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A Comparison of Two Breathing Exercise Programs 
for Patients with Quadriplegia 
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This study compared the use of abdominal weights (AbWts) to inspiratoy resistive 
muscle training ( Z m  o n  selected measures of pulmona y function. Eleven pa- 
tients, aged I 6  to 41 yean (X=27.8, SD=8.3) with complete cervical injunes were 
randomly assigned to either a n  AbWts or ZMT treatment group. Subjects in both 

Respiratory complications are the cord injury that leads to quadriplegia.' 
most frequent cause of morbidity and Mortality has been documented to 
mortality in patients after acute spinal increase to 30% in patients with quad- 
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treatment p u p s  received daily treatments five times weekly) for 7 weeks. Forced 
viral capacity (FVC), inspirato y capacity (ZC), maxim1 volunta y mtilation 
(MW), peak expiratqflow rate (PEFR), and inspirato7y mouth pressure ( P Z m )  
were measured weekly. Anuly* of vanance for repeated measures showed no 
dzfference between the AbWts and ZMT treatments; there were signz@cant dzffer- 
ences within each respective treatment group for a l l f i e  variables. Although the 
data did not support the effectiveness of one method of training over the other, the 
l a w  increase in M W  with the ZMTprotocol m y  be indicative of an  endurance 
training effect with this protocol. Future research should compare the effects of 
breathing exercise training to spontaneous recovery of the respirato y muscles in 
control subjects [Dern'ckson J Ciesla N, Simpson N, Imle PC. A comparison of two 
breathing exercise programs for patients with quadriplegia. Pbys Ther. 
1992; 72: 763-769.1 
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riplegia who develop atelectasis o r  
pneum~nia .~  Paralysis and paresis of 
the inspiratory and expiratory muscles 
result in decreased inspiratory 
force,3.4 decreased vital capacity,5 
secretion retention, and decreased 
coughing ability, all of which are risk 
factors for the development of pneu- 
monia and atelectasis. 

Several different techniques have 
been described that may strengthen 
and improve endurance of the dia- 
phragm and accessory respiratory 
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ually operated pump and valve sys- 
tem: intermittent positive pressure 
breathing (IPPB),' glossopharyngeal 
breathing:.9 and incentive spirome- 
try.lo The manually operated pump 
and valve system6 and IPPB are pas- 
sive exercises, which only temporarily 
increase lung volume but do  not 
provide an active maneuver toward 
maximal inspiration.* Both have the 
additional disadvantages of equipment 
malfunction, contamination, and in- 
duction of barotrauma (ie, injury 
resulting from changes in barometric 
pressure).ll Glossopharyngeal breath- 
ing increases vital capacity from 60% 
to 81% in patients with quadriplegia 
who have no active disease but is not 
routinely used because it is difficult to 
learn and teach and cannot be per- 
formed in acutely ill patients with an 
inflated tracheostomy cuff.8 Incentive 
spirometry has not been studied in 
patients with quadriplegia, but was 
shown to be of no additional benefit 
to aggressive physical therapy in de- 
creasing the incidence of atelectasis 
following upper abdominal surgery.10 

Ventilatory muscle endurance has 
been defined and measured as the 
capacity for sustaining high levels of 
ventilation for relatively long pen- 
ods.12 In the absence of air flow limi- 
tation, maximal voluntary ventilation 
(MW) is a good index of ventilatory 
and respiratory muscle endurance." 
Respiratory muscle strength has been 
defined as the maximum or minimum 
pressures developed within the respi- 
ratory system at a specific lung vol- 
ume.14 Inspiratory muscle strength is 
defined as the maximum static pres- 
sures measurable at the mouth and 
attributable to muscle effort.lz 

Inspiratory muscle training causes 
both endurance and strength changes 
in patients with quadriplegia. Gross et 
a l l5  determined that an IMT program 
for six patients with quadriplegia 
resulted in increased respiratory mus- 
cle strength (increased inspiratory 
mouth pressure [PIrnax]) and endur- 
ance (decreased diaphragmatic fatigue 

or increase in high to low electro- 
myogram [EMG] amplitudes). Horn- 
stein and Ledsome' documented 
improvements in inspiratory muscle 
strength and endurance and reported 
decreases in shortness of breath in 
two subjects with quadriplegia using a 
graded resistor. Inspiratory mouth 
pressure was used as an indicator of 
ventilatory muscle strength, and en- 
durance was measured as a function 
of the duration a patient could 
breathe through a given resistance.' 

