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Abstract

Objective: To investigate the acute effects of an adapted Muscle Energy Technique protocol on flexibility in university
students, considering different functional lines and shoulder mobility. Methods: This study included 32 university stu-
dents of both sexes, all aged between 19 and 28 years and regularly engaged in resistance training for at least six
months. Participants were allocated into an experimental group (n = 20) and a control group (n = 12). Flexibility was
assessed before and after the intervention using the bilateral sit-and-reach test, unilateral sit-and-reach test for the right
and left lower limbs, trunk extension test, and right and left shoulder mobility tests. The experimental group performed
an acute adapted MET protocol consisting of voluntary isometric contractions directed toward different functional lines,
repeated over approximately 10 minutes. The control group remained at rest for the same duration. Data were analyzed
using descriptive statistics, the Shapiro—Wilk normality test, Wilcoxon test for within-group comparisons, and Mann—
Whitney U test for between-group comparisons, adopting a significance level of p < 0.05. Results: At baseline, no
significant differences were observed between groups for most anthropometric characteristics and flexibility tests, ex-
cept for right shoulder mobility. After the intervention, the experimental group showed significant improvements in all
flexibility outcomes. The bilateral sit-and-reach test increased from 22.03 + 8.78 cm to 28.15 £ 8.14 cm, corresponding
to a mean gain of 6.13 cm (p = 0.01). Improvements were also observed in the unilateral sit-and-reach test for the right
limb (+4.60 cm; p = 0.01) and left limb (+2.73 cm; p = 0.01), as well as in trunk extension (+3.40 cm; p = 0.01). Shoulder
mobility also improved bilaterally, as indicated by reduced distances between the hands in the right shoulder mobility
test (-4.55 cm; p = 0.01) and left shoulder mobility test (-4.45 cm; p = 0.01). The control group did not show significant
changes in any measured variable. In addition, training experience did not significantly influence the magnitude of flex-
ibility gains. Conclusion: An acute adapted MET protocol based on voluntary isometric contractions improved flexibility
across different functional lines and enhanced shoulder mobility in university students engaged in resistance training.
These findings suggest that this strategy may be a practical and time-efficient option to acutely improve flexibility before
exercise sessions or activities requiring greater range of motion.
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1. Introduction

Individuals who do not regularly perform stretching exercises or movements requiring large joint ranges of motion
tend to present greater limitations in flexibility. These limitations may be associated with reduced angular flexibility,
decreased joint mobility, lower muscle elasticity, and the accumulation of myofascial tension [1-4].

Flexibility is considered an important component of physical fitness, as it contributes not only to better performance
in daily and occupational activities, but also to athletic performance, allowing movements to be performed with greater
efficiency, power, and lower accumulation of musculoskeletal tension [2]. Therefore, maintaining adequate flexibility
may be relevant for both health-related and performance-related outcomes.

However, stretching does not occur in an isolated muscle. Instead, movement and tension are distributed along
interconnected myofascial chains. Thus, when a specific region is stretched or contracted, mechanical tension may be
transmitted throughout a functional chain [4]. This concept supports the idea of functional lines, among which the su-
perficial anterior line and the superficial posterior line are among the most commonly described and investigated [3,4].

Flexibility training may be performed using different strategies, depending on the objective, technical ability, and
training level of the individual. Stretching may be active, when performed without external assistance, or passive, when
external tension is imposed. It may also be performed using static or dynamic methods [2], as well as through isometric
contractions [5]. The use of sustained isometric contractions, performed through voluntary activation of the target
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segment without external overload, has been described by some authors as a form of Muscle Energy Technique (MET)
[5,6].

MET was originally developed by Fred Mitchell in 1948 and is commonly described as a therapeutic procedure
designed to improve musculoskeletal function through joint mobilization and the release of myofascial tension. In addi-
tion, it has been used with the purpose of reducing pain and improving circulation and lymphatic flow [7,8].

Traditionally, MET is applied by positioning the individual against a physical barrier and asking them to perform a
controlled muscle contraction against resistance. For this reason, the technique is considered a form of proprioceptive
neuromuscular facilitation and is widely used by physiotherapists [8]. However, an important question remains: could
an adapted form of MET, performed without external counter-resistance and based only on voluntary isometric contrac-
tion, produce similar acute gains in flexibility? From a theoretical perspective, this approach could still promote changes
in circulation, lymphatic flow, neuromuscular inhibition, and myofascial tension, which may contribute to increased range
of motion.

Therefore, the objective of the present study was to investigate the acute effects of an adapted Muscle Energy
Technique protocol on flexibility in university students, considering different functional lines..

2. Methods

2.1 Study Design

This was a controlled, pre—post intervention study designed to investigate the acute effects of an adapted Muscle
Energy Technique (MET) protocol on flexibility in university students. Participants were allocated into either an experi-
mental group, which performed the adapted MET protocol, or a control group, which remained at rest for the same
period. All assessments were conducted before and immediately after the intervention or rest period.

2.2 Participants

A convenience sample of 32 volunteers of both sexes was recruited. Of these, 20 participants were allocated to
the experimental group and 12 to the control group. Participants were university students enrolled in the Physical Edu-
cation program at the Evangelical University of Goias (UniEVANGELICA), Brazil. All volunteers were between 19 and
28 years of age. Participants were approached on the university campus and invited to participate in the study. Data
collection was performed between 6:30 p.m. and 7:00 p.m., corresponding to the period when students were arriving on
campus for academic activities.

