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Expiratory Training in Multiple Sclerosis

Suzanne C. Smeltzer, EdD, RN, Marc H. Lavietes, MD, Stuart D. Cook, MD

ABSTRACT. Smeltzer SC, Lavietes MH, Cook SD. Expira-
tory training in multiple sclerosis. Arch Phys Med Rehabil
1996;77:909-12.

Objective: To compare the effects of expiratory muscle train-
ing and sham training on respiratory muscle strength in patients
with multiple sclerosis (MS).

Design: A randomized control trial; subjects were randomly
assigned to either expiratory muscle training or sham training.

Setting: Training and measurement of respiratory muscle
pressures were conducted in patients’ homes. Weekly home
visits were conducted to assure compliance with the training
protocols and to obtain measurements.

Patients: Twenty subjects with clinically definite MS and
decreased expiratory muscle strength entered the study; 10 sub-
jects completed 3 months of expiratory training using a thresh-
old training device and 5 subjects completed 3 months of sham
training using the same device but without an expiratory training
threshold load.

Measurement: Respiratory muscle strength was assessed at
baseline and after 1, 2, and 3 months of training; maximal
inspiratory and expiratory pressures were used as measures of
respiratory muscle strength.

Results: There was a significant increase in expiratory mus-
cle strength after 3 months of training when the expiratory
training group was compared to the sham group (p = .003); no
significant change in inspiratory muscle strength was observed.

Conclusions: The results of this pilot study suggest that the
strength of the expiratory muscles of persons with MS can be
increased through respiratory muscle training targeted to the
expiratory muscles. Further research is indicated to determine
if increasing the strength of the expiratory muscles in MS has
an effect on clinical outcomes in this patient population.
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ESPIRATORY COMPLICATIONS are a major cause of

morbidity and mortality in patients with multiple sclerosis
(MS). A recent population-based study indicated that pneumo-
nia and aspiration pneumonia are the most common disease-
related causes of mortality in MS.' Aspiration and pneumonia
secondary to bulbar weakness and immobility have long been
recognized as common events in advanced MS.> However,
recent studies*” have found that expiratory muscle weakness is
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common earlier in the course of MS than previously docu-
mented and that it occurs out of proportion to decreases in
inspiratory muscle weakness. Expiratory muscle weakness has
been observed in MS patients who are ambulatory and those
who require assistive devices for ambulation, as well as those
are wheelchair-bound or bedridden.*”

Inability to generate an adequate cough is recognized as pre-
disposing patients to respiratory complications and infection.
Because a major function of the expiratory muscles is to produce
a forceful cough, the expiratory muscle weakness observed in
MS may be responsible in part for the complications seen in
this population. Decreased expiratory muscle weakness may
lead to these complications because of ineffective cough, reten-
tion of secretions, and inability to maintain a clear airway.
Therefore, expiratory muscle training has the potential to in-
crease the strength of the expiratory muscles and may provide
a simple method to protect MS patients from these respiratory
complications.

Efforts have been made to examine the effect of respiratory
training on respiratory muscle strength or endurance in normal
volunteers, subjects with chronic obstructive pulmonary disease
(COPD),*® and in a small group of patients with neurological
dysfunction.”'® These studies have focused primarily on in-
creasing inspiratory muscle strength or endurance; few studies
have focused on increasing expiratory muscle strength or been
directed toward those patients whose primary respiratory dys-
function is expiratory rather than inspiratory muscle weakness.
In an effort to determine if the expiratory muscles in MS patients
could be strengthened, this study compared the effect of expira-
tory training and sham training on expiratory muscle strength
in patients with MS.

METHODS

An experimental study design was used. Patients who met
inclusion criteria were randomly assigned to either the treatment
(experimental training) group or to a control (sham training)
group. Baseline pulmonary studies were obtained if a subject’s
history suggested that obstructive pulmonary disease might be
present (a history of asthma or prolonged period of smoking).
Patients with evidence of asthma or airway obstruction were
excluded from the study. The study was approved by the appro-
priate institutional review boards.

