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ABSTRACT

Abdominal trussing has been advocated for a number of years as a method
to improve speech in persons with paralyzed or weak muscles of the
breathing apparatus. There have been a few studies that have examined the
effect of abdominal trussing on speech and voice. However, these studies
have had little experimental control. For this study, two experiments were
undertaken to examine the effect of abdominal trussing in men with a
cervical spinal cord injury on breathing, vowel prolongation and reading.
For both experiments, a special trussing device and procedure where
developed to have maximum control over inward abdominal placement
during the trussing procedure. Respiratory, acoustic and linguistic measures
were made for both experiments.

For the first experiment, three persons with cervical spinal cord injury
were studied using three single-subject-experimental designs. Abdominal
trussing had some effect on the inspiratory component of the breathing
apparatus. This was demonstrated by some of the subjects by an increase of
inspiratory capacity, phonation duration, more syllables per utterance and
fewer pauses. There was no evidence that trussing had an effect on the
expiratory component of the breathing apparatus. A perceptual component
included having judges indicate if they preferred portions of the reading
passage when the abdomen was trussed versus when it was untrussed. No

differences were detected for the preferential listening task.
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For the second experiment, one subject from the first experiment was used
to examine the effect of three different inward abdominal placements (25%.
50%, and 75%) on breathing and speech. The 50% inward position was found
to be the best position for improving the inspiratory component of the
breathing apparatus. With the improvement of the inspiratory component,
utterance duration and the number of syllables per utterance increased and
the number of pauses decreased during reading. In addition, the perceptual
component of analysis for the second experiment showed, that for reading,
the 50% inward abcdominal position was preferred to the other two inward
positions.

Future clinical applications and research of abdominal trussing in

different populations are also discussed.
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INTRODUCTION

The breathing apparatus is a biomechanical pump that generates the
volume displacements, volume compressions, and flows required to produce
speech. If that apparatus is paretic or paralyzed, then its ability to bring about
such aeromechanical events for speech may be affected. Paresis or paralysis of
the breathing apparatus may be caused by several factors, with, perhaps, the
most commonly recognized being cervical spinal cord injury.

Observations of subjects with cervical spinal cord injury indicate that their
conversational speech may: (a) be reduced in loudness (Hixon & Putnam,
1983; Hoit, Banzett, Brown, & Loring, 1990a); (b) be monoloud (Hixon &
Putnam, 1983); (c) have decreased stress contrasts (Hixon & Putnam, 1983); (d)
have short breath groups (Hixon & Putnam, 1983; Hoit et al., 1990a); and (e)
have long inspiratory durations (Hixon & Putnam, 1983; Hoit et al., 1990a).
Presumably, increasing the demands of speech, so as to be more stringent
than for conversational level, would further exacerbate such speech
problems.

Individuals with cervical spinal cord injury, who are able to breathe on
their own, are reported to have: (a) reduced vital capacities (Fugl-Meyer &
Grimby, 1971; Haas, Lowman, & Bergofsky, 1965; Haas, Pineda, Axen,
Bresnahan, & Haas, 1978; Huldtgren, Fugl-Meyer, Jonasson, & Bake, 1980;
Ledsome & Sharp, 1981; Maloney, 1979; McCool et al., 1986; McKinley,

Auchincloss, Gilbert, & Nicholas, 1969; Morgan, Silver, & Williams, 1986); (b)
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decreased inspiratory pressures (Fugl-Meyer, 1971; Goldman, Rose, Williams,
& Denison, 1986; Haas et al., 1978; Huldtgren et al., 1980; Loveridge, Badour, &
Dubo, 1989; Loveridge, Sanii, & Dubo, 1992; Loveridge & Dubo, 1990; Ohry,
Molho, & Rozin, 1975; Pichurko et al., 1985); (c) decreased expiratory
pressures (Fugl-Meyer, 1971; Huldtgren et al., 1980); and (d) decreased
maximum expiratory flows (Haas et al., 1978; Huldtgren et al., 1980; Loveridge
et al., 1992; Ohry et al., 1975).

Possible links may exist between the changes observed in the breathing
variables just mentioned and the conversational speech problems already
discussed. Decreased expiratory pressures and flows may result in decreased
loudness, monoloudness, and decreased stress contrasts. Decreased
inspiratory pressures and resultant decreased vital capacities may lead to short
breath groups. And, decreased inspiratory pressures may be related to
increased inspiratory durations.

Any method that would improve breathing function in persons with
cervical spinal cord injury might improve their speech as well. One such
candidate often mentioned for clinical application is abdominal trussing.
Abdominal trussing is the process of moving and fixing the abdomen inward
relative to its position at rest. Trussing techniques have included the use of
corsets, non-elastic and elastic abdomen wraps, and pneumobelts (Cala,
Edyvean, & Engel, 1993; Goldman et al., 1986; Koulouris et al., 1989; Maloney,

1979; Miller, Thomas, & Wilmot, 1988). Abdominal trussing of persons with
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a cervical spinal cord injury has been found to: (a) increase vital capacity
(Goldman et al., 1986; Huldtgren et al., 1980; McCool, Brown, Mayewski, &
Hyde, 1988; McCool et al., 1986; Miller et al., 1988); (b) increase maximum
inspiratory pressures (Huldtgren et al., 1980); (c) increase maximum
expiratory pressures (Sataloff, Heur, & O'Conner, 1984); and (d) increase
expiratory flows (Fugl-Meyer, 1971; Haas et al., 1978; Ledsome & Sharp, 1981;
Ohry et al., 1975).

