicted in Figure 3.
With respect to sex, a “butt” shape was predominant in
both males (54.2%) and females (44.8%). No males dis-
played a “leaf” shape, and no females had an “S” shape. In
the analysis based on race, a “butt” shape was predominant

Butt Crook

Straight

Fig. 1. Midsagittal magnetic resonance images of adults show all
6 morphological categories of velar shape. The velum is outlined
in white to emphasize its shape and to differentiate it from the sur-
rounding structures.

Table 2. Frequency of velum shapes based on groups and results of ANOVA

Test for group
Group Subgroups Leaf Rat-tail Butt Crook Straight differences
F P-value
Sex Male (n=83) 0% 18.1% 1.2% 54.2% 22.9% 3.6% 1.407 237
Female (n=287) 1.1% 322% 2.3% 44 8% 19.5% 0%
Age Child (4-18 years) 0% 28.2% 24% 57.6% 11.8% 0% 6.146 014%*
(n=285)
Adult (18-34 years) 1.2% 22.4% 1.2% 41.2% 30.6% 35%
(n=285)
Ethnicity Caucasian (n = 80) 0% 25.0% 0% 55% 18.8% 1.2% 458 766
African American 1.9% 192% 3.8% 53.8% 17.3% 3.8%
(n=52)
Asian (n=32) 0% 37.5% 0% 28.1% 34.4% 0%
Hispanic (n=2) 0% 0% 0% 100% 0% 0%
Interracial (n=3) 0% 33.3% 33.3% 33.3% 0% 0%

*P<0.05, T ANOVA
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Rat-tail S

Butt Crook

Fig. 2. Midsagittal magnetic resonance images of children show 4 morphological categories of velar shape. The velum is outlined in white to
emphasize its shape and to differentiate it from the surrounding structures. The “leaf” and “straight” shapes are not shown because there were
no instances of these types within the sample of children analyzed in this study.

in the Caucasian (55.0%), African American (53.8%), Inter-
racial (33.0%), and Hispanic (100%) participants. The “rat-
tail” shape was predominantly present in the Asian popu-
lation (37.5%). Inter-rater reliability ranged from 0.639 to
0.785, indicating good reliability between raters. Intra-rater
reliability ranged from 0.673 to 0.807, indicating good reli-
ability between repeated measures.

Discussion

You et al.® suggested the likelihood of velar shape being
specific to age. The findings of the present study support
the hypothesis that velar shape shows significant differ-
ences according to age. The children within this study
were more likely to have a “butt” or “rat-tail” velar shape,
whereas adults were more likely to have a “butt” or “crook”
shape. In contrast, You et al.’ reported that the “crook”
shape only occurred in children, while adults were more
likely to have a “leaf”’-shaped velum. Changes in velar
shape are likely due to growth of the velum as children
mature. Previous studies have reported that growth led to
increased velar length and velar thickness.”*** These ana-
tomical changes likely result in the presence of certain ve-
lar shapes in adults.

Ratings using the categorization of velar shape developed
by You et al.® demonstrated good inter- and intra-rater re-
liability in the present study. The highest inter-rater agree-
ment was for ratings of the “crook” velar shape, which
could be attributed to this shape having the most distinc-
tive feature (a hook-like appearance at the end of the velar
body). The velar shape configurations with the lowest fre-
quency in this study were the “leaf” and “straight” shapes.
This finding was consistent with respect to both inter- and
intra-rater reliability.

Although the results of the present study demonstrat-
ed good reliability using the classification of You et al.’

further analysis is necessary to determine the clinical sig-
nificance of velar shape and which anatomical variables
impact velar shape. Specifically, future research should
determine whether velar shape is correlated to the velopha-
ryngeal closure pattern. This is of clinical interest for indi-
viduals with cleft palate, as secondary surgical intervention
techniques for velopharyngeal dysfunction are typically
selected based on the length and movement of the velum
relative to the lateral pharyngeal walls. You et al © proposed
that surgical failure of primary palatoplasty may result
from variation in velar tissue morphology. A preliminary
assessment of 15 participants with cleft palate showed that
the “butt” shape was predominant within this population,
whereas the “lanceolate” (“leaf””) shape was most predom-
inant in the non-cleft population.' The “butt” shape was
predominant among the adult and child participants in the
present study, none of whom had cleft palate. In the fu-
ture, the velar shape of individuals with cleft palate should
be analyzed, controlling for race, sex, and age and using
a larger sample size. The normative values found in this
study should be compared to specific clinical populations,
such as individuals with OSA or cleft palate.

Pepin et al.” reported that a “hooked” or “S-shaped” ve-
lum predicted a higher risk of OSA, while Deepa et al.!
reported a higher prevalence of a “lanceolate” (“leaf”)
shaped palate with a longer velum in individuals with
OSA. Research has shown that the prevalence of OSA inc-
reases with advancing age, male sex, and higher body mass
index.** The population prevalence has been estimated to
be between 9% to 38%.** In contrast, the prevalence of
sleep-disordered breathing was found to be 1.5% in ele-
mentary school children aged 5-7.% In the present study,
the combined prevalence of “leaf,” “crook,” and “S” shapes
was lower in children (14%) than in adults (33%), which
might partially explain why OSA is more common in adults
than in children. The present study did not assess whether
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Fig. 3. Pie charts depicting the distribution of each velar shape category in adults (A) and children (B).

participants had signs or symptoms of OSA, which is a lim-
itation. Future research should employ a larger sample size
to investigate velar morphology among participants diag-
nosed with OSA.

Age was a significant predictor of velar morphology in
this study, in agreement with other repor“[s.m’16 A group of
participants between 4 and 34 years of age was utilized to
capture a period of increased skeletal growth, while en-
compassing both child and adult participants. Utilization
of only 2 groups (children and adults) is a limitation of the
present study. The literature on this topic has found age to
be a significant predictor of velar shape when participants
were divided into age groups spanning 5 years,”"*'® but not
when divided into age groups spanning 10 years.'>"” Future
research should analyze groups of participants at each age
to determine which ages are associated with changes in ve-
lar morphology. It is reasonable to believe that the greatest
morphological change of the velum may take place during
puberty. Consideration should be given to following partic-
ipants longitudinally to determine how velar shape changes
over time within the same individual.

To our knowledge, this is the first investigation of velar
morphology using MRI. The previous literature on this
topic has employed radiographic methods. MRI is typical-
ly performed with the participant in the supine position, as
was done in this study, while radiographic imaging meth-
ods are performed with the participant in the upright po-
sition. Previous literature has shown that gravity does not
influence the resting velar position or the degree of eleva-
tion and retraction of the velum during speech; results have
demonstrated that differences due to posture are likely neg-

lig:{ible.%’27 However, neither of those studies specifically

analyzed changes in velar shape. Future research should in-
vestigate changes in velar morphology secondary to chang-
es in body positioning to determine whether gravity has an
impact on velar shape.

In conclusion, our study was the first to utilize MRI to
study velar morphology in both adults and children. In both
of these groups, the most frequent velar shape was “butt.”
The least common shapes in the adult group were “leaf”
and “S.” None of the children exhibited “leaf” or “straight”
velar shapes. Velar morphology varied significantly with
age, while race and sex did not have a significant impact.
Future research should analyze velar morphology in par-
ticipants with repaired cleft palate and/or OSA, as well as
implementing a longitudinal study design.
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