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The timing of prephonatory movements of the larynx, rib cage, and abdomen was examined in order to gain insight into the 
contribution of the vocal folds to the posturing of the chest wall. A simple stimulus-response paradigm was used in eliciting brief 
utterances--/o/ and /ha/--from six adult males. Chest wall movements were observed using mercury strain gages while 
simultaneous electroglottographic and airflow records provided information about vocal fold behavior. Independence of 
prephonatory laryngeal and chest wall behavior was demonstrated. Laryngeal adjustment preceded the start of vocal fold 
oscillation by a constant amount of time, whereas the time of onset of the chest wall adjustment varied as a function of the 
utterance type. The qualitative characteristics of prephonatory chest wall posturing were unaffected by altering glottal 
configuration requirements. Rib cage enlargement occurred during postural adjustment while the vocal folds were abducted (in 
preparation for/h/). This implies that rib cage enlargement during prephonatory chest wall posturing was not a passive response to 
abdominal compression. 

The importance of rapid and precise neuromuscular 
coordination of the ventilatory and laryngeal structures 
for efficient sound production is well documented (Bou- 
huys, 1974; Gould & Tanabe, 1975; Lieberman, 1968; 
Proctor, 1974), yet the integrated preparation of these two 
systems for speech and phonation is not well understood. 
Even the simplest phonatory event requires coordination 
of respiratory and laryngeal musculature. The chest wall 
must be displaced in such a way that sufficient alveolar 
pressure is generated and adequately regulated (Bou- 
huys, 1974; Hixon, Goldman, & Mead, 1973; Hixon, 
Mead, & Goldman, 1976; Ladefoged, 1960; Mead, Bou- 
huys, & Proctor, 1968). At the same time the laryngeal 
musculature must be adjusted to produce the intended 
vocal product (Baer, Gay, & Niimi, 1976; Cavagna & 
Margaria, 1965; Faaborg-Andersen, 1965; Hirose & Gay, 
1973). 

Baken, Cavallo, and Weissman (1979) reported that 
speakers, in response to an auditory stimulus, used a 
stereotyped pattern of chest wall adjustment before pho- 
nation of the vowel/a/.  A sudden oppositional deforma- 
tion of the chest wall--involving expansion of the rib cage 
and contraction of the abdomen--almost always occurred 
approximately 100 ms before phonatory onset. Baken and 
Cava]lo (1981) postulated that this particular form of 
posturing optimizes chest wall biomechanics for speech. 
Since volume is shifted from the abdomen to the rib cage 
as a result of this adjustment, it most likely accomplishes 
the diaphragmatic "tuning" described by Hixon et al. 
(1973) while stabilizing the rib cage in preparation for the 
aerodynamic events of speech (Mead, Hixon, & Goldman, 
1974). Deformation of the chest wall from its tidal config- 
uration appears to increase the capability of the rib cage 
and diaphragm-abdomen for ventil~atory pressure regula- 
tion during speech. 

The contribution of laryngeal action to the posturing of 
the chest wall remains largely conjectural. Gould and 
Okamura (1974) concluded that "the abdominal muscula- 
ture plays a key role in producing the subglottal pressure 
necessary for phonation" (p. 358). If a rapid rise in 
subglottal pressure does accompany contraction of the 
abdomen, the vocal folds are implicated as important 
participants in the chest wall adjustment because they 
would need to be closely approximated for some period of 
time before phonatory onset. Vocal fold adduction in 
opposition to abdominal compression is not an unreason- 
able strategy for quickly raising alveolar pressure and 
could explain the significant expansion of the rib cage 
that typically occurs before phonation. Mead and his co- 
workers (1974) have in fact concluded that 

the shift from the relaxation configuration to relative 
expansion of the rib cage is apparently the result of the 
dominant action of the abdominal muscles rather than of 
inspiratory activity of the muscles acting on the rib cage, 
(p. 64) 

