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Abstract

Objective—Magnetic resonance imaging studies of the levator veli palatini muscle have used
small numbers of subjects and have not consistently controlled for sex, race, or age. The purpose
of this study was to conduct a structural assessment using a large homogeneous sample to examine
the sex differences in the levator muscle morphology.

Methods—Thirty white adult subjects (15 men and 15 women) were imaged using a 3 Tesla
MRI system. A high-resolution SPACE (sampling perfection with application-optimized contrasts
using different flip-angle evolution) sequence was used to acquire images of the velopharyngeal
anatomy. Levator muscle measurements were obtained.

Results—Men displayed significantly greater levator extravelar segment length (P = .003),
levator intravelar segment muscle length (P <.001), greater distance between levator insertion
points (P <.001), and greater angles of origin (P=.008) compared with women. There was no
statistically significant variation between men and women in the distance between points of origin
at the base of the skull.

Conclusions—This study provides normative data to improve understanding of levator
dysmorphology such as that in cleft palate muscle anatomy. Results of the study demonstrate
significant differences between white men and women across several levator muscle measures.
Variations in the relative size of the cranium or height of the individual were not proportionate to
the variations observed in the levator muscle.
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Advances in magnetic resonance imaging (MRI) have enabled a substantial growth in the
current understanding of the velopharyngeal structures and functions. Prior to the use of
MRI, studies of the levator veli palatini (levator) muscle were restricted to anatomic
dissection and histology. Although these studies have provided a basis for examining muscle
tissue composition and morphology, they are limited because these methods are destructive
in nature to the tissue and surrounding structures. MRI is the only imaging modality that
provides visualization of the levator muscle in vivo (Kuehn et al., 2001).

Numerous studies have examined the effectiveness of using MRI for assessing the structure
and function of the levator muscle among adults with normal anatomy (Ettema et al., 2002;
Tian and Redett, 2009; Bae et al., 2011; Perry, 2011; Perry et al., in press-a), adults with
repaired cleft palate (Ha et al., 2007), children and infants with normal anatomy (Tian et al.,
2010c; Perry et al., 2011; Perry et al., in press-b), children and infants prior to cleft palate
repair (Tian et al., 2010b), and children after cleft palate repair (Kuehn et al., 2004; Perry et
al., 2011). Studies have examined traditional image planes including sagittal, oblique, and
axial (Akguner et al., 1998; Ozgiir et al., 2000; Kane et al., 2002; Beer et al., 2004; Atik et
al., 2008; Kao et al., 2008; Drissi et al., 2011; Silver et al., 2011).

The levator muscle courses from the base of the skull anteriorly, medially, and inferiorly
into the body of the velum and can only be visualized in its total length from an oblique
coronal image plane. Analysis of the levator muscle using MRI in the oblique coronal image
plane is critical in understanding the velopharyngeal mechanism. Studies have examined the
oblique coronal image plane (e.g., Kuehn et al., 2001; Ettema et al., 2002; Kuehn et al.,
2004; Ha et al., 2007; Tian and Redett, 2009; Tian et al., 2010a, 2010b; Tian et al., 2010c;
Bae et al., 2011; Perry, 2011; Perry et al., 2011).

The velopharyngeal mechanism is a complex system involving several muscles and bony
structures. The levator muscle plays the largest role in velar elevation and retraction during
oral speech productions. The levator muscle is significantly altered in position and
orientation in a child born with cleft palate, but normative data on the geometry and size of
this muscle across race, sex, and age are not available to provide information on healthy
controls. Normative data is essential to understanding the complexity of abnormal anatomy,
such as that in children born with cleft palate. Numerous studies have demonstrated the
impact of race, sex, and age on the bony craniofacial and velopharyngeal structures (e.g.,
Chung et al., 1985; Chung et al., 1986; Yuen et al., 1989; Liu et al., 2000; Simpson, 2001;
Ettema et al., 2002; Johannsdottir et al., 2004; Yeong and Huggare, 2004). Because the
velopharyngeal musculature is attached to these bony structures, it is reasonable to assume
that significant differences exist as a function of age, race, and sex. MRI studies thus far
have not controlled for age, race, and sex to determine the interaction among variables
during a structural analysis of the levator muscle morphology. In addition, studies within a
single race have had at most 12 subjects and often contain uneven male to female
comparisons. The purpose of the current study was to conduct a structural assessment using
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a large homogeneous sample to examine the sex differences in the levator muscle
morphology.

