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Purpose. This study investigated the effect of expiratory mus-
cle strength training (EMST) on voice production, dysarthria,
and voice-related quality-of-life issues in persons with multi-
ple sclerosis (PwMS). It was hypothesized that PwMS would
have improved voice production and reduced voice-related
quality-of-life issues following EMST. Participants and
Methods. Seventeen participants with MS and 14 healthy (H)
controls completed 8 weeks of EMST, followed by 4 weeks of
no training. Analyzed outcomes as a function of EMST were
maximal expiratory pressure (MEP), sustained vowel prolon-
gation (SVP), words per minute (WPM) measured from con-
nected speech, and quality-of-life indices related to the
presence of the dysarthria and dysphonia. Results. PwMS had
lower MEPs, shorter SVP, and less WPM than the controls
prior to training. Following EMST, both groups had signifi-
cant improvement in MEPs that stayed above baseline after
training halted. EMST did not improve voice production or
voice-related quality of life for PwMS. Conclusion. Respira-
tory muscle weakness is present in PwMS having mild- to
moderate-level disability. EMST improved expiratory muscle
strength but did not statistically change objective and subjec-
tive components of voice/speech production in PwMS.

Key Words: Multiple sclerosis—Maximum expiratory pressure—
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Voice-related quality of life.

M
ultiple sclerosis (MS), a disease of neurogenic
origin within the white and gray matter of the
central nervous system, may affect the respira-

tory muscles, particularly the expiratory muscles and
the laryngeal muscles.1-5 Demyelination and axonal

damage, present from the earliest stage of the disease,
account for the progressive disability.2,6,7 Dysfunctional
neural control of the expiratory muscles results in gen-
erating less than adequate pressure for speech produc-
tion, particularly for speech tasks that require sustained
phonation or for connected speech that involves finer
control of inspiratory and expiratory timing.8-12

Previous studies of respiratory muscle strength train-
ing in persons with multiple sclerosis (PwMS) have had
mixed findings as to the change in respiratory muscles,
including 1) no gains,13 2) relative gains that were not
statistically significant,14 and 3) relative gains that were
statistically significant.15-17 The type of training modal-
ity, which respiratory muscle group(s) received the train-
ing, and the level of disability of the participants varied
in these studies. Prior to this current study, no investiga-
tion had examined respiratory muscle strength in PwMS
early in the disease, the effect of respiratory muscle
strength training on voice/speech production, or voice-
related quality of life in PwMS.

Impaired communication in PwMS may occur
because of difficulty in controlling the quality of the voice
and in articulating words due to motor impairment in the
muscles controlling speech as well as having insufficient
subglottal pressure. Speech impairments in PwMS include
motor control dysfunction such as dysarthria, particularly
spastic, ataxia, or mixed dysarthria.4,18-22 The earliest
description of speech impairment associated with MS was
scanning speech.4 The symptoms of the speech produc-
tion disorder can include abnormally long pauses between
words or individual syllables of words. Words may be
slurred or pronounced with a hypernasal sound quality.21

In addition, impaired sound pressure generation in PwMS
may occur due to the inability to generate sufficient expi-
ratory muscle force. Weak phonation and disturbances of
the respiratory cycle are 2 of 5 major characteristics of the
speech impairment in PwMS, resulting from weakened
expiratory and/or laryngeal muscles.23

The purpose of this study was to examine the effect of
expiratory muscle strength training (EMST) on maximal
expiratory pressure (MEP), a known index of expiratory
muscle strength, and on certain features of voice/speech
production in PwMS including prolongation of a vowel

From the Malcom Randall VA Medical Center, Brain Rehabilitation
Research Center, Gainesville, FL (TC, CS); Department of Physical
Therapy, College of Public Health and Health Professions, University
of Florida, Gainesville (TC, DM); Department of Communication
Sciences and Disorders, College of Liberal Arts and Sciences, University
of Florida, Gainesville (CS).

Address correspondence to T Chiara, Brain Rehabilitation Research
Center (151A), Malcom Randall VA Medical Center, 1601 SW Archer
Road, Gainesville, FL 32608. E-mail: toni.chiara@med.va.gov.

Chiara T, Martin D, Sapienza C. Expiratory muscle strength training:
speech production outcomes in patients with multiple sclerosis.
Neurorehabil Neural Repair 2007;21:239–249.

DOI: 10.1177/1545968306294737



and production of words per minute (WPM) during
the reading of a standardized passage. Evidence from
strength-training paradigms used with the limbs indi-
cates that individuals who start a program at a lower
level of function have a larger capacity toward improve-
ment.24 Including the healthy (H) control group as a
comparison group allowed us to ascertain if this finding
was similar to the response of limb muscle.

