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Effective Velopharyngeal Ratio: A More
Clinically Relevant Measure
of Velopharyngeal Function
Abigail E. Haenssler,a Xiangming Fang,b and Jamie L. Perrya
Purpose: Velopharyngeal (VP) ratios are commonly used
to study normal VP anatomy and normal VP function.
An effective VP (EVP) ratio may be a more appropriate
indicator of normal parameters for speech. The aims of
this study are to examine if the VP ratio is preserved across
the age span or if it varies with changes in the VP portal
and to analyze if the EVP ratio is more stable across the
age span.
Method: Magnetic resonance imaging was used to analyze
VP variables of 270 participants. For statistical analysis, the
participants were divided into the following groups based
on age: infants, children, adolescents, and adults. Analyses
of variance and a Games–Howell post hoc test were used
to compare variables between groups.
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Results: There was a statistically significant difference
(p < .05) in all measurements between the age groups.
Pairwise comparisons reported statistically significant
adjacent group differences (p < .05) for velar length, VP
ratio, effective velar length, adenoid depth, and pharyngeal
depth. No statistically significant differences between
adjacent age groups were reported for the EVP ratio.
Conclusions: Results from this study report the EVP ratio
was not statistically significant between adjacent age
groups, whereas the VP ratio was statistically significant
between adjacent age groups. This study suggests that the
EVP ratio is more correlated to VP function than the VP
ratio and provides a more stable and consistent ratio of
VP function across the age span.
S ubtelny (1957) suggested the use of a quantitative
ratio to determine the potential for velopharyngeal
(VP) anatomy to achieve adequate closure during

speech. The VP ratio was calculated at rest using velar
length, measured as the length of the velum from the poste-
rior border of the hard palate to the tip of the uvula, and
the pharyngeal depth, measured from the posterior border of
the hard palate to the posterior pharyngeal wall or adenoid
pad. VP ratios aim to assess VP function and VP compe-
tence during speech. Specifically, the VP ratio was estab-
lished as a means to predict if the velum will be able to
overcome the VP gap to separate the oral and nasal cavities
during oralized speech production. This mechanism is essen-
tial in maintaining proper oral-to-nasal resonance balance
during speech. The VP ratio was proposed to be a useful
tool in surgical planning for individuals with cleft palate.
More specifically, individuals presenting with VP ratios
outside of the normative range were said to likely have
VP insufficiency (VPI) and require future surgeries. VP ratios
have been calculated as pharyngeal depth divided by velar
length (D’Antonio et al., 2000; Lu et al., 2006; Perry et al.,
2019; Rodrigues da Silva et al., 2017; Schendel et al., 1979;
Simpson & Austin, 1972; Subtelny, 1957; Wu et al., 1996)
but, in recent literature, are more typically calculated as velar
length divided by pharyngeal depth (Hoopes et al., 1969;
Ma et al., 2013; Mishima et al., 2008; Nakamura et al.,
2003; Perry et al., 2018; Satoh et al., 2002; Tian & Redett,
2009; Tian, Yin, Li, et al., 2010; Tian, Yin, Redett, et al.,
2010). VP ratios have been calculated using a variety of
imaging modalities including cineradiography, lateral cepha-
lograms, and magnetic resonance imaging (MRI).

Children with normal anatomy have been reported
to present with VP ratios (velar length/pharyngeal depth)
ranging from 1.2 to 1.7 (Mishima et al., 2008; Satoh et al.,
2002; Tian, Yin, Li, et al., 2010), whereas adults with normal
anatomy have been shown to have VP ratios ranging from
1.2 to 2.86 (Hoopes et al., 1969; Perry et al., 2018; Satoh
et al., 2002; Tian & Redett, 2009; Tian, Yin, Redett, et al.,
2010). Several studies (Ma et al., 2013; Mishima et al., 2008;
Perry et al., 2018; Satoh et al., 2002; Tian, Yin, Li, et al.,
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2010) have observed VP ratios that are well outside of this
normative range among individuals with repaired cleft palate
who have normal speech. This suggests that the VP ratio
may not be able to differentiate those with and without
VPI. Using age- and race-matched groups, Tian, Yin, Li,
et al. (2010) observed that the VP ratio could not differen-
tiate children with VPI and those who had normal speech.
This questions whether VP ratios can accurately be used
to determine if the VP anatomy is adequate for VP func-
tion. Based on similar observations among adults with
repaired cleft palate, Perry et al. (2018) raised the question
of whether the VP ratio alone can accurately explain accept-
able VP function for speech.

