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Multiple sclerosis (MS) is a central nervous 
system disorder that often affects motor 
pathways, with delayed conduction time 

resulting in reduced muscle strength and endurance 
throughout the body, including the muscles involved 
in ventilation.1-7

 
Specifically, Garland et al.8 found cen-

tral motor conduction to the diaphragm muscle to be 
abnormal in 12 of 15 individuals with mild-to-moderate 
MS-related disability (Expanded Disability Status Scale 
[EDSS] score <6.5). Respiratory muscle weakness and 
fatigue result in impaired ventilation. Impaired ventila-

tion is recognized as a major cause of morbidity and 
mortality in individuals with advanced MS (EDSS score 
>6.5).1-7,9-14 The National Multiple Sclerosis Society 
(NMSS) added respiration/breathing problems to its list 
of less common symptoms of MS in 200815 and issued a 
clinical bulletin on pulmonary function and rehabilita-
tion in MS in 2007,16 reflecting the recent recognition of 
respiratory impairment as a symptom of MS.   

Recent studies have demonstrated that pulmonary 
muscle weakness is present not only in people with 
advanced MS, but also in ambulatory individuals with 
MS who have minimal disability.7,9,10 Resistive inspira-
tory9,17 and expiratory1,10,11 muscle training conducted 
in people with MS who have mild to severe disability 
increases the strength of muscles involved in inspiration 
and forced expiration. While these studies reported 
increased pulmonary muscle function (strength and 
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in MS and mobility measures of lower-extremity physi-
cal performance, such as balance, stair-climbing, sit-to-
stand activities, and ambulation.

Reliable and valid measures of lower-extremity mobil-
ity that are responsive to change with intervention are 
necessary to study the effects of respiratory muscle train-
ing on lower-extremity mobility. Examination of key 
factors in maintaining lower-extremity mobility and 
avoiding disability in other populations was useful to 
guide selection of tasks to include in this study. Several 
large studies of community-dwelling older adults have 
demonstrated that physical performance on selected 
tasks is important for maintaining functional walking 
distance (at least a quarter-mile). In the prospective 
Women’s Health and Aging Study (WHAS) of women 
aged 65 years and older, balance and knee extension 
strength were independent predictors of severe walk-
ing disability.24,25 In patients with hemiparesis second-
ary to cerebrovascular accident, time to ascend four 
stairs was highly correlated with knee extensor strength, 
indicating that stair-climbing may be a reasonable func-
tional test of knee extensor strength.26 In the Established 
Populations for the Epidemiologic Study of the Elderly 
(EPESE), gait speed alone or combined with a repeated 
sit-to-stand test and balance test was highly predictive 
of mobility disability and hospitalization rates.27-29 In 
the Third National Health and Nutrition Examination 
Survey (NHANES III) of individuals aged 60 years and 
older, gait speed, repeated sit-to-stand ability, and peak 
expiratory flow were identified as factors predictive of 
mobility-related limitations.30  

This study examined the effect of a 10-week home-
based exercise program using an inspiratory muscle 
threshold trainer (IMT) on four lower-extremity physi-
cal performance tests in people with MS. Our pri-
mary hypothesis was that the intervention group would 
increase their physical performance test scores signifi-
cantly more than the control group following the inspi-
ratory muscle training.

Methods

Research	Design
The study design was a two-group (experimental-con-

trol), single-blinded randomized pretest-posttest study. 

Participants	
A total of 46 adult ambulatory (with or without an 

assistive device) individuals with clinically diagnosed MS 
were recruited through local MS support group meet-

endurance) following resistive pulmonary muscle train-
ing, very limited data have been published on physical 
function following this type of training.  

Gosselink et al.1 conducted expiratory muscle train-
ing for 3 months in individuals with MS and an EDSS 
score of 6.5 or more, which resulted in increased cough 
efficiency as measured by the pulmonary index. The 
pulmonary index is an index of clinical signs, includ-
ing maximum number achieved in verbally counting 
on a single exhalation, ratings of cough weakness, and 
difficulty clearing secretions.18 No other physical func-
tion data were provided. Klefbeck and Nedjad17 used 
inspiratory muscle training for 10 weeks in people 
with advanced MS (EDSS score >6.5) and found no 
improvement in fatigue as measured by the Fatigue 
Severity Scale (FSS) or in subjective perception of physi-
cal endurance. The Klefbeck and Nedjad17 study had 
only seven participants in the training group, however, 
and no power analysis was presented, which raises ques-
tions about their nonsignificant results. Chiara et al.19 
conducted an 8-week expiratory muscle training study 
involving 17 individuals with MS (EDSS score <6.5) 
and found no change in sustained vowel prolongation 
or words per minute measured from connected speech, 
or voice-related quality of life. Again, no power analysis 
of the nonsignificant results was reported. None of these 
studies directly measured lower-extremity physical func-
tion to identify changes secondary to resistive pulmonary 
muscle training. 