It was hypothesized that PwMS would have a lower
MEP than H controls prior to training. Second, both
PwMS and H controls would significantly increase MEP
following 8 weeks of training, but the PwMS would have
a significantly greater training effect than the H controls.
Third, following EMST, the PwMS would improve vowel
prolongation and WPM during reading of a standardized
passage. Increased expiratory pressure during reading
would allow for a greater number of words to be produced
per breath with fewer pauses by providing an active mech-
anism for generating pressure during speech. It has been
reported that PwMS often have vocal fold weakness as evi-
denced by vocal fold bowing.25,26 Loss of airflow at the
glottis results in decreased laryngeal airway resistance thus
making it more difficult to coordinate breath flow during
speech. By increasing expiratory pressure during speech, a
potential compensatory mechanism may exist allowing
the PwMS to produce a greater number of words per
minute. Fourth, the improvement in MEP for the PwMS
would significantly correlate with improvements in voice-
related quality-of-life measurements following the train-
ing. Finally, it was hypothesized that MEP would remain
above baseline value following a period of no training for
both the PwMS and H control groups.

METHODS

Participants

Seventeen participants with MS (3 males) and 14 H
controls (2 males) participated in this study. Table 1
presents the demographic data for all participants.

Inclusion/Exclusion Criteria

Participants were accepted into the study if they were
20 to 59 years of age; had no known cardiac, pulmonary
(eg, asthma, chronic obstructive pulmonary disease,
pulmonary fibrosis), neurological (other than MS), or
orthopedic conditions that adversely affected the respi-
ratory muscle system or gas exchange system; were non-
smokers or had not smoked within the past 5 years
(previous smokers had to produce a forced expiratory
volume in the first second over a forced vital capacity of
greater than 75%); had never received speech therapy

for any speech or voice problem; and were native speak-
ers of English. PwMS were required to have a definite
diagnosis of MS as per Poser’s criteria,27,28 mild (1 to
3.5) to moderate (4 to 6.5) disability as assessed by the
Expanded Disability Status Scale (EDSS),29 no exacerba-
tion in the 3 months prior to the initiation of the study,
and sufficient facial muscle strength to achieve and
maintain lip closure around a circular mouthpiece.

Participant Attrition

One H control withdrew, and 5 PwMS withdrew or
did not qualify for the study secondary to exacerbation
or EDSS score greater than 6.5.

PROCEDURES

All participants were seen for 3 assessment sessions
(pretraining, posttraining, and detraining) and once per
week across the 8-week training phase of the protocol.
To minimize the possibility of fatigue in the PwMS, each
of the 3 main assessment sessions were completed in 2
visits whereas for the H controls the assessments were
completed in 1 visit.

Maximal Expiratory Pressure

Maximal expiratory pressure, measured in cm H20,
was assessed using a handheld digital manometer (Micro
Mouth Pressure Meter, MP01, Micro Direct Inc, Auburn,
Me). Each maneuver was performed while standing. The
participant, with the nose closed by a nose clip, inhaled
fully to total lung capacity, placed the mouth around a
disposable mouthpiece, then blew the air out as hard and
fast as possible directly into the manometer. Participants

Chiara et al

240 Neurorehabilitation and Neural Repair 21(3); 2007

Table 1. Demographics of Persons With Multiple Sclerosis
and Healthy Controls

Persons With MS Healthy Controls

Age (years) 48.9 ± 7.61 44.1 ± 7.64 
Height (cm) 167.3 ± 9.0 165.7 ± 7.3
Weight (kg) 76.2 ± 20.7 78.1± 13.8

Characteristics of Persons With MS

EDSSa score 3.62 ± 1.31 (1.5-6.5)
Years from first symptom 11.76 ± 6.56 (1.25-24.25)
Years from diagnosis 8.43 ± 6.17 (1.25-18)

Mean ± SD, numbers in parentheses are ranges. MS = multiple sclero-
sis; EDSS = Expanded Disability Status Scale.
a. Expanded Disability Status Scale: 0 = normal neurology to 10 =
death due to MS.29



were verbally coached strongly to produce the expiratory
maneuver to the best of their ability. The task was per-
formed a minimum of 3 to a maximum of 10 times.
Previous investigators have recommended that as many
as 10 times are needed to achieve proficiency in per-
forming maximal maneuvers.30 The top 3 measurements
were averaged for the data analysis.

Acoustic Measures

Each participant was positioned in front of a digital to
analog tape recorder (model: DTC-ZA5ES, Super Bit
Mapping, Sony Corporation of America, New York, NY)
connected in series to a microphone preamplifier (model
760x, dbx Professional Products, Sandy, UT) wearing a
cardioid headworn microphone (model: SHURE, Shure
Inc, Niles, Ill) placed 1 inch from the right corner of their
mouth. Speech tasks were performed 3 times. Comfort-
able and loud sound pressure levels (SPL), the loud SPL
(LSPL) task being twice as loud as the comfortable SPL
(CSPL), include 1) sustained production of /a/ and 2)
reading the standardized passage titled “My Grand-
father.”4,31 Order of the tasks was randomized. Twice-as-
loud level was a subjective choice of each participant, that
is, what they felt was double their comfortable level of
loudness during talking. All recordings were analyzed by
digitizing the acoustic signal through a Santa Cruz sound
card (Turtle Beach, Connected Audio, Yonkers, NY) and
analyzed with Abode Audition (Syntillium Software
Corporation, Phoenix, AZ).