If the VP ratio is essential to maintaining normal
VP function, it would likely be a variable that would remain
unchanged throughout growth despite changes in the vocal
tract in order to preserve normal VP function. The length
of the velum, used to calculate the VP ratio, is reported to
increase in length across the age span. Jeans et al. (1981)
reported a velar length growth spurt around 13 years of
age. Perry et al. (2019) reported a later growth spurt with
girls displaying a modest and steady increase in velar length
with age, while boys reached peak velar length at 16 years
of age. The rapid growth spurt in velar length suggests that
the VP ratio would be significantly impacted by growth
and a highly variable ratio across the age span. This fur-
ther supports that the VP ratio may not be a stable ratio
to be used clinically when assessing children across the
age span.

The effective length of the velum, first described by
Calnan (1961) and Mason (1969), was described as the
amount of tissue that fills the distance between the poste-
rior border of the hard palate and the posterior pharyngeal
wall. The effective velar length was estimated by identify-
ing the velar dimple during intraoral inspection (Mason &
Grandstaff, 1971). Tian and Redett (2009) described the
use of the effective velar length measure obtained at rest
from static MRIs to calculate an effective VP (EVP) ratio.
The authors argued that the EVP ratio at rest may be a
more appropriate indicator of normal parameters for speech
compared to the VP ratio using the full length of the velum
because the EVP is related to the region of the velum that
is most critical during speech. As described by Tian and
Redett, MRI is the only imaging modality to view the
effective velar length at rest when the velar knee is not
elevated during speech. This is because MRI allows for a
precise in-plane measure of the distance from the posterior
nasal spine to the center of the levator veli palatini muscle.
The center of the levator veli palatini muscle is presumed
to be precisely aligned with where the bend of the velum
would occur during phonation. Both VP and EVP ratios
are designed to be captured at rest because they represent
the potential of the velum for achieving VP closure during
speech. For these reasons, MRI is the only tool that can
be used to calculate the EVP ratio because other imaging
modalities cannot visualize the levator veli palatini muscle.

If the EVP ratio were to be more related to VP func-
tion, as suggested by Tian and Redett (2009), then we would
expect to see that, with growth, this variable remains un-
changed and is relatively stable. The aim of this study is
to compare the VP and EVP ratios across a wide age range
to determine if the EVP ratio is more stable. We hypothe-
size that the EVP ratio would remain unchanged and show
minimal differences through growth. It is expected that
such insights might be used clinically to determine if an in-
dividual’s anatomy is adequate to achieve VP closure and
therefore predict VP function. The EVP ratio can also be
used for surgical planning in individuals with cleft palate
to ensure adequate VP function postsurgery.

Method
Participants

In accordance with the institutional review board,
participants were recruited to participate in the study using
flyers throughout the local community. Participants were
recruited between the ages of 4 months and 35 years old as
part of multiple studies related to VP variables (Perry et
al., 2014). Individuals were excluded from the study if they
reported a history of craniofacial, musculoskeletal, neuro-
logical, and hearing disorders or presented with abnormal
resonance as rated by a single speech-language pathologist
as part of the patient screening before their involvement in
the study.

To increase enrollment for age ranges with fewer par-
ticipants, 43 participants were selected from the National
Institute of Mental Health Data Archive. The selected par-
ticipants were part of the National Database for Autism
Research and part of the Adolescent Brain Cognitive Devel-
opment (https://abcdstudy.org) studies. Participants from
the database included 21 children listed as normal control
participants and 22 children with a diagnosis of autism
spectrum disorder. Speech recordings were not part of the
database, and thus, resonance was not assessed formally
on these participants. However, those included were children
that were found to be healthy and without clinical diagno-
sis (with the exception of diagnosis of autism), neurological
conditions, or anatomic abnormalities that might be related
to possible hypernasality.