Impaired respiratory muscle activation may lead to a 
reduction in the core stability that is necessary for nor-
mal balance and mobility. The link between respiratory 
function and trunk muscle strength is demonstrated in 
the normal population by the coordinated timing of 
trunk muscle and respiratory muscle activation during 
limb movement.20-22 Also, in normal individuals the 
diaphragm receives feed-forward input prior to some 
limb movement.21 The link between respiratory function 
and mobility function in patient populations has not 
been substantially researched. Individuals with chronic 
obstructive pulmonary disease (COPD) exhibited 
reduced mediolateral stability compared with normal 
control participants, and mediolateral stability in the 
COPD group was further reduced following an upper-
extremity exercise.23 Garland et al.8 reported central 
motor conduction delays to the diaphragm in mildly to 
moderately disabled individuals with MS. No research is 
available, however, directly linking respiratory function 
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prior to each testing session according to the American 
Thoracic Society and European Respiratory Society 
Statement on Respiratory Muscle Testing.33 The VMax 
pulmonary test software has routine measures of consis-
tency and accuracy embedded in the test protocol. The 
investigator was blinded as to group placement of par-
ticipants. All tests were performed in the seated position 
with both feet flat on the floor. A rubber mouthpiece 
and nose clips were provided to each participant to be 
used throughout testing. To ensure reproducibility, each 
test was performed a minimum of two times and until 
values were within 10% of each other with the best trial 
accepted. Verbal instructions were provided, followed by 
a videotaped demonstration of each test procedure. Full 
protocols are described in Fry et al.9

Mobility	Outcome	Measures
The mobility tests conducted in this research meet 

the criteria for outcome measures established by the 
NMSS and were selected to reflect physical tasks people 
perform repeatedly during any given day.34 Balance 
(BAL) was tested because it is a fundamental skill neces-
sary to support the Functional Stair Test (FST), Sit-to-
Stand Test (SST), and 6-Minute Walk (6MW) test, as 
well as many other mobility activities.24,35-37 The FST 
and SST were included as functional tests of power and 
strength of the lower extremities.26,38-40 The 6MW test 
was included as a functional measure of endurance.41-44

Balance testing involved three timed trials with the 
participant standing on his or her self-defined “best 
leg.” If the person was unable to maintain single-limb 
stance for more than 3 seconds, then tandem balance 
was tested with the “best leg” in back. Trials were timed 
for up to 30 seconds. In ambulatory individuals with 
MS, the test-retest reliability intraclass correlation coef-
ficient (ICC) for the single-limb stance test is 0.95 and 
for the tandem stance test is 0.63.45 To allow analysis of 
the single-limb and tandem stance data in one variable, 
the BAL score was determined using an ordinal scale for 
balance (Table 1).

In the FST, participants completed three timed tri-
als in which they were asked to ascend four steps, turn, 
and descend four steps, using a handrail as necessary. In 
ambulatory individuals with MS, the test-retest reliabil-
ity ICC for the FST is 0.97.45 

In the SST, participants were instructed to rise from 
a chair to a full standing position and return to sitting 
six times in three separate timed trials. In ambulatory 

ings and a television news interview. Individuals with 
acute respiratory infection diagnosed by a physician or 
oral temperature greater than 100°F, unstable cardio-
pulmonary or musculoskeletal conditions unrelated to 
MS affecting performance, and/or a history of smoking 
in the past year were excluded from participation in the 
study. 

Participants were randomly placed into a home exer-
cise inspiratory muscle training intervention group or a 
nonintervention control group by date of enrollment in 
the study. The study was approved by the institutional 
review board of the University of Michigan–Flint, and 
informed consent was obtained from all participants 
prior to enrollment in the study.