Studies of the velopharyngeal mechanism with emphasis on the levator muscle have varied
in the type of imaging method used, number of subjects, sex, race, and selected age ranges.
Ettema et al. (2002) used a 1.5 Tesla system and two-dimensional (2D) image sequences to
examine the levator muscle structure among 10 adult subjects (five men and five women)
between 21 and 53 years of age with normal anatomy. Measures of the levator muscle
included the muscle length, distance between muscle origins, angles of origin, and muscle
thickness. Results of the study demonstrated a nonsignificant effect on the muscle
dimensions as a function of sex. A nonsignificant trend was noted in which men had larger
measurements in the levator muscle dimensions. Bae et al. (2011) performed the
measurements on a similar set of subjects with the use of a 3 Tesla system using three-
dimensional (3D) sequences. The authors noted numerous benefits to using 3DMRI analyses
on a 3 Tesla MRI system for sampling the levator muscle. Comparisons between the five
white men and five white women demonstrated a significant difference in regard to muscle
length in that men had longer levator muscle bundles compared with female subjects.
Ettema et al. (2002) and Bae et al. (2011) examined sex differences after controlling for race
(white).

Tian et al. (2010c) examined similar measures as Bae et al. (2011) and Ettema et al. (2002);
however, the study did not aim to compare differences between men and women. Rather, the
study compared data from 12 Chinese adults (five men and seven women) to data from nine
Chinese children with normal anatomy. Adults demonstrated larger craniofacial and
velopharyngeal structures compared with children. Ratios (e.g., anterior and posterior
cranial base angles) at rest, however, were not significantly different between the groups.
Perry et al. (in press-a) used MRI and 3D computer modeling to measure the levator muscle
dimensions. Data (muscle length, thickness, and circumference measures) were obtained on
10 men of similar age (range, 20 to 32 years) and race (white). The levator muscle bundle
length measure was divided into extravelar (muscle bundle running from origin to the point
where it enters the velum) and intravelar (portion of the muscle contained within the velum)
segments. Results demonstrated that the extravelar levator muscle length was consistent
across individuals. However, the intravelar levator muscle segment was variable in muscle
diameters and circumference across individuals. It was hypothesized that the extravelar
segment may be more uniform across subjects due to its primary function in velar elevation
as opposed to the intravelar segment (Perry et al., in press-a). Because intravelar levator
muscle segments were sparse and irregular, they were hypothesized to have a weaker force
contribution compared with the extravelar levator muscle segment.

The current study examines measures similar to those documented in previous studies, but
within a sufficiently large, homogeneous population of subjects. Group sizes were informed
by a power analysis to ensure sufficient statistical power to differentiate measures between
groups. With this study, significant sex differences in levator muscle and cranial measures in
a young adult white population can be examined.
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A power analysis (assuming equal variance, a = .05, with at least 80% power; i.e., a
sensitivity of 80% or a 20% false-negative rate) was performed using variances reported
from previous studies (Tian et al., 2010c; Bae et al., 2011; Perry et al., in press-a). It was
determined that 15 subjects per group were required to determine statistically significant
comparisons. In accordance with the institutional review board, 30 healthy subjects between
19 and 32 years of age (23.3 +4.1 years SD) were recruited to participate in the study.
Fifteen subjects were men (23.6 + 4.8 years SD) and 15 were women (22.9 + 3.3 years SD).
All subjects were white and were native English speakers. Subjects reported no history of
swallowing, neurological, craniofacial, or musculoskeletal disorders. Sex and racial
differences in craniometric measures, vocal tract dimensions, and levator muscle
morphology have been reported (e.g., Chung et al., 1985; Chung et al., 1986; Yuen et al.,
1989; Liu et al., 2000; Simpson, 2001; Ettema et al., 2002; Johannsdottir et al., 2004; Yeong
and Huggare, 2004). These reported hard tissue variations indicate that further soft tissue
variations may result from using diverse races, particularly in the area of the velopharyngeal
mechanism. For this reason, only white subjects were recruited to control for racial
influences.