Considering these hypotheses and the conclusions of 
Gould and Okamura (1974, p. 359) that "a close reflex 
interconnection [exists] between the laryngeal mechano- 
receptors and abdominal musculature," it appears that 
the larynx may play an important role in the accomplish- 
ment of a target prephonatory chest wall posture. Hixon 
et al. (1976) have suggested that the distortion of the chest 
wall during speech production in the upright posture is 
accomplished in a manner similar to the isovolume mar 
neuver. They reported "the adjustment involved is some- 
what analogous to an isovolume maneuver in which the 
major abdominal effort serves to displace the abdominal 
wall inward and the rib cage outward in the face of a 
lesser expiratory effort by the rib cage wall" (p. 349). This 
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position implies that the vocal tb!ds are closely approxi- 
mated during the postural adjustment of the chest wall. 
Such a conclusion seems tenuous, however, since vocal 
fold involvement in the posturing of the chest wall would, 
of necessity, complicate the already complex laryngeal 
adjustments needed for efficient vocal fold oscillation. If 
the vocal folds weie to close against the intrusion of the 
abdominal volume into the thorax before speech, phona- 
tory function would most likely be compromised and the 
problems of neuromuscular control confronting the 
speaker might be enormous. 

To evaluate the importance of laryngeal action for the 
posturing of the chest wall, vocal fold position at utter- 
anee onset was varied in this experiment. The syllable 
/ha/was selected since both high-speed cinematography 
(Werner-Kukuk &von Leden, 1970) and fiberoptic endos- 
copy (Sawashima , 1968) have demonstrated that the glot- 
tis is open during initial/h/production. In addition, it has 
been demonstrated that interarytenoid muscle activity is 
low and posterior cricoarytenoid muscle activity is high 
during ini t ial /h/production (Hirose & Gay, 1973). Pro- 
duction of /ha/, then, provided a means of exploring 
whether or not glottal closure is important to the opposi- 
tional displacement that seems to be such a regular 
feature of prephonatory chest wall behavior. By exten- 
sion, the/ha/condi t ion also explored the likelihood that 
rib cage movement during this adjustment is actively 
generated. If a significant rib cage expansion is observed 
in the absence of complete glottal closure, then it is likely 
that such enlargement involves active contraction of the 
inspiratory rib cage musculature. If, on the other hand, a 
patent glottis abolishes or severely attenuates rib cage 
expansion, it is likely that such enlargement was mainly 
the passive response of the rib cage to intrusion of the 
abdominal volume into the thorax with the creation of a 
significantly positive intrapulmonary pressure. 

This investigation was designed to explore whether the 
prephonatory chest wall posturing previously observed is 
associated with preparation for phonation or whether it 
precedes any speech onset, including voiceless ones. It 
was also intended to provide data for drawing inferences 
concerning two other, closely related questions: 

1. Must the glottis be closed in order to posture the 
chest wall? 

2. Is the rib cage expansion during the chest wall 
adjustment the result of an active response of the rib cage 
musculature or is it a passive displacement of the rib cage 
caused by abdominal compression and diaphragmatic 
elevation? 

M E T H O D  

Subjects 

The experimental subjects were six men between the 
ages of 23 and 30 years, mean age 26:2 (years:months), 
None had a history of respiratory, phonatory, or speech 
disorder and none had professional voice training. Perti- 
nent subject characteristics are summarized in Table 1. 
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TABLE 1. Summary of pertinent subject characteristics. 

Vital 
Age Height W e i g h t  capacity 

Subject (yrs:mos) (cm) (kg) (1) 

1 26:4 184.7 78.3 5.51 
2 23:10 174.5 75.6 4.70 
3 23:4 176.5 69.8 4.96 
4 30:0 182.5 96.3 5.59 
5 28~11 182.3 84.6 5.47 
6 24:11 174.5 74.3 4.60 

Mean 26:2 179.2 79.8 5.14 
(SD) (2:8) (4.5) (9.4) (0.44) 

Experimental Tasks 

The experiment had two phases. During one, subjects 
were required to produce/a/ ,  whereas in the other they 
produced /ha/ as quickly as possible after the onset of 
each of a series of l l0-Hz stimulus tones. The /a/task 
provided baseline data on the temporal relationship of 
chest wall and laryngeal adjustments. The /ha/ task 
showed whether that temporal relationship was different 
when the vocal folds had to be kept separated for some 
time after speech onset. Comparison of the timing data 
from these two tasks was used to determine if chest wall 
posturing is related to speech onset or only to phonatory 
initiation. The qualitative aspects of chest wall move- 
ments during the two tasks served as the basis for infer- 
enees concerning the importance of glottal closure to 
chest wall adjustments. 

