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ABSTRACT

Despite time constraints, a voice clinic is a unique
environment to collect rich and vast information related
to vocal fold pathologies. In this paper, the instruments
and protocols in use at the Royal Infirmary of
Edinburgh are described. Biographical, aetiological,
acoustic, electroglottographic, and endoscopic data from
about 180 patients are already recorded and partially
stored in personal computer multimedia file formats
(wav, .bmp, and .avi) integrated in an MS-ACCESS®
database. This information is used for medical diagnosis
and research purposes.

1. INTRODUCTION

This paper describes some aspects of the current data
collection procedures at the Voice Clinic of the Royal
Infirmary of Edinburgh. This multidisciplinary clinic,
run by an otolaryngologist assisted by a speech
therapist, a voice scientist, an engineer, and a nurse, is
attended by about 5 to 10 outpatients per week. These
are patients referred by General Practitioners due to
voice or throat complaints as well as patients being
follow-up after phonosurgery or speech therapy. Typical
diagnoses include vocal fold nodules, palsy, and
psychogenic dysphonia. Information from the patients is
being fed into an MS-ACCESS® database which
integrates diverse but complementary data used for
diagnosis support and research purposes. The file
formats (wav, .bmp, and .avi) are compatible with
standard multimedia personal computers.

In the normal routine, the patients are initially shown a
poster describing the clinical procedures, particularly
the endoscopic examination, and are then conducted
into the steps to be described in this paper, namely the
completion of a gquestionnaire, the aerodynamic
measurements, the voice and laryngographic recordings
and, finally, the medical interview and endoscopic
examination. Each of these phases is accomplished by
protocols designed to provide information which is as
representative carefully collected, and complete as
possible. It is worth pointing out that in such a hospital
clinic there are several constraints not normally found
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in a pure research laboratory. For instance, limited time
is available to perform measurements and recordings, so
that laboratory procedures require to relate to practical
clinical objectives and not make excessive demands
upon the patient, whose visit is prompted by a medical
problem.

Although there are protocols and techniques'already
established in the related clinical and research activities
(e.g. for speech and voice quality perceptual
assessment [1, 2], objective evaluation by acoustic,
aerodynamic, or laryngographic measurements [2], and
stroboscopic examination of the larynx [3]), much
research is still to be done, particularly in connection to
the acoustic sample’s type, length, and recording
conditions [4, 5, 9]. In the next sections, some aspects
associated to the data collection procedures in each
phase of the voice clinic are discussed.

2. QUESTIONNAIRE

The questionnaire, based on the symptomatology and
the aetiology of voice disorders, as described in texts of
otolaryngology and speech therapy [e.g. 6, 7, 10, 13], is
a source of valuable, easily collected, and quantifiable
information for research purposes. It consists of a brief
explanatory cover plus 6 pages containing about 30
questions, most of them in the form of a check-list that
is filled up by the patients in the waiting room in
approximately 10 minutes. For ethical reasons [8] the
patient can not be identified. Occasional doubts of the
patients are resolved by the attending clinicians and
may result in the reformulation of the associated
questions. The questionnaire is organised into the
following 4 sections:

1. Biographical Details, including sex, age, height,
weight, current and previous occupation;

2. Voice Problem Onset and Progress, where such
aspects as when or how the problem started, how it is
progressing, as well as possible predisposing,
precipitating  and/or  aggravating  factors  are
investigated;

3. Symptoms, including changes in coughing,
swallowing, and in some speech and voice attributes
(intelligibility, pitch, and 4 dimensions of the GRBAS
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scale [2]: hoarseness, breathiness, weakness, and
strain); and

4. Activities and Environment, where the patient is
asked e.g. about tobacco and alcohol consumption,
exposure to irritants (such as fumes, dust, or chemicals),
and voice abuse/misuse (for teaching, singing, shouting,
etc.).

Although emotional and psychological conditions are
important aetiological factors in voice disorders, they
were not explored to avoid questions that could be
considered offensive. The questionnaire has been
administered since 1994 without problems apart from
reading difficulties by aged patients. The supplied
information is subsequently complemented with details
from the medical examination and typed into the MS-
ACCESS?® database.

