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SUMMARY

Objective: This study aimed to compare nasalance scores in three different body positions-upright, semi-upright, and supine-in healthy
individuals. Understanding the impact of gravity and body positioning on velopharyngeal function during speech can provide insights into
optimal assessment conditions, particularly in contexts like resonance disorders and velopharyngeal dysfunction surgeries.

Material and Methods: A total of 70 native Turkish-speaking participants aged 20-52 were included. Nasalance scores were measured
using a Nasometer II in three positions: supine, semi-upright, and upright. The assessment involved three speech passages representing oral,
oronasal, and nasal phonetic contexts. Data were examined through Friedman tests and Wilcoxon signed-rank tests with Bonferroni
corrections to identify significant differences between positions.

Result: Significant differences in nasalance scores were observed in nasalance scores between the supine and semi-upright positions
across all phonetic contexts (p<.001). The upright position also exhibited notable differences compared to the supine position in oral and
oronasal passages, suggesting that posture affects nasalance scores.

Conclusion: Body positioning significantly influences nasalance scores in healthy individuals. The results suggest that speech
assessments and decisions regarding velopharyngeal dysfunction surgeries should consider the body position to ensure functional and
reliable results, particularly in clinical settings where upright posture might better represent natural speech production conditions.

Keywords: Nasalance, Resonance Disorders, Body Position, Gravity

SAGLIKLI BIREYLERDE DiK, YARI-DIK VE SIRTUSTU POZISYONLARDAKI NAZALANS SKORLARININ
KARSILASTIRILMASI

OZET

Amag: Bu ¢alismanin amaci, saglikli bireylerde dik, yari-dik ve sirtiistii olmak iizere ti¢ farkli viicut pozisyonundaki nazalans skorlarimi
karsilastirmaktir. Konusma sirasinda velofaringeal fonksiyon iizerinde yergekimi ve viicut pozisyonunun etkisini anlamak, 6zellikle rezonans
bozukluklar: ve velofaringeal disfonksiyon ameliyatlar1 gibi baglamlarda optimal degerlendirme kosullarma dair i¢gériiler saglayabilir.

Gere¢ ve Yontem: Calismaya 20-52 yas araliginda, ana dili Tiirk¢e olan toplam 70 katilimci dahil edilmistir. Nazalans skorlari,
Nazometre II kullanilarak sirtiistii, yari-dik ve dik pozisyonlarda dl¢iilmiistiir. Degerlendirme oral, oronazal ve nazal fonetik baglamlart
temsil eden {i¢ konusma pasaji ile gergeklestirilmistir. Pozisyonlar arasindaki anlamli farklari belirlemek igin Friedman testi ve Bonferroni
diizeltmeli Wilcoxon isaretli siralar testi kullanilmustir.

Bulgular: Tim fonetik baglamlarda, sirtiistii ve yari-dik pozisyonlar arasindaki nazalans skorlarinda anlamli farklar bulunmustur
(p<.001). Ayrica, dik pozisyonda oral ve oronazal pasajlarda sirtiistii pozisyona kiyasla anlamli farkliliklar oldugu belirlenmigtir. Bu
bulgular, postiiriin nazalans skorlarim etkiledigini gostermektedir.

Sonug: Viicut pozisyonu, saglikli bireylerde nazalans skorlarin1 6nemli 6lgiide etkilemektedir. Bu ¢alismanin sonuglari, konusma
degerlendirmeleri ve velofaringeal disfonksiyon cerrahisi ile ilgili kararlarda, fonksiyonel ve giivenilir sonuglar elde etmek i¢in viicut
pozisyonunun dikkate alinmasi gerektigini ortaya koymaktadir.

Anahtar Sozciikler: Nazalans, Rezonans Bozukluklari, Viicut Pozisyonu, Yer ¢ekimi

INTRODUCTION Several‘researchers have investigated thej effect
' . of gravity on velopharyngeal structures in both
~ The effects of gravity on living children and adults®™. These studies have
organisms have been the subject of numerous explored the impact of body position on
.1 . Tel .
studies’. Gravity has a facilitating effect on velopharyngeal structures, with varied results
various motor skills, such as walking and sitting. due to differing methodologies and small sample
However, the impact of gravity on speech is a sizes.
field that has been relatively under-researched. The velopharyngeal mechanism plays a
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reasons. During surgeries for velopharyngeal
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dysfunction, physicians may evaluate the
velopharyngeal region using videofluoroscopy,
nasopharyngoscopy, or magnetic resonance
imaging (MRI). MRI imaging often requires the
individual to lie in a supine position.
Consequently, physicians may base surgical
decisions on a position that the individual does
not functionally use in daily life’.

