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Abstract

Background: stuttering. Aim: to compare muscle activation in fluent and stuttering individuals during
speech and non-speech tasks. Method: six adults divided in two groups: G1 - three fluent individuals; G2
- three stuttering individuals. Muscle activity (surface electromyography) was captured by disposable
electrodes fixed in four regions. Testing situations: muscle rest tension, speech reaction time, non-verbal
activity, verbal activity. Results: There was no significant statistical difference between the groups for the
rest tension; G2 present longer speech reaction times; G2 presented muscle activity during the non-verbal
task similar to that observed during rest; Muscle activity of G1 and G2 during the verbal task demonstrated
to be similar. Conclusion: these results suggests that for G2 there is a poor control of timing for the
coordination of motor processes.

Key Words: Fluency; Stuttering; Speech; Electromyography.

Resumo

Tema: gagueira. Objetivo: comparar aativagdo muscular emindividuos fluentes e gagos durante tarefas de
falaendo-fala. Método: seisadultosforam divididosem doisgrupos: G1 - trésindividuosfluentes; G2 - trés
individuos com gagueira. A atividade muscular (eletromiografia de superficie) foi captada por eletrodos
fixados em quatro regides. Situagdes testadas: tensdo muscular de repouso, tempo de reacdo da falg;
atividade ndo verbal e atividade verbal. Resultados: ndo houve significancia estatistica entre os grupos
para a tenso de repouso; G2 apresentou tempo de reacdo de fala mais longo; G2 apresentou atividade
muscular durante a tarefa ndo verbal semelhante a observada durante o repouso; a atividade muscular de
GleG2duranteatarefaverbal foi similar. Conclus3o: estesresultados sugerem que G2 apresentaum pobre
controle temporal para a coordenagdo dos processos motores.

Palavras-Chave: Fluéncia; Gagueira; Fala; Eletromiografia
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I ntroduction

According to Loucks and De Nil (1),
developmental stuttering in adultsinvolvesadeficit
in oral kinesis. Studies have demonstrated that
stuttering adults present difficulties in the timing of
speech movements, fact that is observed when
investigating the reaction time of musclesin verbal
and non-verbal activities. Theseindividuals present
longer reaction times when compared to fluent
individuas(2-8).

The purpose of the present study was to verify
muscleactivationin fluent and stuttering individuals
during speech and non-speech tasks. The
hypotheses of the study were:

. H1 - muscle rest tension is higher in individuals
who stutter;

. H2 - speech reaction time is longer in individuals
who stutter;

. H3 - muscle activity during speech is higher in
individuals who stutter;

. H4 - muscle activity during non-verbal activitiesis
similar for stuttering and fluent individuals.

Method
Participants

Thisresearch received prior approval from the
Research Ethics Committee of the Institution
(CAPPesq - HCFMUSP 1021/03)

Participants of thisstudy were six adultsdivided
intwo groups: G1 with threefluent individuals, mean
age of 36:6 years; G2 with three stuttering
individuals, mean age of 26:3 years. All individuals
were males and presented no history of
communication deficits, hearing loss, neurol ogical
and/or cognitive disorders. Individuals of G1 did
not present stuttering according to the Stuttering
Severity Instrument (SSI-3 - Riley, 1994). Prior to
data gathering, all of the participants of G2 went
through 12 sessions of a Fluency Promotion
Program associated to surface electromyography
(PFPF-EM GS- Sassi, 2003). After the conclusion of
the therapy program, these participants presented
moderate to severe stuttering.

Materia

Electromyographic data was obtained using an
equipment with analogical/digital conversion and
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aspecific program for datagathering and processing
(Windows - EMG System do Brasil) installed in a
computer (Dell Dimension 2400).

Electrodes were disposable M edtrace Mini Ag/
AgCl (diameter of 10mm).

Prior to the data gathering, the equipment was
adjusted to the following specifications:

. frequency sampling per channel of 1000Hz;

. resolution of theanalogic/digital conversion board
of 12 hits;

. high passfilter of 20Hz;

. low passfilter of 500Hz;

. total gain of 1000 (50 of each EM G channel and 20
of the active electrodes).

Active electrodes were used for the SEMG
recordings following the configuration below:

. pre-amplifierswith again of 20;
. differential amplifierswith bipolar entry;
. 2 metersof flexible steel-plated cable.

Procedure

Muscle activity was captured by disposable
electrodes fixed in the inferior perioral region
(inferior orbicularisoris- ORB); suprahyoid muscles
(middle portion of the digastric mucle - SH); neck
(middle portion of sternocleidomastoideus muscle
- SCM); and trapezius(TR).