MS-Related	Impairment/Disability	
Two tests were included in this study to classify level 

of disability and overall response to the exercise program 
in terms of fatigue. The EDSS, a scale based on ambula-
tory status and a standard neurologic examination for 
people with MS, was included to assess overall disability 
level and functional mobility. The EDSS was specifically 
included in this study because of the heavy weighting of 
ambulatory ability in calculating EDSS scores. Higher 
scores indicate greater disability.31 As part of the neuro-
logic examination for the EDSS, strength was measured 
using manual muscle tests to determine normal versus 
diminished strength, and muscle tone was measured 
using the scale in the Neurologic Assessment of the 
Kurtzke Functional Systems.31 Lower-extremity strength 
was used as an indirect measure of trunk strength for 
the purposes of this study, as trunk strength was not 
measured directly. The FSS, a nine-item questionnaire 
about how fatigue affects a person’s life, was included as 
an overall indication of whether fatigue levels changed as 
a result of the exercise intervention. Higher values on the 
scale indicate greater fatigue.32

Pulmonary	Function	Tests
Pulmonary function tests (PFTs) including maximal 

inspiratory pressure (MIP), maximal expiratory pressure 
(MEP), and maximal voluntary ventilation (MVV), as 
well as standard spirometry tests, were measured with 
the VMax metabolic cart and test protocols from Sen-
sor Medics Corporation (Yorba Linda, CA). Pulmonary 
function tests were performed by the same investigator 
for pretests and posttests. The investigator completed 
pilot tests to verify the accuracy of data acquisition dur-
ing pulmonary tests. The metabolic cart was calibrated 
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information and participants answered all questions 
prior to testing. Resting vital signs including blood pres-
sure, oxygen saturation, heart rate, respiratory rate, and 
oral temperature were assessed prior to activity using the 
guidelines of the American College of Sports Medicine 
to ensure participant safety.46

 
Exercise participation was 

determined to be safe for all individuals enrolled. 
Each participant’s height (inches) and weight 

(pounds) were determined using a standard medical 
scale. Body-mass index (BMI) was calculated by con-
verting inches to meters and pounds to kilograms, and 
dividing the weight by the square of the height (kg/m2). 
Participants with a BMI of less than 20 were classified as 
underweight, and those with BMI scores above 30 were 
classified as obese. The FSS32 and Kurtzke functional sys-
tems test31 were administered and the EDSS

 
level estab-

lished at the pretest session. All PFT and spirometry 
measures were taken on day 1 of testing. The mobility 
tests were administered on day 2 of testing in the follow-
ing order for each participant: BAL, FST, SST, 6MW. 
Participants were provided rest periods of 1 to 5 minutes 
between tests and between trials as needed. Safety pre-
cautions during the physical performance tests included 
gait belts worn by all participants for all tests, guarding 
(as needed), and manual assistance if a fall was immi-
nent. One participant fell on the 6MW. The participant 
was assessed according to university protocol and deter-
mined to be uninjured. The 6MW for this participant 
was repeated after a rest period. The RPE was solicited 
from participants at the completion of each trial of each 
test. The IMT training commenced following testing on 
day 2. All participants were tested on PFT, spirometry, 
and mobility measures after 10 weeks of training or the 
nontreatment control period.

Statistical	Analysis
Data analysis was performed using SPSS, version 17.0 

(SPSS, Chicago, IL). Descriptive statistics were calcu-
lated for all participant characteristics, PFTs, spirometry, 
and mobility tests. Black and Hyatt’s48 equations were 
used for calculating percent predicted values of MIP and 
MEP. Based on recommendations of Fry and Pfalzer,45 
best trial rather than mean data were used for analysis of 
the balance tests. Baseline data were compared between 
groups with a one-way analysis of variance (ANOVA) 
for interval scale outcome measures and with a nonpara-
metric Mann-Whitney test for the EDSS scores (P < 
.05) to determine the effectiveness of the participant ran-
domization process. Prior to conducting the ANOVA, 

individuals with MS, the test-retest reliability ICC for 
the SST is 0.94.45

For the 6MW test, participants were instructed to 
walk as quickly and safely as possible for 6 minutes. 
They were allowed to use an assistive device and to rest 
when needed. In ambulatory individuals with MS, the 
test-retest reliability ICC for the 6MW test is 0.96.45 

The gait velocity (GV; meters/second) was calculated 
from the 6MW test distance (meters). 