Trussing of the abdomen in the upright body position serves to supplant,
in part, the function of a paretic or paralyzed abdomen. Abdominal muscles
are active during speech production in the upright body position, as shown by
electromyographic (Eblen, 1963; Gould & Okamura, 1974; Hardy, 1970; Hoit,
Plassman, Lansing, & Hixon, 1988; Lebrun, 1996; McFarland & Smith, 1989),
and stress-strain studies (Hixon, Mead, & Goldman, 1976). For speech
production, this muscular activity results in the abdomen being displaced
inward to volumes that are smaller than those associated with relaxation at
the prevailing lung volume (Hixon, Gold:z.an, & Mead, 1973; Hixon et al.,
1976; Hoit, Hixon, Altman, & Morgan, 1989; Hoit & Hixon, 1987; Hoit, Hixon,
Watson, & Morgan, 1990b).

The abdomen plays an important role for both inspiration and expiration
during speech (Hixon et al., 1973; Hixon et al., 1976; Hoit et al., 1989; Hoit et al.,
1988; Hoit & Hixon, 1987; Hoit et al., 1990b) and during highly skilled voice

production (Watson & Hixon, 1985; Watson, Hixon, & Maher, 1987, Watson,
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Hixon, Stathopoulos, & Sullivan, 1990). During conversational speech
production, the background tone of the abdomen brings about a general
inward positioning of the abdominal wall. This displaces the abdominal
content inward, which, in turn, displaces the diaphragm headward.
Headward displacement of the diaphragm lengthens its muscle fibers, placing
them on a more favorable portion of their length-tension curve. As a
consequence, when the diaphragm contracts, it can generate rapid and
forceful inspiration (Banzett & Mead, 1993).

Headward displacement of the diaphragm, caused by inward displacement
of the abdomen, allows greater transdiaphragmatic pressure to be produced in
healthy subjects (Grassino, 1974; Koulouris et al., 1989). With increased
inward displacement of the abdomen, diaphragm electromyographic activity
decreases, while tidal volume and timing are maintained in healthy subjects
(Banzett, Lansing, & Reid, 1985; Banzett & Mead, 1993; Reid, Banzett,
Feldman, & Mead, 1985) and in subjects with cervical spinal cord injury
(Banzett et al., 1981; McCool et al., 1988).

With regard to the abdomen’s function during the expiratory phase of
speech, not only does it produce volume displacement in the expiratory
direction and generate expiratory pressure, it also serves to optimize the
function of the rib cage. It does the latter by favorably positioning the rib cage

upward and serving as a platform for the rib cage to act against.
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The abdomen, when displaced inward, raises abdominal pressure which,
in turn, results in a lifting of the rib cage (Goldman, 1974). With such lifting,
the expiratory muscles of the rib cage are lengthened, placing them on a more
favorable portion of their length-tension curve (Hixon, 1988). This allows the
diaphragm and rib cage to more efficiently generate the volume
displacements, volume compressions, and flows required for speech.
Furthermore, throughout the expiratory phase of the speech breathing cycle,
the abdomen typically continues its inward displacement. This displacement
maintains a larger rib cage volume throughout expiration, which, in turn,
optimizes expiratory muscle function of the rib cage throughout the
expiratory phase of the breathing cycle (Hixon, 1988).

During the expiratory phase of the speech breathing cycle, the abdomen
resists the expiratory pressure developed by the rib cage. If the abdomen were
not to offer this resistance, it would be forced outward and move in a
paradoxical manner during expiration. That is, while lung volume would be
decreasing, abdominal volume would be increasing, but to a lesser extent
than the decrease of lung volume. This paradoxing results in reduced
economy of movement or “wasted” motion (Hixon & Weismer, 1995). Thus,
the pressure generated by the rib cage would result, in part, in altering the
shape of the breathing apparatus and in not developing as rapid and as large

an alveolar pressure change.
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Optimizing the function of the diaphragm may result in the speech of
individuals with spinal cord injury having longer breath groups attendant
with increased vital capacity, and decreased inspiratory durations because of
increased inspiratory pressure. Optimizing the function of the rib cage may
result in the speech of these individuals being louder, being reduced in
monoloudness, and having increased stress contrasts attendant with increases
of expiratory pressure and flow.

Changes of speech in individuals with a cervical spinal cord injury may
especially be observed when greater demand is required to produce speech.
For example, trussing the abdomen of an auctioneer who has a cervical spinal
cord injury may allow this individual to be better heard and quicker
inspirations may be realized so that the ongoing flow of speech is maintained.

Abdominal trussing has been suggested as a possible clinical method to
improve the speech of patients with a disordered breathing apparatus (Aten,
1983; Duffy, 1995; Hixon, 1975; Hoit et al., 1990a; Rosenbek & LaPointe, 1985;
Westlake & Rutherford, 1961; Yorkston, Beukelman, & Bell, 1988). There are,
however, few empirical data to support the use of abdominal trussing as an
effective clinical method to improve speech. Simpson, Till, and Goff (1988)
report the effect of abdominal trussing in a subject who had suffered a stroke.
The authors report that minimal improvement was noted in their subject’s
speech and that they judged the voice to be louder. Because the subject

suffered a stroke there may have been other factors, such as cranial nerve
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damage, which may have contributed to the minimal effect observed in the
subject’s speech following trussing. Sataloff, Heur. and O’Conner (1984)
described the use of abdominal trussing with a professional “untrained”
singer who had sustained a cervical spinal cord injury. These authors report
that for the subject’s singing, sound pressure level was maintained for a
longer period, tone was perceived to be more “forceful,” and the subject was
able to return to performing. Although Sataloff and colleagues reported data
and casual observations concerning the subject’s singing, they did not provide

a description of the effect trussing had on the subject’s speech.

