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Short-Term Effects of a Resistance Training Program Using Elastic Tubing in Patients
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Abstract

Background: Resistance training is effective in cardiac rehabilitation; however, it is conventionally performed using
free weights or machines, which can pose logistic challenges to patients with restricted mobility. For its ease of
access and cost-effectiveness, elastic tubing is a particularly appealing alternative, but it remains underutilized for
this purpose.

Objective: To evaluate muscle strength, functional capacity, aerobic capacity, and quality of life in patients with
heart disease in phase II of cardiovascular rehabilitation after a resistance training intervention based solely on
elastic tubing.

Methods: Thirteen patients with heart disease (age 63.33+10.80 years) trained with elastic tubing twice weekly for
6 weeks, with progressive load increase every 15 days. The following muscle groups were evaluated and trained:
shoulder abductors and flexors, elbow flexors, and knee flexors and extensors. Muscle strength was evaluated using
a dynamometer; functional capacity, with a 6-minute walk test and cardiopulmonary exercise test; and quality of
life, using the SF-36 questionnaire. Data normality was assessed using the Shapiro-Wilk test. The paired Student’s
t-test was used for comparisons before and after training, at a significance level of <5%.

Results: There were significant differences in muscle strength (except for elbow flexion) and functional capacity (485.5
+123.3 vs 578.7 = 110.5; p=0.0399) after the intervention. No statistical differences were found in cardiorespiratory
fitness or quality of life.

Conclusions: Short-term resistance training with elastic tubing improved peripheral muscle strength and functional
capacity in patients with heart disease, and should be encouraged for this population. (Int ] Cardiovasc Sci. 2021;
34(2):149-156)

Keywords: Resistance Training; Exercise; Cardiovascular Diseases; Muscle Strength Dynamometer; Functional
Residual Capacity; Cardiac Rehabilitation; Elastic Tubing.

Introduction including stroke, heart failure, and heart attack or sudden

cardiac death, representing 820 deaths per day, 30 deaths

Approximately 7.3 million deaths per year occur per hour, or one death every 2 minutes.>?
worldwide as a result of cardiovascular disease (CVD), Heart diseases result in physical deconditioning and
a number that is expected to exceed 23.6 million by  skeletal muscle changes, such as atrophy and decreased

2030.!In Brazil, 300,000 people die each year from CVD,  strength, that interfere with functional capacity and
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quality of life.*> Therefore, it is of paramount importance
that individuals with heart disease be included in a
cardiac rehabilitation program (CRP).?

A CRP consists of four phases, with the first beginning
in hospital, and is an ongoing process which aims
to maintain well-being and facilitate resumption of
social and professional activities.®” Phase 2 of cardiac
rehabilitation begins after hospital discharge or a few
days after a cardiovascular event. At this stage, resistance
training can be initiated to increase fatigue resistance
and muscle strength, with a view to return to work or
recreational activities.®®

In clinical practice, resistance training to improve
muscle strength is conventionally performed by means
of free weights or weight machines, however, these
require extensive physical space and are usually located
at outside facilities, such as gyms and rehabilitation
centers, which poses an additional challenge to patients
with restricted mobility.* On the other hand, elastic
tubes are practical, low-cost, portable, safe devices
which can be used for resistance training, with the added
advantage of increasing tension linearly from the start
of the contraction until the end of the movement, which
tends to be less damaging to the joints compared to free-
weight or weight machine training.'%"!

Training with elastic tubing has been associated with
increased muscle strength in older adults with heart
and lung diseases,*"> and has been shown to promote
cardiorespiratory improvement in patients with chronic
obstructive pulmonary disease.””> However, whether
this exercise modality can have a positive impact on
cardiorespiratory capacity and quality of life in patients
with heart disease remains unclear.'” We hypothesized that
this alternative method of strength training would yield
short-term gains in muscle strength, functional ability,
aerobic capacity, and quality of life of these patients.

Thus, the objective of this study was to analyze the
effects of a strength training program based on elastic
tubing on functional capacity, maximum aerobic capacity,
muscle strength, and quality of life in individuals with
CVD in phase 2 of cardiovascular rehabilitation.

