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Effect of upper extremity proprioceptive neuromuscular
facilitation combined with elastic resistance bands on
respiratory muscle strength: a randomized controlled trial

Guilherme P. T. Areas?, Audrey Borghi-Silva?, Arianne N. Lobato3,
Alessandra A. Silva3, Renato C. Freire Jr?, Fernando Z. S. Areas?®

ABSTRACT | Background: Elastic resistance bands (ERB) combined with proprioceptive neuromuscular facilitation
(PNF) are often used in resistance muscle training programs, which have potential effects on peripheral muscle strength.
However, the effects of the combination of ERB and PNF on respiratory muscle strength warrant further investigation.
Objectives: The assessment of the effects of PNF combined with ERB on respiratory muscle strength. Method: Twenty
healthy, right-handed females were included. Subjects were randomized to either the resistance training program group
(TG, n=10) or the control group (CG, n=10). Maximal expiratory pressure (MEP) and inspiratory pressure (MIP) were
measured before and after four weeks of an upper extremity resistance training program. The training protocol consisted
of upper extremity PNF combined with ERB, with resistance selected from 1 repetition maximum protocol. Results: PNF
combined with ERB showed significant increases in MIP and MEP (p<0.05). In addition, there were significant differences
between the TG and CG regarding AMIP (p=0.01) and AMEP (p=0.04). Conclusions: PNF combined with ERB can
have a positive impact on respiratory muscle strength. These results may be useful with respect to cardiopulmonary
chronic diseases that are associated with reduced respiratory muscle strength.
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Introduction

Resistance exercise training produces several
changes in muscle, such as hypertrophy, increased
oxidative capacity, and changes in muscle fiber type!~.
These physiological adaptations are accomplished
to increase muscle force, endurance, and functional
exercise capacity, which are reflected in improved
quality of life and independence in activities of daily
living. Therefore, several applications of this type
of training exist in various areas of rehabilitation,
including the orthopedic and cardiorespiratory
fields*.

Currently, specific respiratory muscle training,
which applies linear resistance pressures during
spontaneous breathing, has had significant effects
on respiratory muscle strength and endurance’.
Conversely, upper extremity resistance exercises may
improve respiratory muscle strength. The literature
has indicated that the increase in respiratory muscle
strength may improve the physical capacity of various

populations, such as healthy athletes® or patients with
heart and lung disease®®.

In this context, Moreno et al.” demonstrated that
the use of upper limb resistance exercise is effective
in increasing both inspiratory and expiratory muscle
strength. In Moreno’s et al.’ study, proprioceptive
neuromuscular facilitation (PNF), combined with
pulleys, was the exercise chosen to treat the upper
limb. PNF is an approach to exercise therapy that
uses specific movement patterns in diagonal and
spiral directions together with specific techniques
that facilitate the increase in strength and muscle
function'®. The findings of Moreno et al.” regarding
the improvement of respiratory muscle function
confirm the results of Voss et al.'°, which reported that
PNF could be applied in a pulmonary rehabilitation
program because it acts on trunk and neck muscles
that are closely linked to respiratory function.
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The combination of PNF with pulleys was
beneficial in training with gains in respiratory muscle
strength’. However, recent studies have shown that
elastic bands can be used more effectively compared
with other devices, such as free weights and machines
associated with unidirectional movements'"!2,
Elastic resistance bands (ERB) have been widely
used in clinical practice because they are easy to
use, inexpensive, do not require physical space and,
unlike free weights, do not rely on gravity to provide
resistance'*".

Elastic resistance training with bands has been
shown to increase mobility and balance and to
improve muscle strength''®. To the best of our
knowledge, however, no study has investigated
whether PNF combined with elastic ERB can
improve respiratory muscle strength. Thus, the aim
of the present study was to verify whether a 4-week
training program consisting of upper extremity PNF
combined with ERB would increase respiratory
muscle strength.

Method

Participants

The participants were invited to join the study
through public advertisments at our institution. The
inclusion criteria were: normotension', age between
18 to 25 years old, right-handedness according to the
Edinburgh Handedness Inventory®, and sedentary
classification in the International Physical Activity
Questionnaire (IPAQ)?!. We excluded participants
with orthopedic or neurological conditions that
would preclude participation in the exercise program;
participants who were unable to perform 100% of
1-RM with the elastic bands used in the study or
who failed to comply with the research protocol;
and those with a history of cardiac arrhythmia, heart
disease, controlled or uncontrolled hypertension,
diabetes mellitus or other respiratory diseases.
We also excluded underweight or obese patients
who smoked or had hormonal disorders, pregnant
women, and those who used substances that affected
cardiovascular response.

