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Abstract
Introduction: According to the American College of Sports Medicine, flexibility is an important
component of good physical fitness and health. Therefore, for physical activity programs, muscles
stretching exercise is an important component. Sedentary or less flexible subjects may perform the
VM during stretching exercises due to difficulty in reaching and sustaining extreme ranges of motion.
Materials and methods: 40 participants of age group 18-25 years having either hamstrings or
pectorals tightness were included in quasi experimental study by convenient sampling technique. 20
subjects were included in each group: group A hamstrings tightness and group B pectorals tightness. 3
reps of stretching were given with 15 sec rest after each rep. Heart rate and Blood pressure was
measured.
Results: PNF stretching of hamstrings with VM shows significant increase in HR, SBP and DBP
compared to PNF stretching of pectorals.
Conclusion: PNF stretching of hamstrings with VM shows significant increase in HR, SBP and DBP
compared to PNF stretching of pectorals.
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Introduction
According to the American College of Sports
Medicine [1], flexibility is an important
component of good physical fitness and health.
Therefore, for physical activity programs,
muscles stretching exercise is an important
component [2]. Studies have demonstrated that
stretching prior to physical activity leads to
intense muscle contraction and may affect
muscle [2, 3] and yet, muscle stretching is still
usually performed prior to physical activity [3-6].
Farinatti, et al. [7] suggested that stretching
exercises performed at low flexibility levels can
affect the autonomic nervous system of subjects,
leading to increased sympathetic activation.
McCully [8] suggested that because of the
structural changes that are caused by stretching
[9], the oxidative capacity and oxygen supply of
muscles may be impaired.
Another issue to be considered is the increase in
cardiac preload due to the Valsalva maneuver
(VM) [7]. During the VM there is increase in
thoracic pressure and expiratory effort which
reduce the venous return and cardiac output,
provokes baroreflex responses that increase the
BP [8]. Sedentary or less flexible subjects may
perform the VM during stretching exercises due
to difficulty in reaching and sustaining extreme
ranges of motion. Also, maintaining an adequate
workload position for several seconds may
demand sustained static contractions of
reasonable intensity. Despite this, there are very
few studies on acute cardiovascular responses to
flexibility exercises with VM.
Physiological changes with stretching are first
seen in large muscle groups like hamstrings and
pectorals. Hence the purpose of this study was to
evaluate in young healthy subjects with poor
flexibility level, Heart Rate (HR), and BP before
and after PNF stretching with VM involving

large muscle groups. We hypothesized that
stretching exercises involving larger muscle
masses and the VM would induce greater
cardiovascular responses. Additionally, postexercise hypotension was expected to occur, at
least after stretching larger muscle groups.

Materials and methods
Subjects
Young healthy adults with age group 18- 25
years having either hamstrings or pectorals
tightness were included in the experimental study
at tertiary care hospital.
Exclusion criteria
 Hypertensive individuals
 Orthopedic conditions
 Neurological conditions
 Athletes
 Individuals undergoing fitness training.
By convenient sampling technique 40 subjects
who satisfied inclusion and exclusion criteria
were included in the study. Oral explanation of
procedure was given to subjects and informed
consent was signed prior to study.
Experimental design
All of the subjects were instructed to avoid
caffeine, alcohol, and any kind of physical
exercise in the 24 hr prior to the exercise session.
Subjects were divided in to 2 groups on the basis
of tightness of muscle: hamstring tightness and
pectorals tightness. Each group comprised of 20
subjects.
On the first day subjects were evaluated for
tightness of hamstrings and pectorals muscles
and were divided into groups accordingly. They
were made familiarized with the techniques to be
performed. Each subject has to perform a set
PNF stretching exercise. It consists of 3
repetitions of stretching exercise, each with 6 sec
of isometric contraction followed by 24 sec of
sustained stretching. VM was performed in last
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second of each repetition and 15 seconds rest
was given between each repetition [9].

after stretching. Measurements were measured
again after 1 min and 3 min.