Although AbWts training is commonly 
used in physical therapy practice as a 
method of strength training because it 
is based on successively increasing 
the resistance to the diaphragm, no 
studies have documented a strength 
training effect. In a retrospective sam- 
ple, Lane16 demonstrated statistically 
significant increases in forced vital 
capacity (FVC) comparing 16 patients 
with quadriplegia who received 
weight training three times a week for 
6 weeks to 15 subjects who had rou- 
tine physical therapy management. 
She also concluded that patients with 
C4 quadriplegia made slower, but 
more consistent, improvement in FVC 
values than did patients with C5 quad- 
riplegia. Merrick and Axon,17 studying 
healthy subjects, did not find isotonic 
diaphragmatic exercise to improve 
inspiratory capacity (IC), peak inspira- 
tory flow rate, o r  peak inspiratory 
pressure, although the subjects' in- 
creased exercise capacity may suggest 
improved inspiratory muscle endur- 
ance. 

The need for improving inspiratory 
versus expiratory muscle strength in 
patients with quadriplegia is evident 
as the expiratory muscles are dener- 
vated in complete injuries. Since 
1982, standard practice at the Mary- 
land Institute for Emergency Medical 
S e ~ c e s  System (Baltimore, Md) has 
included the use of AbWts in conjunc- 
tion with weaning from mechanical 
ventilation to improve pulmonary 
function for patients with quadriplegia 
in both acute care and rehabilitation 

'Warren E Collins Inc, 220 Wood Rd, Braintree, 

settings. To date, no studies have 
compared the effects of IMT with 
those of AbWts training. 

The purpose of this study was to 
evaluate the effects of two types of 
breathing exercise-IMT versus AbWts 
training-for patients with acute 
quadriplegia. The following pulmo- 
nary function measures were used to 
determine study outcomes: FVC, IC, 
MW, peak expiratory flow rate 
(PEFR), and PImax. 

Subjects 

Eleven patients with complete neuro- 
logical deficit (C45  to C7 level), as 
defined by American Spinal Injury 
Association (ASIA) standards, were 
studied after spontaneous breathing 
for at least 24 hours and when free 
from active pulmonary disease. Chest 
radiographs were evaluated daily to 
rule out any acute changes in the 
patients' pulmonary status. Informed 
consent was granted by each subject. 
Of 40 patients meeting the admission 
criteria, 11 patients with traumatic 
quadriplegia completed the study. 
The clinical details of these 11 pa- 
tients are presented in Table l .  Sub- 
jects were assigned by use of a ran- 
dom numbers table to either an IMT 
or  AbWts treatment group. Complete 
data were available on 6 patients in 
the IMT group and 5 patients in the 
AbWts group, all of whom met the 
ASIA standards of complete injury. 
Secondary to return of motor function 
(5), poor compliance (I), exacerba- 
tions of acute medical conditions 
(4), experimental error (I), o r  dis- 
charge to other facilities (18), as 
determined by the medical team, 
29 subjects did not complete the 
study. 

Instrumentation 

Forced vital capacity, MW, and PEFR 
were measured with a Collins volume 
displacement spirometer.* This device 
met the 1978 American Thoracic Soci- 
ety Standards for spirometry testing 
and the Snowbird Conference recom- 
mendations accepted by the National 
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Table 1. Clinical Data for Inspirato y Resktive Muscle Training (LW'J and 
Abdominal Weights (AbWts) Training Groups 

Characterletlc 
lMT Group 
(n = 6) 

AbWs Group 
(n = 5) 

Male 

Female 

Age - 
X 

SD 

Range 

Level of injury 

c u  
C6 

C7 

Mechanical ventilationa 

Smoking history 

Associated injuries 

Chest 

Head 3 0 

No. of days postinjury 
prior to study admission - 
X 

SD 

Range 

aPa~ient required mechanical ventilation prior to admission to study. 