Instrumentation 

The instrumentation used in this study is diagrammed 
in Figure 1. Movements of the rib cage and abdomen 
were tracked by mercury strain gages using the same 
methods previously employed by Baken (1977), Baken 
and Cavallo (1981), Baken et al. (1979), and Baken, 
MeManus, and Cavallo (1983). Laryngeal activity was 
monitored simultaneously by a Fr¢kjaer-Jensen EG-830 
eleetroglottograph (EGG) that provided a dc output. This 
is the signal referred to by Fourciu (1974, 1981) as Gx. 
Airflow data were gathered to help resolve any ambigu- 
ities in the record of glottal activity (Bothenberg, 1981; 
Titze & Talkin, 1981). A Fleisch #3 pneumotachograph 
fitted to a Bennett "Benefit" anesthesia mask was the 
primary airflow transducer. The pressure drop across the 
pneumotachograph was sensed by a Validyne 2-cm H20 
differential pressure transducer and Validyne CD-15 car- 
rier demodulator. A bias airflow of 350 ml/s was intro- 
duced into the mask to counter the effects of the increased 
ventilatory dead space. A Know!es XL-9073 probe micro- 
phone mounted perpendicular to the airflow at the distal 
port of the pneumotachograph transduced vocal respons- 
es. 
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FIGURE 1. A diagram of the instrumentation used in this study. 
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Intensity control. A visual feedback system helped 
subjects maintain vocal intensity within a narrow range of 
the target intensity. The vocal signal was amplified, 
rectified, and smoothed before being applied to a level 
discriminator that compared it to two reference voltages 
representing -+2 dB SPL around the subject's comfortable 
loudness level. Vocal signals exceeding the upper refer- 
ence voltage triggered a "too loud" light, whereas those 
below the lower reference voltage failed to turn offa "too 
soft" lamp. Subjects were instructed to keep both loud- 
ness indicators off during their phonation. Subject re- 
sponses fallin, g outside acceptable intensity limits activat- 
ed a tone generator which marked the FM tape recording 
of the trial as unacceptable for analysis. 

Procedure 

Subjects were seated and the mercury strain gages 
were positioned across the anterior chest wall at the level 
of the umbilicus and nipples. EGG electrodes were 
placed approximately 1 cm lateral to the thyroid angle 
(Lecluse, Brocaar, & Verschuure, 1975). Adequate elec- 

trode placement  was verified by observing the EGG 
signal during phonation o f / a /on  an oscilloscope. A head 
rest was used to stabilize subject position and minimize 
movement artifacts in the EGG record. 

After an earphone was fitted to the subject's right ear, 
he was instructed to produce /a /a t  a comfortable loudness 
level (CL) as quickly as possible whenever he heard a 
stimulus tone. The amplitude of responses to 10 succes- 
sive, randomly spaced stimuli was digitized by a Cro- 
memco D+7A analog-to-digital converter and the results 
used by an Altair 8800b computer to determine the 
reference voltages representing the 2-dB SPL intensity 
tolerance limits for that subject for the entire experiment. 
Each subject then performed an isovolume maneuver 
(Hixon et al., 1973) from a relaxed (quasi-resting expira- 
tory level) position with his mouth open. This provided 
information about relative displacements of the chest 
wall components , transducer output for zero airflow, and 
EGG representation of glottal closure. 

Following the preliminary testing, the subject was 
instructed that he would hear a series of tones and that he 
was to produce the target utterance (/a/ or /ha/, depending 
on which task was being examined) as quickly as possible 
after the onset of each stimulus. The task was demonstrat- 
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ed and the subject was given an opportunity to practice it 
using the intensity-feedback lamps. Order of testing of 
the /Q/and/ha/ tasks  was randomly determined for each 
subject. 