On second day, prior to stretching session
subjects rested for 10 min. Baseline HR and BP
were measured after that. PNF stretching of
hamstrings was performed with subject in supine
with hip flexion and knee extension. So for that
base line data was measured in supine position.
PNF stretching of pectorals was given in high
sitting position with horizontal flexion of
shoulders forming 90° angle with the trunk and
elbows flexed such that the hands touches the
back of head. Base line data for pectorals was
taken in high sitting position (Figure – 1, Figure
– 2).

Blood pressure and heart rate measurement
BP was measured with the sphygmomanometer
and heart rate was measured manually at radial
artery for 15s. Outcome measures were heart rate
systolic blood pressure and diastolic blood
pressure.
Statistical analysis
Data were not normally distributed so Non
Parametric test Wilcoxon Signed Rank test was
used for within group analysis and MannWhitney ‘U’ test was used for between group
analysis with level of significance p<0.005 with
SPSS version 16.

Figure - 1: Hamstrings stretching.

Results
40 participants were included in study 20 in each
group. In Hams stretch group 16 females and 4
males while pectorals stretch had 15 females and
5 males (Graph – 1, Graph – 2).
Graph - 1: Gender distribution in Hams stretch
group.

Gender
Figure - 2: Pectorals stretching.

Male, 4

Female,
16

Immediately after completion of a set of
stretching exercises, HR and BP were measured.
To maintain the ecological validity of the results,
the measurements were conducted within 30 sec

According to the analysis done, for within group
analysis for group A, HR post immediately, SBP
post 1 min and post 3 min are significant with p
values as 0.000, 0.000 and 0.005 respectively and
for group B, HR post immediately, post 1 min,
SBP post immediately, post 1min and DBP post
immediately and post 1 min are significant with
p values 0.004, 0.002, 0.000, 0.003, 0.000 and
0.421 respectively (Table – 1, Table – 2).
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Graph - 2: Gender distribution in pectorals
stretch group.

Gender

For inter group analysis, group A showed
significant difference in HR, SBP and DBP than
group B as per Table - 3.

Discussion
Male, 5

Present study aimed to observe the
cardiovascular responses to multiple sets of
stretching exercises involving different muscles
masses and VM. Primary findings revealed that
there was significant increase in HR, SBP and
DBP.

Female,
15

Table - 1: Within Group analysis: Wilcoxon Signed Rank Test - Group A (Hamstrings).
HR
Statistics PostPost1- Post3Pre
Pre
Pre
-1.028
W
-3.764 -0.595
0.552
0.304
p
0.000
Post 1=Post 1 min; Post 3=Post 3 min

SBP
PostPre
-2.486
0.013

Post1Pre
-3.599
0.000

Post3Pre
-2.793
0.005

DBP
PostPre
-2.686
0.007

Post1Pre
-0.913
0.361

Post3Pre
-0.538
0.591

Table - 2: Within Group analysis: Wilcoxon Signed Rank Test - Group B (Pectorals).
HR
PostPost1- Post3Pre
Pre
Pre
-2.632
W
-2.858 -3.033
0.008
p
0.004
0.002
Post 1=Post 1 min; Post 3=Post 3 min
Statistics

SBP
PostPre
-3.491
0.000

The sustained muscle tension may have favored
the HR and SBP increases due to the activation
of muscle and tendon mechanoreceptors.
Mechanical stimuli such as tendon stretch and
light, non-noxious probing of receptive fields
have been known for some time to stimulate
group III muscle afferents [10-12]. In addition,
tendon stretch has been shown to reflexly
increase arterial pressure and heart rate in
animals [13-15] as well as heart rate in humans
[16]. Moreover, compression of muscles in
humans, a mechanical stimulus, has also been
shown to increase reflexly arterial pressure and
heart rate [17, 18]. Tendon stretch in animals was
reported to not increase metabolism in the
muscle [14], and in humans it was reported not to
be painful [16].