All subjects were judged informally by a speech-language pathologist to have normal oral-
to-nasal resonance balance. Men were on average 176 cm in height (SD =7 cm) and 74 kg
(SD =11 kg). Women were on average 167 cm in height (SD = 7 cm) and 63 kg (SD = 10
kg). Body mass index (BMI) calculations (measured as body fat based on height and weight)
and classifications were performed using guidelines from the National Heart, Lung, and
Blood Institute (National Institutes of Health). All subjects had a BMI under 27 (23.2 + 3.1
SD). Obesity (BMI > 30) has been related to variations in the pharyngeal airway (Mayer et
al., 1996). In addition, larger individuals with very broad shoulders may have a difficult time
fitting into the MRI scanning bore, making the experimental process uncomfortable. For
these reasons, individuals with a BMI over 30 were excluded from the study.

Magnetic Resonance Imaging

Subjects were scanned in the supine position using a Siemens 3 Tesla Trio (Erlangen,
Germany) and a 12-channel Siemens Trio head coil. During the 5-minute scan, each subject
was instructed to breathe through the nose with the mouth closed. The velum was in a
relaxed and lowered position. To minimize motion during the scanning session, a hook-and-
loop—fastened elastic strap was placed around the subject’s head, passing at the level of the
nasion and fastened to the head coil. Table 1 outlines the imaging protocol used in the
present study. A high-resolution, T2-weighted turbo-spin-echo 3D anatomical scan called
SPACE (sampling perfection with application optimized contrasts using different flip angle
evolution) was used to acquire a large field of view covering the oropharyngeal anatomy
(25.6 x 19.2 x 15.5 cm) with 0.8 mm isotropic resolution with an acquisition time of slightly
less than 5 minutes (4:52). This imaging sequence has been described previously (Bae et al.,
2011; Perry et al., in press-a).
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Image Analyses

Image processing methods were consistent with previously reported methods (Perry and
Kuehn, 2007, 2009; Perry et al., 2011). In brief, magnetic resonance images were transferred
into Amira 4 Visualization VVolume Modeling software (Visage Imaging GmbH, Berlin,
Germany), which has a built-in native Digital Imaging and Communication in Medicine
(DICOM) support program. The DICOM support system enables the data to preserve their
original geometry. The 3D MRI data were resampled to obtain an oblique coronal image
plane that represented a clear view of the levator muscle from the origin to the insertion.

Quantitative measures were obtained to provide comparisons with previously reported MRI
literature regarding the levator muscle (Ettema et al., 2002; Tian and Redett, 2009; Tian et
al., 2010c, Bae et al., 2011; Perry et al., in press-a). These included entire muscle length,
extravelar muscle length, intravelar muscle length, distance between the two locations where
the levator muscle inserts into the velum, distance between origins, and oblique coronal
angles of origin. Cranial measures were included to determine whether cranial size
accounted for any observed levator muscle variations between men and women. Cranial
measures including head circumference, palate width, palate height, palate length, cranial
base measures (nasion to sella and sella to basion distance), face width, and face height
(nasion to menton) were obtained on each subject. Descriptions of these measures are
provided in Table 2 and displayed in Figure 1.

Two trained raters, one primary and the other secondary, viewed the images in Amira to
determine the coronal plane for reslicing and the reference locations for measures. The
primary and secondary raters both have experience in measuring the structures of interest in
this study. Prior to data collection, both raters made independent measurements using a
previous dataset and then compared measurements to make clear definitions of the
measurement boundaries. The primary and a secondary raters randomly selected and
remeasured data from 12 subjects (40% of the subjects) 3 months after the first measures
were obtained. Interrater and intrarater reliability measures were obtained using the Pearson
product moment correlation (a = .05). Intrarater reliability ranged from r = .89 tor =.95
across the measures. Interrater reliability ranged from r = .80 to r = .94, with the lowest
reliability (r = .80) for measures of the angles of origin.

Statistical Treatment

In order to control for errors based on multiple comparisons, a Hotelling T-square test was
used to compare the effect of sex on six levator muscle measures. A Bonferroni correction
was used to determine the significance of multiple two-sample t tests to assess each of the
six muscle variables. The right and left muscle bundles showed small differences (from 0.1
mm to 1.2 mm); therefore, the right and left measures were combined to create a mean
value. Perry et al. (2011) suggested that head circumference may be related to muscle
measures. A regression analysis was conducted to evaluate the effect of head circumference
(as an indicator of the size of the subject’s head) on the muscle morphology.
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RESULTS