Twenty stimuli, triggered on a random schedule by the 
computer, were presented for each task. The computer, 
via the A/D converter, also tracked airflow and was 
programmed to allow a minimum of three ventilatory 
cycles between stimuli to permit recovery of the ventila- 
tory system after a phonatory response. Random spacing 
of the stimuli prevented a subject from predicting and 
preparing for the occurrence of the next stimulus. It also 
ensured that responses would be obtained throughout the 
eupneic tidal volume range. A 5-rain rest period separat- 
ed the /a /and/ha / tasks .  

Data Acquisition and Analysis 

Stimulus tones, vocal responses, movements of the rib 
cage and abdomen, EGG, and airflow data were recorded 
on a Hewlett-Packard 3955 multitrack FM recording 
system at a tape speed of 19 cm/s. Data were played back 
at half-speed, and writeouts were prepared at a paper 
speed o f l 0  em/s using a Narco Biosystems Physiograph-6 
pen recorder. Effective writeout speed thus was 20 cm/s. 
A Houston Instruments Hi-Pad digitizer was used to 
determine the position along the time axis of the follow- 
ing points in the graphic record of each response: stimu- 
lus onset, voice onset, prephonatory change in rib cage 
hemicircumference, abdominal hemicircumference, and 
EGG Output. 

For the purposes of this study, these points were 
defined as a distinct change in slope of the appropriate 
trace during the period just before phonation. In a few 
cases the slope change was obvious but gradual, making 
the exact point in time of its occurrence difficult to 
establish by visual inspection alone. In these instances 
lines were drawn to extend the pre- and postinflection 
traces to a point of intersection then considered to be the 
temporal locus of the slope change.As a reliability check 
on the measurement procedure, a graduat e student in 
speech pathology, who was unfamiliar with the experi- 
ment, used the same measurement techniques and inde- 
pendently remeasured the point of onset of rib cage, 
abdominal, and EGG changes in the period immediately 
following randomly selected stimuli. Pearson product- 
moment correlations of +.994 (rib cage), +.913 (abdo- 
men), and +.997 (EGG) were ol3tained when the investi- 
gators' and student's measures were compared. 

Data were stored and analyzed by the Altair microcom- 
puter. Because the microphone was approximately 33 cm 
from the vocal folds, features of the acoustic signal were 
temporally offset from their correlates in the EGG trace 
by the time required for propagation of the acoustic wave 
through the vocal tract and face-mask system. Given the 
velocity of sound in air, the lag was estimated to be only 
about 0.9 ms. This constant discrepancy was considered 
negligible and was ignored. 
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R E S U L T S  

/0/ PRODUCTIONS 

Pattern of Chest Wall Response 

A typical prephonatory chest wall adjustment involving 
abdominal compression and rib cage expansion (Figure 2) 
was consistently observed in this investigation, confirm- 
ing earlier reports (Baken et al., 1979; Baken & Cavallo, 
1981) of a qualitatively invariant prephonatory chest wall 
postural adjustment. This chest wall movement pattern 
characterized the response to 99% of the stimuli deliv- 
ered during the/a/condit ion.  Subject 4 accounted for the 
other 1% of responses, in which diminution of both chest 
wall components was observed. 