Total sound duration, defined as the total time the
vowel was audible, was measured from the sustained
vowel production. Oscillographic display of the vowel
production allowed for easy identification of vowel
onset and offset. The mean value of the sustained vowel
duration from the 3 trials of the CSPL and 3 trials of the
LSPL was used for data analysis. The words per minute

(WPM) value was obtained from the number of words
in the passage divided by the time to read the passage
multiplied by 60 sec/min, that is (200 words per passage/
45 sec to read the passage) × (60 sec/min). The mean
value of the WPM from 3 trials of the CSPL and 3 trials
of the LSPL was used for data analysis.

Questionnaires

No MS disease–specific questionnaire exists as to the
effect of dysarthria or influence of one’s voice on the
quality of life in PwMS. As dysarthria and the influence
of one’s voice on quality of life were outcomes of inter-
est in this study, the Amyotrophic Lateral Sclerosis
Severity Scale (ALSSS)32-34 and the Voice-Related Quality
of Life (VRQOL) measure were used.35,36 The question-
naires used have high validity and reliability in other
neurological disorders. However, these questionnaires
have not been used previously with PwMS.

Dysarthria Measurement

Amyotrophic Lateral Sclerosis Severity Scale–Speech
Subsection. The ALSSS was developed to provide an
ordinal staging system and a means of rapid functional
assessment for patients with ALS. The scale allows an
examiner to evaluate symptoms numerically in speech
impairment (Table 2).32-34

Quality of Life Measurement

Voice-Related Quality of Life Measure. The VRQOL mea-
sure was used to determine if voice impairment affected
the participants’ quality of life,35,36 The VRQOL was
used to measure the change in perception of one’s voice
on one’s quality of life following EMST (Table 3). A total
score (VT) and 2 subscale scores, physical (VP) and
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Table 2. Amyotrophic Lateral Sclerosis Severity Scale: Speech Scale

Speech Ability Points

Normal speech processes Normal 10
Nominal abnormalities 9
Detectable speech disturbances Perceived speech changes 8
Obvious speech abnormalities 7
Intelligible with repeating Repeats message on occasion 6
Frequent repeating required 5
Speech combined with nonverbal communication Speech plus nonverbal communication 4
Limits speech to one word response 3
Loss of useful speech Vocalizes for emotional expression 2
Nonvocal 1
Tracheostomy X

Other speech severity scales such as the Amyotrophic Lateral Sclerosis Functional Rating Scale have only one question addressing speech impair-
ment in individuals with neurological problems.



social (VS), are presented as percents. The higher the
percentage, that is, 100% compared to 75%, indicates
less impact of voice on quality of life. Per the VRQOL
guidelines, participants were to rate the influence of
their voice based only on the 2 weeks prior to complet-
ing the questionnaire.35,36 All variables of interest were
examined over time and between the PwMS and the H
controls.

Training and Weekly Assessments

Participants trained 5 days per week, once under
the supervision of an investigator (TC) and 4 times
at home with no supervision. Participants used a
Positive Expiratory Pressure (PEP) threshold trainer
(Threshold®PEP, Healthscan Products Inc, division of
Healthdyne Technologies, Marietta, Ga). The investiga-
tors modified the Threshold®PEP trainer by exchanging
the standard spring with springs that provided 4 and 8
times the normal resistance. The range of the modified
trainers was 16 to 160 cm H2O pressure. Participants
were instructed to breathe in and out through the unit,
maintaining their exhalation for at least 5 seconds, and to
rest a minimum of 30 seconds to a minute between sets.
Participants trained for 8 weeks, completing 4 sets of 6
repetitions once per day. One of the PwMS trained twice
per day completing 2 sets of 6 repetitions per session
after the third week of training secondary to increased
fatigue. His change in MEP, vowel prolongation, and
WPM were comparable to the other PwMS, so his data
were included in the analyses. Weekly assessments were
used to evaluate training (ie, correct use of the training
tool and to remeasure the participants’ MEP to adjust
the training intensity). Training intensity was controlled

at a set percentage of MEP, that is, 40% the first week,
60% the second week, and 80% the third through the
eighth week. MEP was assessed identical to that during
the 3 primary assessment sessions. Three to 7 measure-
ments were taken, with the mean of the top 3 measure-
ments within 10% of each other used for the adjusted
intensity. Participants completed a training log, which
requested information on number of sets and repeti-
tions, rating of perceived exertion, date, and any anecdo-
tal comments. Training compliance as measured by the
participants’ logs ranged from 90% to 100%.

Detraining

Participants returned their trainer to the principal
investigator and were not exposed to the training proto-
col for 4 weeks. Participants were reassessed within
72 hours after completion of the detraining phase. The
same assessment protocol was followed as outlined for
the pre- and posttraining phases.

Statistical Analysis

Statistical analysis was completed using SuperANOVA
and Statview (Abacus, Carmel, Calif). A 1-way analysis of
variance (ANOVA) was used to examine demographic
data, that is, age, height (in centimeters [cm]), and weight
(in kilograms [kg]) between the 2 groups. A multiple
regression analysis was used to examine the relationship
between the demographic variables, MEP and delta MEP
(ie, the change in MEP from pretraining to posttraining)
in all participants as well as EDSS score, years from first
symptom, and years from diagnosis in the PwMS. Gender,
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Table 3. Description of Voice-Related Quality of Life Measure

Because of My Voice How Much of a Problem Is This?