Dufty (2019) suggests that speaking in a
supine position may facilitate velopharyngeal
closure due to the effect of gravity, as a
behavioral intervention for resonance in some
individuals with dysarthria and velopharyngeal
insufficiency®. However, Duffy (2019) does not
provide evidence to support this hypothesis®.
Therefore, the effect of speech production in the
supine position on velopharyngeal function
needs to be investigated to test the gravity
hypothesis. Moreover, there are concerns
regarding the functionality of speech production
in the supine position for patients and its social
acceptability. Thus, this study uniquely aims to
examine how speech production in a semi-
upright 45° position, which is more functional
for patients and more socially acceptable, affects
velopharyngeal function. Additionally, this study
is expected to provide new evidence regarding
the functional appropriateness of deciding on
velopharyngeal dysfunction surgery based on
MRI imaging in the supine position. The purpose
of this study is to compare the nasalance scores
in upright, semi-upright, and supine positions in
healthy individuals. Furthermore, it aims to
determine whether there are statistically
significant differences in nasalance scores
between these positions.

MATERIAL and METHODS

Research Design

The design of the study is a general
survey model. Approval for the study's ethical
compliance was granted by the Non-
Interventional ~ Clinical =~ Research  Ethics
Committee of Cappadocia University on January
20, 2023, under the approval number E-
64577500-050.99-35192. The study protocol was
designed following the principles outlined in the
Declaration of Helsinki.

Participants

A total of 70 participants, whose native
language is Turkish and who are aged between
20 and 52 years, were included in the study. The
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inclusion criteria for the participants are as
follows:
Inclusion Criteria for Participants
*Native Turkish speakers,
*Aged between 19-55 years,
*Absence of neurological conditions,

craniofacial  abnormalities, = musculoskeletal
issues, septal deviation, or swallowing
impairments,

*Not having an upper respiratory tract
infection at the time of assessment,

*No history of nasal, paranasal sinus,
and/or oropharyngeal surgery.

Comprehensive details about the study
were shared with all participants, and their
informed consent was obtained.

Data Collection Tools

Demographic Information Form

This form contains information about the
participants' age, gender, body mass index,
height, weight, and whether they have any
neurological conditions, craniofacial anomalies,
musculoskeletal problems, swallowing
difficulties, or upper respiratory tract infections
at the time of the assessment.

Nasometer

The nasometer is an instrument that
provides objective information indirectly about
velopharyngeal function. The Nasometer
consists of an external Nasometer II module, a
separator plate with microphones above and
below it, Nasometer software, and a computer.
The Nasometer records acoustic energy from the
oral and nasal cavities using the microphones
positioned above and below the separator plate,
calculating a nasalance score. The nasalance
score represents the ratio of nasal acoustic
energy to total (nasal + oral) acoustic energy as a
percentage. In this study, the PENTAX
Nasometer I 6450 was used’.

Various passages that have been normed
for Turkish are available to obtain nasalance
scores'*'2. The studies conducted by Sarag et al.
(2011) and Unal-Logacev et al. (2020) are
normative  studies with children'®'>.  The
normative study conducted by Karako¢ et al.
(2013) includes adults aged 18-69''. Therefore,
to facilitate the interpretation of the data in our
study, we used the Oral, Oronasal, and Nasal
passages developed by Karako¢ et al. (2013).
These three passages are the Turkish equivalents
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of the standard passages used for nasometric
evaluation in English: the Zoo Passage (oral

passage), the Rainbow Passage (oronasal
passage), and the nasal sentences (nasal
passage).

Data Collection Procedure

Data were collected between April 17,
2023, and July 1, 2023. The data collection took
place in the Voice, Speech, Resonance, and
Swallowing Disorders Research Laboratory at
the Speech and Language Therapy Education,
Practice, and Research Unit of Cappadocia
University. The laboratory was specially
designed to ensure sound insulation and
minimize reverberation.

A preliminary study was carried out with
a pilot sample of 5 participants to predict any
issues or needs that might arise in the main
study. As a result of the pilot study, a table was
arranged for the Nasometer equipment and
computer (Figure 1). The font size of the speech
stimuli that participants were asked to repeat was
increased.

Figure 1: Data collection environment

The measurement of nasalance scores
was conducted using the Nasometer II 6450. The
parameters of mean, minimum, and maximum
nasalance scores were analyzed. The participants'
positions on the adjustable stretcher were
precisely calculated and adjusted using the
Loyka 5522-200 digital angle gauge. The
Nasometer was calibrated according to the
protocols before each recording. Nasometric
evaluation in the supine position was performed
with the participant lying on the stretcher (Figure
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2); nasometric evaluation in the upright position
was done with the participant seated upright on
the stretcher (Figure 3); and nasometric
evaluation in the semi-upright position was
conducted with the participant lying on the
stretcher adjusted to a 45° angle (Figure 4)
(Figure 5).