A prospective randomized trial was carried out
with 20 healthy, young, right-handed females who
were randomized to either the training group (TG,
n=10) or the control group (CG, n=10) by drawing
shuffled, opaque, coded envelopes that were opened
immediately before the start of first session for each
participant. The study protocol was approved by
the Ethics Committee of Universidade Federal do
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Amazonas (UFAM), Manaus, AM, Brazil (approval
no. 070/2011), and all participants signed a consent
form before the initial testing session.

Selection of elastic bands

The 1-RM test with the elastic resistance load
was carried out with the participant sitting parallel
to the side of the wooden apparatus on a chair with a
backrest. The wooden apparatus is 230 cm tall with
11 steps, and the elastic band was positioned on the
second to last step. All of the bands were 200 cm long,
attached to a cuff, and tied according to manufacturer
instructions'®. The cuff was then placed on the
participant’s wrist, leaving a free hand to ensure that
the standard PNF was performed correctly.

The elastic bands (Thera-Band®, Hygenic
Corporation, Akron, OH, USA) used in this study
were red, blue, green, and black. The introduction of
these bands was based on studies by Santos et al.??,
which demonstrated that there is a difference in
resistance of 15 to 25% among the bands. Each
individual began the 1-RM test with the lowest elastic
load (red color) and increased to the elastic load
that prevented the performance of the movement.
Furthermore, due to the difficulty of imposing a
fixed load, a lighter resistance band was used for
training, with approximate values between 71 and
86% of 1-RM.

To describe the load and percentage of elongation
in the use of the elastic band, the values described in
the Thera-Band®" website were used. The calculation
of the percentage of elongation was as follows: %
elongation = [(final length - initial length) / (initial
length)] x 100. Elongation percentage was obtained
through the values at each load produced in a specific
color range'.

Experimental procedure

The movement followed the basic procedures used
inthe PNF concept. The pattern used in the present study
was flexion — abduction — external rotation with the
elbow extended and extension — adduction — internal
rotation with the elbow extended, using the reversal
of antagonists as a specific technique'®. The training
protocol consisted of three sets of ten repetitions, with
a 60-second rest interval between sets. The training
protocol consisted of three sessions per week for 4
weeks. Sessions were held in the late afternoon and
in the early evening. The CG did not perform any
activity during the experimental procedure and was
re-evaluated after 4 weeks.



Measurements of respiratory pressures

Maximum expiratory pressure (MEP) and
maximum inspiratory pressure (MIP) were measured
using a digital manometer (MVD-300®, Globalmed,
Porto Alegre, RS, Brazil). A rubber mouthpiece
with an internal diameter of 32 mm was connected
to a plastic tube with a 2-mm diameter leak to avoid
any elevation of pressure within the oral cavity by
contraction of the facial muscles?. This plastic tube
was coupled with a 30-cm trachea, measuring 30 mm
in diameter and attached to the vacuum manometer
according to manufacturer specifications.

First, the subjects were instructed to remain
in a seated position. A demonstration of how the
maneuvers should be carried out was given and then
performed by the subject after the placement of a nose
clip. The subjects were instructed to keep their lips
sealed tightly around the mouthpiece so no air could
escape. MIP values were obtained by inspiration
from residual volume (RV)*, which was repeated at
least three times with a one-minute interval between
repetitions. MEP was then obtained by expiration
from total lung capacity (TLC), using the same
methodology applied in inspiration. During the MIP
maneuver, the subject kept the mouthpiece in the oral
cavity only during the inspiration, and in the MEP
maneuver, only during expiration. The maneuvers
were sustained at maximal force for approximately
one second and the highest value was computed from
a minimum of three repetitions for each maneuver
with a maximum difference of 10% between values®.

Statistical analysis

The Shapiro-Wilk test was applied to verify the
distribution of the data. For parametric paired data,
Student’s ¢ test was used. For non-parametric data,
the Mann-Whitney U test was used with the level of
significance set at p<0.05, effect sizes = 1.5, a=0.05,
sample size =9, and =0.82. The effect sizes for each
mean difference were calculated using Cohen’s d.
The statistical programs used were GraphPad Prism®
version 5.0 (GraphPad Software Inc., San Diego,
CA, USA) and G*Power 3.1 (Christian-Albrechts-
Universitit, Kiel, Germany).