1. I have trouble speaking loudly or being heard in noisy situations 1 2 3 4 5
2. I run out of air and need to take frequent breaths when talking 1 2 3 4 5
3. I sometimes do not know what will come out when I begin speaking 1 2 3 4 5
4. I am sometimes anxious or frustrated (because of my voice) 1 2 3 4 5
5. I sometimes get depressed (because of my voice) 1 2 3 4 5
6. I have trouble using the telephone (because of my voice) 1 2 3 4 5
7. I have trouble doing my job or practicing my profession (because of my voice) 1 2 3 4 5
8. I avoid going out socially (because of my voice) 1 2 3 4 5
9. I have to repeat myself to be understood 1 2 3 4 5

10. I have become less outgoing (because of my voice) 1 2 3 4 5
The overall quality of my voice during the last 2 weeks has been (please circle)
Poor Fair Good Very Good Excellent

Written instructions: We are trying to learn more about how a voice problem can interfere with your day-to-day activities. On this paper, you will
find a list of possible voice-related problems. Please answer all questions based on what your voice has been like over the past 2 weeks. There are no
“right” or “wrong” answers. Considering both how severe the problem is when you get it and how frequently it happens, please rate each item below
on how bad it is (that is, the amount of each problem that you have). Use the following scale for rating the amount of the problem; 1 = none, not
a problem, 2 = a small amount, 3 = a moderate (medium) amount, 4 = a lot, 5 = problem is as “bad as it can be.”35,36



a strong factor in distinguishing respiratory pressures
between men and women, was not included in the regres-
sion analysis, as there were so few male (3 and 2) com-
pared to female (14 and 12) PwMS and H, respectively. A
2-way repeated-measures ANOVA having a within-factor
of assessment (pretraining, posttraining, and detraining)
and 1 between-factor of group (PwMS and H) was used
to examine MEP and the questionnaire data. A 3-way
repeated-measures ANOVA having the within-factors of
assessment and SPLs and the between-factor of group
was used to examine the speech task acoustic data.
Univariate analysis was performed on main effects if no
interaction was found. Contrast by means comparisons
was used to determine the significance between the levels
in variables with greater than 2 levels. Significance level
was set at a P value ≤ .05.

RESULTS

Demographics

There was no statistical difference in age, height, or
weight between the PwMS and the H control groups.
Regression analysis found that of the independent vari-
ables, group (ie, PwMS and H controls) had the greatest
influence on MEP (R2 = .395, adjusted R2 = .368).
Within the PwMS group, the EDSS score and years from
first symptom were found to have the greatest influence

on MEP (R2 = .384, adjusted R2 = .326). However, no
independent variable had significant influence (P > .05)
on the change in MEP.

Maximal Expiratory Pressure

Table 4 presents the mean ± standard deviation, the F
value, and the P value for MEP for the main effects. Prior
to and following EMST, the PwMS produced lower
MEPs than the H controls. The difference in MEP from
pretraining to posttraining for the PwMS was 26.04 ±
16.71 (40.4%) and for the H controls 32.14 ± 21.88
(29.2%). The difference in MEP within the PwMS sepa-
rated as to level of disability found those with mild dis-
ability (37.73%) improved less than those with moderate
disability (44.01%). The percent change in MEP ([post-
train – pretrain]/pretrain) × 100) was significantly dif-
ferent between the pre- to posttraining and pre- to
detraining compared to posttraining to detraining.

Duration of Sustained Vowel Prolongation

Table 5 presents the mean ± standard deviation, the
F value, and the P value for vowel prolongation.
Interactions were found for SPL and group and for SPL
and assessment. Sustained vowel prolongation was sig-
nificantly shorter for both the PwMS and the H controls
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Table 4. Maximal Expiratory Pressure

The interaction between group × assessments was not significant (P > .05). PwMS = persons with multiple sclerosis; MEP = maximal expiratory
pressure; Pre = pretrain; Post = posttrain; De = detrain.
a. For example, [(posttraining-pretraining)/pretraining] × 100.
b. For example, (posttraining-pretraining) vs (posttraining-detraining).

Group Effect 
PwMS Healthy Controls

80.55 ± 21.00 130.66 ± 41.58 
F = 23.90, P = .0001

Assessment Effect: Means Comparison by Contrast 
Pretrain Detrain 

85.73 ± 36.45 114.73 ± 42.36 109.09 ± 37.60 
F = 53.28, P = .0001 

Percent Change in MEP Between Assessmentsa

Means Comparison by Contrast
Pretrain – Posttrain Posttrain – Detrain Pretrain – Detrain 

F = 95.08, P = .0001 F = 3.77, P = .057 F = 60.99, P = .0001 
Percent Change in MEP  

Following Training 
PwMS = 40.4% Healthy Controls = 29.2% 

Difference Between Assessmentsb

Pre-Post vs Post-De Pre-Post vs Pre-De Post-De vs Pre-De 
F = 59.22, P = .0001 F = 1.76, P > .05 F = 40.59, P = .0001 

Posttrain



during CSPL compared to the LSPL. Sustained vowel
prolongation was significantly short at each assessment
during the LSPL and at the posttraining assessment
during the CSPL for the PwMS compared to the H con-
trols. Whereas the CSPL returned toward baseline level
at detraining, the LSPL increased further at the detrain-
ing assessment.