Subjects

Subjects with clinically definite MS whose baseline maximal
expiratory pressure (PEmax) values were between 45% and
60% of predicted were eligible for the study. They were in-
formed about possible blind assignment to a sham group.
Twenty subjects with a definite diagnosis of MS'' were recruited
for the study and randomly assigned to a training (n = 10)
or sham training group (» = 10). However, only 15 subjects
completed enough of the study to provide data for analysis, 10
in the experimental group and 5 in the control or sham training
group. Reasons for attrition included family discord, placement
of the patient in a nursing home, and general feeling of being
too ill, too stressed, or too busy to participate.

The sample included 7 men and 8 women. Time since MS
symptoms were first experienced was reported by subjects to
range from 5 to 27 years (mean = 18.3, SD =+ 6.6). Time since
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MS was diagnosed ranged from 4 to 25 years (mean = 14.1,
SD * 6.6). Kurtzke disability scores ranged from 6.5 to 9.5.
Nine of the 15 subjects reported being previous or current Smok-
ers; pack years in previous or current smokers ranged from less
than a year to 40 years (mean = 15.7, SD *+ 13.7). Five (53.3%)
of the women subjects and 5 men (46.7%) of the subjects were
assigned to the experimental group. Age, years since onset of
MS and diagnosis of MS, smoking history, and Kurtzke disabil-
ity scores did not differ for subjects in the experimental and
control groups. No subject experienced an exacerbation or
change in MS symptoms during participation in the study.

Expiratory Muscle Training

The specificity and overload principles of exercise training'
were employed to train the expiratory muscles. The specific
target of training was the strength of the expiratory muscles.
The overload principle was implemented by a high intensity
exercise of short duration expected to strengthen the expiratory
muscles,

Threshold respiratory muscle training devices® were used for
expiratory muscle training. To train the expiratory muscles,
subjects had to generate a specific amount of positive pressure
during expiration. The design of the threshold respiratory mus-
cle training device eliminates the unreliable pressure loads pos-
sible with use of a nonlinear resistive breathing device.

Experimental group. The threshold load of the training de-
vice was based on each patient’s PEmax. Inspiration was not
loaded. Other investigators have determined the initial threshold
level by reducing the load from subject’s PEmax by 10% with
each failed attempt by the subject to complete the 3 sets of 15
repetitions of the training exercises. In this study, however, the
fatigue that is so common in MS mitigated against this method.
Instead, during the first training session an initial threshold level
was established based on subject’s PEmax values and increased
or decreased on the basis of observations of the subject’s ability
to perform the training exercise and subject’s report of difficulty
doing so.

Once the training threshold load was determined, subjects
were instructed to train their expiratory muscles seven days a
week. They were asked to perform two complete training ses-
sions per day at home, separated by a minimum of 4 hours
between sessions. A complete training session consisted of three
sets of 15 repetitions with 5 minutes of rest between each set.
Subjects were instructed to breathe out against the expiratory
threshold load with every other breath. The threshold load was
increased periodically as PEmax developed by expiratory mus-
cle contraction increased with training. Home visits were made
weekly to assist patients with the protocol as needed and to
assess and encourage their compliance with the procedures.
At each visit, subjects were observed during performance of a
complete training session. As the training proceeded and on the
basis of subject’s observed and reported ability to perform the
respiratory training exercise, the threshold load was gradually
increased.

Control group. The control group underwent sham respira-
tory muscle training for comparison. The control group received
training using the identical respiratory muscle training device
but configured to train the inspiratory rather than the expiratory
muscles. Subjects were instructed to breathe in against the inspi-
ratory threshold load with every other breath. The threshold
load was increased periodically during the 3-month program
but at very small increments too small to affect inspiratory
muscle strength. Other than the difference in type of training
exercise and level of threshold load, the control group under-
went ‘‘training,”’ testing, and follow-up in the same manner as
the experimental group. Before beginning the study, all subjects
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were informed that they had an equal chance of being in the
respiratory muscle training group or a sham training group and
were blind to group assignment. Testing and follow-up were
identical to that of subjects in the experimental group.

Measures

Measures included baseline pulmonary function for screening
if history suggested the presence of obstructive or other primary
pulmonary disease, maximal inspiratory pressure (PImax) and
maximal expiratory pressure (PEmax),"” and demographic and
clinical data (duration of MS, smoking history, Kurtzke score,
etc). Patients were informed that personal and telephone contact
would be maintained with them weekly during the training pro-
gram to answer their questions about the protocol, obtain mea-
surements of PImax and PEmax, assess their compliance with
the training program, make changes in the respiratory threshold
training load as indicated, and note changes in their clinical
status. Patients were asked to keep a daily record of their train-
ing sessions; these records were collected by the researcher
during weekly visits to the patient’s home.