PURPOSE

Abdominal trussing has been advocated as a clinical method to improve
speech in persons with weakness of the muscles of the breathing apparatus
for over 30 years. Trussing the abdomen has shown that it improves
breathing function that, consequently, may have an impact upon speech.
There have been a few case studies that have indicated that trussing the
abdomen in subjects with cervical spinal cord injury would improve speech.
However, these studies are limited by few data and the experimenters were
not blind to their observations concerning changes in the speech of their
subjects. To date, the effect of abdominal trussing upon speech has not been

studied in a systematic fashion.
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Two experiments were conducted to examine the effect of trussing the
abdomen upon: (a) breathing function; (b) vocalization; and (c) speech. The
purpose of the first experiment was to examine the effect of abdominal
trussing on selected breathing, vocalization, and speaking tasks in three
subjects with cervical spinal cord injury. Four specific questions were
addressed. The first question was, can changes be observed in selected
breathing variables such as increased vital capacity and increased maximum
inspiratory and expiratory pressures when the abdomen is trussed as
compared to when it is untrussed? Changes in these variables would indicate
if trussing had a beneficial effect on breathing which may have predictive
value in assessing the effect of trussing on speech.

The second question addressed if changes could be observed in vocal
(nonspeech) tasks. Can a vowel be prolonged for a greater duration and at a
greater sound pressure level when the abdomen is trussed as compared to
when the abdomen is untrussed? The magnitude of change in such vocal
variables may predict if a subject’s conversational and loud speech will be
improved by trussing.

The third question was, can listeners detect a difference in a subject’s
speech when the abdomen is trussed versus when the abdomen is untrussed?
Specifically, do listeners choose the speech, during conversational and loud
reading, in a trussed condition as being preferable to that during an untrussed

condition?
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The fourth question was, can changes in the acoustic and timing features
of a subject’s speech, such as increased sound pressure level, longer breath
groups, and decreased inspiratory duration, be observed when the abdomen is
trussed versus when it is untrussed? If listeners are able to determine that
trussing the abdomen made speech, during conversational and loud reading,
preferable, then changes in the acoustic and timing domain may indicate
what particular features of speech contributed to this preference.

The second experiment was conducted to examine the effect of different
inward abdominal wall positions on selected breathing and speaking tasks in
one subject involved in the first experiment. If a particular inward
abdominal wall position has a more pronounced salutary effect upon
breathing and speech, then attention should also be given to the position of
the abdominal wall during trussing and not just the act of trussing itself.

Three questions were addressed for the second experiment. The first
question was, does a particular inward abdominal wall position have greater
impact in increasing vital capacity? The second question asked, is there a
particular inward abdominal wall position which affects a change in the
subject’s speech which listeners prefer over other inward positions? The
third question was, can changes in the acoustic and timing features of the
subject’s speech, such as increased sound pressure level, longer breath groups,
and decreased inspiratory duration be observed at one particular inward

abdominal wall position over other inward positions?
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EXPERIMENT ONE
METHODS
Subjects

Three men with functionally complete transections between spinal
segments C5 and C6 served as subjects. See Table 1 for selected characteristics
of these subjects. The level and extent of injury was determined by -a neural
examination conducted by a board-certified neurologist. Injury had to have
occurred more than 12 months prior to the dates of testing. The breathing
apparatus undergoes changes following cervical spinal cord injury and is not
stabilized prior to 12 months post injury (Loveridge et al., 1992). These
changes include alterations in compliance of the rib cage and abdomen.
Changes in compliance can be brought about solely or by any combination of
paresis, paralysis, or spasticity. Medications are often given to patients with
spinal cord injury to help reduce spasticity. Because of the half-life
characteristics of these medications, changes in spasticity could have occurred
during a test period (defined below). To help determine if there were changes
in spasticity during a test period, the Ashworth Scale (Ashworth, 1964;
Bohannon & Smith, 1987; Lee, Carson, Kinnin, & Patterson, 1989) was
administered by the experimenter. Scaling was performed at the beginning, at

the estimated halfway point, and at the end of each test period.



[INSERT TABLE 1]

Subject 1 wore no trussing device. Subject 2 wore a corset that surrounded
his abdomen and most of his rib cage up to mid-sternum. He reported that he
wore it because of scoliosis. Subject 3 wore an elastic binder that surrounded
his abdomen. He reported that he wore it to aid his breathing and to help
stabilize his blood pressure. For the experiment, devices were removed for
Subjects 2 and 3.

Subjects reported that they were in stable general health and were not
suffering from any upper respiratory infections or allergies on the days of
testing. They also reported no history of chronic obstructive lung disease,
such as emphysema or asthma. Subjects reported no premorbid history of
speech or voice disorders (e.g. stuttering). Each subject had spoken American
English as his first language and was able to read The Grandfather Passage
(Darley, Aronson, & Brown, 1975) aloud fluently. Subjects 1 and 2 were
enrolled in graduate studies and Subject 3 was working on a bachelor’s degree.

Subjects were recruited from the greater Tucson metropolitan area
through posted announcements and community contacts. They were paid for

their participation.
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Trussing
Description of the Device

A specially built device was used to truss the abdomen. The device
allowed for the controlled inward positioning of the anterior abdominal wall.
The trussing device consisted of a 4 foot by 8 foot by 1.5 inch plywood
platform that had a thick tubular aluminum frame fastened to it. See Figure
1 for a schematic side view of the device. The frame was made of two 7 foot
tubes which ran vertically, one at each side and at approximately one-third of
the length of the platform. Attached to each vertical tube was a support strut
that was angled down and fastened to the plywood platform. The struts were
used for stabilization and support of the trussing device. Two horizontal bars
were secured between the two vertical members. The upper bar was used to
support and stabilize the frame. The lower (trussing) bar, could be elevated,
allowing each subject to move his wheelchair toward the bar so that his legs
were underneath it. The bar then was lowered and fixed in position so that it
was centered in front of the subject’s anterior abdominal wall.