Words per Minute

Table 6 presents the mean ± standard deviation, the
F value, and the P value for WPM. An interaction
between group and SPL as well as a main effect for
assessment were found. PwMS had no significant differ-
ence in the WPM at the CSPL and LSPL, whereas the H
controls produced significantly more WPM at the CSPL
compared to the LSPL. Significantly greater WPM was

produced at the posttraining and detraining assessment
sessions compared to the pretraining assessment, whereas
a nonsignificant decrease was found from posttraining
to detraining.

Questionnaires

Amyotrophic Lateral Sclerosis Severity Scale. Table 7 pre-
sents the contrast by means comparison of the differ-
ence in ALSSS scores in the PwMS as a combined group
and in the mild and moderate subgroups, based on the
EDSS scores.29 Dysarthria, expected only in the PwMS if
at all, was significantly greater compared to the H con-
trols. Dysarthria of the mild and moderate groups had
greater impact due to dysarthria on their lives than the
H controls. Posttraining the PwMS reported signifi-
cantly less impact of dysarthria. Although impact on
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Table 5. Sustained Vowel Prolongation

The interactions between group × assessment × SPL and between group × assessment were not significant (P > .05). All univariate tests for the inter-
action between assessment × SPL were significant at P = .0001 except post L vs detrain L, P < .0059. Cells with strikethrough lines had no univari-
ate comparisons. PwMS = persons with multiple sclerosis; C = comfortable; L = loud; SPL = sound pressure level.

Interaction of Sound Pressure Level and Group 

PwMS – C Healthy Controls – C PwMS – L Healthy Controls – L 

12.22 ± 3.96 14.86 ± 4.99 14.76 ± 6.22 20.77 ± 8.52 

F = 5.07, P = .032 

Unpaired T Test 

 PwMS – Healthy Controls vs CSPL  PwMS – Healthy Controls vs LSPL 

Pretrain  Posttrain Detrain Pretrain Posttrain Detrain 

t = 1.232 
P > .05 

t = 2.037 
P = .0509 

t = 1.936 
P > .05 

t = 2.718 
P = .0110 

t = 2.375 
P = .0244 

t = 2.081 
P = .0467 

Interaction of Sound Pressure Level and Assessment 

Pre – C Post – C De – C Pre – L Post – L De – L 

13.38 ± 4.86 13.60 ± 3.81 13.37 ± 5.28 16.22 ± 7.09 17.33 ± 6.96 19.14 ± 9.49 

F = 5.28, P = .0079 

Univariate Test Between Sound Pressure Level and Assessment 

Pretrain C  Pretrain L Post C Post L Detrain C 

to pre L 
F = 20.88 

to post C  
F = 17.71 

to post L 
F = 34.53 

to detrain C 
F = 38.10 

to detrain L 
F = 81.68 

to post L 
F = 38.91 

to detrain C 
F = 20.29 

to detrain L 
F = 76.42 

to detrain L 
F = 8.21 

to post L 
F = 82.86 

to detrain L 
F = 20.55 

to detrain C 
NS, P > .05 

to post C 
NS, P > .05 

to post L  
NS, P > .05 

to detrain C  
NS, P > .05 



one’s life returned toward baseline ALSSS value for
those with mild disability during the detraining period,
the impact continued to be significantly less for those
with moderate disability after the detraining period,
with no significant difference found between them and
the H controls.

Voice-Related Quality of Life Measure. Table 8 presents
the data of VRQOL scores in the PwMS as a combined
group and in the mild and moderate subgroups com-
pared to the H controls. The VRQOL score (VT) as well
as the subscale scores for social (VS) and physical (VP)
were significantly lower in PwMS than the H controls at
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Table 6. Connected Speech: Reading “My Grandfather” Passage—Words per Minute

The interactions between group vs assessment vs SPL, group vs assessment, and assessment vs SPL were not significant (P > .05). SPL = sound
pressure level; PwMS = persons with multiple sclerosis; C = comfortable; L = loud; WPM = words per minute.

Interaction Between SPL ⋅⋅  Group 

PwMS – CSPL Healthy Controls – CSPL PwMS – LSPL Healthy Controls – LSPL 

178.74 ± 29.22 213.36 ± 22.15 175.83 ± 28.57 199.19 ± 20.15 

F = 22.32, P = .0001 
PwMS CSPL vs LSPL Healthy Controls CSPL vs LSPL 

F = .33, P > .05 F = 61.213, P = .0001 

Unpaired T Test Between Group and SPL Across Time 
PwMS – Healthy Controls vs CSPL PwMS – Healthy Controls vs LSPL 