Maximal respiratory pressures (PImax and PEmax) were
measured from residual volume and total lung capacity, respec-
tively, by the method of Black and Hyatt."* Values obtained by
these measures are considered valid and reliable estimates of
respiratory muscle strength and are strongly correlated with
more direct measures of respiratory muscle strength in which
intraesophageal pressure is recorded. PImax is the maximal neg-
ative pressure which can be measured at the mouth after exhal-
ing to residual volume and performing a maximal inspiratory
effort against an occluded airway. PEmax is the maximum posi-
tive pressure which can be measured at the mouth after inhaling
to total lung capacity and performing a maximal expiratory
effort against an occluded airway. Standards for PImax and
PEmax appear in the literature.'* PImax and PEmax were mea-
sured prior to initiation of training and every month of training
for 3 months.

PImax and PEmax were measured with a no. 2000 100-cm
magnehelic pressure gauge.” This gauge measures pressures
from 0 to =100cm of water in increments of 2cm. The pressure
gauge was zeroed before each use. A plastic mouthpiece, 2.7cm
in diameter, was connected to the pressure gauge. Tubing con-
nected the pressure gauge to a three-way valve,® and the three-
way valve to the mouthpiece. One arm of the three-way valve
is connected to the mouthpiece; the second arm is open to room
air; the third arm is sealed with a rubber stopper but with a
small leak created by inserting a 16-gauge needle. The small
leak prevents generation of spuriously high pressures by the
buccal muscles and assists subjects to maintain an open glottis
during the measurements. Use of the three-way valve permits
subjects to position and seal the mouthpiece before the maneu-
ver is performed; this is intended to reduce the measurement
errors associated with tremor or lack of hand coordination ob-
served in some MS patients in the laboratory setting. Measure-
ments were obtained with subjects seated and wearing a nose
clamp.

With the three-way valve open to room air, the mouthpiece
was inserted in the subject’s mouth; subjects were asked to
form a seal around the mouthpiece with their lips. For PEmax,
the three-way valve was opened to room air and subjects in-
serted the mouthpiece in their mouth, forming a seal around it
with their lips. They were asked to inhale to total lung capacity;
the three-way valve was then turned to the closed position (con-
nected to the gauge), and subjects were instructed to exhale
with their maximal expiratory effort. For PImax, subjects were
asked to exhale to residual volume, the three-way valve was
then turned to the closed position (connected to the gauge), and
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Table 1: Mean Baseline PEmax and PImax in Experimental
and Control Groups

Baseline Plmax

47.6 = 19.3
42.9 £ 11.1

Baseline PEmax

53.6 * 14.9
63.2 + 18.9

Experimental Group
Control Group

Values reported as cmH,0.

subjects were instructed to inhale with their maximal inspiratory
effort. For measurements to be considered technically accept-
able, no air leaks could be detected around the mouthpiece and
subjects were required to maintain the pressure for a minimum
of one full second. To minimize the effect of time of day on
patients’ level of subjective fatigue and measurements, all mea-
surements were obtained on a subject at approximately the same
time of day.

Achievement of PEmax and PImax (unlike many other clini-
cal laboratory tests) requires motivation, practice, and effort.
Numerous authors have demonstrated the effect of learning with
repeated measures of PImax and PEmax in both normal subjects
and those with airway obstruction.'*'® Therefore, to take into
account learning or mastery of the technique of PImax and
PEmax measurement, 10 measurements of PImax and PEmax
were obtained on four occasions approximately 1 week apart
before training was initiated. The mean PImax and PEmax val-
ues obtained at the fourth testing session were used as subjects’
baseline. Because complete pulmonary function studies were
not obtained on most subjects, no corrections'’ were made in
PImax and PEmax for increased residual volume or decreased
total lung capacity.

Data Analysis

Unpaired ¢ tests were used to examine differences in baseline
PEmax and PImax values and differences in pretraining to post-
training PEmax and PImax values. A p value of .05 was used
to determine statistical significance.