A threaded-rod assembly was attached to the center of the trussing bar. A
handwheel was fastened to the end of the rod farthest from the subject. The
handwheel was used to move the opposite end of the rod toward or away
from the subject. The end of the rod, closest to the subject, could be angled up
or down around the horizontal axis of the trussing bar. An abdominal plate

was secured to the end of the rod closest to the subject.
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[INSERT FIGURE 1]

The abdominal plate was custom-fabricated for each subject. Plates were
made out of 1/8-inch thick plastic. The plastic was heated in warm water, and
was shaped and molded to fit the anterior and lateral portions of a subject’s
abdominal wall. Special attention was given so that the plate did not
encroach upon the lower rib cage. A non-elastic belt was attached to -he
lateral ends of the plate. During trussing, each end of the belt was brought
around the back of a subject’s wheelchair and drawn tight and secured. This
was done so that the lateral portions of the plastic plate were pulled over the
sides of each subject’s abdominal wall. A hole was drilled in the center of the

plate so that it could be secured to the adjustable threaded rod.

Trussing Procedure

After each subject had maneuvered his electric wheelchair onto the
plywood platform and the trussing bar had been placed in front of his anterior
abdominal wall, an inward abdominal wall position was determined for the
trussing segments of the experiment. This position was approximately
halfway between where the abdominal wall began to be displaced inward to
where no further inward displacement could be detected. This position was
located using linearized magnetometers (GMG, 1980)

Magnetometers are electromagnetic coil pairs that provide a voltage

analog of the distance between them. For each subject, a generator coil was
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placed at the middle of the outer surface of the abdominal plate. The sensor
coil was placed on the back at the midline of a subject’s torso, and at the same
axial level as its generator mate. The electronically processed output of the
abdominal magnetometer pair was routed to the horizontal axis of a storage
oscilloscope.

Because the abdominal plate covered the anterior abdominal wall it was
difficult to determine the point at which the plate began to displace the wall
inward. Therefore, the beginning of outward rib cage wall displacement was
used as an indicator of when the trussing device had begun to displace the
abdominal wall inward. As the abdomen is displaced inward, abdominal
pressure is raised, which acts to displace the rib cage wall outward (Goldman,
1974). To sense outward rib cage wall movement, a second magnetometer
pair was placed on the rib cage. The generator coil was placed at midline and
at the level of the lower sternum on the anterior rib cage. The sensor coil was
placed on the posterior rib cage at the midline and at the same axial level as
its generator mate. The electronically processed output of the rib cage
magnetometer pair was routed to the vertical axis of the storage oscilloscope.

See Figure 2 for a depiction of the oscilloscope display. The horizontal axis
shows inward movement of the abdominal plate, towards a subject, leftward.
The vertical axis shows outward movement of the rib cage wall upward.
Following magnetometer placement, the beam of the storage oscilloscope was

placed on the right side of the oscilloscope screen (Point A). The subject was
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instructed to stop breathing at the resting end-expiratory-level and the
abdominal plate was moved toward the subject. As this was done, the beam
of the display traced a line to the left. At the point where the abdominal wall
began to move inward, the rib cage wall began to move outward, and the
beam began to trace a diagonal line upward and leftward (Point B). The
abdominal plate continued to be moved toward the subject until no further
movement of the plate could be detected (Point C). The subject then was
instructed to breathe and the abdominal plate was withdrawn until it was no
longer touching the abdominal wall. A vertical line (Line D) then was
marked halfway between Points B and C on the oscilloscope display.
[INSERT FIGURE 2]

Each time a subject was to be trussed, he was instructed to stop breathing at
the resting end-expiratory-level and the abdominal plate was moved toward
him. Care was taken to ensure that the point at which the rib cage wall began
to move outward was always lined up with Point B, acquired during the
determination of the halfway position. Inward movement was stopped when
the line being traced on the display of the oscilloscope intersected Line D. The
subject then was told to breathe.

Tasks

Each subject performed selected respiratory tasks, vowel-prolongation

tasks, and reading tasks. Adequate rest, as determined by the subject and the

experimenter, was provided between each task and task repetition.
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Respiratory Tas

Selected respiratory tasks of inspiratory capacity-vital capacity maneuvers,
maximum inspiratory-pressure-generation maneuvers, and maximum
expiratory-pressure-generation maneuvers were performed by each subject.
To measure inspiratory capacity-vital capacity performances, a 9-liter wet
spirometer was used. Each subject, while wearing a noseclip, was instructed
to stop breathing at resting end-expiratory-level. A tube, with one end
attached to the spirometer, was placed in the subject’s mouth. The subject
then was instructed to perform an inspiratory capacity maneuver (e.g., take in
as much air as you can). Upon reaching total lung capacity, the subject was
instructed to immediately perform a one-stage vital-capacity maneuver (e.g.,
blow out as much air as you can).

For the maximum inspiratory- and expiratory-pressure-generation
maneuvers, a small plastic tube, with one end positioned within a
mouthpiece, was used to transmit pressure. The other end of the tube was
attached to a pressure transducer. The signal from the pressure transducer
was conditioned and amplified and the resulting output was routed to a strip-
chart recorder. Pressure was calibrated using a U-tube water manometer.

To measure maximum inspiratory pressure, each subject, while wearing a
noseclip, was instructed to breathe quietly through the mouthpiece to

atmosphere. At the resting end-expiratory-level, a valve was used to close off
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the mouthpiece to atmosphere. Each subject then was instructed to inspire
with maximum force and to sustain the effort for a few seconds.