Pretrain Detrain Pretrain Posttrain Detrain 
t = 4.387 
P = .0001 

t = 3.736 
P = .0008 

t = 3.193 
P = .0037 

t = 2.401 
P = .0230 

t = 2.789 
P = .0092 

t = 2.320 
P = .0285 

Main Effect for WPM at Each Assessment 

Pretraining Detraining 

185.12 ± 27.65 193.18 ± 30.40 197.04 ± 29.52 

F = 15.05, P = .0001 
Means Comparison for Time by Contrast 

Pre – Posttraining Post – Detraining Pre – Detraining 
F = 13.22, P = .0006 F = 3.03, P > .05 F = 28.91, P = .0001 

Posttraining

Posttrain

Table 7. Dysarthria in Individuals With Multiple Sclerosis

A main effect for group was found with combined data for all PwMS. An interaction was found between group × time when the data for the PwMS
were separated as to level of disability based on their EDSS score. PwMS = persons with multiple sclerosis; NS = not significant; MS = multiple
sclerosis; Pre = pretrain; Post = posttrain; De = detrain.

PwMS as Group Compared to Healthy (H) Controls 
PwMS vs Healthy Controls: F = 13.32, P = .001 

Individuals With MS Separated by Level of Disability 
Mild (MI) PwMS Moderate (MO) PwMS 
F = 4.45, P = .04 F = 9.15, P = .004 

Contrast by Means Comparison for Both Subgroups at Each Assessment 
Pre MI Post MI De MI Pre MO Post MO De MO 

to post MI 
F = 4.45 
P = .0396 

to de MI 
NS 

P > .05 

to per MI 
NS 

P > .05 

to post MO 
F = 9.15 
P = .0038 

to de MO 
NS 

P > .05 

to per MO 
F = 12.46 
P = .0009 

to pre MO 
F = 6.89 
P = .0112 

to post MO 
NS 

P > .05 

to de MO 
NS 

P > .05 

to pre H 
F = 26.77 
P = .0001 

to post H 
NS 

P > .05 

to de H 
NS 

P > .05 
to pre H 
F = 7.24 
P = .0095 

to post H 
NS 

P > .05 

to de H 
F = 5.03 
P = .0290 



each assessment. The mild subgroup reported greater
physical impact, whereas the moderate subgroup
reported greater physical and social impact on their life
due to their voice in comparison to H controls. EMST
did not significantly improve the impact on quality-of-
life of voice-related issues in PwMS as a group or sepa-
rated as to their level of disability.

DISCUSSION

Several predictions were put forth concerning the
effects of EMST in PwMS compared to H controls. First,
it was hypothesized that the PwMS would have lower
MEP than the H controls prior to training. At baseline, the
PwMS MEP (64.47 ± 15.75) was 57.8% of the H controls
(111.56 ± 38.11). These data agree with previous investi-
gators reporting greater respiratory muscle weakness in
PwMS than healthy controls, but slightly higher than that
reported (maximal inspiratory pressure [MIP] 40% less
and MEP 60% less) in patients with neuromuscular dis-
eases, irrespective of the primary pathology, compared
to healthy controls.37-39 Additionally, these data agree
with previous investigators reporting greater expiratory
(PwMS MEP being 57.8% of H control) than inspiratory
weakness (PwMS MIP being 69.47% of H control).17,18,20

The level of respiratory muscle weakness of the PwMS
was comparable to that of PwMS having a higher level of
disability.13-17 Presence of weakened respiratory muscles in
PwMS having a mild level of disability (EDSS score, M ±
SD: 3.6 ± 1.3) and moderate duration of disease (years
from diagnosis, M ± SD: 8.43 ± 6.17) in comparison
to previously studied patients with MS13-17 suggests that
strengthening of the respiratory muscles may be impor-
tant to maintaining function as the disease progresses.

Second, it was hypothesized that training would result
in significant improvement in MEP in the PwMS and the
H control groups. Indeed, MEP did significantly increase
for both groups following training. The improvement in
PwMS was greater than previously reported in individu-
als having similar to greater disability14,16,17 and similar to
the gain in MIP in PwMS who received inspiratory mus-
cle strength training.15 Greater improvement in our par-
ticipants may have occurred due to lower level of
disability, higher training intensity compared to previous
studies, or enhanced training specificity.13-17 The gain in
MEP in the H controls was comparable to previously
reported data.40 However, the percent change of our H
controls was slightly greater than that reported in studies
examining EMST in younger healthy adults.41,42 Greater
percent change in MEP in the H controls may have
occurred because of their older age. Participants were
possibly less active and may have had a tendency to
breathe shallower, therefore having a greater potential for
improvement. The “initial values” principle of exercise
training states that those with the lowest initial values
of a physiologic system have the greatest capacity for
improvement in response to training.24,43

The third hypothesis, based on the concept that
those who are less fit have a greater capacity to make
improvement compared to more fit individuals,24,43 was
that the percent gains in the PwMS would be greater
than that of the H control group. Following training,
the percent gains in MEP were not statistically different
(F = 1.30, P > .05) in the PwMS (43.6% ± 32.47%) com-
pared to the H controls (32.13% ± 21.87%). Overall,
due to skeletal muscle weakness and balance impair-
ment, the PwMS were less active than the H control.
Inactivity is known to cause deconditioning, which affects
respiratory muscle as well as other skeletal muscle.24,43

Presumably the PwMS should have had a potential for
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Table 8. Voice-Related Quality of Life in PwMS and Healthy Controls

No interaction was found between group and assessment when the multiple sclerosis (MS) data were combined or separated as to level of disabil-
ity. A main effect for group was found with MS data combined and separated as to level of disability. PwMS = persons with multiple sclerosis; NS
= not significant.