Results

Initially, 20 participants were evaluated (10 in
the CG and 10 in the TG). Five participants were
excluded from the CG (three dropped out and two
started physical activity), and two dropped out of the
TG. In the end, 5 participants remained in the CG
and 8 in the TG. Values are expressed as mean+SE.

Upper extremity PNF with elastic bands and respiratory muscle strength

The anthropometric and hemodynamic values are
shown in Table 1.

Table 2 shows the characteristics of each participant
in the TG during the study, such as the color of
the band, % elongation in the range of exercise
performance, and the load used by the individuals.
The results of respiratory muscle pressures before and
after 4 weeks of TG and CG are shown in Table 3.
There was no difference between the CG and the TG
before the beginning of training. When comparing the
beginning and the end of the study after 4 weeks of
training, a significant difference was observed in the
TG at the end of the experiment in relation to both
the MIP (72.4+7.2 to 124.6+21.6 cmH,0O; p<0.05)
and % predicted (—4.0+2.5 to 45+16.5; p=0.001)
and the MEP (71.0+6.4 t0 92.2+5.6 cmH, O; p<0.05)
and % predicted (0.16+4.3 to 29.3+10.2; p=0.01).
In addition, the CG showed no increase in MIP and

Table 1. Anthropometric and hemodynamic data for the control
group (CG) and the treated group (TG). Data are expressed as
mean+SE.

CG (n=05) TG n=08) p

Age (years) 21+0.8 20£2.0  0.272
Weight (Kg) 49.7+2.1  50.7£2.9 0.305
Height (meters) 1.5£0.06  1.5£0.06 0.305
BMI (Kg/m?) 21.1+0.7  21.7+1.8 0.187
MIP 87.6+10.2 72.3x17.7 0.091
MIP (% predicted) 83x12 7120  0.070
MEP 74.2+13.96 71.0£6.4 0.124
MEP (% Predicted) 70+20 68+15 0.280
Approximate Load (Kg) - 2.9+0.8 -

BMI=Body mass index (Kg/m?).

Table 2. Absolute values of the characteristics of the approximate
load, the type of elastic band, and % Elongation of the elastic band
of the TG (n=08).

Individual % Color of % Approximate
RM* elastic Elongation Load(Kg)*
01 71% Green 105% 2.3
02 71% Green 112% 2.6
03 1% Green 115% 2.6
04 71% Green 109% 2.3
05 73% Blue 112% 3.7
06 86% Red 121% 2.0
07 73% Blue 138% 4.0
08 73% Blue 137% 4.0

*Page et al."s.
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Figure 1. A) Values of AMIP. B) AMEP for the CG (n=05) and the TG (n=08). Data are expressed as mean+SE. *p=0.01/effects

size=1.22; **p=0.04/effects size=1.61.

Table 3. Values of MIP and MEP for the CG (n=05) and the TG
(n=08). Data are expressed as mean+SE.

Final

Initial Initial

G cG TG Final TG
MIP 87.6+10.2 80.2+7.9 72.3x17.7 124.6+21.5%*
MIP 83+12 81+08 71+20 118+3%*
(% predicted)
MEP 74.2+13.9 80.6+144 71.0+6.4 92.2+5.6*
MEP 70+20 76x13 68+15 89+21%

(% predicted)

MIP=maximum inspiratory pressure (cmH,0); MEP=maximum
expiratory pressure (cmH,0); Initial vs. Final in Treated
group - *p<0.05/ effects size = 1.74; **p=0.001/ effects size = 1.56;
#p<0.05/ effects size = 1.05; $p=0.01/ effects size = 0.70.

% predicted (p>0.05/effect sizes = 0.49 and 0.1,
respectively) or MEP and % predicted (p>0.05/effect
sizes = 0.32 and 0.30, respectively).

Figures 1A and B show the differences between the
CG and the TG in the AMIP values and AMEP values,
respectively. In the AMIP values, the difference was:
CG=-4.0£2.5; TG=45.0£16.5 (p=0.01); and in the
AMEP values, the difference was: CG=0.16x4.0;
TG=29.3£10.2 (p=0.04).