Methods

Case Series

This was a clinical trial conducted at a school of
Physical Therapy. Male and female patients aged 45-79

years, with known heart disease (coronary artery disease,
status post myocardial revascularization procedures, or
acute myocardial infarction) who had been in phase 2 of
cardiac rehabilitation for at least 3 months were recruited.

For participation, patients were required to be
hemodynamically stable (mean arterial pressure 90-120
mmHg and no arrhythmia of any type), with no changes
in medication for a minimum of 30 days. All patients
were instructed not to perform resistance training with
weights, dumbbells, or any device other than the elastic
tubing. Patients with neurological, musculoskeletal, or
articular disorders (such as rheumatic disorders), unstable
heart disease as detected by electrocardiography, or lung
diseases which might prevent them from completing the
training protocol were excluded.

To avoid outcome bias, assessments and training
sessions were conducted by different therapists. The
following variables were evaluated: muscle strength,
functional capacity, maximum aerobic capacity, and
quality of life before and after 6 weeks of resistance
training with elastic tubing.

All participants were given information regarding
study procedures and provided written informed
consent before enrollment. The study protocol was
approved by the institutional Research Ethics Committee
(CAAE: 44443915.5.0000.5515) and was registered on
the ClinicalTrials.gov platform under identifier code
NCT03580538.

Evaluation of Muscle Strength

Muscle strength was evaluated at the start of the
intervention protocol and after 6 weeks, using a digital
force gauge (Force Gauge®, model FG-100kg, United
States), and all results were expressed in newtons (N).
The evaluation was performed using a steel cord coated
with rigid plastic attached to a dynamometer, with one
end attached to a fixed bar and the other end to the distal
portion of the dominant limb of the patient.™*

The following muscle groups were evaluated:
shoulder abductors and flexors, elbow flexors, and knee
extensors and flexors. The measurement was carried
out in triplicate for each proposed movement, and the
highest value of the three repetitions was recorded.
During evaluation, the patient was required to maintain
the maximum isometric contraction achieved for a period
of 6 seconds, after which time they were allowed to relax
their muscles for 1 minute before a new measurement
was performed. Strength of the upper limbs was
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measured with the patient in the standing position, and
that of the lower limbs, with the patient sitting in the

same chair used for resistance training."*

Evaluation of Functional Capacity

Functional capacity was evaluated by the 6-minute
walk test (6MWT), conducted as per American Thoracic
Society recommendations.’® The test was performed in
a gymnasium and was repeated twice, with an interval
of 30 minutes between attempts. The highest value
was taken into account for analysis. During the test,
standardized verbal performance incentives were given
every minute. Blood pressure, pulse oximetry, subjective
perception of exertion, and heart and respiratory rate
were measured throughout.

Evaluation of Maximal Aerobic Capacity

Cardiopulmonary exercise testing (CPET) was
performed by a cardiologist. All tests were performed
on a treadmill (Inbrasport ATL 2000). The modified
Bruce protocol® was used, and the test performed
until voluntary exhaustion. No patient exhibited any
electrocardiographic alterations that might prevent
completion of the test.

Cardiovascular parameters were monitored
continuously: heart rate (Polar S810i, Finland), arterial
oxygen saturation (Mindray PM 50, Brazil), and
subjective perception of exertion (modified Borg scale)."”
The ventilatory variables were obtained through a
V02000 gas analyzer (Medical Graphics, USA), calibrated
before each test according to the manufacturer's
instructions. The average air flow, obtained every 10
seconds (Aerograph®, Michigan, USA), was used for
all tests.

Peak oxygen consumption (VO, ) was calculates

2peak
as the highest average maximum ojygen consumption
(VO,) of the final 30 seconds of evaluation, when at
least two of the following criteria were met: 1) heart
rate >90% of maximum predicted for the age of each
patient (220 - age); 2) respiratory quotient (RQ) >1.10;
3) variation in VO, between the final two stages of
evaluation less than 2.1 ml.kg.min. The velocity
corresponding to VO, , (vVO, ) was recorded as
the maximum intensity achieved during the test. If the
patient reached exhaustion before the completion of the
stage, the vVO,  was adjusted according to the equation
proposed by Kuipers et al.,'®

Evaluation of Quality of Life

Quality of life was assessed with the SF-36 generic
questionnaire, validated for use in Brazil. The SF-36
consists of eight dimensions, scored from 0 to 100. For
each dimension, values greater than 50 denote perception
of good quality of life.”