3. AERODYNAMIC TESTS

The aerodynamic tests are intended to assess the breath
support to phonation by measures associated to the
obstruction of the airways or to the restriction of the
thoracic excursion. Obstruction, assessed by expiratory
airflow rates, may be caused by asthma, for example,
while restriction, measured by lung volumes, may. be
originated in diseases of the bony structures, the lung
tissue, or the respiratory muscles. The existence of
excessive air wastage in glottal gaps caused e.g. by
vocal fold palsy or bowing is also checked by means of
phonatory airflow rate parameters.

The measurements are performed with a commercially
available device (Aerophonell, from F-J Electronics)
consisting basically of a face mask, flowheads,
microphone, data acquisition hardware, and software.
The hardware is connected to the serial interface of a
custom 386 microcomputer running the ° supplied
software that provides facilities for data acquisition,
calculations, and display of results.

During the section, the patient is seated in front of the
microcomputer and is asked to repeat each of the
following tests three times after a demonstration; the
best value out of the three attempts is kept as the
measurement:

1. Peak Flow Rate: the subject is instructed to take a
deep breath and blow into the mask as strongly as
possible and without phonation. The maximum value is
then automatically determined;

2. Vital Capacity: this is the air volume slowly expelled
out of the lungs from maximum inspiration to full
expiration. It is obtained in Aerophone II by integrating
the air flow curve; and

3. Phonatory Flow: after hearing a reference tone
(128 Hz for males, 256 Hz for females), the patient is
asked to take a deep breath and sustain the [a] vowel as
long as possible, keeping the pitch close to the reference
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tone and the sound pressure level (SPL) around 75 dB.
The SPL, which is visually monitored by the patient
during the recording, is converted to values equivalent
to a distance of 15 cm from the lips. The maximum
phonation time (MPT), the maximum, minimum, and
mean SPL are also obtained from this test. The
measurements so obtained take about 10 minutes to be
completed, and are later typed into the MS-ACCESS®
database.

Owing to practical difficulties in accomplishing
acrodynamic measurements outside the confines of a
specific  Respiratory Function Laboratory, these
measurements have been reduced to a bare minimum.

4. ELECTROGLOTTOGRAPHIC AND ACOUSTIC
RECORDINGS

After the patient is seated inside the sound proof booth
(Amplivox-Burgess Audiometer), the acoustic and
electroglottographic (EGG or Lx) signals are recorded
simultaneously as described below.

While the EGG signal is visually monitored in an
oscilloscope, the patient is asked to hum or sustain a
vowel so that the two electrodes and the internal gain of
a portable Laryngograph may be adjusted for a
satisfactory signal; the electrodes are then kept in
position with an elastic strap. The signal is fed into the
left channel of a Sony 55ES DAT Recorder and
digitised at 48 ksamples per second, 16 bits per sample.
The RMS recording level (monitored from the DAT
recorder VU unit) is kept between -20 and -12 dB but
clipping may occasionally occur due to extensive DC
level fluctuation caused by vertical movements of the
larynx or neck rotation.

The acoustic signal is captured by a head mounted
electret  directional microphone (Shure SMI10A),
laterally positioned at a distance of about 4 cm from the
lips, following recommendations in [9]. The background
RMS noise level, as measured in the DAT VU meter, is
below -60 dB. The acoustic signal, monitored by
headphones and an oscilloscope, is recorded into the
right channel of the DAT recorder (48 ksamples per
second, 16 bits per sample) after having been passed
through a microphone-to-line amplifier (Shure FP11).
To avoid saturation caused by abnormal intensity
fluctuations, often present in the pathological speech
and voice, the RMS recording level is set from -20 to
-12 dB for running speech, and at about -6 dB for
sustained phonation.