The 15-point (6–20) original category rating of per-
ceived exertion (RPE)	Borg scale was used to subjectively 
rate perceived exertion following each trial for each of 
the four mobility tests as an indication of impending 
fatigue.46,47 A full description of the testing procedures 
for each mobility test is reported in Fry and Pfalzer.45

Pulmonary	Home	Exercise	Intervention	
Experimental participants completed a 10-week exer-

cise trial using a Threshold Inspiratory Muscle Trainer 
(IMT) device (Respironics Health Scan, Inc, Cedar 
Grove, NJ). The home IMT resistive exercise interven-
tion consisted of three sets of 15 repetitions based on the 
previously published protocols of Klefbeck and Nedjad17 
and Smeltzer et al.11

 
Exercise was performed for approxi-

mately 10 to 15 minutes daily for 10 weeks. Exercise 
adherence was recorded by the participants in their 
exercise logs. During the training and/or control period, 
participants were asked to maintain their normal level of 
physical activity. No further exercise program or physical 
therapy was provided. A full description of the interven-
tion protocol is provided in Fry et al.9

Study	Procedures
Participants completed a Health Intake Question-

naire that included demographic information, general 
health, and MS-related information to determine wheth-
er they had any of the exclusion criteria for the study. 
Depression and fall history within the past year were also 
noted. Investigators reviewed the participants’ health 

Table 1. Ordinal scale for balance
Score Balance time

0.5 0–9 s tandem
1.0 10–19 s tandem
1.5 20–29 s tandem
2.0 ≥30 s tandem
2.5 3–9 s single limb
3.0 10–19 s single limb
3.5 20–29 s single limb
4.0 30 s single limb
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at baseline on participant characteristics and indicators 
of MS impairment and disability (eg, age, BMI, EDSS 
score, total FSS score, number of comorbidities) (Tables 
2 and 3), and pulmonary function measures, indicating 
adequate randomization of participants into groups, 
with the exception of MIP (F = 5.753, P = .021) and 
forced expiratory flow at 25% to 75% (FEF25%–75%) (F = 
9.650, P = .003), with the intervention group showing 
significantly lower mean values than the control group 
(Table 4).	  

MS-Related	Impairment/Disability	
Participants’ EDSS scores ranged from 2.0 to 6.5, 

indicating mild-to-moderate disease severity and dis-
ability, with all participants still ambulatory (Table 
3). Strength was within normal limits in all but three 
intervention participants and in all control partici-
pants. Muscle tone varied from normal to moderately 
increased in both groups, with no one exhibiting severe 
spasticity. Fatigue levels measured with the FSS were 
comparable in the two groups, with participants in each 
group achieving the top score of 63, indicating a possible 
ceiling effect for this test. Depression and history of falls 
were roughly equivalent in the two groups, with a his-
tory of depression reported in 55% to 63% of the par-
ticipants and a history of falls in the past year reported in 
68% to 70% of participants (Table 3).

Pulmonary	Function	Tests	
Maximal inspiratory pressure increased by 71.4% in 

the intervention group following training, compared 
with a 6.4% decrease in the control group (P < .003). 
Maximal expiratory pressure (21.0% gain for the inter-
vention group and 4.9% gain for the control group, P = 
.335) and MVV (9.0% gain for the intervention group 
and 0.2% decrease for the control group, P = .122) 
improved following training, but not significantly. Addi-
tional pulmonary data are reported in Table 4. Compar-
ison using a two-way (group × time) repeated-measures 

the assumptions for the ANOVA were tested and met, 
as all variables had homogeneity of variance and demon-
strated a normal distribution (P < .05).  

To determine the effect of the 10-week IMT home 
exercise intervention on individual lower-extremity 
physical performance measures (SST, FST, 6MW, BAL) 
by group, we conducted a two-way, repeated-measures 
ANOVA (type IV full factorial model with simple con-
trast with α level of ≤.05) of percent of predicted MIP 
and lower-extremity physical performance measures by 
group (intervention vs. control).49 To determine the 
relationship between the EDSS and the various physical 
performance measures, Pearson product moment cor-
relation (FST, SST, 6MW) and Spearman rank correla-
tion (BAL) coefficients were calculated.      

Results
Of the original 46 participants, 2 dropped out 

because of medical illness unrelated to their MS, and 3 
dropped out because they did not wish to continue the 
study. Data from one participant were removed because 
the participant was an extreme outlier on her physical 
performance measures, although the PFT results were 
within the same range as those of other participants. 
Data from another participant were removed because 
the participant declined to complete all PFTs. Thus, 20 
participants remained in the intervention group (drop-
out rate, 13%) and 19 participants remained in the con-
trol group (dropout rate, 17%). Adherence to the IMT 
training protocol ranged from 76.25% to 83.50%, with 
an average adherence across participants of 81% for the 
duration of the study.