Cardiovascular Parameters

Before and after each training session, the following
cardiovascular parameters were recorded: systolic blood
pressure (SBP), diastolic blood pressure (DBP), and heart
rate (HR).

Blood pressure was measured in the dominant arm,
with the participant in the seated position, using an
aneroid sphygmomanometer (Premium®, China) and
stethoscope (3M™ Littmann®, USA), following the latest
Brazilian hypertension guidelines.”? HR was monitored
using a Polar® monitor (Polar, USA).

Resistance Training

Training sessions (duration 60 min each) took place
in a climate-controlled environment, twice weekly over
six weeks, for a total of 12 sessions. For safety, training
heart rate reserve was calculated individually by the
Karvonen formula.** During training, patients could
not exceed this heart rate. The Borg scale was also used
to control exercise intensity.?

Each training session was preceded by measurement
of heart rate and blood pressure, followed by stretching
of the upper and lower limbs. During the training period,
patients performed only resistance training, not aerobic
training. The resistance exercises were performed using
Lemgruber© brand latex tubing (references: 200, 201, 202,
203, and 204), as well as an appropriate chair (see below).

Each reference number denotes different internal
and external diameters, with higher numbers indicating
higher resistance when the tube is taut; i.e., lower
reference numbers imply a lower load for the patient,
while higher references imply a higher load. The
resistance is increased when more elastic tubing is added
in subsequent sessions.

The muscle groups selected for training, on the basis
of a previous study, were the shoulder abductors and
flexors, elbow flexors, and knee extensors and flexors.
The length of elastic tubing was determined according
to the individual distance from the upper or lower limb
to the hook on the chair. The upper-limb and lower-
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limb movements were performed with the patient in
the sitting position, with the exception of knee flexion,
in which the patient stood in front of the chair used in
the dynamometer test. As the elastic tubes should be
fixed during training, chairs were constructed especially
for this purpose; each chair was 72 cm high and 52 cm
wide, and had points of attachment for the elastic tubes
depending on the muscle group being exercised. For
this purpose, one end of the elastic tube is fixed to the
segment of the body that performs the arc of movement
and the other is attached to the chair support. All
movements were performed alternately and bilaterally
throughout the permitted range of motion of each joint,
with a 2-minute interval between series.’

The training protocol and increase in resistance
(table 1), given according to the reference number of the
elastic tubing, was evaluated individually based on the
Borg rating of perceived exertion (13, slightly tiring).

Statistical Analysis

Sample size calculation was based on the peripheral
muscle strength of knee extension in a previous study
by Ramos et al.,"* with a standard deviation of 36.62,
difference to be detected of 45.1, significance level of 5%,
and test power of 80%. The sample size was calculated
as 10 subjects per group.

The Shapiro-Wilk test was used to verify the
assumption of normality. As all data were considered
normal, Student’s t-test for paired data was used for
comparisons before and after resistance training, with
results expressed as mean + standard deviation. A
significance level of <0.05 was established. All analyses
were carried out in GraphPad Prism®.

Results

Due to the difficulty of adherence and the
musculoskeletal limitations of some patients presented,
only 13 subjects with heart disease were evaluated. One
patient left the study due to hospitalization. Maximum
aerobic capacity data (Table 3) is only available for
eight patients, due to failure to capture data during
one CPET at the final time point of evaluation. Data on
functional capacity were excluded from one patient who
experienced ankle pain.

The sample consisted of 12 patients with heart
disease, 8 men and 4 women, with a mean age of
63.33+10.80 years. The mean weight, height, and BMI
were 77.35+13.95 kg, 1.60+0.07 m, and 29.92+4.28 kg/
m? respectively. The most commonly used drugs were
antihypertensives (n=6), antiplatelet agents (n=6), and
antilipemics (n=8). The most prevalent comorbidities
were hypertension, diabetes, coronary heart disease, and
a history of myocardial revascularization .

