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ABSTRACT This studywas set forward by aseries of x-raymicrobeam
studies of therelationship between oral cavity shape and

Individual variation of larynx position reflects human speaker characteristics of vowel sourf®ndaet al 1996,
morphological differences and thus contributesgémerating Hondaet al 1997). Previouselated work includes an EPG
biological information in speech sounds. This studystudy (Perkell1979), and atransverseMRI study (Tiede
examines the factors of orofaciahorphology that co-vary 1998). The results obtained by the x-ray studies)épanese
with larynx position based onMRI data collected for 12 andEnglish speakergan be summarized dsllows: 1) the
Japaneseand 12 English speakers. The materials are major variation of the oral cavity shape in lateral x-smans
midsagittal craniofacial imagesndthe method is based onis represented by the aspect ratio of dmtero-posterior and
the measurement of angleand indices. Among all the vertical dimensions of the bony framework of the arality,
measures examined, the aspect ratio of the oral cavity shovaswl 2) averaged formant frequencies of tipwint vowels
the highest correlation (r=0.87yith a larynx heightindex reflect the aspect ratio thus measured; i.e. the first formant is
(ratio of arytenoid apex - palatal plane distamelanterior higher when the oral cavity is flatand vice versa. The
nasal spine -nasopharyngealwall distance),and afacial crucial piece of vocal tract shapmformation that was
angle (angle of maxillary incisor - nasiomasopharyngeal unavailable in the x-ray microbeaimvestigation was the
wall) showed the second highest correlation (r=0.66) with theosition of the larynx. In this study, veém atestablishing
larynx height index. Since the facial angle is known to be @nmethod forpredicting larynx position from the orofacial
index of prognathism, the results suggest thatarynx geometry based onmidsagittal craniofacial MRl data
position co-varies with oral cavity shape, being higher whegpllected for the same languaggoups. In addition, we
the oral cavity develops mortorward. This tendency is expect fromthis study to identify certain regularities of
parallel to the generalelationship between the orashape morphological variation inthe orofacial structure as
and larynx position among mammals, and providesliable anthropological evidence that bridges theevolution of
basis for estimation of larynx position in fossil humans.  speech organs and the origin of human speech.

1. INTRODUCTION 2. MATERIALS AND METHOD

The subject of this study is the interdependencies ¢batrol The materials of the present studye midsagittal MRI data
the morphological variation ohuman vocal tractorgans. collected from 12 Japanes@gnongoloid) and 12 English
The size and shape of the vocal tract influence the quality glaucasoid) speakers collected inresting (non-phonating)
vocal soundsandcomprise the source factors bfological condition. Theinstrumentused is aShimadzuclinical MRI
information in speech. Vocal tract size increasesvith scanner (1.0 Teslapstalled at Takanohar&huo Hospital
physical developmenand causes age-relatedariations in (Nara, Japan).The Japanese group includes two females and
vocal quality. Vocal tract shape also varies with vacatt ten males,andthe English group includes three females and
development, and it supplements speaker-specific nine males.The age of the subjects ranges from 23 to 48.
characteristics of speech sounds. The way the orofsbigpe The data were collected using a variety of scanpir@gfocols,
affects the sounds is not simple, but it seems to bengplex Wwith resolution ofapproximately 1 mm/pixeland excited
processinvolving various morphological factors. As an slice thickness ranging from 3 to 10 mm.

approach to quantifying these effects variassible shape The digital imageswere displayed on a monitor screen to

indices can be examined, as for example ftleative . . . .
P identify anatomical landmarksised to derive angular and

dimensions of thehorizontal and vertical portions of the linear measurements.  Landmarksd measurementswere
vocal tract, or the relative height of the palatal vault. It is :

likely that these indices are interrelateahdthe relationship madeindependently by t_hdzwo authorsandaveraged for the
. . . results reported here. Figure 1 shows an examplanafmark

among the measures should refldnblogical constraints identificati Th vsi thod d in thi tud

determining the range of body shape variation. In ghigly, identincation. € analysis method used In this study