Participant	Characteristics
Of the 39 participants whose data were analyzed, 31 

were female (18 in the intervention group and 13 in the 
control group) and 8 were male (2 in the intervention 
group and 6 in the control group). No statistically sig-
nificant differences were found between the two groups 

Table 2. Participant characteristics
Intervention group (n = 20) Control group (n = 19)

Characteristic Mean (SD) Range Mean (SD) Range

Age, y 49.6 (9.5) 35–69 46.0 (9.8) 23–64
No. of comorbiditiesa 2.1 (1.5) 0–5 2.1 (1.7) 0–7
No. of medicationsb 5.7 (3.8) 1–15 4.4 (2.4) 0–8
BMI, kg/m2 26.2 (5.0) 18.2–36.5 30.1 (6.4) 19.2–41.3

Abbreviation: BMI, body-mass index.
aIncludes chronic diseases identified in the Health Intake Questionnaire.
bIncludes prescription and over-the-counter medications.
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Pearson product moment correlations and Spearman 
rank correlations (rho) between the individual physical 
performance measures (6MW, GV, FST, SST, BAL) 
and the EDSS score for the intervention and control 
groups before and after the intervention are reported 
in Table 6. These individual performance measures are 
moderately to highly associated with each other (r = 
0.5–0.075 and r > 0.75, respectively).50 The correlations 
should be interpreted in light of whether a high or a low 
score indicates better performance. Higher scores on the 
6MW and BAL indicated better performance (greater 
distance walked or time balanced). Lower scores on the 
FST, SST, and RPE indicated better performance (faster 
performance on the tests). For example, in Table 6, the 
intervention group’s −0.872 (pretest) coefficient for the 
6MW and FST correlation indicates that those partici-
pants who walked greater distances tended to ascend and 
descend the stairs more quickly. Spearman rank correla-
tion (rho) coefficients between the BAL and other physi-
cal performance tests and their associated RPE scores 
were relatively high for the BAL (r = −0.742, P = .000) 
and FST (r = 0.730, P = .016) tests compared with the 
SST (r = 0.487, P = .002) and the 6MW (r = −0.225, P 
= .340) tests. 		

Results of the two-way (group × time) repeated-
measures ANOVAs of the individual mobility factors 
are shown in Table 4. Balance improved significantly 
in the intervention group (80.6%) compared with the 
control group (6.2%). A nonsignificant improvement in 
the IMT-trained group in 6MW distance (P = .086) was 
noted. The control group had a decline in performance 
on the SST, while the intervention group maintained its 
function (P = .084). On the FST, there was essentially 
no change in either group following the intervention 
period (P = .064). In addition, no significant change was 
noted in FSS score for either group. 

Discussion
Inspiratory muscle training effectively increased MIP 

values by 71.4% in the experimental participants. While 
improvements in MEP and MVV were also present 
in the intervention group, they were not significant (P 
= .335 and P = .122, respectively). The IMT-trained 
participants experienced a significant improvement 
in standing balance compared with the nontreatment 
group (P = .008). This improvement was achieved in 
both participants who were able to achieve single-limb 
stance and those whose balance was tested in a tandem-

ANOVA revealed that the intervention group exhibited 
significantly greater improvement (P = .003; observed 
power, 0.876) in percent predicted MIP than the con-
trol group (Table 4). Percent predicted MEP and MVV 
were not significantly different between groups at P < 
.05. Nonspecific or generalized improvements in expira-
tory pulmonary function (forced expiratory volume at 1 
second [FEV1], forced vital capacity [FVC], and FEF25%–

75%) were observed for the intervention group, while the 
control group exhibited either no change or diminished 
pulmonary function values.9 

Mobility	Outcomes	
Descriptive results of the physical performance mea-

sures are shown in Tables 4 and 5. Performance on the 
physical performance tests is presented graphically in 
Figure 1, with data for participants with mild and with 
moderate disability shown separately within each group. 