The maximum expiratory-pressure-generation maneuvers were similar in
kind to those used to determine maximum inspiratory pressures. However,
rather than instructing each subject to inspire with maximum force once the
valve was closed, each subject was instructed to expire with maximum force.
The subject was instructed not to use his tongue or cheeks to assist in pressure
generation for either the maximum inspiratory- or maximum expiratory-

pressure-generation maneuvers.

Vowel-Prolongation Tasks

Conversational-level and loud-level vowel-prolongation tasks were
performed. For a conversational-level vowel-prolongation task, each subject
was instructed to take in as deep a breath as possible, and then sustain the
vowel /a/ as long and as steady as he could, using what he considered to be
his conversational loudness. For a loud-level vowel-prolongation task, the
subject was instructed to take in as deep a breath as possible and then sustain
the vowel /a/ for as long and as steady as he could, producing the vowel as
loud as he believed necessary to be heard clearly at the opposite end of a

basketball court.
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Reading Tasks
Each subject performed two reading tasks using The Grandfather Passage.

A conversational-level reading task required the subject to read the paragraph
aloud at what he considered to be his conversational loudness. The loud-
level reading task required a subject to read the paragraph as loud as he

believed necessary to be clearly heard at the opposite end of a basketball court.

Design

For each subject, a single-subject, A-B-A, withdrawal type of design
(Barlow & Hersen, 1984) was employed. Each subject was involved in two
test-periods with two task-sessions per test period. Test periods were
separated by at least 5 days. Task sessions, within a period, were separated by
at least 30 minutes. The two task-sessions included a respiratory and vowel
session and a reading session. A respiratory and vowel session consisted of
the following tasks: (a) inspiratory capacity-vital capacity maneuvers; (b)
maximum inspiratory-pressure-generation maneuvers; (c) maximum
expiratory-pressure-generation maneuvers; (e) conversational-level vowel
prolongations; and (d) loud-level vowel prolongations. A reading session
included conversational-level reading and loud-level reading. Test periods
typically lasted no more than 1.5 hours.

The course of study was predetermined for the three experiments. Each

subject was selected randomly to be in one of the three experiments. The
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order of tasks within a task session and task sessions within a test period are
shown in Tables 2, 3, and 4 for Subjects 1, 2, and 3, respectively. The order of
the task sessions within a test period was determined randomly for the first
test period and the order was reversed for the second test period. The order of
tasks within a task session also was determined randomly for the first test
period and was reversed for the second test period. Each task, within a
session began with an abdomen-untrussed (untrussed), A condition, followed
by an abdomen-trussed (trussed), B condition, followed by another abdomen-
untrussed (untrussed), A condition. Three trials of a task were performed in
the first A condition followed by three trials of the same task in the B
condition, followed by one trial of the same task in the following A condition.
Three trials of a new task began following the one trial of the previous task in
the post-treatment A condition.
[INSERT TABLES 2, 3, AND 4]
Procedures And Instrumentation For Recording Acoustic Data For Vowel
Prolongation And Reading
The acoustic signal, during the vowel-prolongation tasks and the reading

tasks, was sensed with a head-mounted microphone and recorded on one
channel of a digital-audio-tape (DAT) recorder. Lips-to-microphone distance
was held constant at 2.5 inches and at a 45° azimuth to midline. These data
were used to make timing and sound pressure level measurements. Portions

of the reading data also were used for the perceptual component of the study.
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To calibrate sound pressure level, a 1000-Hz triangular wave was played
over a loudspeaker with the microphone placed at the same distance and
angle as that for the placement relative to a subject’s lips. A sound-level
meter was placed next to the microphone, in parallel and at the same distance
from the loudspeaker. The output of the loudspeaker was adjusted so that
the sound-level meter registered 90 dB SPL. The input level then was
adjusted on the DAT recorder so that its VU meter registered the same value
for each session. The tone then was recorded on the DAT tape. Calibration
was performed before each test period for each subject. The calibration tone

was played into a computer to calibrate for dB SPL.

Data Reduction and Analysis
Analysis of Respiratory Tasks
All values from the individual trials of inspiratory capacity, vital capacity,

and expiratory reserve volume were graphed for visual analysis. Expiratory
reserve volume was calculated by subtracting inspiratory capacity from vital
capacity. All values from the individual trials of maximum inspiratory and
maximum expiratory pressure generation maneuvers also were displayed for
visual analysis. Means and standard deviations were calculated, by collapsing
across trials within an experimental condition within a test period, and then
grand means and standard deviations were calculated for experimental

conditions across test periods.
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Analysis of Vowel-Prolongation and Reading Tasks

The recorded acoustic signal for vowel-prolongation tasks and reading
tasks was digitized using a sound acquisition card, with 15 bit resolution,
interfaced with a PC computer. The acoustic signal was low-pass filtered at a
cut-off frequency of 11 kHz and digitized at the sampling rate of 22.5 kHz.
Timing and dB SPL analyses of the digitized speech sample were
accomplished using C-Speech (Milenkovic, 1990). The acoustic waveform
was displayed on one channel. The sound pressure level (dB SPL) contour of
the corresponding acoustic waveform, derived via RMS, was displayed on a
second channel. Timing data were acquired from the first channel. Selected
dB SPL data were acquired from the second channel.

For vowel-prolongation tasks, average sound pressure level (dB SPL) and
maximum sound pressure level (dB SPL) measurements were made for each
trial. The duration, in seconds, of each vowel prolongation also was
determined. Values of average sound pressure level, maximum sound
pressure level, and duration for each trial were graphed for visual analysis.
Means and standard deviations for these measures were calculated, by
collapsing across trials within an experimental condition, within a test period.
Grand means and standard deviations were calculated for experimental

conditions across test periods.