One of the main aspects being investigated by the
acoustic analysis is what phonetic material and

‘articulatory tasks are most appropriate for revealing

voice disorders by objective (i.e. computerised) analysis.
Before the recording starts, the patient is given a brief
explanation of each step of the protocol which includes
the 6 sections described below:
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1. Three repetitions of the first 64 words of the
Rainbow Passage [11]: “When the sunlight strikes
raindrops in the air, they act like a prism and form a
rainbow. The rainbow is a division of white light into
many beautiful colours. These take the shape of a long
round arch, with its path high above, and its two ends
apparently beyond the horizon. There is, according to
legend, a boiling pot of gold at one end. (...)".This
commonly employed phonetically balanced passage is
used for perceptual speech quality assessment [1];

2. Three repetitions of vowels, sustained for about 3
seconds in the following conditions: [a] and [i] in
normal pitch, and [a] in high and low pitches but not in
Jfalsetto and creaky phonation, for it could mask EGG
and acoustic perturbation measurements. Emphasis is
given to [a], as it is normally the most affected vowel.
These recordings provide data for the routine objective
estimation of acoustic and EGG derived parameters (FO
mean and standard deviation, jitter, shimmer, and
closed quotient). The rough estimate of the pitch range
(from the low and high pitched phonations) along with
a slow opening phase in the EGG is particularly useful
to indicate possible cases of paralyses.

3. Production of the following sounds, each after “a
deep breath”, “as long as possible” and in a
comfortable pitch: [i], [a], [u], [s], and [7]. Due to
time constraints and to minimise the fatigue effects,
which may be significant in some almost aphonic or
elder patients, no repetition is done. While the relatively
short and repeated vowels in section 2 are more prone to
be affected by perturbations in the onset of phonation,
the long vowels in section 3 may reveal problems after
the lack of breath support. The long [s] and [z] are
intended to provide, basically, the s/z ratio [12];

4. Alternation of sections, about 1 second long, of low
and high pitched [a], “something like a siren”. This
is intended to check the patient’s ability to make gross
laryngeal adjustments which may be affected by some
pathologies and hidden in the normal speaking voice; _

5. Two repetitions of a short dialogue: “Shall we come
in? Yes, open the door; Where have you been? We were
away a year ago; And Arthur? Arthur went out every
afternoon with Amy, Olive, and lan”. This text, biased
with voiced sounds and glottal attacks, is expected to be
more susceptible to phonatory problems. Pitch
abnormalities such as monotone voice or bizarre
inflections are also assessed with this reading; and

6. Two readings of a short story: “A traveller was just
about to start on a journey, when he saw his dog
standing at the door and stretching himself ‘Come
along, you lazy dog’, he said, ‘what are you waiting
here for?’. The dog wagged his tail, and said: ‘I was
only waiting for you, master’”. This reading is going to
be compared to the previous dialogue in terms of the
susceptibility to voice problems. The previous dialogue
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and this story have similar duration and pitch
inflections but the latter has no special selection of
phonemes.

After the patient is shown the protocol, the
approximately 5 minute long recording session is
started. A clinician instructs the patient, by using an
intercom, and also monitors the Lx and acoustic signals.
During the recordings, subjective assessments of voice
and laryngographic abnormalities are made and
reported to the otolaryngologist, if relevant. Due to time
constraints, the procedures during the clinic are
concentrated upon good quality recordings and
throughput. Routine objective analysis is carried out
only after the clinic is over, by means of a commercially
available software (Dr. Speech Science®), which process
-wav files created by digitising the line output of the
DAT recorder. Digitisation is done with a Sound Blaster
16 card, at 22050 samples per second, 16 bits per
sample. This sample rate is"a reasonable compromise
between disk space and time resolution for acoustic
perturbation analysis. Mono (but synchronised) EGG
and acoustic .wav files, from steps 3 to 6 above, are
being written into CDs with a Reflection Systems
RF4000 Compact Disk Recorder.

It is worth listing some difficulties in connection to the
recordings. Firstly, the reduced dimensions of the sound
booth (91x91x199 cm) may cause excessive heat that is
worsened by the internal illumination. Secondly, with
regard to the protocol, earlier versions asked the patient
to produce a gliding up and down sound, as well as a
short musical scale; these were excluded for not being
easily understood by several patients. Finally, the EGG
signal may be extremely weak and noisy in patients with
short neck or pathologies that cause glottal chinks; the
signal is also consistently poorer in women, since they
have smaller vocal folds, are inclined to have more fat
in their necks, and do not have the Adam’s apple
prominence; other worsening factors include neck
movements, which can displace the electrodes, and
metallic necklaces, which can introduce high frequency
noise.