Table 3. Baseline indicators of MS impairment 
and disability

Indicator
Intervention group 

(n = 20)
Control group 

(n = 19)

MS type
   Relapsing remitting 8 (40.0) 14 (73.7)
   Secondary progressive 3 (15.0) 2 (10.5)
   Primary progressive 4 (20.0) 1 (5.3)
   Progressive relapsing 2 (10.0) 1 (5.3)
   Unknown 3 (15.0) 1 (5.3)
Strength
   Normal 17 (85.0) 19 (100)
   Diminished 3 (15.0) 0 (0)
Muscle tone
   No spasticity 6 (30.0) 7 (36.8)
   Mild spasticity 8 (40.0) 11 (57.9)
   Moderate spasticity 6 (30.0) 1 (5.3)
   Severe spasticity 0 (0.0) 0 (0.0)
History of falls
   Yes 14 (70.0) 13 (68.4)
   No 6 (30.0) 6 (31.6)
Depression
   Yes 11 (55.0) 12 (63.2)
   No 9 (45.0) 7 (36.8)
FSS (total score)
  Mean (SD) 47.7 (8.8) 49.1 (11.5)
  Range 36–63 21–63
EDSS score
   Mean (SD) 4.1 (1.9) 3.2 (1.2)
   Range 2.0–6.5 2.0–6.5

Abbreviations: EDSS, Expanded Disability Status Scale; FSS, Fatigue 
Severity Scale; MS, multiple sclerosis.
Note: Unless otherwise indicated, values are given as number (%).
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stance position. The greatest balance improvement 
occurred in intervention group participants with mild 
disability (lower EDSS scores) (Figure 1). A nonsig-
nificant improvement in the IMT-trained group as 
compared with the control group in 6MW distance 
(P = .086; power, 0.405) was noted, with greater 
improvement in those with mild disability. Thus, the 
greatest improvements in balance and gait were made 
by participants with mild disability (EDSS score <4.0) 
who trained with the IMT. This is the first report 
documenting improvement in functional mobility as 
a result of respiratory muscle training in people with 
mild-to-moderate disability related to MS (EDSS score 
≤6.5). A direct measure of fatigue was not used in this 
study; however, scores on the FSS, a measure of fatigue 
over the period of 1 week, remained relatively stable 
from before to after the intervention, suggesting that the 
improvement in functional mobility may have occurred 
without any increase in general fatigue levels.  

The impact of inspiratory muscle training on the 
results of the SST and FST was less clear. The interven-
tion group maintained SST speed, while the moderately 
disabled participants in the control group exhibited a 
nonsignificant reduction in performance on this task 
(P = .084; power, 0.410). On the FST, there was no 
real change in performance for either group (P = .064; 
power, 0.460). While there was a moderate effect size for 
these tests, the power was not sufficient to show signifi-
cant changes in the SST and FST. Future studies should 
use a larger sample size to adequately power the study.    

No previously published studies of people with MS 
examined respiratory muscle training and functional 
mobility. However, several studies reported on the rela-
tionship between respiratory function and functional 
mobility. Mutluay et al.4 determined that FVC (r = 
−0.42), MEP (r = −0.39), and a pulmonary dysfunction 
index (r = 0.45) significantly correlated with MS disabil-
ity as measured by the EDSS, a disability scale heavily 
influenced by ambulation skill level. In healthy normal 
subjects aged 55 to 75 years, Camarri et al.51 found that 
FEV1 (r = 0.48) significantly predicted 6MW distance. 
The work of Lan et al.30 in 5724 adults over age 60 also 
supports the relationship between respiratory function 
and functional mobility. They found that gait speed, 
repeated sit-to-stand ability, and peak expiratory flow 
were predictive of mobility-related limitations. 

In contrast, the study of Savci et al.7 of 30 people 
with MS determined that neither respiratory muscle 

Figure 1. Pretest and posttest results on 
physical performance measures for the 
intervention and control groups by level 
of disability
A, Balance test. B, 6-Minute Walk test. C, Sit-to-Stand 
Test. D, Functional Stair Test. Error bars indicate ±1 SD.
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tion and expiration are also part of the core muscle 
group that stabilizes the trunk to enhance balance and 
mobility function. Abdominal muscles (transversus 
abdominis, internal and external obliques, and rectus 
abdominis) assist in both inspiration and expiration 
during periods of increased ventilatory needs. Contrac-
tion of the abdominal muscles, especially the transversus 
abdominis, tightens the fascia surrounding the abdo-
men, thus contributing to a stabilizing force in the 
trunk. Ventilatory muscles such as the diaphragm and 
the scalene muscles help stabilize the rib cage, providing 
an additional component of core stability to enhance 
balance and mobility function.53