A total of 270 participants were enrolled in the study.
The participants were divided into four groups: infants
(ages 4–23 months), children (ages 4–9 years), adolescents
(ages 10–19 years), and adults (ages 20 years and older).
Males and females were included in all groups. Participants
included the following racial groups: White, Black, Asian,
and Interracial (i.e., individuals reporting two or more
races). Sex and race effects were not the primary aim of
the study due to unequal enrollments. The demographics
of the participants are presented in Table 1.

MRI and Image Analysis
All participants were scanned using MRI methods

that have been previously described (Perry et al., 2014).
Participants were scanned without the use of sedation or
contrast medium. The individuals were imaged across
Haenssler et al.: Effective Velopharyngeal Ratio 3587



Table 1. Participant demographics.

Group n Sex Caucasian African American
Other (Asian,

Hispanic, Interracial)

Infant (4–23 months) 40 M–20
F–20

16
12

4
6

0
2

Child (4–9 years) 119 M–60
F–59

47
43

11
12

2
4

Adolescent (10–19 years) 30 M–13
F–17

8
12

0
3

5
2

Adult (20 years and older) 81 M–38
F–43

14
15

15
14

9
14

Note. M = male; F = female.
different MRI sites using comparable imaging sequence
parameters. All participants were imaged in the supine po-
sition with their velum at rest during nasal breathing.

Digital Imaging and Communications in Medicine
raw data were imported into Amira 5.4.0 Visualization
Volume Modeling Software (Thermo Fisher Scientific).
Amira has a native Digital Imaging and Communications
in Medicine support program that enables the preservation
of the original geometry of the data. The MRI data were
analyzed on the midsagittal plane for the linear measure-
ments. The midsagittal plane was selected based on the
visibility of the fourth ventricle, the velum at midline, and
the genu of the corpus callosum (Ettema et al., 2002). The
VP measures of interest included velar length, effective
velar length, pharyngeal depth, and adenoid depth. These
values were acquired to calculate and report VP and EVP
ratios. The VP ratio was calculated as velar length divided
by pharyngeal depth. The EVP ratio was calculated as
effective velar length divided by pharyngeal depth. Measure-
ments are described in Table 2 and displayed in Figure 1.

Statistical Analysis
A three-way analysis of variance was conducted to

investigate the differences across age groups controlling for
race and sex effects and using robust standard errors to
account for heterogeneous variances. Although race and
sex were not the focus of the study, they were included as
Table 2. Description of variables.

Variable Description

Pharyngeal depth Linear distance (mm) from PNS to PPW or aden
Velar length Linear distance (mm) from the posterior nasal s

midsagittal image
VP ratio Calculation obtained from dividing velar length
Effective velar length Linear distance (mm) from the posterior border

muscle insertion into the velum as seen on t
EVP ratio Calculation obtained from dividing effective vel
Adenoid depth Linear distance (mm) along the palatal plane fro

of the adenoid

Note. PNS = posterior nasal spine; PPW = posterior pharyngeal wall; VP

3588 Journal of Speech, Language, and Hearing Research • Vol. 63 •
fixed factors for the analysis given the known race and
sex effects on variables used in this study. Levene’s test
of equality of variances showed variables with unequal
variances. As a result, a Games–Howell post hoc test was
performed to assess differences in variables between the
age groups.

A primary and secondary rater with experience in MRI
data analyses randomly selected and remeasured 108 par-
ticipants (40%). Inter- and intrarater reliability were calcu-
lated using SPSS 26.0 (IBM Corp.). Intraclass correlation
coefficient estimates and their 95% confident intervals were
calculated based on a two-way random model. The VP var-
iables of velar length and effective velar length were mea-
sured to examine inter- and intrarater reliability. Intrarater
reliability using an intraclass correlation coefficient for
velar length was .988, indicating excellent reliability. Inter-
rater reliability for velar length was .902, indicating excellent
reliability. For the variable effective velar length, intrarater
reliability was .930, indicating excellent reliability. Interra-
ter reliability for effective velar length was .675, indicating
moderate reliability.
Results
After adjusting for race and sex effects, there was a

statistically significant difference between groups for all
VP measurements and calculated VP ratios. Results from
Reference image

oid pad as seen on the midsagittal image Figure 1A
pine to the tip of the uvula as seen on the Figure 1A

by pharyngeal depth
of the hard palate to the point of levator
he midsagittal image