39

For each trial of a reading task, measurements were made for each
utterance. An utterance was defined as that part of an acoustic speech signal
separated by a pause of at least 0.250 seconds. The measures per utterance
included: (a) average sound pressure level (dB SPL); (b) maximum sound
pressure level (dB SPL); (c) syllables per utterance; (d) utterance duration
(seconds); and (e) syllables per second. Pause duration, in seconds, also was
measured. Means and standard deviations were calculated for these
measures for each trial of a reading task and were graphed for visual analysis.
Additional means and standard deviations were calculated, by collapsing
across the means for each trial within an experimental condition, within a
test period. Then grand means and standard deviations were calculated for
experimental conditions across test periods for each measure.

In addition, different pause boundaries were identified, following the
convention described by Hammen and Yorkston (1994), and counted. The
pause boundaries were put into the three categories: (a) primary syntactic
boundary -- pauses which occurred at sentences; (b) secondary syntactic
boundary - pauses which occurred at a phrase or subordinated clause; and (c)

other -- pauses that occurred within a phrase or subordinated clause.

Perceptual Analysis of Reading Tasks

For perceptual analysis, segments for the conversational-level and loud-

level reading tasks were taken from the previously digitized files. Using
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sound editing software, sound files were constructed for each subject, for each
reading task. These files were made by taking the third and fourth sentence
from the second trial of the first A condition, the second trial of the B
condition, and the trial of the second A condition for the two test periods.
This resulted in 6 samples (3 samples per test period X 2 test periods). From
these 6 samples, a total of 72 pairs was constructed (6 [pairings of each sample
with itself] + 30 [all possible pairs] + 36 [repetition of all possible pairs plus
pairings of each sample]). Announcements were inserted into the edited
sound file stating which pair number was being played prior to the
presentation of that pair. A silent period of 3.5 seconds was inserted between
the end of one pair and the start of the next pair and a silent period of 1.5
seconds was inserted between each member of a pair. This resulted in 6 tapes
(three subjects X 2 tasks). After the sound files for perceptual analysis were
completed, they were played back from the computer to a DAT and recorded.

Each tape was presented via loudspeakers in a sound-treated room. Each
tape session took approximately 40 minutes to complete. For each subject,
judges listened to the two tapes -- conversational-level and loud-level
reading. There was a separate listening day for each subject. Subject order
and task order, within a day, were randomized. At the beginning of each tape,
a short listening example, made up of 3 pairs chosen randomly from the tape,
was inserted. This segment was used to familiarize the judges with the

subject’s speech and the task.
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Judges were 13 graduate students in speech and hearing scienccs who had
taken a course on dysarthria. See Table 5 for a listing of student status of each
judge (master’s or doctoral), whether they had a Certificate of Clinical
Competence (CCC-SLP), years of experience working with clients with
dysarthria, and percentage of caseload, during that period, devoted to treating
dysarthria. Not all judges participated in all listening sessions. Ten judges
listened to the tapes of Subject 1 (Judges 1-7, 10-12) and Subject 3 (Judges 1-10).
Eleven judges listened to the tapes of Subject 2 (Judges 1-5, 7, 9-13).

Judges were instructed to indicate, after the playing of one sample, which
member of a pair had speech they considered preferable. Judges were
instructed that even if they were not sure of their choice they were to select a
member. For each tape, after 36 pairs had been presented, a 10-minute break
was given. A 20-minute break was given between each tape per listening day.
Judges were instructed not to discuss the listening task until all the tapes had
been completed.

For each subject, within a reading task, only those judges who had
intrajudge reliability of 70% or greater were used. Intrajudge reliability vsas
determined by comparing a judge’s agreement of a pair with its repetition.
The percentage of the number of agreements to the total number of pairs was
calculated.

Where possible, a chi-square test (David, 1988) designed for pair-

comparison analysis, was employed to see if there was a statistically



42

significant difference between experimental conditions within a test period
and collapsed across test periods. The alpha level was set at 0.01.

[INSERT TABLE 5]
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RE TS AND INTERPRETATION

Data from Ashworth scaling, respiratory tasks, vowel-prolongation tasks,
and reading tasks are considered in this section for the three subjects studied
in Experiment I. Untrussed and trussed trials of the respiratory, vowel-
prolongation, and reading tasks are presented hereinafter in tables and figures
in such a way as to contrast these two conditions. Recall that the task
schedule and trial ordering within a test period are given in Tables 2, 3, and 4

for Subjects 1, 2, and 3, respectively.

Ashworth Scaling
With regard to Ashworth scaling, Subjects 2 and 3 were given a rating of
no spasticity during both test periods. Subject 1 was given a rating of very-
mild spasticity on the upper-right extremity at the end of test period 2. Based
on these observations, there would appear to be no compelling reason to
suspect that changes of spasticity had any effect on the criterion measures of

this experiment.

Respiratory Tasks
Inspiratory Capacity, Expiratory Reserve Volume, and Vital Capacity
Individual values for inspiratory capacity, expiratory reserve volume, and
vital capacity are shown in Part A of Tables 6, 7, and 8, respectively. Means

and standard deviations for the untrussed and trussed conditions, collapsed
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within a test period and across test periods, for inspiratory capacity, expiratory
reserve volume, and vital capacity are shown in Part B of Tables 6, 7, and 8,
respectively. Individual values for inspiratory capacity, expiratory reserve
volume, and vital capacity, relative to each subject’s predicted values of
inspiratory capacity, expiratory reserve volume, and vital capacity are
presented graphically in Figure 3.

