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Abstract - Aims: To verify the effects of flexibility training conducted at different intensities in young adults. Meth-
ods: Twenty-one (21) young adults of both genders with no history of surgery, fracture, and/or rheumatic diseases in
the lower limbs and hip, were randomly assigned to low intensity (LI) or high intensity (HI) stretching groups. Two
researchers were assigned to evaluate the active knee extension range of motion (ROM) of the volunteers and two other
researchers were responsible for the training program. The training consisted of a single exercise for the hamstring
muscles (biceps femoris, semimembranosus, semitendinosus). Each session consisted of three repetitions of passive
static stretching, maintained for the 60s each, with 30s interval between them, and performed three times a week for
four weeks. The stretching intensity was based on the Numerical Verbal Scale, the LI group maintained the intensity
between 1 and 2, while the HI group between 9 and 10. Three ROM evaluations were performed pre-intervention, after
the 6th session and at the end of the 12th session. Results: No difference was observed between the groups that under-
went either high- or low-intensity programs. Both groups achieved gains in flexibility after four weeks of training.
Conclusions: The study demonstrated that both high- and low-intensity stretching exercises are effective for ROM
and there were no differences between them. Therefore, the intensity can be defined by the preference of the therapist or
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patient.
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Introduction

Muscle stretching exercises are part of the routines of
physiotherapists and physical education professionals who
aim for flexibility gains among healthy subjects or those
undergoing rehabilitation'*. Although widely practiced,
there is limited evidence that supports accurate stretching
prescriptions, especially regarding the intensity needed to
optimize flexibility gains™*.

From the studies available in the literature which
tested the effect of long-period training flexibility proto-
cols on ROM, only two analyzed the influence of different
intensities established by the subjective perception of
effort’®. Both studies demonstrated that the low-intensity
stretching group presented a higher range of motion
(ROM) gains. However, these studies were performed
with dancers, which makes it difficult to generalize the
results to other populations, as individuals with high flex-
ibility tend to present different levels of resistance and tol-
erance to stretching’. Muanjai et al.® compared the effect
of four weeks of stretching training at the point of dis-

comfort and the point of pain. The authors did not find dif-
ferences between the groups. However, as a limitation of
their study the authors themselves recognized the fact that
the stretches were self-administered and performed in a
group session, thereby constituting aspects that may have
influenced the exercise intensity control.

Thus, it is important to evaluate the intensity effect on
muscle responses in other situations which are closer to the
reality of clinical practice, considering subjects with lim-
ited flexibility, individualized care, and using accessible
equipment to professionals. Regarding the latter aspect,
most of these studies have used more robust equipment and
systems for flexibility assessment, but these are often not
available in clinical practice. In this context, the use of low-
cost equipment with easy acquisition and handling is para-
mount for rehabilitation professionals. The universal goni-
ometer is the most classically used instrument, however,
the evaluator needs to have previous training in order to
obtain reliable results’. On the other hand, studies have
more recently highlighted the potential of using smart-
phone applications as an alternative tool to the goniometer
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in detriment to the low cost, availability, as well as the easy
handling'®"2.

Therefore, this study aimed to evaluate the effects of
the passive static stretching intensity on the articular ROM
of the hamstring muscles in young adults. In addition, we
investigated the clinical application of two validated joint
enhancement instruments, the universal goniometer, and
the digital inclinometer. The study hypothesized that the
stretching intensity is not a variable that has an influence
on gains in flexibility.

Methods

Participants

Twenty-one (21) young adults of both genders with
no history of surgery, fracture, and/or rheumatic diseases
in the lower limbs and hip participated in the study. The
sample calculation to determine the sample size was
applied for clinical trials of parallel groups with con-
tinuous superiority outcomes'’. To do so, the relative
ROM gain was used as the main endpoint with values of
7.5% and 10.4% (group submitted to low intensity stretch-
ing) and 3.6% and 6.8 (group submitted to high intensity
stretching), according to values reported in Wyon et al.’
and Wyon et al.°, respectively. A minimal detectable dif-
ference of 2% for ROM was assumed'* with a two-tailed
test, an alpha of 0.05, power of 0.95, and a loss of 20%,
reaching a minimum of 10 subjects per group.

The study included subjects from 18 to 22 years of
age who were able to perform physical activity (identified
through the Physical Activity Readiness Questionnaire —
PAR-Q), without training (moderate to vigorous physical
activities <150 min/week) for at least 30 consecutive
days, presenting an active knee extension amplitude of
150° or less. We excluded volunteers who became invol-
ved in some stretching or neuromuscular training program
during the study protocol'®. The study was approved by
the Research Ethics Committee from the University under
CAAE protocol (CAAE: 44949715.2.0000.5207) and all
participants signed a free and informed consent form. The
Clinical Trial ID for this study is RBR 46wwj7.