Institutes of Health.18 The micropro- 
cessor/spirometer was calibrated prior 
to each patient test. Inspiratory capac- 
ity was measured with a Wright respi- 
rometer.+ Inspiratory mouth pressure 
was measured from functional resid- 
ual capacity by mouthpiece and Boeh- 
ringer manometer.* A slight leak was 
entered into the system to keep the 
subject's glottis open and reduce the 
influence of buccal pressures on the 
meas~rements . l9~~~ A DHD Medical 
Products inspiratory muscle trainer5 
was used with the IMT group subjects. 
Because of the effect of position 
change on respiratory function, all 
measurements were taken with sub- 
jects in the supine position and with 

the lateral chest straps open on any 
braces or vests worn by the subjects. 

Procedure 

Each subject in the IMT and AbWts 
groups received his or  her respective 
treatment protocol for 7 weeks. Train- 
ing sessions consisted of two 
15-minute treatments each day, 5 days 
a week. 

All subjects in the IMT group were 
positioned supine wearing a noseclip 
and initially trained with the least 
amount of resistance to inspiration 
(Fig. 1). The amount of inspiratory 
resistance was increased when the 
subject was able to complete three 

'Fraser Harlake, 145 Midcounty Dr, Orchard Park, NY 14127. 

*Boehringer, 4427 Parkview Dr, Wynnewood, PA 19096. 

§DHD Medical Products, Div of Diemolding Corp, Canastota, NY 13032. 

successive sessions of continuous 
breathing for 15 minutes. The subject 
was instructed to breathe continu- 
ously through the device during each 
session. 

All subjects treated with the AbWts 
were positioned supine. Maximal 
inhalation volume without weights 
was recorded using an incentive spi- 
rometer. Standard dish weights 
(plates from a barbell) were then 
placed on the subject's upper abdo- 
men in 0.23-kg (0.5-lb) increments 
(Fig. 2). The maximum weight that 
did not alter IC (the average weight 
used in training was 11.34 kg 125 lb]; 
range=3.4-20.4 kg [7.545 lb]) was 
placed on the abdomen while the 
subject performed 10 maximal inspi- 
rations, holding each breath for sev- 
eral seconds. This sequence was re- 
peated three times for a total of 
40 breaths per session. 

Weekly data for FVC, MW, PEFR, 
PImax, and IC were analyzed by anal- 
ysis of variance (ANOVA) for repeated 
measures with one grouping factor. 
Data were grouped according to treat- 
ment group (grouping factor). An 
ANOVA was also used to analyze the 
within-group significance on the five 
dependent variables. 

A power analysis was conducted for 
the mean difference between the two 
treatment groups for continuous vari- 
ables, using a beta level of .2 and an 
alpha level of .05 to determine the 
sample size needed to minimize Type 
I1 The power analysis re- 
vealed that the mean difference be- 
tween the two treatment groups was 
detectable with a sample size of 
5.0 for FVC and MW, but larger Sam- 
ple sizes were needed to detect the 
mean differences for PEFR (N=14.3), 
PImax (N=11.2), and IC (N=9.22). 

Results 

The ANOVA demonstrated no signifi- 
cant difference for FVC, MW, PEFR, 
PImax, and IC between treatment 
groups. There were significant differ- 
ences within groups, however, for all 
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Although the AbWts group had fewer 
associated injuries than did the IMT 

FlguTe 1 . Inspiratoty resistive muscle training, using a resistor, of patient posi- 
tioned supine wearing a noseclip. 

variables, except IC. Table 2 compares 
the results of pulmonary function 
tests performed at 1 and 7 weeks. The 
mean difference from week 1 to week 
7 was greater on all pulmonary func- 
tion tests for the IMT group than for 
the AbWts group, although there were 
no significant differences between 
groups on pulmonary function values 
at the beginning of the study. 

