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Introduction
The purpose of this study was to explore possible causes of
the often acknowledged harshness, hoarseness and gruff-
ness in the voices of people with Down’s syndrome (Grove
and Gray 1985), Hollien and Copeland (1965), Bergendal
(1976), Michael and Carney (1964) Moran (1986), Novach
(1972), Paparella and Schmick (1973), Wilson (1987).

The difference could lie in the size and shape of the larynx
itself. It is known that individuals with Down’s syndrome may
have physical abnormalities such as incomplete develop-
ment of the sinus areas of the skull (Benda, 1969). However,
the American researchers, Weinbreg and Zlatin (1970) and
Michael and Carney (1964) have run tests on the fundamen-
tal frequencies (the base note at which the larynx vibrates)
in individuals with Down’s syndrome. They found that the
frequencies were normal - or slightly above normal: the
slight difference probably being accounted for by the fact that
people with Down’s syndrome tend to be physically smaller
than the general population.

Basically then, the larynxes of people with Down’s syndrome
are producing a normal vibration. Usually the smaller the
larynx, the higher the note. Women’s voices are higher than
men’s but people with Down’s syndrome - although physi-
cally smaller and with average or above average fundamen-
tal frequencies - are perceived as having voices which are
gruff and low pitched.

The second possibility is that the hypotonia (reduced muscle
tone), which affects the muscles of individuals with Down’s
syndrome, has an effect on the extrinsic laryngeal muscles
(the strap muscles) which hold the larynx in situ and that the
pharyngeal walls, which provide resonating areas above
the level of the larynx, are similarly flaccid. The hypothesis
here is that the gruff voice is a product of harmonics picked
up by the vibrations of the muscular walls of the tract.

A third possibility is that the characteristic open mouthed
posture, associated with Down’s syndrome, has a drying
effect on the mucosal lining which extends down the oral
tract and covers the laryngeal areas; changes may result
from a consistently drier environment.

It is well known that for full vocal health a reasonably high
intake of fluids is required (Van Lawrence, 1980).

In the researcher’s experience, children with Down’s syn-
drome do not demand drinks as often as their typically
developing siblings.

Questions in this research, therefore, also asked about
drinking habits.

The current research focused on the second hypothesis
using an electro-myographic biofeedback technique to meas-
ure the tension in the muscles surrounding the larynx.

The technique which has been used in the past to help
people with functional dysphonias to modify their speaking
behaviour (Andrews, Warner and Stewart 1986) is de-
scribed in detail further on.

The physiology of voice
“Phonation is the production of vocal sounds resulting from
the passage of currents of air through the larynx. The
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The laryngeal muscle tension of a group of thirty people
with Down’s syndrome was compared with that of three
other groups of people: those with learning disabilities,
those with functional dysphonia (that is a voice disorder
caused by misuse of the vocal mechanism) and a normal
control group.

The scores obtained were analysed by SPSS to determine
whether there were significant differences in the way in
which voice is produced by the four groups. The chief
finding is that the energy level needed to activate the vocal
mechanism from its “at rest” level to its voicing level is
almost twice as great for the group with Down’s syndrome
as for the control group.

Implications for therapeutic interventions are consid-
ered. It is felt that new strategies to aid voicing need to be
developed.

The importance of keeping up fluid levels is highlighted.
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strength, tone, pitch and resonance of the voice area like-
wise dependent on the structure and neuro-muscular con-
trol of the laryngeal and respiratory systems” (Espir and
Rose, 1983).

Producing voice is a complicated process depending for its
success on the movements of a number of muscle groups
pulling in controlled opposition to each other.

The intrinsic laryngeal musculature consists of groups of
muscles which lie between the cartilagenous framework of
the larynx in either side of the airway.

The extrinsic muscles hold the larynx in situ in the neck and
link with the hyoid bone above and the muscles of the thorax.
For a full account of the way the voice works see Luchsinger
and Arnold (1965).

Method
The current research focussed on four groups of people
(see figure 1):

1) A group of 30 individuals with Down’s syndrome:
16 males, 14 females - average age 29.2 years.

2) A group of 32 individuals with learning disabilities (but
not Down’s syndrome):

15 males, 17 females - average age 28.6 years.

3) A group of 18 individuals with dysphonic problems who
had been referred for voice therapy:

11 females, 8 males - average age of 45.0 years.

4) A group of 29 individuals to form a control group:
14 females, 15 males - average age 26.6 years.

The people with Down’s syndrome or learning disability
were contacted through local services. The control group
were volunteers.

Age range:
The lower age limit was fixed at 18 years. It was hoped to
avoid any late adolescent voice changes by fixing this limit
well above the general age of puberty.