Figure 1A

ar length by the pharyngeal depth Figure 1A
m the adenoid pad to the posterior end Figure 1B

= velopharyngeal; EVP = effective VP.
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Figure 1. (A) Midsagittal view showing the pharyngeal depth, effective velar length (solid line), and total velar length (dotted line and solid line
combined that extends to the uvula). (B) Midsagittal view showing the adenoid depth.
the analysis of variance, used to determine growth patterns,
are presented in Table 3. A statistically significant differ-
ence between groups was reported for pharyngeal depth,
F(3, 263) = 42.583, p < .001; velar length, F(3, 263) = 116.776,
p < .001; adenoid depth, F(3, 263) = 19.328, p < .001; effec-
tive velar length, F(3, 263) = 33.492, p < .001; VP ratio,
F(3, 263) = 4.751, p < .003; and EVP ratio, F(3, 263) = 5.901,
p < .001.

Means and standard deviations for the VP ratios and
the VP variables used to calculate the ratios are presented
in Table 3. Velar length increased throughout the age span
from the infant (20.27 ± 3.32) to child (27.63 ± 4.17), to
adolescent (30.98 ± 5.10), and to adult (34.85 ± 4.79) groups.
Games–Howell post hoc analysis revealed a statistically
significant mean difference for velar length between the in-
fant and child groups of 7.26, p = .001; between the child
and adolescent groups of 3.29, p = .010; and between the
adolescent and adult groups of 4.04, p = .002. Pharyngeal
depth increased from the infant (11.43 ± 4.46) to child
(17.80 ± 4.79), to the adolescent (21.45 ± 4.62) group. A
Table 3. Means and standard deviations of variables and results of analys

Variable

Group
M (SD)

Infants (n = 40) Child (n = 119) Adole

Pharyngeal depth 11.43 (4.46) 17.80 (4.79)
Velar length 20.27 (3.32) 27.63 (4.17) 3
VP ratio 2.08 (0.94) 1.70 (0.69)
Effective velar length 8.58 (1.46) 12.07 (2.43)
EVP ratio 0.89 (0.43) 0.74 (0.30)
Adenoid depth 11.36 (4.38) 9.66 (5.49)

Note. Measurements are listed in millimeters, with the exception of velop

*p < .05. **p < .01.
slight decrease in pharyngeal depth was noted between the
adolescent (21.45 ± 4.62) and adult (20.92 ± 4.14) groups.
Games–Howell post hoc analysis revealed a statistically
significant mean difference for pharyngeal depth between
the infant and child groups of 6.31, p = .001, and between
the child and adolescent groups of 3.30, p = .001. No sig-
nificant mean difference was reported between the adolescent
and adult groups. Adenoid depth decreased throughout the
age span from the infant (11.36 ± 4.38) to child (9.66 ± 5.49),
to adolescent (6.96 ± 5.49), and to adult (5.18 ± 3.88) groups.
Games–Howell post hoc analysis revealed a statistically
significant mean difference for adenoid depth between the
child and adolescent groups of −3.87, p = .001. Effective ve-
lar length gradually increased from the infant (8.58 ± 1.46)
to child (12.07 ± 2.43), to adolescent (13.12 ± 3.32), and to
adult (13.72 ± 3.46) groups. Games–Howell post hoc analy-
sis revealed a statistically significant mean difference for
effective velar length between the infant and child groups
of 3.39, p = .001. The Games–Howell post hoc analysis re-
sults are presented in Table 4.
is of variance.

F (3, 263) p valuescents (n = 30) Adults (n = 81)

21.45 (4.62) 20.92 (4.14) 42.583 < .001**
0. 98 (5.10) 34.85 (4.79) 116.776 < .001**
1.51 (0.42) 1.73 (0.42) 4.751 .003*

13.12 (3.32) 13.72 (3.46) 33.492 < .001**
0.63 (0.19) 0.67 (0.19) 5.901 .001*
6.96 (5.49) 5.18 (3.88) 19.328 < .001**

haryngeal (VP) ratio measures. EVP = effective VP.

Haenssler et al.: Effective Velopharyngeal Ratio 3589



Table 4. Games–Howell post hoc comparisons among groups.