Temporal Relationship of Laryngeal and Chest 
Wall Adjustments 

Rib cage, abdominal, and laryngeal adjustment times 
(ATs) were measured from the onset of adjustment to the 
moment ofphonatory onset. The mean abdominal AT was 
82.7 ms (SD = 22.9), whereas the corresponding mean rib 
cage AT was 87.4 ms (SD = 19.6). The small difference in 
the mean duration of the rib cage and abdominal adjust- 
ments was not statistically significant (t = .258). Figure 
3(A) shows a subject response in which the onset of rib 
cage and abdominal adjustments occurred essentially 
simultaneously. The lack of a statistically significant 
difference in group means must not be allowed to obscure 
the importance of the numerous individual instances (75 
of 116) in which the rib cage adjustment preceded move- 
ment of the abdomen, as in Figure 3(B), which shows a 
rib cage lead of about 38 ms. Occasionally, (27 of 116 
instances) abdominal movement began before the rib 
cage adjustment (Figure 3C). Although simultaneous ad- 
justment of the chest wall components was observed in 
only 14 of 116 instances, the onset of rib cage and 
abdominal movements occurred within -+2 ms for 48% of 
all /a/ productions, demonstrating the tendency for an 
essentially simultaneous thoracoabdominal adjustment. 

The mean laryngeal AT was 115.1 ms (SD = 36.1). The 
difference between mean laryngeal and rib cage or ab- 
dominal ATs was found to be statistically significant [t = 
-4.08, df= 5, p < .01 (rib cage); t = -3.16, df= 5, p < .05 
(abdomen)]. 8mnmarized in Table 2 are the mean onset 
time data for the laryngeal and chest wall adjustments. 

/ha/ PRODUCTIONS 

Pattern of Chest Wall Adjustment 

The record shown in Figure 4 is typical of the data for 
/ha/ productions. Oppositional displacement of the rib 
cage and abdomen was again the predominant pattern, 
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TABLE 2. Mean rib cage, abdominal, and laryngeal adjustment 
times:/a/condition. 

Subject 

Mean pre~)honatory adjustment times 
(ms before voice onset) 

Rib cage Abdomen Larynx 

1 76.8 69.0 128.5 
2 96.0 89.7 125.9 
3 122.8 124.9 172.0 
4 71.2 59.9 65.5 
5 85.0 75.0 101.6 
6 72.6 77.6 96.8 

Mean 87.4 82.7 115.1 
(SO) ( 19.6) (22.9) (36. i) 

occurring in response to 92.5% of all stimuli. Although 
this pattern was observed less frequently than before /a /  
production for these subjects, the value is in close agree- 
ment with that obtained for /a /product ions  by Baken et al. 
(1979). The qualitative nature of the chest wall adjust- 
ment  be fo re /ha /was  not different from that of chest wall 
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movements  before/o/.  Of  particular interest in Figure 4 is 
the observation of  rib cage enlargement  in the presumed 
absence of significant vocal fold adduction, sinee a slight 
increase in transelectrode impedance is evident  from the 
electroglottographie trace. 

Temporal Relationship of Laryngeal and Chest 
Wall Adjustments' 

Individual mean ATs fbr the rib cage, abdomen, and 
larynx b e f o r e / h a / p r o d u c t i o n  are presented in Table 3. 
The mean abdominal AT was 99.5 ms (SD = 19.8) and the 
mean rib cage AT was 106.7 ms (SD = 15.0). The mean 
laryngeal AT observed was 106.8 ms (SD = 28.2). Al- 
though the grand means of the rib eage and laryngeal data 
are essentially identical, the adjustment of the rib cage 
preceded the onset of a laryngeal adjustment for Subjects 
3, 4, and 6. Even Subjects 1, 2, and 5, whose mean ATs 
did not betray this tendeney,  demonstrated individual 
instances of rib cage precedence.  

RIB CAGE 

ABDOMEN 

Z ~ LARYMX 

z 

AIRFLOW 

E T 

STIMULUS 

VOICE 

t o,i SECI 

SUBJECT 06 
Stimulus 18 

FIGURE 4. A typical chest wall response before/ho/production. Upward deflec- 
tions of the rib cage and abdominal traces represent increased thoraeoabdominal 
size, Upward movement of the laryngeal trace indicates increased trans-neck 
impedance (Z). Zero airflow is represented by a horizontal line. Expiratory (E) 
and inspiratory (I) airflows are shown above and below zero, respectively. 
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TABLE 3. Mean rib cage, abdominal, and laryngeal adjustment 
times:/ha/condition. 