[INSERT TABLES 6, 7, AND 8]

[INSERT FIGURE 3]

In Figure 3, data for Subjects 1, 2, and 3 are arranged in individual panels
from the top to the bottom of the figure. For each panel, the vertical axis
displays lung volume, in liters (L). The solid horizontal line at 0 in each
panel depicts each subject’s resting end-expiratory-level. Inspiratory capacity
is displayed above the horizontal line at 0, and is shown as the filled portion
of each bar. Expiratory reserve volume is displayed below the horizontal line
at 0, and is shown as the unfilled portion of each bar. The total height of a
bar, the filled and unfilled portions, represents the vital capacity for that trial.
Within each panel, the dotted horizontal line above 0 indicates a subject’s
predicted inspiratory capacity, and the dotted horizontal line below 0 indicates
his predicted expiratory reserve volume. The distance between each set of
dotted lines depicts a subject’s predicted vital capacity. All predicted values

are based on age and height (Knudson, Slatkin, Lebowitz, & Burrows, 1976).
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The solid vertical line within each panel divides the untrussed condition
(to the left) from the trussed condition (to the right). The code along the
horizontal axis of the bottom panel represents the test period, experimental
condition, and trial number within an experimental condition for each
subject. The first character represents either test period 1 or 2. The second, or
second and third characters, following the first underscore, codes the
experimental conditions Al, B, or A2, with Al representing the untrussed
condition preceding the trussed, or B condition, and A2 representing the
untrussed condition following the trussed, B condition. The number
following the experimental code, and preceded by the second underscore,
represents trials 1, 2, or 3 within an experimental condition.

Unless otherwise noted, several features of Figure 3 are repeated for
subsequent figures. These features include: (a) the convention of coding test
periods, experimental conditions, and trials; (b) the placement of this code at
the bottom of each figure; (c) the solid vertical line within each panel
dividing the untrussed from the trussed experimental conditions; and (d) the
ordering of data for Subjects 1, 2, and 3 from the top to the bottom of a figure.

As can be seen in Figure 3, each of the three subjects is markedly reduced
in his inspiratory capacity, expiratory reserve volume, and vital capacity
relative to predicted values. Inspiratory capacity is the least reduced and
expiratory reserve volume the most reduced component of vital capacity for

all three subjects.



For untrussed inspiratory capacity, Subject 1 is the least reduced from
predicted and Subjects 2 and 3 the most and similarly reduced from their
predicted values. The percentage of predicted inspiratory capacity, based on
each subject’s untrussed grand mean, is 70%, 41%, and 36%, for Subjects 1, 2,
and 3, respectively. Variability is discussed relative to those values that fall
outside the confidence limits surrounding the mean (p=0.95) (Hays, 1973).
Within-experimental-condition variability falling outside these limits may
indicate effects such as learning or fatigue. The range of values within the
confidence limits for untrussed inspiratory capacity is 2.21 to 2.39 liters for
Subject 1, 1.38 to 1.70 liters for Subject 2, and 1.25 to 1.41 liters for Subject 3.
There are a few values that fall outside these limits for each subject. Thus
there appears to be no consistent pattern of variability suggesting learning or
fatigue effects.

Untrussed expiratory reserve volume is similarly reduced for the three
subjects relative to their predicted values. The percentage of predicted
expiratory reserve volume, based on each subject’s untrussed grand mean, is
17% for Subject 1, 10% for Subject 2, and 12% for Subject 3. The confidence
limits for untrussed expiratory reserve volume are 0.32 to 0.40 liters for
Subject 1, 0.08 to 0.28 liters for Subject 2, and 0.17 to 0.28 liters for Subject 3.
There appears to be no consistent pattern that would suggest learning or

fatigue effects.
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With regard to untrussed vital capacity, Subject 1 is the least reduced while
Subjects 2 and 3 are the most and similarly reduced relative to predicted
values. The percentage of predicted vital capacity, based on each subject’s
untrussed grand mean, is 49%, 31%, and 28% for Subjects 1, 2, and 3,
respectively. The confidence limits for untrussed vital capacity are 2.60 to 2.74
liters for Subject 1, 1.58 to 1.88 liters for Subject 2, and 1.46 to 1.65 liters for
Subject 3. There appear to be no consistent patterns related to values of
untrussed vital capacity that fall outside these limits.

The untrussed vital capacities for these subjects are consistent with those
reported for other subjects with cervical spinal cord injury (Fugl-Meyer, 1971;
Goldman et al., 1986; Haas et al., 1965; Huldtgren et al., 1980; Ledsome &
Sharp, 1981; McCool et al., 1986; McKinley et al., 1969; Morgan et al., 1986). As
is the case for these three subjects, similar data show that both inspiratory
capacity and expiratory reserve volume are reduced, but that expiratory
reserve volume is reduced to a greater extent (Fugl-Meyer, 1971; Haas et al.,
1965; Huldtgren et al., 1980; Morgan et al., 1986).

With the abdomen trussed, inspiratory capacity increased for all three
subjects. The percentage of predicted inspiratory capacity, calculated from
each subject’s trussed grand mean, is 81%, 50%, and 48% for Subjects 1, 2, and
3, respectively. The confidence limits for trussed inspiratory capacity are 2.47
to 2.83 liters for Subject 1, 1.66 to 2.06 liters for Subject 2, and 1.61 to 1.97 liters

for Subject 3. There does not appear to be any systematic pattern of variation
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of inspiratory capacity during trussing within the three subjects that might be
suggestive of learning or fatigue. During trussing, six trials for Subject 1, two
trials for Subject 2, and five trials for Subject 3 have larger inspiratory
capacities than the largest untrussed inspiratory capacity for each subject.
Subjects with the smallest inspiratory capacity show the largest proportional
change of inspiratory capacity during trussing. The increase of inspiratory
capacity, based on the difference of the grand means of the untrussed and
trussed conditions for each subject, is 0.35 liters (15%) for Subject 1, 0.32 liters
(21%) for Subject 2, and 0.46 liters (35%) for Subject 3. A statistically
significant difference for inspiratory capacity between the untrussed and
trussed conditions is seen only for Subject 1 [t(12)=-6.065, t<.000]. The
difference approaches significance, but is not achieved for Subject 2 [t(12)=-
2.800, t< 0.016] and Subject 3 [t(12)=-5.052, p< 0.0220].