The upper age limit was intended to be set to exclude
changes due to diseases of ageing (the connection between
Down’s syndrome and Alzheimer’s disease has been fre-

quently discussed). However, as many of the dysphonic
group were somewhat older, it was decided to include
people up to 55 years.

People were asked to complete a questionnaire which
looked at various aspects of their lives.

After general questions of fact, name, sex, age and
employmernt etc. Question 7 asked people to rate their
health - very healthy, healthy, often under the weather,
poorly. Question 10 asked whether friends regarded the
person as extrovert or introvert. This question had to be
explained to the Down’s syndrome group and the learning
disabilities group in terms that they could understand. Adjec-
tives like shy, confident, outgoing, quiet, etc., were used. The
decision to place a particular candidate in one or other
category was then confirmed by staff or friends.

Question 11 asked people to rate their levels of perceived
stress: from no stress, not very stressed, stressed or highly
stressed. The EMG biofeedback is sensitive to levels of
personal stress and it was important to eliminate unusual
and very high levels caused by bereavement or something
similar. The purpose of the question was to look at the way
people viewed the level of stress in their lives. It was also
appreciated that the test situation would be tense for some
people although every effort was made to put subjects at
their ease before applying the electrodes.

After questions relating to their history of voice problems, if
any, question 15 asked people about the number of water
(or water based) drinks they took during the average day.
Drinks which contain caffeine, e.g. tea, coffee, coke, cola
were discounted as were alcoholic drinks, because of the
diuretic effect of both substances (Boone, 1983, Paparella
and Shumrick 1973, Lawrence, 1980).

Hearing status
The high incidence of hearing loss amongst people with
Down’s syndrome is well documented. It was felt that this
additional complication should be eliminated from this voice
research.

Discussions with hearing therapists established that a loss
of over 20 db across the speech range in either ear could be
deemed to constitute a hearing loss.

Figure 1.  Composition of groups by age and sex.

Pressures of time - and the difficulty some people with
Down’s syndrome had in the testing situation - made
it easier to settle for a sweep hearing test at 30 db
across the range 250 - 4000 cycles: in both ears,
using a portable Peters Audiometer. People who
failed this test were, therefore, excluded from the final
project.

Electromyographic biofeedback
This is a device which measures the electrical activity
which occurs when a nerve impulse triggers the
contraction of an individual group of fibres in a
muscle.

The feedback is provided by the deflections of a
needle on a dial. There is also an auditory feedback
facility which gives a clicking noise into an earpiece
whenever a threshold tension level is exceeded.
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Figure 2. Diagram showing the placement of electrodes for Electromyography.

The auditory feedback was not used during the assess-
ments under consideration but could have a significant role
to play in the therapeutic use of the EMG Biofeedback during
rehabilitation activities.

Methods of use
The recording electrodes are placed in a line along the belly
of the muscle under study and a further electrode, the
referent, is placed a few inches away and equidistant from
the two recording electrodes (see figure 2).

The site for the placement of the electrodes was cleaned. A
pumice was used to abrade the skin in order to remove any
dead cells. Electrode gel was then applied to the silver
coated mesh on each of the three electrodes. The findings
were cross-checked using the Vocal Profile Analysis Proto-
col. This is an assessment of vocal features carried out by a

trained professional who analyses the position and action
involved in various aspects of voicing.

Findings
The three areas which brought out the most interesting
results were:

The Extroversion/ Introversion rating.
The Hydration levels.
The Vocal Initiation levels.

Extroversion/ Introversion Rating
The use of these terms had to be explained using words like
shy, confident, outgoing, quiet  etc., to groups with learning
disabilities including Down’s syndrome. The question was
asked: Do other people regard you as an extrovert or an
introvert?
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Obviously, ideas of esteem, self-
worth and sociability were involved.

The stereotypical view of people with
Down’s syndrome as open, easy-
going, happy-go-lucky, sociable
people was not borne out by the
figures (see table 1).

Group with Down's
syndrome

Group with
learning difficulties

Control
group

Group with
functional dysphonia

60% 50% 10% 27.7%

Table 1. Those who thought that people regarded them as introvert.
(Figures taken from the answers to the questionnaire.)

There is, therefore, a high level of perceived introversion
amongst people with learning disabilities of all sorts.

The findings of Leudar, Frazer and Jeaves (1981), were that
the posture and attitude of people with Down’s syndrome
was more passive and less assertive than in other people.

Hydration
The number of water (or water based) drinks that each
person took during twenty-four hours was counted (using
the questionnaire). These figures exclude drinks containing
caffeine and those containing alcohol. Both caffeine and
alcohol have diuretic properties.