An interesting secondary finding of this study is the 
relationship between EDSS scores and lower-extremity 

weakness (MIP, r = 0.28; MEP, r = 0.27) nor lung func-
tion (FVC, r = 0.36) contributed to 6MW distance in 
people with MS. Savci et al.,7 however, did report that 
activities of daily living as measured by the Barthel Index 
affect 6MW distance (r = 0.81). In a study of 64 ambu-
latory individuals with MS, Wetzel et al.52 found that 
MVV (r = 0.32), MIP (r = 0.31), and MEP (r = 0.30) 
were all significantly correlated with 6MW distance. 
Participants’ scores on the Activities-Specific Balance 
Confidence Scale, FST, and BAL were more significant 
and independent predictors of 6MW distance than the 
pulmonary measures.52 

Further research should be conducted to explore the 
relationship between respiratory function and balance/
mobility control. Many of the muscles of both inspira-

Table 4. Descriptive statistics and two-way repeated-measures ANOVA of physical performance 
test measures and pulmonary strength and endurance

Intervention group (n = 20) Control group (n = 19)

Repeated-measures 
ANOVA (group × 

time)

Test
Pretest 

Mean (SD)
Posttest 

Mean (SD)

Improvement 
(pretest-
posttest) 

Mean (SD)
Pretest 

Mean (SD)
Posttest 

Mean (SD)

Improvement 
(pretest- 
posttest) 

Mean (SD) P valuea
Observed 

power

MIP pred, cm H2O 59.3 (29.7) 94.8 (30.8) 74.4 (30.2) 79.3 (26.0) .003 0.876

MEP pred, cm H2O 45.2 (19.7) 49.2 (16.6) 52.0 (21.9) 51.0 (21.3) .335 0.158

MVV pred, % 87.5 (17.9) 94.5 (20.4) 92.4 (19.2) 92.3 (22.3) .122 0.339

FVC, L 3.53 (0.75) 3.73 (0.73) 3.99 (1.02) 4.00 (1.05)

FVC pred, % 101.4 (17.1) 107.0 (13.7) 103.1 (18.0) 101.7 (17.6)

FEV1, L 2.54 (0.63) 2.77 (0.54) 3.09 (0.69) 3.00 (0.79)

FEV1 pred, % 103.1 (18.0) 101.7 (17.6) 104.1 (18.6) 99.1 (17.4)

FEF25%–75%, L 2.16 (0.79) 2.39 (0.87) 3.02 (0.86) 2.86 (1.08)

FEF25%–75%  pred, % 72.0 (23.1) 80.3 (26.1) 92.6 (21.9) 87.0 (25.4)

6MW, m 293.9 (170.1) 306.2 (182.8) 12.3 (29.0) 385.4 (167.0) 394.3 (180.6) 9.0 (44.9) .086 0.405

GV, m/s 0.82 (0.47) 0.85 (0.51) 0.03 (0.08) 1.07 (0.46) 1.10 (0.50) 0.03 (0.12) .086 0.405

FST, s 14.2 (10.8) 14.0 (12.1) 0.3 (2.6) 9.0 (5.3) 8.3 (4.8) 0.7 (1.9) .064 0.460

SST, s 24.1 (9.8) 24.1 (13.7) 0.0 (7.9) 18.4 (6.3) 19.0 (8.8) −0.6 (4.8) .084 0.410

BAL (best trial) .008 0.781

   Single limb, s 12.6 (6.5) 19.5 (9.7) 7.0 (7.4) 21.2 (9.3) 19.1 (11.6) −2.1 (3.8)

   Tandem, s 5.6 (3.7) 8.5 (10.0) 3.0 (8.2) 20.8 (12.0) 18.2 (9.5) −2.6 (12.1)

FSS 47.7 (8.8) 46.3 (11.3) 49.1 (11.5) 47.7 (13.0) .846 0.054

EDSS 4.1 (1.9) 4.3 (1.9) 0.2 (0.7) 3.2 (1.2) 3.7 (1.6) 0.5 (1.2)