Total Score Social Subscore Physical Subscore 
PwMS PwMS PwMS Healthy 

85.42 ± 16.20 98.21 ± 3.44 90.01 ± 18.13 99.36 ± 2.79 81.81 ± 16.35 97.01 ± 5.89 
F = 9.11, P = .005 F = 4.17, P = .051 F = 12.76, P = .001 

Voice-Related Quality of Life in PwMS Separated as to Level of Disability 
Total Score Social Subscore Physical Subscore 

Mild  Healthy Mild Healthy  Mild Healthy 
87.30 ± 14.06  98.21 ± 3.44 92.96 ± 16.35 99.36 ± 2.79 82.40 ± 15.17  97.01 ± 5.89 

F = 5.02, P = .0335 F = 1.46, P > .05 (NS) F = 8.13, P = .0082 
Moderate Healthy Moderate Healthy Moderate Healthy 

82.74 ± 18.89 98.21 ± 3.44 86.21 ± 19.96 99.36 ± 2.79 81.04 ± 18.10 97.01 ± 5.89 
F = 8.13, P = .0082 F = 5.27, P = .030  F = 8.62, P = .0069 

Healthy Healthy



greater gain, as the physiological state of their muscles
was lower than that of the H control group. Earlier
investigators have also suggested that the gains in respi-
ratory muscle strength in PwMS perhaps result from
placing a challenge against their low level of physical
activity.13,14,16,17 The lack of statistical difference between
the PwMS and the H controls may have been due to the
small participant sample-size, as the duration, inten-
sity, and frequency of training were comparable to or
greater than in previous studies achieving similar gains
in MEP.14-17

The fourth hypothesis was that improvement in expi-
ratory muscle strength for the PwMS would translate
to improvements in voice and speech production
and reductions in the perception of impairment of
dysarthria and dysphonia. Voice production was assessed
by sustained vowel prolongation and speech production
by reading the standardized passage “My Grandfather” at
2 SPLs. Before and after EMST, the PwMS performances
during vowel prolongation were less than the H controls.
EMST did not translate to an increase in vowel prolon-
gation in the PwMS. Unexpectedly, the PwMS vowel
production was greater following detraining. Lack of
improvement in PwMS following EMST may be
explained by uncoordinated laryngeal and expiratory
musculature activity, although unstudied in this investi-
gation. Greater vowel prolongation following detraining
may have also been due to a practice effect that suggests
that voice therapy alone may be of benefit to PwMS.

No other study has examined the effects of EMST on
voice/speech tasks in patients with neuromuscular dis-
ease. Limited studies exist that describe speech therapy
given to PwMS. The Lee Silverman Voice Treatment
(LSVT) has been used in 1 study examining speech in 2
individuals with MS.44 LSVT resulted in longer sus-
tained vowel durations after 4 weeks of training and at
a 6-month follow-up (ie, participant 1 pre- to post-
training increased by 13.2 seconds, and pre- to follow-
up increased by 9.5 seconds; participant 2 pre- to
posttraining increased by 6.7 seconds, and pre- to fol-
low-up increased by 7.7 seconds).44 Longer sustained
vowel duration following LSVT than EMST may be due
to the fact that LSVT focuses the training load on the
larynx as opposed to the expiratory muscles, and it may
be that PwMS improvement stemmed from enhanced
glottal closure, a primary goal of LSVT. Although there
have been other studies that have used EMST to impact
speech, these studies have been with children with cere-
bral palsy and in adult vocal performers.45,46

The H control group lengthened their vowel prolon-
gation following the training as well as in the detraining
phase, and a practice effect is the likely reason. In agree-
ment with previous studies, EMST increased prolonga-
tion of vocalization immediately following training in
the H control group.45-47 Further work needs to be done

to determine if EMST is an effective treatment for
PwMS having voice projection impairment.

In similar fashion to vowel prolongation, EMST
resulted in an improvement in WPM only following
detraining in the PwMS. This may have been a learning
effect due to improved coordination or comfort in per-
forming the desired skill. However, in the H control
group, there was a reduction in WPM following training
and detraining. A decline in WPM in the presence of
increased expiratory pressure following training may
have occurred if the participants were concentrating
more on the loudness level than on the reading task. The
airflow and air pressure that are available during speech
influence word production. Few studies have examined
word production rates in PwMS. Dysfunctional voice
has been reported to occur in less than 25% to nearly
50% of the participants in studies involving PwMS.3,4,22

Speech dysfunction in PwMS includes slow rate of
speech, slower than normal oral diadochokinetic rates,
expressive communication disorders, and production of
fewer WPM than healthy populations.3,4,22 In agreement
with these previous investigators, PwMS compared to
the H control group had produced fewer WPM.