Testing situations consisted of:

. muscle rest tension - each participant was
instructed to remain the more relaxed as possible
for 1 minute. After that, five seconds of muscle
activity was recorded;

. speech reaction time - each participant was
instructed to repeat the phrase "Barco na &gua’
(boat onwater) (Sassi & Andrade, 2004) as soon as
they heard the sound sign - a high pitched bip -
indicating the chronometer start. Only fluent
productions, without disruptions, were accepted.
The start of muscle activity recording coincided
with the start of the chronometer. Only fluent
utterances were accepted;

. brain deprogramming - using the same
methodology applied in studies with neuroimage,
anon-verbal activity was introduced - visualizing
theword "NADA" - NOTHING - with the purpose
of deprogramming brain activity (basal activation)
for speech. In this situation, participants were
instructed to look at the word shown on acard and
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think about nothing. Muscle activity was recorded
for 30 seconds,

. hon-verbal activity (thinking about a situation
involving speech) - each participant wasinstructed
to think of aspeaking situation that they considered
to be difficult. They were also instructed not make
any facial movements during this task, muscle
activity was recorded for 30 seconds;

. verbal activity (spontaneous speech) - a card o
the game "Diga l&" (Vicari e Santos, 2005) was
randomly chosen and each participant was asked
to produce a self-expressive speech based on the
given verbal order (e.g. tell me how you change a
car tire), muscle activity was recorded for 30
seconds. The presence of speech disruptions did
not invalidate the obtained data.

Results analysis

A total of 168 electromyographic recordings
were analyzed. The gathered data were quantified
in mean root square (RMS) by the signal gathering
and processing program and expressed in
microvolts(uV).

For the rest condition, the obtained values
represent the mean (RMS) electromyographic
activity obtained in five seconds. Speech reaction
time was obtained using adigital chronometer that
measured the time interval between the instruction
given to start speech and the actual production of
speech. Muscle activation during each repetition
of thetarget phrase was also analyzed. Aninterva
marker was used in order to select the information
intervals which were representative of the
beginning and end of the muscle contraction (on
and off situation) and therefore corresponded to
the repetitions of the target phrase. The obtained
values represent the average (RMS)
electromyographic activity observed during the
utterance of the target phrase. Regarding the other
testing situations (brain deprogramming, non-
verbal and verbal activity), the obtained values
represent the average (RMS) electromyographic
activity observed in 30 seconds.

For afew of the participantsit was not possible
to differentiate with precision the on and off
situations from that which would represent the rest
condition when analyzing muscle activity during
the reaction time task. In this case, the first two
seconds of muscle activity were selected, discarding
the time used to start speech. The obtained RMS
value was considered the muscle activity used to
produce speech.
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Results

For the statistical analysisof theresultsANOVA
was used. Thelevel of significance was determined
at 10%, as the number of observations was low -
below six - for a few of the comparisons. The
statistical analysis indicates that:

. there was no significant statistical difference
between the groupsfor therest tension of thetested
muscles: SCM (F=0.07; p=0.804); TR (F=0.00; p
=0.977); ORB (F=0.39; p=0.568); SH (F=4.30; p=
0.107);

. overall, speech reaction timeis different for both
groups (F = 18.85; p = 0.001*), independent of the
repetitions (F = 0.38; p = 0.691). Stuttering
individuals present longer speech reaction times;

. stuttering and fluent individual s presented similar
muscle activity during speech (F=0.05; p=0.819).
When analyzing each muscle activity separately,
results indicate that stuttering individuals
presented similar muscle activity to that observed
influent individuasfor thefollowing muscles: SCM
(F=2.03; p=0.185); TR(F=1.55; p=0.242); ORB (F
= 0.07; p = 0.791). Regarding SH muscles, their
activity during the speech reaction time task was
significantly lower for the group of stuttering
individuals (F =8.87; p=0.014*);

. for the group of stuttering individuals muscle
activity during the non-verbal tasks was similar to
that observed during rest for al of thetested muscle
groups. For the group of fluent individuals, on the
contrary, there was a significant statistical
difference when comparing muscle activity during
the non-verbal task and the rest condition (F = 4.08;
p = 0.076*) - non-verbal muscle activity
demonstrated to be higher when compared to that
observed when muscles were at rest.

Conclusion

H1 - not confirmed; H2 - confirmed; H3 - not
confirmed; H4 - partially confirmed.

Contradicting findings of theliterature (13-14),
high muscle activity during the rest position was
not found for the group of stuttering individuals.
This can be explained by the fact that these
individuals had already concluded PFPF-EMGS.
Thisfluency promotion program involveslearning
to relax speech muscles prior to the production of
speech, bringing muscle activity close to rest
muscle tension, as suggested by the consulted
literature - i.e. between 0 and 5uV (15). By learning
this ability the individual who stutters is able to
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attenuate unwanted sensory/motor stimulus and
therefore is able to produce a more fluent speech
(16-17).

The longer speech reaction times presented by
the stuttering individuals can indicate the impact
of poor timing over the motor system (motor
processing). This can be one of the possible
explanations, according to several authors(2;11;16-
20) for the occurrence of stuttering.

Regarding the muscle activity during the
speech reaction time task, taking in consideration
only the SH muscles (movements of thetongue), it
isobserved that the group of stuttering individuals
presented a significantly lower muscle activity
when compared to that presented by the group of
fluent individuals. This lower muscle activity can
indicate the effort made by stuttering individuals
to maintain their speech fluent; i.e. compared to
their fluent pairs, theseindividualshad to useamost
half of the muscle tension to present a speech free
of disruptions. According to Conture (21) and Craig
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