Abbreviations: 6MW, 6-Minute Walk; ANOVA, analysis of variance; BAL, balance test; EDSS, Expanded Disability Status Scale; FEF25%–75%, 
forced expiratory flow at 25% to 75%; FEF25%–75%  pred, predicted forced expiratory flow at 25% to 75%; FEV1, forced expiratory volume at 
1 s; FEV1 pred, predicted forced expiratory volume at 1 s; FSS, Fatigue Severity Scale; FVC, forced vital capacity; FVC pred, predicted forced 
vital capacity; GV, gait velocity; MEP pred, predicted maximal expiratory pressure calculated from Black and Hyatt48; MIP pred, predicted 
maximal inspiratory pressure calculated from Black and Hyatt48; MVV pred, predicted maximal voluntary ventilation.
aSignificant at P ≤ .05. 
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during testing. Test instructions were standardized, 
attempts were made to provide the same amount of 
encouragement to all participants, and rest periods were 
permitted upon request throughout testing; however, 
this remains a potential limitation for both the mobil-
ity and the respiratory function tests. No direct measure 
of core muscle strength was included in this study. 
The intervention group received weekly phone calls to 
progress their exercise, while the control group received 
only one phone call during the control phase. This dif-
ference in attention and activity between the two groups 
may have motivated the intervention group to put forth 
more effort during the testing session, thereby affecting 
the posttest outcome data. The heterogeneity of the MS 
population and high variability of performance across 
time among people with MS limited the power of some 
of the statistical analyses. Further limitations of inspira-
tory muscle training testing are described elsewhere.9 
Given the small sample size, we are concerned about the 
potential for a type II error resulting in failure to detect 
an important clinical difference, rather than a type I 
error resulting in failure to reject the null hypothesis. It 
is important that each variable be assessed for its own 
clinical change. Therefore, a Bonferroni correction was 
not performed.54 The generalizability of the findings of 
this study is limited to community-dwelling, ambulatory 
individuals with MS.  

Clinical	Implications
The results of this study indicate that inspiratory 

muscle training positively affects balance (BAL) and per-
haps gait endurance (6MW) and thus may be considered 
as an adjunct for mobility training in people with MS. 

function as measured by the physical performance tests. 
The average EDSS score of the control group (3.2) was 
lower than that of the intervention group (4.1). Exami-
nation of the correlation coefficients in Table 6 shows 
lower correlations with EDSS scores in the control 
group than in the intervention group. One potential 
explanation of this finding is that the EDSS is not as 
sensitive to variance in lower-extremity function at lower 
EDSS scores.  

Limitations	of	the	Study
As in all tests of physical performance, test results 

may vary depending on participant effort and fatigue 

Table 5. Pretest and posttest ordinal scale 
results of balance measures

Intervention group 
(n = 20)

Control group 
(n = 19)

Balance score
Pretest 
n (%)

Posttest 
n (%) 

Pretest 
n (%)

Posttest 
n (%) 

0.5 7 (35) 6 (30) 2 (10.5) 2 (10.5)

1.0  1 (5)  1 (5)  1 (5.3) 3 (15.8)

1.5 0 (0) 0 (0)  1 (5.3)   1 (5.3)

2.0 0 (0)  1 (5) 4 (21.1) 2 (10.5)

2.5 5 (25) 2 (10)  1 (5.3) 4 (21.1)

3.0 6 (30) 4 (20) 4 (21.1)  1 (5.3)

3.5  1 (5)  1 (5) 2 (10.5)  1 (5.3)

4.0 0 (0) 5 (25) 4 (21.1) 5 (26.3)

IQR

   25% 0.50 0.50 2.00 1.00

   50% (median) 2.50 2.75 3.00 2.50

   75% 3.00 3.88 3.50 4.00

Abbreviation: IQR, interquartile range.

Table 6. Pearson product moment correlation and Spearman rank correlation (rho) coefficients 
(probability) between EDSS and physical performance tests using best trial data and scales  
Physical 
performance 
test

EDSS GV FST SST

Group Pretest Posttest Pretest Posttest Pretest Posttest Pretest Posttest

6MW (GV), m/s I −0.787a −0.876a

C −0.309 −0.656a

FST, s I 0.792a 0.779a −0.872a −0.821a

C 0.389 0.740a −0.842a −0.805a

SST, s I 0.670a 0.562a −0.844a −0.737a 0.889a 0.877a

C 0.026 0.567b −0.716a −0.699a 0.806a 0.893a

BAL I −0.664a −0.910a 0.811a 0.793a −0.731a −0.721a −0.720a −0.540b

C −0.556b −0.716a 0.706a 0.756a −0.417 −0.639a −0.268 −0.427

Abbreviations: 6MW, 6-Minute Walk; BAL, balance test; C, control; EDSS, Expanded Disability Status Scale; FST, Functional Stair Test; GV, 
gait velocity; I, intervention; SST, Sit-to-Stand Test. 
aP = .01.
bP = .05.
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ing balance scores, and a trend toward increased distance 
walked on the 6MW test in ambulatory individuals with 
mild-to-moderate MS. o 
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