The Hotelling T-square test (Srivastava, 2002, p. 109) was used to determine whether there
was a sex difference on the six muscle variables. The value of the test statistics was 6.415,
the numerator degrees of freedom was 6, and the denominator degrees of freedom was 23.
The P value for this method was .004, indicating a very significant sex difference with
respect to the six variables measured. In order to gain further insight, two-sample t tests
were conducted for each variable (Table 3). Even though these tests are for different
characteristics, a very conservative Bonferroni level of significance (0.008) was used for
each individual test. All characteristics showed statistically significant sex differences
except for the distance between muscle origins. The mean for men minus the mean for
women was used in the calculation; therefore, the positive values for the test statistics
indicate that male measurements are larger than female measurements. The levator muscle
length was measured to determine the overall length (mean of right and left levator muscle
length) and to determine the extravelar and intravelar levator muscle lengths. The intravelar
levator muscle length represents the entire portion of the muscle within the velum and is
denoted as a single value. Extravelar segment lengths were obtained on the right and left
muscle bundles and combined to create a mean value.

Comparisons between men and women demonstrated statistically significant differences
between certain measures (Table 3). Results indicated a significant difference between men
(49.4 £ 4.1 mm SD) and women (43.0 £ 2.9 mm SD) in the overall muscle length (P <.
001). The levator muscle length for men is significantly longer compared with women
(Table 3). Because male subjects are generally larger than the female subjects, using the
characteristic of head circumference as an indicator for head size, a regression model was
used on the six muscle measures to test the sex difference after adjusting for head
circumference (Table 4). After removing the effect of head circumference, sex effect
remained significant (P < .05; adjusted R2= 59.6%; df=2).

The levator muscle was further analyzed to evaluate the extravelar and intravelar levator
muscle segments. There was a very highly significant difference (P = .003) in the extravelar
segment lengths and intravelar segment length (P < .001) between men and women. Men
displayed significantly longer extravelar (31.5 = 3.4 mm SD) and intravelar segment
muscles (35.7 + 3.5 mm SD) compared with the extravelar (27.8 + 2.8 mm SD) and
intravelar segments for women (30.5 + 3.2 mm SD). After removing the effect of head
circumference on extravelar segment length (Table 4), sex became nonsignificant (P = .29;
adjusted RZ = 39.4 %:; df= 2). This finding suggests that extravelar segment differences
between groups is related to the head circumference (larger head = larger extravelar
segment) as opposed to sex differences. After removing the effect of head circumference,
sex differences in intravelar length remained significant (P= .037; adjusted R2= 35.6%;
df=2).

The distance between the points where the levator muscle inserts into the velum were
statistically significant (P < .001), in that men had significantly greater distance between
these two points compared with women. After removing the effect of head circumference,
sex differences were not significant (P =089; adjusted R2 = 33.2 %); df= 2). Men
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demonstrated a greater distance (58.3 £ 5.3 mm SD) between points of levator muscle origin
compared with women (54.3 £ 5.6 mm SD). However, there was no statistically significant
variation between men and women (P=.06) in the distance between points of origin at the
base of the skull. There was a significant difference (P = .008) between the oblique coronal
angle of origin measure between men (mean, 59.6°) and women (mean, 56.4°). Men
demonstrated significantly larger angles of origin compared with women.

As seen in Table 5, men demonstrated a significantly greater (P < .001) head circumference
(569.9 = 13.3 mm SD) compared with women (544.9 + 17.2 mm SD). Men had a
significantly (P=.007) wider hard palate (38.5 + 3.2 mm SD) compared with women (35.4 +
2.6 mm SD); however, there was minimal difference (P > .05) in hard palate height and
length between groups. Men demonstrated a significantly greater distance from the nasion to
sella (70.3 = 3.4 mm SD) compared with women (65.4 £4.1 mm SD). Sella to basion
measures were nearly the same between men (mean, 44.3 mm) and women (mean, 44.6
mm). Men demonstrated a significantly longer face (nasion to menton; P =.001); however,
face width was not significantly different. Although men showed larger cranial measures
(i.e., head circumference, palate width, nasion to sella distance, and face height), these
differences were proportionately not as large as those for the levator muscle. Cranial
measures in men were from 5% to 9% (mean, 6%) larger than those observed in women.
The levator muscle measures in men, however, were from 7% to 17% (mean, 11%) larger
than those observed in women. Men were, on average, 9 cm taller than the women. These
differences (5% greater measures for men) were not proportionate to the differences (7% to
17% greater measures for men) observed in the levator muscle measures.