Mean prephonatory adjustment times 
(ms before voice onset) 

Subject Rib cage Abdomen Larynx 

1 94.7 80.0 131.5 
2 119.6 119.9 150.5 
3 127,3 124.9 86.3 
4 111.9 99.2 88.5 
5 92.4 76.9 103.7 
6 94.3 95.9 80.4 

Mean 106.7 99.5 106.8 
(SD) (15.0) (19.8) (28.2) 

Timing of  Laryngeal and Chest Wall Adjustments 
as a Function o f  Utterance Type 

An evaluation of the effect of phonetic context on the 
onset of prephonatory laryngeal and chest wall adjust- 
ments was made by comparing the mean AT values for 
the rib cage, abdomen, and larynx before /a/ and /ha/ 
productions (Tables 2 and 3). Comparable mean laryngeal 
ATs were observed for the production of~a~ (115.1 ms, SD 
= 36.1) and /ha/ (106.8 ms, SD = 28.2). The small 
difference in the mean laryngeal ATs for the two tasks 
was found to be statistically nonsignificant (t = .493). 
Such temporal stability was not observed for the two 
chest wail components across utterance tasks, however. 
The mean onset of the rib cage (87.4 ms, SD = 19.6) and 
abdominal adjustments (82.7 ms, SD = 22.9) before voice 
onset under the /a /condi t ion  occurred considerably later 
than under the/ha/condit ion in which mean preutterance 
rib cage and abdominal ATs of 106.7 ms (SD = 15.0) and 
99.5 ms (SD = 19.8) were observed, respectively. These 
differences in mean AT across utterance tasks were statis- 
tically significant [t = -3.64, df = 5, p < .05 (rib cage); t 
= -2.63, df = 5, p < ,05 (abdomen)]. 

D I S C U S S I O N  

Independence o f  Laryngeal and Chest Wall 
Adjustments 

Change in the EGG trace preceded onset ofphonation 
by an interval that was relatively consistent for all produc- 
tions. On the other hand, onset of chest wall adjustments 
occurred significantly sooner (with respect to phonatory 
initiation) fo r /ha / than  for/a/.  The stability of laryngeal 
adjustment onset and the difference in the start of chest 
wall posturing across the "speech"  tasks was a direct 
consequence of designating voice onset as the anchor 
point for the temporal measures of this study. Had utter- 
anee onset been chosen as the timing anchor point 
instead, the temporal stability of laryngeal adjustment 
onset would not have been observed. Chest wall and 
laryngeal preparation for phonation seem to be indepen- 
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dent phenomena performing distinct functions. The la- 
ryngeal adjustment is likely to be phonation-speeifie. The 
adjustment of the chest wall, on the other hand, probably 
serves to prepare the ventilatory system for the onset of 
any speech expiration, phonated or not. For the vowel/a/, 
the onset of expiratory flow is at most only slightly earlier 
than the onset of phonation. The syllable ~ha~,, however, 
requires a much longer delay between the start of expira- 
tion (for the generation of turbulence within the glottis) 
and the start of vocal fold oscillation. In effect, the /ha /  
task was only a convenient means of separating phonatory 
and utterance onset. The finding that the chest wall 
adjustment began substantially earlier for the production 
of/ha/ than for/a/indicates its importance for the onset of 
the expiratory event rather than for the phonatory proc- 
ess. 

Mechanisms Responsible for  Rib Cage Expansion 

The results of this study failed to support the implica- 
tion of the research of Mead et al. (1974), Gould and 
Okamura (1974), and Hixon et al. (1976) that rib cage 
enlargement during the prephonatory interval represents 
passive expansion in response to glottal closure at the 
time of abdominal compression. I f  the glottis can be open 
and if rib cage expansion can occur--as it often d id--  
before the onset of abdominal contraction, the enlarge- 
ment of the rib cage can only result from active contrac- 
tion of inspiratory muscles. Supporting this assertion are 
the data alluded to in the caveat regarding the group 
mean differences between rib cage and abdominal ATs 
for the /a/ task. As noted earlier, rib cage expansion 
usually preceded movement  of the abdomen. In addition, 
the observations of rib cage movement  before a laryngeal 
adjustment as well as rib cage expansion in the presumed 
absence of vocal fold approximation support the conclu- 
sion that active muscle forces are responsible for increas- 
ing the dimensions of the rib cage. 