we focus on orofaciamorphological factors that correlate ge\aatgslsgghtlly ILOTtﬁtaTda(;d cebp;ljjalllomet}nmcec:]ure(e.%.
with individual variation of larynxposition measured in a aKosi ) in that the landmar Inés werechosen to

non-phonating rest condition.  Statistical analyses are?n?cri%?ﬁritlgli di:ls,lt'PhetZtc;\Srwecju;er I::n;h?s fhrswoatjlztxl-;?é
performed to predict larynxheight from the orofacial ' P paiatp

geometry based omidsagittal magnetic resonanémaging deflneq by a line t.thQh the ante_rlor nasglne (ANs) gnd
(MRI) data posterior nasal spine (PNS). The intersection of this line and

the posteriornasopharyngealvall is a boundary of theral



cavity, referred to asNPW in this study. The distance vertical to horizontal lengths of the vocal tract, and the value
betweenANS and NPW is the reference measure fdinear is greater when the larynposition is lower, or the oral
analyses. Thereference line for measuring facial angles igavity is shorter. The index ranges fréh83 to 1.25across
the line from nasion (point of the frontal sinus wall near thall subjects, withfemale subjects tending to hawmaller
soft tissue nasionandthe tip of the maxillaryincisor. The values. Figure 2 showsnidsagittal imagesfor two male
landmark for larynxheight wasset at the apex oérytenoid subjects representing the range of LHI values.

tissue that could be recognized most reliably frorusagittal
MRI data. The following measurementsre derivedfrom
these landmarks.
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Q Figure 22 Two male subjects with contrasting Larynx

Height Index (LHI) values (left: 0.86; right: 1.25).
Figure 1. Anatomical landmarks (left) and line drawings for
angular or linear measurements (right). Oral Cavity Index (OCI)

Three linear measurements were obtained: This index is the ratio of the vertical height of the aralvity
] ) to the antero-posterior length dahe oral cavity roof. It

* PD (palatal distance): ANS — NPW distance ranges from0.78 to 1.09;smaller values indicate a flatral

« LH (laryngeal height): arytenoid apex — palatal plane cavity shape. The two subjects shown in Figure 2 alsow

distance contrasting OCI values.
. %%Tag%rgl cavity height): gnathion — palatal plane Facial Angles (FA-l, FA-Il, FA-Ill)
Using these two linear indices were derived: These three angles indicate the antero-posterior expansion of

o the skull base and provide an indexpsbgnathism. Among

* LHI (larynx height index): LH/PD these anglesFA-Ill is the one that can be obtained from x-
* OCI (oral cavity index): OCH / PD ray microbeam data. It ranges frob2.5 to 68.0 degrees.
Larger valuesndicate greatementero-posterior expansion of
the facial cranium. Figure 3 shows images for tmale

* FA-I (facial angle): max. incisor - nasion - sella subjects representing the range of FA-III values.

Five angular measures were obtained:

* FA-1l: max. incisor - nasion - basion
* FA-IIl: max. incisor - nasion - NPW
* PA (pharyngeal angle): palatal plane / pharyngeal wall

« JA (jaw angle): max. incisor - nasion - gnathion

The present investigation employs 1) description of the)
range of variation, 2) correlation analysisfor the
relationship among the angulaandlinear measuresand 3)
multiple regression analysis tpredict LHI from other
measures.

3. RESULTS

1. Range of Variation
Figure 3: Two male subjects with contrasting Facial Angle

Larynx Height Index (LHI) (FA-IIT) values (left: 52.5; right: 62.5).

The morphological correlates of this inderrethe target of
this analysis. Roughly speakingHl gives the ratio of



Pharyngeal Angle (PA) LHI OCI |FA-III

This angle indicates therientation ofthe cervical spine Female| 095] 0.87| 60.54
relative to the palatal plane. It rangesm 79.8 t0102.3 Male 1.05] 0.93] 60.32
degrees. Smaller values indicate a sharper vocal dragke. Mongoloid 1.02 0.94| 60.91

It also means that the vocal tract is longer if laryoxsition
is at the saméevel. Figure 4 shows images for twmale
subjects representing the range of PA values.