Dependent variable
Mean difference between

infant and child (SE)
Mean difference between
child and adolescent (SE)

Mean difference between
adolescent and adult (SE)

Velar length 7.26* (0.65) 3.29* (0.99) 4.04* (1.04)
VP ratio −0.33* (0.12) −0.11 (0.08) −0.22* (0.08)
Effective velar length 3.39* (0.29) 1.28 (0.56) 0.41 (0.64)
EVP ratio −0.12 (0.05) −0.06 (0.03) 0.02 (0.03)
Adenoid depth –1.67 (0.85) –3.87* (0.91) −0.77 (0.87)
Pharyngeal depth 6.31* (0.75) 3.30* (0.83) 0.30 (0.85)

Note. VP = velopharyngeal; EVP = effective VP.

*p < .05.
Two VP ratios were calculated using the VP vari-
ables. The changes in the VP ratios across the age span
are visualized in Figure 2. The VP ratio ranged from 0.73 to
4.66 in the infant group, 0.94–3.09 in the child group,
0.89–2.68 in the adolescent group, and 1.1–2.43 in the
adult group. The EVP ratio ranged from 0.40 to 2.12 in
the infant group, 0.35–2.22 in the child group, 0.25–1.2 in
the adolescent group, and 0.43–1.35 in the adult group
(see Table 5). The means and standard deviations for the
VP ratio changed between the infant (2.08 ± 0.94), child
(1.70 ± 0.69), adolescent (1.51 ± 0.42), and adult (1.73 ±
0.42) groups. Games–Howell post hoc analysis revealed
a statistically significant mean difference for the VP ratio be-
tween the infant and child groups of −0.33, p = .009, and
between the adolescent and adult groups of −0.22, p = .029.
No statistically significant mean difference was reported
between the child and adolescent groups (p = .464). The
EVP ratio changed throughout the age span between the
infant (0.89 ± 0.43), child (0.74 ± 0.30), adolescent (0.63 ±
0.19), and adult (0.67 ± 0.19) groups. No statistically sig-
nificant mean difference was reported between the infant
and child groups (p = .088), child and adolescent groups
Figure 2. Graph to display changes in velopharyngeal (VP) ratio
(dotted line) and effective VP (EVP) ratio (solid line) across the
age span.
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(p = .313), and adolescent and adult groups (p = .917) for
EVP ratio.
Discussion
According to Mazaheri et al. (1994), the factors that

contribute to VP closure are the following: the depth and
width of the nasopharynx; length, function, and posture
of the velum; and movement of the lateral and posterior
pharyngeal walls. Therefore, velar length and pharyngeal
depth are important determinants of normal VP function.
Results from this study indicated the VP ratio varies across
the age span with changes in the VP portal. Consistent with
previous literature (Jeans et al., 1981; Perry et al., 2018,
2019), this study shows that pharyngeal depth and velar
length increase with age while adenoid depth decreases.
Changes in the VP portal throughout the age span, such as
the increase in pharyngeal depth, decrease in adenoid depth,
and increase in velar length, are important in maintaining
normal VP ratios (Perry et al., 2019).

The mean values for VP ratio among age groups
ranged from 1.51 to 2.08 in this study, with all participants
presenting with normal anatomy and resonance. Previous
literature has reported children with normal anatomy pres-
ent with mean VP ratios ranging from 1.2 to 1.7 (Mishima
et al., 2008; Satoh et al., 2002; Tian, Yin, Li, et al., 2010).
The mean value for VP ratios for the child (1.70) and adoles-
cent (1.51) groups in this study are consistent with previous
literature. Mean VP ratios for adults with normal anat-
omy have been reported to range from 1.2 to 2.86 (Hoopes
et al., 1969; Perry et al., 2018; Satoh et al., 2002; Tian
& Redett, 2009; Tian, Yin, Redett, et al., 2010). This is
Table 5. Ratio ranges among groups.

Ratio
Infants
(n = 40)

Child
(n = 119)

Adolescents
(n = 30)

Adults
(n = 81)

VP ratio 0.73–4.66 0.94–3.09 0.89–2.68 1.1–2.43
EVP ratio 0.40–2.12 0.35–2.22 0.25–1.2 0.43–1.35

Note. VP = velopharyngeal; EVP = effective VP.
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consistent with the findings in this study, which reports the
mean value for VP ratio of adults to be 1.73.