Since many writers on “voice”, including Van Lawrence
(1980), Boone (1983) and Paparella and Shumrick (1973),
stress the importance of keeping up appropriate fluid level
for good voice health, it seemed useful to enquire into
people’s drinking habits. Table 2 below shows the findings.

Group with
Down's
syndrome

Group with
learning
disability

Normal
controls

Group with
functional
dysphonia

0 - 1 drink daily 40% 53% 7% 3%

2 - 3 drinks daily 46% 37.5% 7% 16%

4 or more drinks
daily

13% 9.3% 86% 83%

Figure 3. Energy levels measured in microvolts required to initiate voice.

Table 2. Hydration levels.

Vocal Initiation Levels
The average person uses 72.52 microvolts of energy to
initiate voice: that is to set in motion the vocal cord vibrations
that are perceived as underlying so much of human commu-
nication (see figure 3).

The person with Down’s syndrome uses 131.57 microvolts
to achieve the same effect (nearly twice as much).

The people with functional dysphonias who are acknowl-
edged to have voice problems used - on average - 116.89
microvolts. For people with learning disabilities, the figure
was 125.53 microvolts.

The three groups under consideration all have to expend
more energy than the normal control group in achieving
phonation.

The high showing of the group with learn-
ing disabilities may be explained by the
number of people with cerebral palsy
among their number. These findings are
statistically highly significant.

The hypothesis that the hypotonia in
Down’s syndrome gives rise to a floppy
musculature, which includes a range of
harmonics in the voice produced by the
flaccidity of the walls of the supra-laryngeal
tract, is not proven. However, greater levels
of energy (effort) are needed to activate a
more flaccid mechanism.

The figures for the group with Down’s syn-
drome are statistically very significant when
compared with the control group. It means
that whereas the average person uses
72.52 microvolts of energy to initiate voice,
the individual with Down’s syndrome needs
to use 131.57 microvolts - not far off twice
as much energy to obtain the same result.

Again, the result for people with learning
disabilities is high - as are all their results
in these tests - but it is not as high in this case
as the group with Down’s syndrome who
are also considerably higher than the group
with known voice problems.

The scores for the learning disabilities group
are found to be statistically significantly
different from the control group.

If initiating voice is difficult, one is less likely
to put in the “back channels” which show
that one is involved in the interaction. One
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may have something relevant to say but if it takes time to
contribute comment, someone else may have seized the
initiative. Your punchline may be lost.  If this happens too
often, you may become discouraged from ever trying to
contribute.

People who cannot easily vocalise are at a disadvantage in
all language learning.  The telegraphic style of many young
people with Down’s syndrome (Bray and Woolnough, 1988)
may in part be due to their inability to produce voice long
enough to sustain a normal length sentence.

Since language learning has important correlations with the
development of cognitive processes, and oral production
plays a significant part in the learning process for most
speakers, it is obvious that a competent and easily useable
vocal mechanism is important in general intelligibility - and,
therefore, in general acceptance in the community.

Voice therapy with people with Down’s syndrome
There is, as yet, little work being done to remediate the voices
of people with Down’s syndrome. Speech and Language
therapists have focussed their attention on the need to
develop the language skills of children with Down's syn-
drome who, undoubtedly, require skilled input in  this area
(Jenkins, 1991, Cunningham et al., 1985 etc).

The poor articulation of this group of people has also been
recognised and programmes are frequently devised to
assist in improving this (Hamilton, 1993). However, the
current research suggests that far more emphasis needs to
be placed on the problems of initiating voice. Ideally, this
should be incorporated into early therapy packages so that
an awareness of the problem and procedures to remediate
it can be started - almost from birth.

Voice therapy techniques have traditionally developed from
the strategies used by singing teachers to promote vocal
control and to eliminate straining and vocal abuse. Very few
people with Down’s syndrome can sing at all. Therapy
techniques for increasing vocal efficiency need to be de-
vised.

The EMG Biofeedback is an excellent way of enabling
people to see (and hear) the tension in their own muscles.
It would seem to have long term therapeutic uses as an
instrument for enabling people with Down’s syndrome to
monitor their own vocal state and, therefore, take an active
part in the remediation process.

The drinking habits of people with Down’s syndrome have
also been highlighted. Parents, schools and Training Cen-
tres could all become more aware of the need to introduce
wider choices of drinks (not just coffee in the morning and tea
in the afternoon). For good vocal health, can we all raise our
glasses, charged with water or fruit juice, to a future which
involves more drinks and lots of choices.
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