Figure 1 shows the differences in peripheral muscular
strength between the baseline and week 6 time points.
Significant differences were found after resistance training
with elastic tubing. In the lower limbs, significant increases
in strength were observed during both knee extension and
flexion, while in the upper limbs, a significant difference
was noted only in shoulder abduction.

Significant differences in 6MWT were also found
between the baseline and 6-week time points. These
analyses are described in Table 2.

Table 3 shows the maximum aerobic capacity values of
the evaluated patients. Analysis of VO, , (inmL-kg/min
and L) and vVO, , did not demonstrate a significant
increase after 6 weeks of training with elastic tubing.

Table 1 - Incremental change in resistance over the course of the training protocol.

Variables
Time points
Repetitions Reference UL Reference LL
1st and 2nd week 2x15 200 201
3nd and 4th week 2x12 200+201 to 201+203 201+202 to 202+204
201+202 +203+204
5th and 6th week 3x10 200+202 to 203+204

to all references

UL: upper limbs; LL: lower limbs.
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Figure 1 - Peripheral muscle strength presented as mean and standard deviation of the evaluated patients before and after 6 weeks of
resistance training with elastic tubing. *Significant difference between the baseline moment and after 6 weeks of training. Shapiro-
Wilk test followed by Student t test.

Table 2 - Functional capacity through the 6-minute walk test of the evaluated patients.

Moments (n=11)

Variables p value
Baseline 6 weeks

Distance traveled (m) 485.50+123.30 578.70+110.50 0.0399

Distance Predicted (m) 531.10+126.30 531.10+126.30 1.0000

M — meters. The results are presented as mean + standard deviation. Shapiro-Wilk test followed by Student t test.

The distribution of SF-36 quality of life scores is shown
in Table 4. There was no significant difference in any of
the eight dimensions of the questionnaire after 6 weeks
of training with elastic tubing as compared to baseline.

Discussion

The present study showed that 6 weeks of resistance
training with elastic tubing had a positive influence
on muscle strength of the lower limbs and shoulder
abductors, as well as on functional capacity, in patients
with heart disease. However, there was no significant
difference in maximum aerobic capacity or quality of life.

A gain in muscle strength is an expected result of
resistance training,** and is of great clinical relevance,
as it is related to improved ability to perform activities

of daily living and work in patients with heart disease.
Moreover, in the specific population of patients with
CVD, improved muscle strength is associated with
less overload on the cardiovascular system ."* One
previous study of resistance training with elastic
tubing demonstrated this effect of increasing muscle
strength and increasing functional capacity in patients
with heart disease.* The authors compared the use of
a resistance training program based on elastic tubing
and conventional weight training. The intensity of
resistance with elastic tubing was varied by changing
the elastic tube length in relation to the body segment
of the patient under evaluation, which differs from the
present study, where resistance was increased by using
different diameters of elastic tubing; the studies also
followed different training schedules.”
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Table 3 - Aerobic power of the evaluated patients.

Moments (n=8) p-value
Variables
Baseline 6 weeks
VO,, ., (mL-kg/min) 12.19+2.92 14.70+5.12 0.1200
VO,,.. (D 0.94+0.32 1.17+0.59 0.1186
vVO, . (km/h) 3.12+0.58 3.54+0.66 0.0533

2peak

VO, peak oxygen consumption, vVO,, : exercise velocity corresponding to peak oxygen consumption; mL-kg/min: milliliters/kilograms/minute; L:

2peak’

liters; km/h: kilometers/hour. Results presented as mean + standard deviation. Shapiro-Wilk test followed by Student’s t-test.

Table 4 - Quality of life of the evaluated patients as assessed by SF-36 domains.

Moments (n=10)

Dimensions p-value
Baseline 6 weeks
Functional capacity 76.00+14.10 74.50+ 4.80 0.3898
Physical functioning 41.67+50.00 52.50+47.8 1.0000
Pain 63.33+22.88 56.60+22.69 0.4407
General health 58.28+22.57 56.80+13.31 0.9702
Vitality 63.89+14.31 59.50+19.5 0.7759
Role functioning, social 78.33+25.59 88.00+17.35 0.2228
Role functioning, emotional 55.51+47.16 46.20+45.00 0.6250
Mental health 72.89+13.38 68.70+20.18 0.9174

Results expressed as mean + standard deviation. Shapiro-Wilk test followed by Student’s t-test.