Design and Procedures

It is a randomized, single-blind, parallel-group ran-
domized trial in which participants were randomly
assigned to low intensity (LI) or high intensity (HI)
stretching groups. Muscle stretching intensity was set as
the independent variable, and knees ROM as the depen-
dent variable.

The study was carried out at the laboratory of
research of the university. The subjects' participation was
voluntary, and participants were invited verbally and
through social media, targeting the academic community
and surrounding neighborhoods.

Intensity effect of muscle stretching exercise

Group randomization occurred according to the
entry order of subjects in the study through a draw of opa-
que envelopes which were sealed and numbered with
alphanumeric code to determine the lower limb to be stret-
ched and the stretching intensity. This code was kept con-
fidential, and the participant was not informed to the other
evaluators.

The study screening was divided into two moments
and conducted by two evaluators. Anamnesis was carried
out at the first moment in order to select the eligible parti-
cipants through the collection of personal data, practice
physical exercises and injuries, and the PAR-Q was
applied. Then the anthropometric data (stature and body
mass) were recorded, and the active extension angle of
both knees was measured. An inclinometer — Clinometer
+ Bubble Level (plaincode™) and a universal goniometer
were used for this measure.

Two researchers were assigned to evaluate ROM of
the volunteers and two other researchers were responsible
for the training program. The examiners were trained
before the data collection began in order to guarantee the
methodological rigor of the research in a pilot study. Parti-
cipants were submitted to an initial evaluation (pre-inter-
vention), an intermediate evaluation (after two weeks),
and a final evaluation (four weeks).

Measurement of active knee extension ROM was
initially performed with the inclinometer, positioned in the
middle third of the tibia, followed by the universal goni-
ometer measure for which the axis was positioned at the
lateral condyle of the femur, the arm fixed towards the
greater trochanter and the movable arm in parallel to the
leg toward the lateral malleolus of the tibia. The arithmetic
mean of three consecutive measurements was used as the
final value. For the ROM measurements, the participants
were placed on the mat in dorsal decubitus, with the con-
tralateral lower limb held in extension and the evaluated
limb at 90° hip flexion maintained with the aid of an
examiner.

The training consisted of a single exercise for the
hamstring muscles (biceps femoris, semimembranosus,
semitendinosus). Each session consisted of three repeti-
tions of passive static stretching, maintained for 60s
each>®, with 30s interval between them, and performed
three times a week'® for four weeks. The participants'
positioning was similar to that used in the evaluation but
stretching proceeded passively (with feet lying on the
examiner's shoulder) up to an amplitude equal to the
aimed discomfort zone (intensity). The stretching intensity
was based on Numerical Verbal Scale!”. In this scale, the
number 1 refers to a point when the subject starts to per-
ceive pain, and 10 is the highest tolerable pain. However,
we adapted the use of this scale by replacing the word
"pain" with the terms tension/discomfort, as described and
used by previous studies'®'”. For anchoring the following
instruction was given: Zero is no tension/discomfort at all
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and 10 is the worst possible tension/discomfort you could
have. The LI group maintained the intensity between 1 and
2, while the HI group between 9 and 10. We also con-
sidered that it was difficult to target in only one number,
and so, we rather target a small range of numbers (1-2 and
9-10)"°.

The participants identified their level of discomfort
every 15s in order to sustain the same intensity throughout
the total stretching time. Adjustments were made to the
angulation when the participant reported a level of dis-
comfort lower or higher than predicted for their group,
intending to guarantee the same intensity throughout the
stretching?.

Statistical Analyses

Data analysis was performed using SPSS software
version 20. Mixed models were used to analyze the chan-
ges in the dependent variables in each analyzed training
variation. A first-order autoregressive covariance matrix

was considered. The factors of group and time were con-
sidered as fixed factors and the subjects were considered
random factors. A Q-Q plot was performed for all vari-
ables to consistently and similarly confirm the normality
of the residues between the observed groups. The analysis
and interpretation of the within- and between-group dif-
ferences were performed using mean difference values and
their respective 95% confidence intervals (95% CI).

Results

The recruitment of this study occurred in a single
entry during the months from August to December 2018.
A total of 24 people were screened for this study. Three
were excluded for not meeting the eligibility criteria (Fig-
ure 1). The remaining 21 participants were evaluated at
two weeks (after training) and four weeks (i.e. 10% fol-
low-up loss). There were only two follow-up losses, and
all occurred in the group submitted to high intensity
stretching.