DISCUSSION

Previous studies have used small sample sizes and have not consistently controlled for race,
sex, and age. Table 6 provides a comparison between the present study and similar studies
that have reported data related to levator muscle morphology. Studies have varied in the
number of subjects, age range, race, and group distribution. Using a power analysis, the
statistical power was compared using varied sample sizes. A power of 88% can be achieved
using groups of 15 subjects given the controlled nature of this study and the sizes of the
differences between sexes that were expected. Previous studies examining the effect of sex
on levator muscle morphology (Ettema et al., 2002; Bae et al., 2011) have used five subjects
per group, which demonstrates a power of 33%. Variations in study findings may be
attributed to these small sample sizes.

Studies have demonstrated variations in vocal tract regions including the nasopharynx and
oropharyngeal spaces as a function of age (Macho, 1986; Fitch and Giedd, 1999; Xue and
Hao, 2003). Vorperian et al. (2011) analyzed 605 head and neck images from subjects
between 0 and 19 years of age and reported nonlinear growth patterns in the vocal tract with
regions of the velopharynx showing large sex differences, particularly in length and growth
rate. Macho (1986) demonstrated significant variations particularly in the length of the
velum between selected age ranges. Studies (Table 6) using age ranges that extend across
these limits proposed by Macho (1986) may be demonstrating differences that are a result of
age effects on vocal tract shape as opposed to gender effects in the levator muscle
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morphology. The present study demonstrates a restricted age range to control for the effect
of variations in upper vocal tract shape as a function of age.

Studies have varied in the type of MRI methods used. Few MRI studies of the velopharynx
have examined the oblique coronal image plane (e.g., Kuehn et al., 2001; Ettema et al.,
2002; Kuehn et al., 2004; Ha et al., 2007; Tian and Redett, 2009; Tian et al., 2010a, 2010b;
Tian et al., 2010c; Bae et al., 2011; Perry, 2011; Perry et al., 2011). Prior to the use of 3D
MRI sequences (Bae et al., 2011; Perry et al., in press-a), 2D acquisition along the length of
the levator muscle required more time in the scanner and the levator muscle was more
difficult to locate. With 3DMRI, data acquisition and analysis are significantly improved
(Bae et al., 2011). The present study used 3DMRI scanning sequences and obtained data on
a large number of subjects to perform comparisons between the muscle morphology of white
men and women. Results of the study demonstrated significant differences between men and
women across several levator muscle measures.

The difference in the length of the levator muscle between men and women has been
previously examined and nonsignificant findings were demonstrated (Ettema et al., 2002).
Bae et al. (2011) examined five men and five women and found a nonsignificant effect of
sex on all levator muscle measures except for levator muscle length. Men had a significantly
longer levator muscle length compared with female subjects; however, the levator muscle
length was not examined for intravelar and extravelar segments. By increasing the number
of subjects (power for analyses), a significant difference was observed in the present study
in which men had significantly longer levator muscle lengths and greater angles of origin.
Values obtained in the present study are similar to those obtained from similar studies
(Table 7). The present study examined the length of the levator muscle to determine whether
these statistically significant differences were due to intravelar or extravelar segment
variations.

Perry et al. (in press-a) demonstrated among 10 white male subjects that the levator
extravelar segment was similar across individuals. More variability in the muscle diameter
and circumference was observed within the intravelar segment. The authors hypothesized a
different effect or contribution of the extravelar levator muscle segment compared to the
intravelar muscle segment. It was hypothesized that the extravelar segment may be more
uniform across subjects due to its primary function in velar elevation as opposed to the
intravelar segment (Perry et al., in press-a). Intravelar levator muscle segments were sparse
and irregular and were hypothesized to have a weaker force contribution compared with the
extravelar levator muscle segment. These hypotheses were based on a sample size of 10
white men. The findings from the present study extend these hypotheses. A significant
difference was observed in the levator muscle length between men and women. Consistent
with Perry et al. (in press-a), the present study quantitatively observed differences in the
shape of the intravelar segment. Although the length of the intravelar segment did not vary
significantly within each group (men and women), the shape of the intravelar segment was
not consistent. The fibers in the intravelar segment often were sparse and less dense (as
evidenced by muscle thickness). All subjects demonstrated a fanning out of muscle fibers
inside the velum (intravelar segment); however, some showed a greater fanning out than
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others. The intravelar segment appeared to be the region of the muscle in which variation
across individuals was observed.