RESULTS

Baseline PEmax values (reported in cmH,0) ranged from
29.6 to 81.8 (mean = 56.8 = 16.4) for the total sample. When
compared to values predicted for them on the basis of age and
gender,"? the percentage of predicted values ranged from 12.5%
to 60% of predicted (mean = 36.9 = 14.6). Baseline PImax
values ranged from 24.2 to 80.4cmH,O (mean = 46* 16.7);
percentage of predicted values ranged from 19.1% to 72.4%
(mean = 45.8 = 17.1). These pretraining values indicate inspira-
tory and expiratory muscle weakness in the total sample. Mean
baseline PEmax and PImax values of the experimental and con-
trol groups are listed in table 1.

Although the experimental group had a baseline PEmax of
almost 10cmH,O lower than that of the control group, by un-
paired ¢ tests the differences in the baseline PEmax and PImax
values of the two groups were not statistically significant.

The mean of posttraining PEmax for the total sample was
69.3 (SD * 19.6) with a range from 41.8 to 107.3cmH,O.
Difference scores were calculated by obtaining the difference
between the PEmax and PImax values obtained after 3 months
of training and the baseline PEmax and PImax scores. The mean
difference scores of the experimental and control groups are
listed in table 2.

There was a significant difference in the change in expiratory
muscle strength (PEmax) between the expiratory and control or
sham groups with an increase of 19.4cmH,0 in the experimental
group and no increase in the control group. There was no sig-
nificant difference in the PImax values of the control and experi-
mental groups.

All patients in the experimental group experienced an in-
crease in PEmax; the increase in PEmax values ranged from
2.8cmH,0 to 35.9cmH,0. Fifty percent of the experimental
subjects (n = 5) had increases in PEmax greater than 20cmH,O.
Only one member of the control group experienced an increase
in PEmax following training; that patient experienced an in-
crease of 13.8cmH,0.

Anpecdotal reports from study patients included their state-
ments that through participation in the training program they
had become more aware of their breathing and consequently
deliberately took deep breaths periodically. Others indicated
that their respirations had been shallow and that as a resuit of
the training (or their participation in the study) their respirations
had become deeper. Other patients reported that they were able
to lie flat in bed without becoming as short of breath as pre-
viously, that their voices were described by others unaware of
their participation in the study as stronger and louder than before
training, and that they had fewer episodes of choking during
eating. These unsolicited reports were obtained from subjects
in both the experimental and the control groups.

DISCUSSION

The results of this pilot study demonstrate that a program
of expiratory muscle training can increase expiratory muscle
strength as measured by PEmax in patients with MS. While the
effectiveness of inspiratory training has been demonstrated in
healthy control subjects, those with respiratory disease, and in
patients with spinal cord injury and muscular dystrophy, fewer
efforts have focused on expiratory training. Increased expiratory
muscle strength following expiratory muscle training has been
demonstrated in normal controls and in patients with spinal cord
injury. However, no previous effort has specifically examined
the effects of respiratory training in MS or shown that expiratory
muscle strength can be increased in this group of patients
through expiratory muscle training.

The findings of this study suggest that decreased expiratory
muscle strength observed in patients with MS may be due, at
least in part, to deconditioning. Deconditioning of the expiratory
muscles in MS may occur because their usual stimulus, strenu-
ous activity, is often severely limited because of the fatigue,
general muscle weakness, or balance problems associated with
MS. The findings of this study suggest that this deconditioning
can be reversed, again at least in part, through a respiratory
training program targeted to the expiratory muscles. It is not
known, however, if the increased expiratory muscle strength
demonstrated in this study will persist, nor is it known if the
expiratory muscle strength could be increased further by train-
ing for longer than 3 months.

While increased respiratory muscle strength is a desirable
outcome of respiratory muscle training, a more important issue
is its effect on clinical outcomes. Increased expiratory muscle
strength in MS patients may result in a more effective cough and
airway clearance, decreased work of breathing, and increased
respiratory reserve. However, to date no study has addressed
the effect of respiratory muscle training on patients’ ability to
generate an effective cough needed to clear and protect the
airway and on the incidence of respiratory complications in

Table 2: Comparison of Mean Differences in Baseline and 3-Month
Posttraining PEmax and Plmax in Experimental and Control Groups

PEmax* Pimax
Experimental Group 19.4 + 9.9 3.3 x16.1
Control Group -1.2 = 11.1 9.2+ 119

Values reported as cmH,0.,
* Unpaired t value = 3.65, df = 13, p = .003.
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patients at increased risk for such complications. Further re-
search with larger and more diverse samples is necessary to
determine the effect of increasing expiratory muscle strength on
clinical outcomes (cough effectiveness, frequency of respiratory
complications) in patients with MS. Additionally, the effect of
inspiratory muscle training or combined inspiratory and expira-
tory muscle training on cough needs to be addressed through
research.