In relation to the initial resistance of the elastic tubing,
Turban et al.,* assessed the one-repetition maximum
(IRM), unlike in our study, where increasing resistance
was measured according to perceived exertion on the
Borg scale. Turban et al.,* reported improvement in
functional capacity and increased muscle strength and
noted that this training modality may be a tool with
which to begin cardiac rehabilitation, not excluding the
use of conventional equipment, but as an adjunct.

Ramos et al.,** compared resistance training performed

with elastic tubing versus training carried out with a
conventional weight machine in patients with COPD.

The elastic resistance protocol used individualized
repetitions according to the fatigue resistance test; series
started with two repetitions and progressed to seven at the
end of the intervention, while the conventional training
protocol consisted of three sets of 10 repetitions. Both
training programs provided benefits in muscle strength
and quality of life, however, greater gains in functional
capacity were found in the elastic tubing group.**

Some important differences in protocol between
the aforementioned study of COPD patients and the
present study must be mentioned; for example, those
authors used 8 weeks of training, while the present
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study used 6 weeks. Another difference concerns the
way in which resistance and the number of repetitions
were increased. In the present study, a gradual increase
in resistance and series and a decrease in number of
repetitions were implemented, so that the training was
designed to increase muscular strength and not just
fatigue resistance, as in the study of COPD patients."

Regarding functional capacity, our participants
exhibited a significant improvement after 6 weeks of
resistance training. A recent meta-analysis reported
similar behavior: conventional resistance with weight
machines was associated with a significant gain in
functional capacity as soon as 4 weeks after the start
of training.” Ramos et al.,'* observed greater effects on
functional capacity in training with elastic tubing when
compared to conventional training, which demonstrates
an advantage of this resource.

This gain in functional capacity observed in these
studies may be explained by an increase in type I muscle
fiber area and in oxidative enzyme activity in the skeletal
musculature, both of which are known to be promoted
by resistance training.”

The aerobic capacity of these patients did not
demonstrate any significant change. This finding may
be related to the lack of aerobic activity during the study
training protocol. It is known that both the practice
of aerobic exercise in isolation and aerobic exercises
combined with resistance training promote improvement
in VOZpeak
evidence of the influence of resistance training with

4 however, there are no studies to provide

elastic tubing alone on aerobic capacity in patients with
heart disease. Other studies have shown similar values
when evaluating initial aerobic capacity of similar
patient populations; however, in their protocols, aerobic
training or combined aerobic and resistance training
were performed over a prolonged period (11 months on
average), before and after intervention. This indicates
that aerobic capacity tends to increase significantly with

long-term training.?®

Analysis of quality of life in our patients did not show
significant change in any of the eight SF-36 dimensions.
However, it should be noted that, at the start of training,
the patients already had a good perception of quality
of life (i.e., values above 50 points) in seven of the eight
dimensions. The exception was the physical limitation
domain, which scored below 50 points on average at
baseline and improved after the intervention, although
the difference was not significant. The quality of life

dimension is more related to functional capacity than
muscle strength, as observed in a study by Nogueira et
al., which showed a direct correlation between functional
capacity and quality of life.”

The intervention proposed herein — resistance training
with the use of elastic tubing — facilitates adaptation
of the neuromuscular system to changes in intensity
throughout the range of motion of the exercise, since the
elastic tube generates resistance not only in the plane of
movement, thus favoring constant modulation of the
muscle strength used over the range of motion, but also
promoting joint safety as compared to conventional
exercise. This characteristic was shown to be beneficial
and effective as an alternative to a conventional resistance
training program within the context of a CRP.*

Limitations of this study include the small sample
size and the use of a subjective variable (Borg rating
of perceived exertion) as the determinant of training
progression. We suggest that future studies consider
other measures, such as the 1IRM. In addition, future
studies to measure the force exerted by elastic tubes of
different diameters, which could be readily accomplished
using Hooke’s law, may also contribute to the literature.

Conclusions

Short-term resistance training with elastic tubing
was able to promote improvement in peripheral muscle
strength and functional capacity in patients with heart
disease. However, no changes were observed in maximal
aerobic capacity or quality of life.
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