5. VIDEOENDOSCOPY

After the tests and recordings described in the previous
sections, the patient is conducted into -another room
where the medical examination is carried out by the
otolaryngologist and the speech therapist. After an
investigation of the various aspects that may be related
to the voice disorder, the videoendoscopic examination
is performed by using a 70° rigid endoscope connected
to a Briiel&Kjer Rhino-Larynx Stroboscope Type 4914
and to the video equipment (Panasonic CCD WV-
KS152 colour digital micro-camera, Panasonic NV-
SD40B four head VHS video recorder, and Panasonic
TC-15M2RC colour TV set). Despite the discomfort
caused by the topical xylocaine anaesthetic spray
applied to all patients to suppress the gag reflex, and the
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fact that phonation is accomplished with the tongue
being pulled out of the mouth, the rigid telescope is
preferred as it provides better illuminated and magnified
images, as compared to those obtained from flexible
nasoendoscope [3]. For antiseptic care, the telescope is
wiped with bactericidal ‘(Isopropyl alcohol BP 70%).
Fogging of the lens is minimised by using an ethanolic
solution for laryngeal mirrors or by placing the lens in
contact with the buccal tissue to be warmed up.

The laryngeal movements and anatomic integrity are
assessed from colour images (including the arytenoids
and the anteriorr comissure) taken under normal
respiration, while the fine details of the mucosal wave
are investigated with stroboscopic illumination during
phonation. The stroboscope is triggered by the signal
detected with a stethoscope throat microphone self-held
by the patient. The protocol for the stroboscopic
examination normally includes a few samples of a five
seconds long [i], spoken in a comfortable pitch and
loudness, but may also contain the vowel being
produced in low and high frequencies with variations of
loudness.

During the clinic, the recorded images and sound
(picked up with a Sony ECM-T140 omnidirectional
lapel electret microphone) are played back in slow or
frame-by-frame motion to allow more careful
observations and to give explanations to the patient.
Latter, selected frames of the open and closed glottis are
digitised into .bmp files (320x240 pixels, 16 bits for
colours) with a Video Blaster FS200 card; these files are
suitable for hardcopy. Video .avi files (MSV1
compression, 160x120 pixels, 16 bits for colours)
approximately 15 seconds long are also created with a
Movie Machine Pro card (FAST Electronic GmbH,
Munich) and Adobe Premiere™ editing software. The
so created video files have a data rate of about 160
kbits/s which is adequate for double speed CD-ROM
drivers. Although more efficient video compression
algorithms such as MPEG are available, avi was chosen
for the sake of portability and hardware independence.
The .avi files are also being written into CDs.

A protocol for stroboscopic images assessment was
adapted from [3, p90] to evaluate laryngeal aspects such
as the smoothness of the vocal folds edges, the glottic
closure, the amplitude and symmetry of the vibration,
the mucosal wave intensity, as well as the movements of
the ventricular folds and arytenoids.

6. DISCUSSION

In this paper as much detail as possible was given
regarding the practical aspects of to the data collection
procedures which started in mid 1994 in the Voice
Clinic of the Royal Infirmary of Edinburgh.

Despite time constraints, good quality data acquisition is
being accomplished due to a combination of adequate
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equipment, specialised staff, and carefully designed
protocols. With the current equipment set-up, it is time
consuming to transfer laryngographic and acoustic
signals from DAT to computers for objective analyses
while the clinic is being run; recording directly into a
computer is a possible alternative (providing even better
signals) but the lack of enough hard disk space may be a
drawback.

To date, more than 180 patients have been recorded.
Subsequent work will be published reporting
measurements derived from these data, correlational
analysis among the various sources of information and,
particularly, the assessment of the current acoustic tasks
as useful clinical tools.
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