The distance between the points where the levator muscle inserts into the velum was
measured and demonstrated a significant variation between men and women. Perry et al.
(2011) provided magnetic resonance images of two infants (one boy and one girl) following
primary palatoplasty and two infants without cleft palate for comparison. The male infant
(Perry et al., 2011; fig. 4, p. 501) demonstrated a broader muscle insertion, displaying a
greater distance between the insertion points of the levator bundles into the velum compared
with the other subjects. The authors suggested these variations might be related to surgical
procedures. It was suggested that a radical dissection around the hamulus might produce a
smaller distance between muscle insertion points. No studies thus far have demonstrated sex
variations in the distance between the points where the bundles insert into the velum. Given
the findings from the present study, it is possible the observations by Perry et al. (2011) may
have been related to sex variations.

Studies have observed males to have a longer and wider midface compared with females
(Macho, 1986; White et al., 2004). It was expected that males would demonstrate a
significantly greater distance between origins. The results of the present study demonstrated
a nonsignificant difference (P = .06) in the distance between muscle origin in men and
women. These variations were close to being statistically significant. A larger sample size
may be needed for this measure to determine whether the differences between men and
women are statistically significant. Men displayed significantly greater angles of origin
compared with women, which may be explained by the significantly longer levator muscle,
larger distance between origins (nonsignificant), and larger distance between muscle
insertions into the velum observed among men compared with women. The greater distance
between the insertions of the muscle into the velum is likely related to wider measures in the
velum. Subject size was significant for determination of variations between groups but may
not be sufficient in showing correlations between variables. Not all of the regression models
showed stability, which may be attributed to the smaller sample sizes. Further studies should
use larger sample sizes to determine whether these phenomena are consistent across larger
datasets.

This study serves to provide normative data for white adult muscle anatomy. As a
comparison to cleft palate anatomy, one white woman with repaired bilateral cleft lip and
palate was analyzed using the same methodology. The subject reported a history of speech
and language therapy from 3 to 10 years of age. At the time of the MRI (24 years of age),
she was determined to have normal oral-to-nasal resonance. Cranial measures were within
the mean and standard deviation of the female control group for palate width (35.9 mm),
palate height (10.3 mm), palate length (54.7 mm), nasion to sella (69.2 mm), sella to basion
(46.6 mm), and face width (119.1). The subject displayed a slightly greater face height
(112.9 mm) compared with the normative group (mean, 105.7 mm). Levator muscle length
(42.4 mm) was similar to that of the normative control group (mean, 43.0 mm); however,
variations were noted within the extravelar muscle (24.2 mm) and intravelar muscle length
(36.4 mm) compared with the normative female group (mean, 27.8 mm and 30.5 mm,
respectively). Distance between muscle origins (54.2 mm) and oblique coronal angle of
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origins (54.2°) were similar to the normative group (mean, 54.3 mm and 56.4°,
respectively). Ongoing studies in our laboratory are investigating muscle morphology in
cleft palate anatomy to determine the impact of these noted variations on speech and
resonance.

The findings from the present study may have clinical significance for individuals born with
cleft palate. During primary palatoplasty, the levator muscle is reconstructed to create a
levator sling that models normal muscle anatomy and function. However, it is not well
understood what constitutes normal anatomy given variations such as race, sex, or
craniometric morphology. The results suggest sex variations that should be explored in
normative pediatric populations. Ha et al. (2007) demonstrated that adults with hypernasal
speech also demonstrated the most variance from normal levator muscle arrangement. These
findings suggest the importance of creating a normal levator sling to facilitate adequate
velopharyngeal closure for speech. Studies on the levator muscle thus far have used small
heterogeneous sample sizes resulting in conflicting findings.

Research on levator muscle morphology to date has not separated the muscle bundle into
intravelar and extravelar segments to examine the muscle function on velar elevation. Ha et
al. (2007) observed variations in the levator muscle morphology among adults with repaired
cleft palate who demonstrated hypernasal speech compared with adults with repaired cleft
palate and normal resonance. Future studies should examine the cleft palate population to
determine whether velopharyngeal dysfunction is more likely related to variations in the
extravelar muscle segment as opposed to the intravelar segment, as hypothesized by Perry et
al. (in press-a). Primary palatoplasty is focused on dissection and reconstruction of the
intravelar levator muscle segment. It may be of clinical value to evaluate the effect of
surgical procedures on the extravelar segment as an indirect effect of intravelar dissection
and repositioning. Sommerlad et al. (1994) and Cutting et al. (1995) proposed a radical
dissection of the tensor tendon around the hamulus in order to release the tension applied to
the anterior velar portion. The effect of surgical variations to the intravelar segment on the
extravelar segment is not known.