Data on speech production, that is, WPM and dura-
tion of speech in PwMS, are very limited. Hartelius and
associates, citing previous investigators, reported a mean
± standard deviation of 148 ± 36.5 and range of variation
58 to 235 WPM, whereas their participants produced 123
± 24.6 with a range of 76 to 172 WPM.19 Our participants
with MS produced a greater number of WPM. Compari-
son is difficult between the previous studies and the cur-
rent study, as different reading passages were used.

Currently, there are no data about the effect of EMST
on reading rate in healthy populations. WPM reading
rate has been reported as an M ± SD of 117 ± 24 and
a range of variation between 121 and 221 WPM.19

Previous investigators, comparing speech of PwMS to
healthy individuals, report a WPM rate of 190 and 166
for male and female, respectively, for healthy individu-
als.19 The WPM of the healthy participants in the cur-
rent study was greater than those reported in prior
studies. One reason for the difference may have been the
reading task. However, to determine if this was the cause
of the noted difference in WPM, further analysis of the
2 distinct passages would be necessary.

The final component of the fourth prediction was
that the improvement in MEP for the PwMS would
result in significant improvements in dysarthria and
voice-related quality of life. Impact of the quality of
one’s voice assessed by the use of the ALSSS for
dysarthria showed a difference between the PwMS and
H control group. As a group, the PwMS had a weak
trend (F = 2.74, P = .073) toward a significant change on
the impact of dysarthria on quality of life following
training. However, the moderate subgroup of the PwMS
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had a significant change in the impact of dysarthria on
quality of life following training. Improvement may
have resulted from the increased MEP, which would
permit greater pressure support during speech. It can be
argued that practice was not a factor as the participants
were rating their daily speech.

The magnitude of the voice-related problems experi-
enced by a patient and the importance that the patient
places on those problems, that is, the impact that the
voice disorder has on the patient’s voice-related quality
of life, are primary influences on decisions about the
nature and intensity of treatment. There was no direct
speech therapy in this study. However, it was hypothe-
sized that increased MEP would ameliorate voice-
related quality-of-life issues. As expected, the VRQOL
measure was lower in PwMS compared to the H con-
trols for the total score (VT), and the physical subscale
(VP). This is in agreement with investigators who
reported “lower VRQOL for laryngeal cancer patients
than in normal patients.”48 EMST did not improve the
VRQOL for the PwMS. No other study examining
EMST, which included voice-related quality of life as an
outcome measure, could be found. The inability to
show improvement through the use of the VRQOL
measure following the EMST may have been due to the
lower disability of the participants, the limited influence
that voice impairment had on the PwMS at the time of
this study, an insensitivity of the VRQOL measure to
assess voice impairment in PwMS, or that EMST does
not impact voice-related quality-of-life issues. As the
VRQOL measure has been used to assess treatment in
patients with moderate to severe dysphonia finding
improvement in voice-related quality of life,49 future
research in PwMS is warranted in patients presenting
with greater dysfunction in their voice prior to EMST.

PwMS and H control participants’ expiratory muscle
strength remained above baseline at a significant level
following 4 weeks of no training. Limited data exist as to
the effect of detraining on respiratory muscle strength.
Previous investigators reported that 18 weeks of detrain-
ing that followed 9 weeks of training resulted in the
greatest loss of strength between the first and ninth
week of detraining.12 EMST in PwMS resulted in signif-
icant gains in MIP, which returned toward baseline level
following 3 months of detraining.14 Inspiratory muscle
strength training with PwMS resulted in gains in MIP
and MEP, which were maintained for 1 month following
the commencement of training.15 However, no true
detraining period occurred, as the participants had con-
tinued to train at a lower level than during the training
period; thus, this was more comparable to a low-level
maintenance program than a detraining period.15 The
MEP of healthy participants who performed EMST for
either 4 or 8 weeks remained above baseline after 4 and
8 weeks of detraining.47 Further work is needed to

determine the optimal training duration, the true rate
of decline during a nontraining period, and the best
possible maintenance training level.

Limitations of the Study

The total number of individuals with MS was limited
(n = 17), resulting in a limited number of participants
within each of the disability subgroups (mild = 10,
moderate = 7). A greater number of individuals with
MS may be needed to address whether EMST can
improve MEP and components of speech production in
PwMS. Lung and chest-wall compliance reduction may
result from viscoelastic properties (fibrosis), spasticity
of the respiratory muscles, or osteoarticular mobility.
However, these factors were not examined in this study.
Future studies examining the effect of respiratory mus-
cle strength training should consider incorporating
assessment of these factors.

CONCLUSION

It was shown that PwMS have expiratory muscle
weakness in the presence of limited disability, as well as
early in the disease process. Respiratory muscle weak-
ness may impair speech in PwMS. EMST was able to
improve expiratory muscle strength in PWMS and in H
controls. However, no specific group changes occurred
in vocalization, whereas vocalization at an LSPL showed
gains after training and after a period of no training.
Future research is needed to assess EMST in PwMS who
have more speech impairment due to respiratory mus-
cle weakness and to investigate other treatment tech-
niques in comparison to EMST in PwMS. The results of
this study may not be generalizable to all patients with
MS, as the patients in this study had mild to moderate
level of disability and were not selected based on pres-
ence or absence of speech impairment or degree of
dysarthria.
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