Caucasoid 1.03 0.89| 59.82
All 1.03 0.92| 60.37

Table 1: Summary of averaged derived measures

2. Single Correlation Analysis

A single correlation analysisvas performed between LHI
(Larynx Height Index)and other measures, withighlights

shown in Table 2.OCI (Oral Cavity Index)and FA-Ill (max.

incisor - nasion - NPW angle) showed thighest correlation

with LHI.

LHI| OCI |FA-II [FA-1II| PA JA
LHI 1
OCI| 0.87 1
FA-I1l -0.52] -0.33 1
Figure 4: Two male subjects with contrasting Pharyngeal FA-III| -0.66] -0.72] 0.73 1
Angle (PA) values (left: 79.8; right: 100.0). PA|l 0.33| 0.45| -030| -0.61 1
JA| -0.43| -0.46| 0.58| 0.72| -0.28 1

Jaw Angle (JA)

) o ] ) ) Table 2: Correlation matrix of derived measures.
This angle indicates theorientation of the mandibular

symphysis relative to the maxillary incisor - nasion line.
ranges from0.1 to 15.0 degrees.Larger angles indicate
mandibularretrognathism. Figure 5 shows images for two
male subjects representing the range of JA values.

II=igures 6and 7illustrate theserelationships graphically.
Since bothOCI and FA-lll aregood indices ofprognathism,
this result suggests tharognathic speakertend to have a
higher larynx position and/or a shorter oral cavity.
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Figure 5: Two male subjects withcontrasting Jaw Angle - 0.9 -
(JA) values (right:0.1; left: 11.5).
Summary of Derived Measures 0.8
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The average values for the principal derived measures are )
Oral Cavity Index (OCI)

summarized in Table 1 below:

Figure 6: Positive correlation between LHI (Larynx Height
Index) and OCI (Oral Cavity Index).
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Figure 7: Negative correlation between LHI (Larynx
Height Index) and FA-Ill (max. incisor-nasion-NPW angle).

3. Multiple Regression Analysis

A multiple regression analysisvas performed toobtain a
statistical model for predicting LHI from the other
morphological measuresand additional biological factors
(age, sexandethnicity). Since the correlation among the
independent variables is relatively high, a stepvasalysis
was performed to includenly two independentvariables in
two conditions with OCI and FA-lll as forcedvariables.
When OCI is the forcedvariable, FA-Il was included in the
model as the second independeatiable, with ¥ = 0.814.
When FA-lll is the forcedvariable, subjects’ sexwvas the
second independent variable, with=r0.551. In bothcases,
the contribution of the second factor to the modassmall.
Ethnicity was not a significant factor.

4. DISCUSSION

The above results indicate that larynx heightdépendent on
the orofacial geometryandthat its individual variation can
be predicted from linear or angular
midsagittal cross-sectional images. The correlatioalyses
revealed that larynxheight can be predicted either by the
aspect ratio of the oral caviOCl) or the antero-posterior
dimension of the facialcranium (FA-Ill).  Since these
parameters indicate thedegree of retrognathism or
prognathism, it may be concludedthat the individual
variation in larynx height reflects the variation &dcial
geometry between prognathic and retrognathic types.

OCl is a good predictor of larynixeight, andthis fact can be
used to estimate laryngosition of aspeaker from theshape
of the oral cavity. In this study, theneasures oflarynx
height were obtained in supingosition and thus they may
differ from larynx position in anatural speaking condition.

Despite thislimitation, the estimate of larynyosition can
be used toobtain an approximate size of the vocal tract.
provides a useful supplement to the articulatdata from the
x-ray microbeam system, since the oral cavity dimension can
be measured from the lateral scan images.

It

FA-lll is another predictor of larynmheight, althoughless
reliable thanOCI. This measure can besed to estimate
larynx position when the data for the mandible is not
available, and is therefore apossible index for estimating
larynx position for cranial samples inanthropological
studies, as with fossil skulls oérchaic humans. The
correlation of facial protrusion and high larymosition is a
generalmorphological tendency across mammaliapecies.

It appears that this tendency also extends to humans as a
causal factor of individual variation in vocal tract shape.
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