Expiratory reserve volume, when the abdomen is trussed, does not change
appreciably for the three subjects. The percentage of predicted expiratory
reserve volume, based on each subject’s trussed grand mean, is 17%, 13%, and
13% for Subjects 1, 2, and 3, respectively. The confidence limits for trussed
expiratory reserve volume are 0.23 to 0.40 liters for Subject 1, 0.14 to 0.34 liters
for Subject 2, and 0.20 to 0.28 liters for Subject 3. There are a few cases in
which trussed expiratory reserve volume falls outside these limits. However,
there does not appear to be any systematic pattern of variation within the

trussing condition. With the abdomen trussed, no trials for Subject 1, no
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trials for Subject 2, and no trials for Subject 3 show a larger expiratory reserve
volume as compared to each subject’s largest untrussed expiratory reserve
volume. The difference between the untrussed and trussed conditions, based
on the difference of the grand means of the two experimental conditions,
with regard to absolute volume change, is small. This difference of expiratory
reserve volume consists of a decrease of 0.01 liters (8%) for Subject 1, an
increase of 0.06 liters (33%) for Subject 2, and an increase of 0.02 liters (9%) for
Subject 3 when the abdomen is trussed. No significant statistical differences
are detected between the untrussed and trussed conditions for Subject 1
[t(12)=0.363, t<0.723], Subject 2 [t(12)=-0.884, t<0.0.393] or Subject 3 [t(12)=-0.738,
p<0.475].

With trussing, vital capacity increases relative to the untrussed values for
the three subjects as reflected by an increase of inspiratory capacity and no
actual change in expiratory reserve volume. However, vital capacity is still
markedly reduced in proportion to each subject’s predicted vital capacity. The
percentage of predicted vital capacity, as determined from each subject’s
trussed grand mean, is 55%, 38%, and 37% for Subjects 1, 2, and 3 respectively.
The confidence limits for trussed vital capacity are 2.86 to 3.08 liters for
Subject 1, 1.95 to 2.25 liters for Subject 2, and 1.86 to 2.20 liters for Subject 3.
There appears to be no systematic pattern of variation within trussed vital
capacity that suggests learning or fatigue effects. With trussing, six trials for

Subject 1, five trials for Subject 2, and six trials for Subject 3 show larger vital



50

capacities than each subject’s largest untrussed vital capacity. As is the case for
inspiratory capacity, subjects with smaller untrussed vital capacities realize
the largest proportional and absolute change of vital capacity when the
abdomen is trussed. The increase of vital capacity, based on the difference
between the grand means of the untrussed and trussed conditions, is 0.31
liters (12%) for Subject 1, 0.39 liters (22%) for Subject 2, and 0.48 liters (31%) for
Subject 3. Statistically significant differences for vital capacity are found
between the untrussed and trussed conditions for Subject 1 [t(12)=-5.236,
p<0.001], Subject 2 [t(12)=-3.682, p<0.003], and Subject 3 [t(12)=-5.527, t<0.001].

The increase of vital capacity, observed when the abdomen is trussed in
these three subjects, is similar, in kind, to increases of vital capacity reported
in other cervical spinal cord injured subjects during abdominal trussing
(Estenne & DeTroyer, 1987; Goldman et al., 1986; Huldtgren et al., 1980;
McCool et al., 1988; Miller et al., 1988). As is the case for these three subjects,
the increase of vital capacity when the abdomen is trussed in subjects with a
cervical spinal cord injury, is realized by an increase of inspiratory capacity
and not expiratory reserve volume (McCool et al., 1988; Miller et al., 1988).
Therefore, it seems that, for these three subjects, abdominal trussing increases
the analogous range-of-motion by effecting the inspiratory and not the

expiratory sub-division of the lung volume.
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Maximum Inspiratory and Maximum Expiratory Pressures

Individual values for each trial of maximum inspiratory pressure and
maximum expiratory pressure for the three subjects are shown in Part A of
Tables 9 and 10, respectively. Means and standard deviations for the
untrussed and trussed conditions, collapsed within a test period and across
test periods, for maximum inspiratory pressure generation and maximum
expiratory pressure generation, are shown in Part B of Tables 9 and 10,
respectively. Maximum inspiratory pressure generation and maximum
expiratory pressure generation for each trial are presented graphically against
each subject’s predicted values in Figure 4.

In Figure 4, individual values for each trial of maximum inspiratory
pressure and maximum expiratory pressure are arranged to be similar to the
arrangement of lung volume data displayed in Figure 3. That is, maximum
inspiratory pressure generation is dispiayed above 0 and maximum expiratory
pressure generation is displayed below 0, matching the orientation of
inspiratory capacity and expiratory reserve volume, respectively, in Figure 3.
Recall, however, that these two maximum pressure generation tasks were
typically performed at different times within a test period and not part of the
same task as they were for the inspiratory capacity-vital capacity task. The
vertical axis in each panel of Figure 4 displays pressure, relative to

atmosphere (in cm H,0). The solid horizontal line at 0 depicts pressure,