Discussion

The most important findings obtained in this study
were the significant increases in both MIP and MEP
after one month of training with PNF combined with
elastic bands. As far as we know, this is the first study
to contrast the effects of elastic bands combined
with PNF specifically in the outcomes of respiratory
muscle strength. Respiratory muscle dysfunction is
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a common disorder that may occur in respiratory
and cardiovascular diseases®. In addition, it has
been described that inspiratory muscle strength is
reduced in chronic heart failure and emerges as a new,
independent predictor of prognosis in these patients®.
Moreover, the aging process has a negative impact
on respiratory muscle strength, thus programs can
be adopted in these patients and may have clinical
relevance?’.

When we compared our data with those obtained
in the study by Moreno et al.’, which evaluated the
effects of PNF alone on the respiratory muscle force
of 7 healthy subjects, we noted that the increase in
inspiratory and expiratory muscle strength had a
very similar magnitude with similar sample sizes.
In addition, in a different protocol, Colado et al.'
compared the gains in upper limb muscle activity
and strength through exercises using free weights
and resistance machines with elastic bands. These
researchers found similar results to those of the
present study. Additionally, Witt et al.?® studied
electromyographic activity in the scapular muscle
during various PNF pattern movements combined
with free weights and elastic resistance. In that study'?,
no difference was observed in either type of resistance.

Although it was not the objective of the present
study, we can assume that the increases in respiratory
muscle strength were similar when using elastic
bands and free weights; however, further studies are
required to identify this assumption. Conversely, it is
known that physical training exerts different effects
on muscle strength, especially in muscle resistance
training'. However, previous studies have shown
that PNF produces changes in muscle fiber types,



specifically changing fiber type IIA to IIB, and
reduces the cross-sectional area of type IIB fibers?.
In addition, Hostler et al.* reported that the use of
elastic bands changed muscle fiber type IIB to IIAB
and increased capillary blood flow after 8 weeks of
training with low-load, high-repetition lower limb
exercise.

Based on these studies, it can be inferred that
the beneficial physiological muscle response of
increase in respiratory muscle strength is related to
changes in muscle fiber type associated with two
muscle resistance training techniques. However,
future research in this area is needed to address these
issues and more firmly establish the relationship
between the changes in the type of muscle fibers of
respiratory muscles and the combination of PNF and
ERB training.

Even considering the increase in respiratory muscle
strength and the possibility of changes in muscles
after training, there is still no evidence regarding
which muscles are related to the effects observed in
the study. Moreno et al.’ reported that PNF possibly
stimulates the main respiratory muscles (diaphragm
and intercostals), as well as other accessory muscles
(neck muscles, chest wall, and upper limbs). Although
the pattern used in the current study did not directly
influence the muscles mentioned above, it is known
that PNF operates indirectly from the main muscles
trained'. In addition, Sullivan and Portney™ studied
the electromyographic activity of various upper
limb PNF patterns and described that the same
pattern used in this study activates the muscles of the
pectoralis major and serratus anterior, both accessory
respiratory muscles, and may possibly have an effect
on the increase in respiratory muscle activity.

Morales et al.’! also used electromyography to
study upper limb muscle irradiation after using
PNF and found increased electrical activity of the
contralateral muscles exercised. This experiment
can provide the scientific basis of the possible effect
related to the irradiation not only in the muscles of
the neck and chest of the same side that the individual
trained but also of the bilateral activation of the
anatomical structures. We can assume that the gain
produced by the respiratory function may be due
to the increased bilateral activity of the respiratory
muscles.

Both the effect of increase in muscle strength
and the possible effect of change in the type of
muscle fibers are important for the treatment of
various diseases. Currently, it is known that various
respiratory diseases produce changes in both
respiratory function and respiratory muscle function’
and that the use of neuromuscular facilitation for the
treatment of disorders combined with elastic bands

Upper extremity PNF with elastic bands and respiratory muscle strength

would help the treatment of these patients, as it is of
great importance in clinical practice due to the ease
of use of these modalities in physical rehabilitation.
ERB are inexpensive, require no complicated
installation, and can be used both at home and in
the clinical environment, in contrast to pulleys
as proposed by Voss et al.!® and Moreno et al.’.
However, future studies should focus on the
comparison between PNF combined with pulleys
and PNF combined with elastic bands in the clinical
improvement of respiratory disorders.

Conclusions

Resistance exercise using ERB combined with
PNF may be an option for rehabilitation in respiratory
mechanics, specifically in the maximal inspiratory
and expiratory pressures in subjects who underwent
this intervention. However, there is a need for
further studies to describe the use of these devices
in respiratory disorders as the present research was
conducted in healthy subjects.
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