Figure 3: Nasalance measurement in upright position
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Figure 4: Nasalance measurement in semi-upright position

Participants were instructed not to move
their heads while repeating the speech stimuli.
The speech stimuli were printed horizontally and
laminated for presentation to the participants. To
prevent head movement, the speech stimuli were
positioned at the participants' eye level.
Participants were instructed to repeat the speech
stimuli at a normal speed.

Data Analysis

The data were processed and analyzed
using IBM SPSS 27.0 software. Descriptive and
inferential statistical techniques were utilized. In
descriptive statistics, mean, standard deviation,
frequency, and percentage were used. In
inferential statistics, a significance level of p <
.05 was set. Before comparing the participants'
measurements in the upright, semi-upright, and
supine positions, the normality of the data was
tested using the Kolmogorov-Smirnov Test,
histograms, skewness, and kurtosis values. Since
the data were not normally distributed, the
Friedman Test was used. To determine which
groups contributed to the significant difference,
the Wilcoxon Signed-Rank Test with Bonferroni
correction was applied. In the Wilcoxon Signed-
Rank Test, a significance level of p <.017 with
Bonferroni correction was accepted.

Figure 5: Three different positions: (A) supine (B) upright and (C) semi-upright
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RESULTS

The demographic characteristics of the
participants are presented in Table 1.

The comparison of the participants'
average nasalance scores in the supine, semi-
upright, and upright positions for oral sentences
is shown in Table 2. A statistically significant
difference was found between the nasalance
scores in the supine, semi-upright, and upright
positions for the text composed of oral sentences
(x2(2)=33.412, p<.001). This difference was
found to be due to the nasalance scores between
the supine and semi-upright positions (Z= -
5.259, p<.001) and between the supine and
upright positions (Z= -4.035, p<.001).

The comparison of the participants'
average nasalance scores in the supine, semi-
upright, and upright positions for oronasal
sentences is presented in Table 3. A statistically
significant difference was found between the
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nasalance scores in the supine, semi-upright, and
upright positions for the text composed of
oronasal sentences (y2(2)=27.871, p<.001). This
difference was attributed to the nasalance scores
between the supine and semi-upright positions
(Z= -4.864, p<.001) and between the supine and
upright positions (Z= -2.534, p<.001).

The comparison of the participants'
average nasalance scores in the supine, semi-
upright, and upright positions for nasal sentences
is shown in Table 4. A statistically significant
difference was found between the nasalance
scores in the supine, semi-upright, and upright
positions for the text composed of nasal
sentences  (y2(2)=14.625, p<.001).  This
difference was found to be due to the nasalance
scores between the supine and semi-upright
positions (Z=-4.452, p<.001).

Table 1. Demographic Characteristics of Participants (n=70)

Demographic Characteristics f %
Gender
Male 23 32.85
Female 47 67.15
X SD Min Max
Age 24.27 5.21 20 52
Height (cm) 169.57 7.50 155 187
Weight (kg) 65.93 14.12 43 105
BMI 22.75 3.53 16.46 31.56

BMI = Body Mass Index

Table 2. Comparison of Nasalance Scores in Different Positions for Oral Passage (n=70)

Zilli Kedi X+SD Mdn Mean %2 p-value Pairwise
Passage (Min- Rank Comparisons
(Only Oral Max)
Consonants)
Supine 15.00+6.88 13 1.48
(5-38)

Semi- 17.97£7.73 17 2.40 % Sup-SemiU,
upright (7-39) 33.412 <.001 Sup-U
Upright 18.3849.18 16 2.12

(8-53)

p<.05, Bonferroni corrected p<0.017, Sup: Supine, SemiU: Semi-upright, U: Upright
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Table 3. Comparison of Nasalance Scores in Different Positions for Oronasal Passage (n=70)

Dedem X+SD Mdn Mean %2 p-value Pairwise
Passage (Min- Rank Comparisons
(Oral and Max)
Nasal
Consonants)
Supine 40.08+5.98 39.5 1.55
(28-59)

Semi- 42.58+6.16 42 2.41 % Sup-SemiU,
upright (28-58) 27871 <001 Sup-U
Upright 41.70+£7.36 42 2.01

(15-63)

p<.05, Bonferroni corrected p<0.017, Sup: Supine, SemiU: Semi-upright, U: Upright

Tablo 4. Comparison of Nasalance Scores in Different Positions for Nasal Passage (n=70)

Manav X+SD Mdn Mean %2 p-value Pairwise
Passage (Min- Rank Comparisons
(Nasal Max)

Consonants)
Supine 52.34+6.49 52.5 1.74
(38-71)

Semi- 54.9846.71 55 2.34 .
upright (42-70) 14.625 <.001* Sup-SemiU
Upright 53.67+6.90 55 1.91

(38-71)

p<.05, Bonferroni corrected p<0.017, Sup: Supine, SemiU: Semi-upright, U: Upright

DISCUSSION

This study aimed to explore the impact of
body position-supine, semi-upright, and upright-
on nasalance scores in healthy individuals. The
findings reveal significant differences in
nasalance scores across different positions, with
the supine position consistently showing lower
scores compared to the upright and semi-upright
positions. This supports previous studies that
have demonstrated the influence of gravity on
speech  structures,  particularly in  the

velopharyngeal mechanism™"”.