Since the latency of laryngeal adductor EMG activity in 
response to a sudden displacement of the abdomen in 
humans is on the order of 30-40 ms (Baer, 1979) and the 
mechanical response time of the laryngeal muscles is 
around 15 ms (Atkinson, 1978), a typical latency between 
abdominal contraction and rib cage expansion of approxi- 
mately 45-55 ms would be expected if rib cage enlarge- 
ment could be explained entirely as the response to a 
sudden abdominal contraction against a closed glottis. 
The results of this investigation demonstrate that this was 
not the ease. Active rib cage expansion appears to be an 
essential part of prespeeeh chest wall dynamics. This is 
not to say that some amount of rib cage expansion might 
not be a passive response to abdominal-volume intrusion 
into the thoracic space, but it seems clear that rib cage 
displacement is very likely to be primarily an active 
process. 

From a mechanical point of view it is well known that 
the dual-component chest wall system presents two de- 
grees of freedom of movement  during any ventilatory 
flow (Agostoni, Mognoni, Torri, & Saracino, 1965; Ber- 
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gofsky, 1964; Konno & Mead, 1967). The finding of active 
rib cage expansion during chest wall posturing provides 
evidence that the two degrees of freedom of movement 
of the rib cage and abdomen are preserved during this 
adjustment. This finding has implications regarding the 
neural control of chest wall posturing. Specifically, a 
chest wall adjustment accomplished by exercising the 
two degrees of freedom of movement  represents a rel- 
atively complex neuromuscular event requiring parallel 
and carefully coordinated active contraction of the rib 
cage and abdominal musculature. 

Function o f  the Chest Wall Adjus tment  

Posturing of the chest wall for speech appears to be 
primarily a means of achieving a more effective biome- 
chanical state for the efficient load-regulation of pressure 
during speech production, rather than simply a pressure 
generating maneuver. As Mead et al. (1974) have suggest- 
ed, speakers most probably solve the pressure and config- 
urational problems separately. I f  the ehest wall adjust- 
ment were designed expressly for generating the subglot- 
tal pressure needed to support speech, it is unlikely that 
such a significant rib cage expansion would occur. A more 
efficient strategy for creating a rapid increase in subglot- 
tal pressure might involve diminution of both the rib cage 
and abdomen. However, since speech production in- 
volves sudden and extreme changes in glottal and supra- 
laryngeal impedances, simply compressing both chest 
wall components would prove to be inefficient in the long 
run. Speech characteristically requires rapid alternations 
of high and low vocal tract impedance. Expansion of the 
rib cage stiffens the upper walls of the ventilatory system, 
whereas contraction of the abdominal wall similarly tunes 
the diaphragm (Hixon et al., 1976). The system is there- 
fore much more efficient in compensating for the rapid 
changes in flow that occur during speech utterances--  
collapsing more quickly to maintain pressure during high 
flow events and resisting displacement when flow sud- 
denly stops (as during plosives). 

Of perhaps greater importance are the potential biome- 
chanical benefits that accrue from an oppositional adjust- 
ment of the chest wall. The advantages of increasing rib 
cage size include the generation of increased recoil forces 
and elongation of the expiratory rib cage musculahlre 
which has the effect of increasing their contractile force. 
In addition, shifting volume from the abdomen to the rib 
cage probably accomplishes the diaphragmatic tuning 
described by Hixon and his co-workers (1976). The re- 
suits are (a) a stiffened chest wall making the rib cage, 
abdomen, and diaphragm less prone to perturbation in 
the presence of the ballistic pressure pulses associated 
with speech; and (b) a system that is maximally prepared 
for the rapid shifts in expiratory flow that characterize 
speech production. In effect, rib cage enlargement before 
speech and phonation optimizes the "capacitance" of the 
air supply, demonstrating its importance to the regulation 
of a stable pressure supply during speech production. 
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