Dlscusslon 

The results of this study suggest that 
both IMT and AbWts training appear 
to be equally effective for the respira- 
tory training of patients with quadri- 
plegia and that both protocols result 
in improvement in pulmonary func- 
tion. One method of training was not 
shown to be more effective than the 
other. A larger gain in M W  with the 
IMT protocol was observed in our 
pilot study of 29 patients who re- 
ceived 3 weeks of breathing exercise 

The increase in MVV for 
the IMT group may be indicative of 

endurance training with this protocol. 
Both IMT and AbWts training are 
routinely used in physical therapy 
practices for the respiratory muscle 
training of patients with quadriplegia. 
The relative benefits of IMT include 
an inexpensive training procedure 
that may be self-administered over the 
long term in comparison with training 
with AbWts, which requires more staff 
or family intervention. Weights, how- 
ever, are available in all physical ther- 
apy departments. 

Differences in the two groups of pa- 
tients in this study were noted with 
respect to sex, level of injury, number 
and type of associated injuries, initial 
pulmonary function values, number of 
days postinjury prior to study admis- 
sion, and compliance with the treat- 
ment regimen. The group that trained 
with AbWts had fewer men than did 
the IMT group. In regard to level of 
injury, there were more patients with 
low-level quadriplegia (C7) in the 
IMT group than in the AbWts group. 

group, the number of chest injuries 
was equally prevalent in both sam- 
ples. Based on the higher initial vol- 
umes at week 1 and earlier admission 
to the study, the participants in the 
IMT group were probably more medi- 
cally stable than those in the AbWts 
group, which may have influenced 
our results. The percentage of missed 
treatment sessions was 28% for the 
IMT group and 50% for the AbWts 
group. Two subjects in the AbWts 
group complained of "abdominal 
discomfort" when using the weights. 
These subjects missed the greatest 
number of treatment sessions in both 
groups. The percentage difference 
may also be attributed to the ease of 
use of the resistor in clinical research. 

Limitations to the study include the 
possibility of spontaneous motor 
recovery of the respiratory muscles 
following quadriplegia as the muscle 
flaccidity associated with spinal shock 
converts to associated hyperreflexia of 
paralyzed muscles. This increased 
muscle activity may enhance diaphrag- 
matic contraction while affecting both 
abdominal and inspiratory muscle 
activity.23 Ledsome and Sharp5 d m -  
mented rapid improvements in vital 
capacity within 5 weeks of injury in 
patients with complete transection of 
the spinal cord at the C4, C5, and C6 
levels. Patients in their study with 
injury at the C4 level demonstrated an 
approximate doubling of vital capacity 
3 months after injury. In our study, 
although there was a 32% gain in FVC 
from 72 hours after admission to 
7 weeks postinjury, this gain is lower 
than documented improvement in 
patients who were not treated with 
breathing exercises.5.23 Patients with 
motor return or  abdominal muscle 
activity, however, were excluded from 
our study. There was therefore less 
probability of spontaneous recovery 
in the patients we studied, which may 
account for the lower pulmonary 
function values over time compared 
with those for nontreated patient 
groups. The patients who participated 
in our study also may not be compa- 
rable to those of the previous studies 
in view of the number who received 
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mercially available when this study 
was initiated. 

Figure 2. Abdominal weight training of patient positioned supine with dish weights 
placed on upper abdomen. 

mechanical ventilation and had associ- 
ated injuries. Finally, larger sample 
sizes would improve the power of the 
study, especially for the variables 
PEFR, PImax, and IC. 

Other limitations include use of the 
nonlinear breathing device and lack 
of an assessment of the degree of 
inspiratory muscle fatigue prior to 
and after training. With nonlinear 
resistive breathing, both the rate of air 
flow and the size of the inspiratory 
orifice determine the pressure load. 
The magnitude of the inspiratory 
pressure load will vary depending on 
the air flow rate. When using a pres- 
sure threshold training device, a 

spring-loaded valve opens when a 
predetermined inspiratory pressure is 
attained. The inspiratory pressure 
remains constant, regardless of the 
inspiratory flow rate. Larson et a124 

demonstrated that inspiratory pres- 
sure load is an important variable in 
IMT. These authors demonstrated that 
patients with chronic obstructive pul- 
monary disease trained at higher 
pressure loads with a pressure thresh- 
old resistor. The use of a threshold 
training device achieved improved 
inspiratory muscle strength, endur- 
ance, and general exercise tolerance 
when compared with the outcomes of 
patients who trained at lower pres- 
sure loads. This device was not corn- 