References

1. Sadovnick AD, Eisen K, Ebers GC, Paty DW. Cause of death in
patients attending multiple sclerosis clinics. Neurology 1991;41:
1193-6.

2. Kurtzke JF. Clinical manifestations of multiple sclerosis. In: Vinken
PJ, Bruyn GW, editors. Handbook of Clinical Neurology, vol 9.
Amsterdam: North-Holland, 1970:161-216.

3. Howard RS, Wiles CM, Hirsch NP, Loh L, Spencer GT, Newsom-
Davis J. Respiratory involvement in multiple sclerosis. Brain 1992;
115:479-94.

4. Smeltzer SC, Utell MJ, Rudick RA, Herndon RM. Pulmonary func-
tion and dysfunction in multiple sclerosis. Arch Neurol 1988;45:
1245-9.

5. Smeltzer SC, Skurnick JH, Troiano R, Cook SD, Duran W, Lavietes
MH. Respiratory function in multiple sclerosis. Utility of clinical
assessment of respiratory muscle function. Chest 1992;101:479-84.

6. Belman MJ, Mittman C. Ventilatory muscle training improves exer-
cise capacity in chronic obstructive pulmonary disease patients. Am
Rev Respir Dis 1980;121:273-80.

7. Harver A, Mahler DA, Daubenspeck JA. Targeted inspiratory mus-
cle training improves respiratory muscle function and reduces dys-
pnea in patients with chronic obstructive pulmonary disease. Ann
Intern Med 1989;111:117-24.

8. Larson JL, Kim MJ, Sharp JT, Larson DA. Inspiratory muscle
training with a pressure threshold breathing device in patients with

Arch Phys Med Rehabil Vol 77, September 1996

chronic obstructive pulmonary disease. Am Rev Respir Dis 1988;
138:689-96.

9. DiMarco AF, Kelling JS, DiMarco MS, Jacobs I, Shields R, Altose
MD. The effects of inspiratory resistive training on respiratory mus-
cle function in patients with muscular dystrophy. Muscle Nerve
1985;8:284-90.

10. Martin RJ, Sufit RL, Ringel SP, Hudgel DW, Hill PL. Respiratory
improvement by muscle training in adult-onset acid maltase defi-
ciency. Muscle Nerve 1983;6:201-3.

11. Poser CM, Paty D, Scheinberg L., McDonald WI, Davis FA, Ebers
GC, et al. New diagnostic criteria for multiple sclerosis: guidelines
for research protocols. Ann Neurol 1983;13:227-31.

12. Faulkner JA. New perspectives in training for maximum perfor-
mance. JAMA 1969;205:741-6.

13. Black LF, Hyatt RE. Maximal respiratory pressures: normal values
and relationship to age and sex. Am Rev Respir Dis 1969;99:696-
702.

14. Fiz JA, Montserrat JM, Picado C, Plaza V, Agusti-Vidal A. How
many maneuvers should be done to measure maximal inspiratory
mouth pressure in patients with chronic airflow obstruction? Thorax
1989;44:419-21.

15. Larson JL, Kim MIJ. Reliability of maximal inspiratory pressure.
Nurs Res 1987;36:317-9.

16. McElvaney G, Blackie S, Morrison NJ, Wilcox PG, Fairbarn MS,
Pardy, RL. Maximal static respiratory pressures in the normal el-
derly. Am Rev Respir Dis 1989;139:77-81.

17. Black LF, Hyatt RE. Maximal static respiratory pressures in gener-
alized neuromuscular disease. Am Rev Respir Dis 1971;103:641-
50.

Suppliers
a. HealthScan, Inc., 870 Pompton Avenue, Cedar Grove, NJ 07009.
b. Dwyer Instruments, Inc., PO Box 373-T, Michigan City, IN 46360.
c. Model/catalogue no. 21043; Warren E. Collins, Inc., 220-T Wood
Road, Braintree, MA 02184.