Post1Pre
-2.948
0.003

Post3Pre
-2.963
0.007

DBP
PostPre
-3.544
0.000

Post1Pre
-0.805
0.421

Post3Pre
-2.484
0.130

Mechanical stress caused by flexibility training
can affect hemodynamic responses [19].
Stretched
muscle
fibers
activate
mechanoreceptors, which elicit cardiovascular
adjustments through parasympathetic withdrawal
and sympathetic activation [20]. In this context,
previous studies with animal models have
demonstrated that the muscle tension produced
while stretching increases cardiovascular
responses, particularly the heart rate (HR) [21].
Other studies have demonstrated that small
muscle fiber receptors also react to stretching in
humans [22], with a significant impact on the
initial HR acceleration. In addition, sustained
contractions of large muscle groups increase the
peripheral vascular resistance and therefore
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influence the cardiac output and blood pressure
(BP) [23].
Table - 3: Inter group analysis: Mann-Whitney
U Test.
Outcome Measures Statistics
U
p
123.500
0.036
Pre
HR
193.500
0.859
Post
188.000
0.742
Post1
141.000
0.108
Post3
158.000
0.164
Pre
SBP
173.000
0.946
Post
147.500
1.000
Post1
158.000
0.721
Post3
150.000
0.164
Pre
DBP
197.500
0.946
Post
200.000
1.000
Post1
187.000
0.721
Post3
Post1=Post 1min; Post3=Post 3min
Another issue to be considered is the increase in
cardiac preload due to the Valsalva maneuver
(VM) [7]. Depending on the body position, it is
not unusual for respiration to be blocked while
stretching. The expiratory effort and increase in
thoracic pressure during the VM reduce the
venous return and cardiac output, which
provokes baroreflex responses that can increase
the BP [8].
Present study, showed significant increase in
cardiovascular responses on stretching with VM
in both the groups. The execution of the VM may
enhance the intra-abdominal and intra-thoracic
pressures, which would influence the both SBP
and DBP. The combination of prolonged static
contractions and the VM is known to amplify the
increase in BP and the pressure load on the heart
[24, 25]. Sedentary or less flexible subjects may
perform the VM during stretching exercises due
to difficulty in reaching and sustaining extreme
ranges of motion. In addition, maintaining an
adequate workload position for several seconds
may demand sustained static (isometric)
contractions of reasonable intensity.

The physiological mechanisms underlying
cardiovascular responses during flexibility
exercises are not completely known. In the
present study, the maximal range of motion was
reached and held passively, and the stretched
muscle was certainly contracted because of the
muscle spindle reflex. The sustained muscle
tension may have favored the HR and SBP
increases due to the activation of muscle and
tendon mechanoreceptors [26, 27]. The sustained
static contraction combined with stretching to the
maximal range of motion may also have
occluded muscle vessels, leading to an increase
in the SBP [28, 29]. In simultaneous muscle
stretching and contraction, type III fibers and
metaboreceptor activation may induce vagal
inhibition and baroreflex stimulation and
contribute to an increase in the overall
cardiovascular response [30, 31].
In the present study, the HR was assessed during
exercise sessions performed with a static
component sustained for 30 s, with four
repetitions. Because the subjects had low
flexibility levels, the contraction intensity can be
considered as at least moderate, representing a
non-negligible muscle workload. Additionally,
the HR and BP in each set increased
proportionally to the duration of the muscle
contraction. This issue evokes the importance of
controlling the stimulation duration to prevent
undesirable cardiac stress.
On comparison between two groups, hamstrings
stretching showed significant increase in
responses compared to pectorals. The mass of the
stretched muscle influenced the HR, regardless
of the presence of the VM. The SBP was
influenced by the VM, at least in the exercises
that engaged a larger muscle mass. The influence
of respiratory blocking on the cardiovascular
response during flexibility exercises is greater
when larger muscle groups are stretched.
Higginbotham MB [32] proposed that the VM
combined with static exercises may significantly
increase the BP in normotensive subjects. It is
also possible that the VM interferes with the
transition from rest to exercise, perhaps
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contributing to the BP increase [33]. Our
findings are consistent with this idea; the
combination of incorporating a larger muscle
mass and the VM produced greater increases in
the BP, regardless the number of sets done.

6.

Conclusion
PNF stretching of hamstrings with VM shows
significant increase in HR, SBP and DBP
compared to PNF stretching of pectorals.
Limitation
The VM intensity was not controlled, so the
expiratory pressure was set individually. The
force applied during isometric contractions in the
PNF stretching protocol was not measured.
Further recommendation
Study can be carried out with large sample size
and in cardiac patients to see the effect.
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