We evaluated the results of training 
by pulmonary function testing rather 
than using EMG biofeedback or  trans- 
diaphragmatic pressure measurements 
to determine the amount of muscle 
fatigue. These techniques require 
sophisticated equipment and insertion 
of an esophageal balloon, both of 
which are impractical in the acute 
care setting. Vilozni et a125 found that 
EMG activity measured with surface 
electrodes placed on the sternocleido- 
mastoid muscle correlated with the 
EMG activity of the diaphragm. In 
future studies, this technique may 
allow for more objective respiratory 
assessment of the hospitalized patient 
with quadriplegia to determine respi- 
ratory muscle fatigue associated with 
weaning from mechanical ventilation 
as well as determination of a specific 
training stimulus. 

Assessment of interrater reliability was 
not conducted for the measurements 
used in this study. To minimize this 
source of error, however, each patient 
had a primary therapist. Training was 
conducted for each therapist involved 
in administering the pulmonary func- 
tion tests. Use of the Collins volume 
displacement spirometer resulted in a 
hard-copy printout for three out of 
the five tests (ie, FVC, M W ,  and 
PEFR). The consistency of measure- 
ments of the independent variable 
indicated that all patients followed 
uniform instructions and encourage-- 
ment during the breathing exercises 
and weekly data collection sessions. 

Future research should compare the 
effectiveness of the IMT and AbWts 
training protocols using the pressure 
threshold device for IMT and a con- 
trol group to rule out the effects of 
spontaneous motor recovery. Al- 
though larger patient samples may be 
dficult to obtain in view of the de- 
creasing number of complete quadri- 
plegic injuries reported nationaJly,26 
enrolling larger numbers of patients 
in the study would allow statistical 
evaluation of differences according to 
level of motor injury. 
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Table 2. Pulmona y Function Test Results for Inspirato y Resistive Muscle Training (IMlJ and Abdominal Weights (AbWts) 
Training Groups 

Tlme Slnce Study Admisslon 

1 Week 7 Weeks - - 
Varlablem X SO Range X SO Range P 

F'Jc (L) 
I MT 

AbWts 

M W  (Umin) 

I MT 

AbWts 

PEFR (Us) 

IMT 

AbWts 

Plmax (cm H,O) 

IMT 

AbWts 

IC (mL) 

IMT 

AbWts 

"FVC=forced vital capacity, MW=maximal voluntary ventilation, PEFR=peak expiratoly flow rate, PImax=inspiratory mouth pressure, IC=inspiratory 
capacity. 

Summary initial study design; Mary Salmon, PT, 9 Montero JC, Feldrnan DJ, Montero D. Effects 

and Kathy Corlew, PT, for assisting of glossopharyngeal breathing on respiratory 
function after cervical cord transection. Arch 

This study compared the effectiveness with the initial data collection; and ~ b y s  Med Rehabil. 1967;48:650-653. 
of AbWts training with that of IMT for Colin Mackenzie, MD, and Joan Stok- 10 O'Donohue WJ. National survey of the US- 

strengthening the inspiratory muscles losa for reviewing the manuscript. age of lung expansion modalities for the pre- 

of 11 patients with quadriplegia dur- vention and treatment of postoperative at- 
electasis following abdominal and thoracic 

ing 7 weeks of treatment. No signifi- surgely. Chest. 1985;87:76-80. 
cant difference was found between References 11 Shapiro BA, Peterson J, Cane RD. Compli- 

the treatment protocols (P>.05); the 
mean difference from week 1 to week 
7 of treatment was greater on all 
pulmonary function tests for the IMT 
group. There were significant differ- 
ences within groups on all five pul- 
monary function tests. Although the 
data did not support the effectiveness 
of one method of training over the 
other, measurements of selected pul- 
monary function tests did improve. 
Further studies are necessary with 
larger samples of patients and control 
subjects to determine conclusively the 
benefit of either treatment protocol. 
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