CONCLUSION

Further MRI studies are needed to evaluate the clinical implications of these findings among
individuals with cleft palate before and after primary palatoplasty. Kuehn et al. (2004)
proposed additional questions about the fate of the muscle following surgery, which can
only be assessed in living individuals through presurgical and postsurgical MRI evaluation.
It is not known whether surgical procedures result in appropriate positioning or adequate
mass of the levator muscle or whether the muscle migrates toward a more unfavorable
position following surgery (Kuehn et al., 2004). Future studies should determine the impact
of race and age on levator muscle morphology. Data from the present study may provide
support for patient specific surgical planning based on sex. It is likely that race, age, and
craniometry are additional contributing factors that may define the muscle morphology. In
addition, these variables may be important factors in creating a functional velopharyngeal
system following primary palatoplasty.
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FIGURE 1.
Oblique coronal image displaying the measurements obtained in the present study.
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TABLE 1

Imaging Protocol for 3D MRI Scan Using 3 Tesla Scanner

Static Three-Dimensional MRI Parameters

Pulse sequence
Field of view
Repetition time
Echo time
Resolution

Length of scan

SPACE: T2 turbo-spin-echo with variable flip angle
25.6 x 19.2 x 15.4 cm3

2500 ms

268 ms

0.8 mm isotropic

4 min 52 s for 1 static image
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TABLE 2

Description of Measurements

Oblique Coronal Measures t of Levator Muscle

Muscle length

Distance of the levator veli palatini muscle from the base of the skull (origin) through the midline of the
muscle bundle to the midline insertion point in the velum. This measure was taken for the right and left
muscle bundles and calculated as a combined mean value.

Extravelar muscle length Distance of the levator veli palatini muscle from the 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. This measure was taken for
the right and left muscle bundles and combined for a mean value.

Intravelar muscle length Distance of the entire levator veli palatini muscle that is contained within the body of the velum. A single

Origin to origin

measure is obtained that represents portion of the left and right levator muscle bundles.

Distance between the two points of origin for the right and left levator muscle bundles.

Oblique coronal angle of origin ~ Angles created by the right and left muscle bundles as they descend from the base of the skull (origin to

Cranial Measures
Head circumference
Palate width
Palate height
Palate length
Nasion to sella
Sella to basion

Face width

Face height

origin line). Right and left measurements combined for a mean value.

Distance around the head measured at the point of maximal head diameter.
Distance from the free lingual gingival margin of the second molar.
Perpendicular line drawn from the palate width line to the roof of the hard palate.
Distance from anterior nasal spine to the posterior nasal spine.

Distance from nasion to sella.

Distance from sella to basion.

Bizygomatic distance as measured by the most lateral portion of the zygomatic arch as seen on a coronal
magnetic resonance image.

Distance from the menton to the nasion.
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Mean Values Obtained Across the Levator Muscle Measures (Mean + Standard Deviation) and Results of a

Two-Sample t Test to Compare Between Groups

Men Women P Value
Muscle length 49.4+41 430%29 o1
Extravelar length 31.5+34 278+28  o3*
Intravelar length 357+£35 305+32 por*
Distance between velar insertion points of muscle  26.5+23 235+23 .go1*
Origin to origin 58.3+53 543+5.6 .06
Oblique coronal angle of origin 59.6+27 56.4+40  og*

*
a <.05.
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TABLE 5

Results From a Two-Sample t Test Comparing Measures Across Men and Women; Measures (Standard
Deviations in Parentheses) Are Reported in mm

Men Women P Value

Head circumference  569.9+133 5449+172 gg01*

Palate width 385+32  354+26  gg7*
Palate height 8.8+28 8.0+28 44
Palate length 60.5+5.3 59.1+4.9 48
Nasion to sella 70.3+3.4 654 4.1 001*
Sella to basion 443+25 446+45 85
Face width 141951 123.4+4.2 35
Face height 1146+75 105759  qgo1*
*
a=.05.
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