This study also analyzed the EVP ratio across the
age span. We hypothesized that the EVP ratio would be
a value that would remain relatively unchanged, showing
minimal differences through growth. The change in the
EVP ratio was not statistically significant between adjacent
age groups, indicating the ranges of the EVP ratio for each
age group were consistent across the age span. Unlike the
change in velar length, which was reported to be statistically
significant between all age groups, the change in effective
velar length was only statistically significant between the
infant and child groups. This suggests that the effective
velar length, the section of the velum that spans from the
posterior nasal spine to the velar eminence during oral
speech sound production, does not experience a large in-
crease in growth following childhood.

In this study, the EVP ratio was not statistically sig-
nificant between adjacent age groups, while the VP ratio
was statistically significant between adjacent age groups.
Therefore, the VP ratio changes significantly more across
the age span in comparison to the EVP ratio. Ma et al.
(2013) also analyzed the VP ratio and EVP ratio across
three age groups, consisting of individuals with cleft palate.
Consistent with this study, Ma et al. reported that the
EVP ratio did not significantly change across the three age
groups. However, it was reported that the VP ratio also
did not significantly change across the age groups. This
contrasts with this study and may be due to the difference
in the participants and the known anatomical differences
between the groups.

The changes in the VP ratios across the age span were
visualized to compare the trends between the two variables.
The VP ratio and EVP ratio both change throughout the
age span. However, the EVP ratio remains more constant
throughout the age span and changes at a slower rate than the
VP ratio. The EVP ratio is therefore more stable through-
out the life span, particularly from childhood ages onward.
This may indicate that the EVP ratio is likely correlated
to VP function as compared to VP ratio. Tian and Redett
(2009) assessed multiple ratio measurements to evaluate
the VP mechanism and reported that the EVP ratio was the
only predictor with statistical significance for VP compe-
tence. Specifically, the EVP ratio was a better predictor of
maximum velar posterior displacement during speech pro-
duction in comparison to the VP ratio. Tian and Redett
hypothesize that a longer effective velar length would in-
crease the length of the portion of the velum used during
VP closure. Therefore, the length of the effective velar
length and the VP ratio would influence VP competence.

Clinical Implications
Findings from this study support the use of the EVP

ratio instead of the VP ratio. VP ratios are commonly used
to evaluate normal VP anatomy and normal VP function.
The EVP ratio uses the effective velar length, which is the
most important part of the velum that serves as the point of
contact against the posterior pharyngeal wall, contributing
to VP competence. Using the effective velar length to cal-
culate the EVP ratio could be used to predict if an individ-
ual is likely to present with VPI, especially in children with
cleft palate. Kotlarek et al. (2020) reported that individ-
uals with VPI displayed a statistically significant smaller
EVP ratio in comparison to individuals with noncleft anat-
omy and individuals with cleft palate and VP competence.
Perry et al. (2018) reported that the effective velar length
was similar in both individuals without cleft palate and
individuals with cleft palate and normal resonance. The
similarity may be due to the amount of posterior placement
of the levator sling during the cleft palate repair. Therefore,
the appropriate repositioning of the muscle is critical in
achieving normal VP function. Using the EVP ratio as pre-
dictor for VP function may help assist in determining proper
placement of the levator during primary palatoplasties or
a palate re-repair for VPI to improve VP closure and reduce
the likelihood of VPI.

Study Limitations
A limitation of this study is the unequal sample sizes

across the four age groups. Future studies should aim for
equal enrollments across racial groups due to the known
racial effects on VP variables. An additional limitation to
the study was the inclusion of participants with a diagnosis
of autism spectrum disorder. It is unknown if VP variables
are different in those with autism spectrum disorder. This
study represents cross-section growth patterns that may be
different from a longitudinal data analysis.

Conclusions
This study suggests that the EVP ratio is more corre-

lated to VP function than VP ratios and is a variable that
is relatively stable throughout the life span. Specifically, the
EVP ratio remains stable as a means to ensure normal
VP function despite growth in the surrounding VP structures.
Future research should examine if EVP ratios are similarly
stable in those with cleft palate who present with normal
speech.
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