One of the critical aspects of our results
is the consistency with past research, which has

highlighted that gravity influences
velopharyngeal  structures, affecting the
functional capacity for speech production.

Broadwell et al. (2015) specifically explored the
aerodynamic characteristics of speech in upright
and supine positions, showing a decrease in
nasalance scores in supine positions'”. In this
study involving 37 participants, pressure flow
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rate and nasalance scores were analyzed in both
positions. Although no significant difference in
pressure flow rate was found between the two
positions, a significant decrease in some
nasalance scores was observed in the supine
position. Broadwell et al. (2015) reported that
the supine position led to a decrease in certain
nasalance scores compared to the upright
position, mirroring the trends found in this
study'®. The movement of the soft palate in the
supine position, as observed by Kitamura et al.
(2005), also correlates with the changes in
nasalance scores, suggesting that altered
velopharyngeal function may be driven by
gravitational effects’. Kitamura et al. (2005)
observed that the tongue, soft palate, and lips
were positioned further back in the supine
position compared to the upright position, likely
due to the effects of gravity’. This retraction
could explain the reduced nasalance scores we
observed in the supine position, as gravitational
forces may limit velopharyngeal closure.
Specifically, the backward retraction of the soft
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palate in the supine position, observed by
Sutthiprapaporn et al. (2008), may contribute to
the reduced resonance seen in our results’.
Sutthiprapaporn et al. (2008) examined the effect
of gravity on oropharyngeal structures in upright
and supine positions with seven participants,
concluding that the positions of the
oropharyngeal structures varied depending on
gravity”. Perry (2011) conducted a study with
five healthy adult female participants to compare
the velopharyngeal structures in upright and
supine  positions'*. The results showed
significant differences in velar height, although
no notable differences were observed in the
length or thickness of the velum. These findings
are consistent with our results, as the upright
position consistently yielded higher nasalance
scores, likely reflecting more effective
velopharyngeal closure due to reduced
gravitational constraints. Kollara and Perry
(2013) compared the velopharyngeal structures
of 12 typically developing children aged 4 to 8
years in upright and supine positions®. Their
results indicated that while the thickness and
height of the velum remained almost the same in
different positions, its length consistently
increased. Although our study focused on adults,
the consistent reduction in nasalance scores in
the supine position supports the notion that
velopharyngeal adjustments occur in response to
gravitational forces. Engwall (2003), using
magnetic resonance imaging (MRI) with a single
participant, examined the impact of gravity on
tongue position and found no significant change
in tongue position between supine and prone
positions’. The difference between Engwall's
findings and ours may be due to their study's
sample size, which included only one participant.
Additionally, our study specifically focused on
the functional dynamics of velopharyngeal
structures, which may account for the observed
differences in results.

The significant difference between supine
and semi-upright positions is particularly
noteworthy. Previous studies have mostly
compared upright and supine positions, but our
study contributes novel data by including a semi-
upright posture. This position, often used in
clinical settings, offers more functional insight
into everyday speech production, where
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individuals are rarely fully supine. As the semi-
upright position showed intermediate nasalance
scores, it may provide a more realistic
representation of natural velopharyngeal function
for clinical evaluations.

Additionally, the variations in nasalance
scores across different phonetic contexts suggest
that body positioning affects different speech
sounds to varying degrees. The more significant
changes in oral passages compared to nasal ones
may be due to the role of velopharyngeal closure
being more critical for non-nasal sounds’.

Future studies should explore these
findings in clinical populations, particularly
those with dysarthria and velopharyngeal
dysfunction, to determine the practical
implications of body position in therapeutic

contexts.  Additionally, examining  other
intermediate body positions could provide
further insight into optimizing clinical
assessment protocols.

CONCLUSION

This study demonstrates that body

position significantly influences nasalance scores
in healthy individuals. These results have
important implications for clinical assessments
of velopharyngeal function, especially in
contexts such as resonance disorders or
velopharyngeal dysfunction surgeries. Clinicians
should consider body positioning when making
diagnostic or surgical decisions to ensure that
assessments reflect functional, everyday speech
production.
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