Assessed
individuals (n=24)

Excluded (n=3)
They did not meet the eligibility
criteria (n=3)

Randomized (n=21)

y
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Figure 1 - Study flow diagram

Participants Analyzed (n=10)




Table 1 shows the demographic characteristics of the
participants in their respective groups. The groups had
similar baseline characteristics.

The within-group differences showed that both
groups had ROM gains in the second and fourth week of
training. No significant between-group differences were
observed for the ROM at four weeks. These results are
presented in Table 2.

Discussion

It was possible to observe significant and similar
ROM gains for the subjects who were submitted to the low
and high-intensity protocols after four weeks of stretching.
In addition, both goniometry and inclinometer measure-
ments were able to record and detect similar ROM gains.

Our results confirm the findings of Muanjai et al.®,
who compared the responses of subjects who trained for
four weeks with stretching to the point of discomfort or
the point of pain, thus being equivalent to the low and
high-intensity protocol conducted herein. Both groups
showed significant improvements in ROM, and there were
no differences between groups. In addition to performing
the ROM measurement, the passive torque responses of
the groups were also evaluated, and for this measure, it
was verified that the angle/torque ratio remained the same
before and after the training. Based on these data, the
authors discard the structural modifications and suggest
that ROM improvement occurred as a result of increased
tolerance by the subject to stretching.

In addition to the study by Muanjai et al.%, other evi-
dence has suggested that the increase in muscle extensi-
bility observed after a short-term intervention (three to
eight weeks) is due to changes in the subject's sensitivity,
and not to changes in muscle structure (increase in length,
an increase of compliance, reduction of myotatic
reflexes)”' %, This change in sensitivity may be due to
altered sensory perception or the ability of the subject to
tolerate greater torque stretching®.

Table 1 - Baseline characteristics of the participants

Intensity effect of muscle stretching exercise

Some other studies with similar intervention times
point to results that diverge from ours, such as the study by
Wyon et al.” and Wyon et al.®, which show higher gains
for the groups subjected to more intense stretching. This
divergence can be explained by the divergences in the
samples between the studies. In contrast to the present
study, which included young sedentary adults, the study
by Wyon et al.” and Wyon et al.® used dancers in the sam-
ple, which tends to compromise the proximity between the
studies since dancers may present different responses
when the intervention is based on perceived discomfort.

Two measures were used to measure ROM in this
study. The first one (the goniometer) is a low-cost instru-
ment and has been widely used and recommended over the
years. However, despite being the most frequent measure
in clinical practice, reliability studies point to a great
variability of intra and inter-examiner values, which vary
from low to excellent’. This variation is clearly due to the
procedures required for an accurate goniometry measure-
ment, which involves handling the device, palpation of the
segments and identifying anatomical points, stabilizing the
segments and correct execution of the movement by the
subject.

Considering goniometry limitations, the digital in-
clinometer was added to the study as a clinically valid and
reliable alternative to assess joint ROM, being low cost
and available in smartphones®®. The digital inclinometer
presents inter-rater reliability between moderate to very
high (ICC from 0.69 to 0.98), and intra-rater between high
to very high (ICC from 0.70 to 0.98)°. These values reflect
the simplicity of the application handling which demands
little ability of the evaluator since it does not require pal-
pation or marking anatomical points**~°.

According to the measurements gathered over the
four-week stretching period, there was no difference
between the ROM gains registered with the goniometer or
the digital inclinometer. Thus, although absolute values
were not equal (Goniometer: AGB = 14.2° and AGA =
16.6°, Inclinometer: AGB = 12.8° and AGA = 16.7°), both
measures were sensitive to detect changes in ROM after

Characteristics Sample High Intensity (n=11) Low Intensity (n=10)
Gender
Male n(%) 10 (47.62%) 5 (45.5%) 5(50%)
Female n(%) 11 (52.38%) 6 (54.5%) 5(50%)
Age (years), mean (SD) 19.38+1.53 19.63+1.63 19.10+1.45
Height (m), mean (SD) 1.65+0.79 1.66+0.90 1.65+0.07
Weight (kg), mean (SD) 64.33+15.55 64.80+17.28 63.81+£14.32
BMI (kg/m?), mean (SD) 23.24+4.20 23.20+4.64 23.30+3.91
ROM Inclinometer (°), mean (SD) 141.29+13.32 140.63+15.58 142.00+11.11
ROM Goniometer (°), mean (SD) 132.24+11.64 130.63+12.42 134.00+11.10

BMI, body mass index; ROM, range of motion.
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