2.3 Anthropometric Assessment

Initially, participants provided basic information for sample characterization. Body mass was measured using a
mechanical scale (Welmy®, Brazil), and height was measured using a wall-mounted stadiometer (WCS®, Brazil). Sitting
height was assessed using the same stadiometer and a rigid 40-cm chair.

Upper-limb length was measured from the lateral acromial border to the distal end of the middle finger using a
metallic anthropometric tape (Cescorf®, Brazil). Abdominal circumference was measured at the level of the umbilical
scar using the same anthropometric tape. All measurements were recorded in centimeters, except for body mass, which
was recorded in kilograms.

2.4 Flexibility and Mobility Assessments

Flexibility was assessed using tests directed toward different functional lines. The first test applied was the bilateral
sit-and-reach test using the Wells and Dillon bench, following the Canadian Standardized Test of Fitness procedures
[9,10]. The same test was also performed unilaterally for the right and left lower limbs [11].

Anterior-chain flexibility was assessed using the trunk hyperextension test without hand support [12]. In this test,
participants were positioned in the prone position and instructed to elevate the trunk by performing spinal hyperextension
without using the hands. The evaluator measured the vertical distance from the chin to the floor. Higher values were
interpreted as greater anterior-chain flexibility and/or thoracic extension mobility. Although trunk extensor strength may
influence performance in this test, the pre—post design allowed the assessment of acute changes after the intervention.

Shoulder mobility was assessed using the shoulder mobility test [12]. Participants stood with their back facing the
evaluator, closed both fists with the thumbs inside the fingers, and attempted to bring both hands as close together as
possible behind the back. One arm was positioned over the shoulder and behind the head, while the opposite arm was
positioned from below. The distance between the closed fists was measured using a ruler. When the right arm was
positioned above the shoulder, the test was classified as right shoulder mobility; when the left arm was positioned above
the shoulder, it was classified as left shoulder mobility. Lower values indicated better shoulder mobility.

2.5 Intervention Protocol

Immediately after the baseline flexibility assessments, the experimental group performed the adapted MET proto-
col. The protocol consisted of voluntary isometric contractions performed in different body positions and planes of move-
ment, without the use of external manual resistance.

First, participants stood in an upright position with the feet hip-width apart and were instructed to generate force
as if attempting to bring the legs together in the frontal plane. This contraction was maintained for 30 seconds. Next,
participants assumed a staggered stance, with one foot positioned approximately 30 cm in front of the other. In this
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position, they were instructed to generate force as if attempting to bring the legs together in the sagittal plane. The
contraction was maintained for 30 seconds, and the procedure was then repeated with the opposite leg positioned in
front. The third exercise consisted of a prone plank maintained for 30 seconds. Finally, participants performed isometric
contractions involving the upper limbs. For this procedure, the arms were abducted to 90° in the frontal plane. Partici-
pants were instructed to contract as if attempting to adduct the shoulders for 10 seconds, without producing visible
movement. They then performed contractions as if attempting to further abduct the shoulders, followed by contractions
simulating shoulder flexion in the transverse plane and shoulder extension in the transverse plane. Each contraction
was maintained for 10 seconds, totaling 40 seconds for the upper-limb sequence.

The full sequence was repeated three times and lasted approximately 10 minutes. Immediately after completing
the protocaol, all flexibility and mobility tests were repeated using the same procedures adopted at baseline.

2.6 Control Condition

Participants in the control group remained seated or at rest for approximately 10 minutes after the baseline as-
sessments. No stretching, isometric contraction, or mobility exercise was performed during this period. Immediately
afterward, the same flexibility and mobility tests were repeated following the baseline procedures.

2.7 Statistical Analysis

Data were entered into a spreadsheet and analyzed using the Statistical Package for the Social Sciences (SPSS),
version 21.0 for Windows. Descriptive statistics were used to characterize the sample, with data presented as mean
and standard deviation. The Shapiro—Wilk test was applied to assess the normality of data distribution. As some varia-
bles did not present normal distribution, including unilateral sit-and-reach outcomes, non-parametric tests were adopted.
The Wilcoxon signed-rank test was used to compare pre- and post-intervention values within each group. The Mann—
Whitney U test was used to compare the experimental and control groups. The level of statistical significance was set
at 5% (p < 0.05).

3. Results
3.1 Sample Characteristics

The sample consisted of 32 university students, including 24 women and 8 men. All participants had been engaged
in resistance training for more than six months. Regarding self-reported training intensity, 30% of the participants re-
ported training at low intensity, 55% at moderate intensity, and 15% at high intensity. In relation to weekly training
frequency, 10% reported training three times per week, whereas the remaining participants reported training four or
more times per week.

Table 1. Comparison of the descriptive characteristics of the sample.

Variables Experimental (n = 20) Control (n =12) p
Mean SD Mean SD
Age 23.15 2.66 24.53 2.98 0.31
Body mass 67.83 15.56 69.12 8.85 0.11
Height 1.63 0.07 1.66 0.04 0.09
Body mass index 25.76 6.10 24.22 2.20 0.14
Sitting height 94.70 4.47 95.20 2.83 0.23
Upper-limb length 78.30 4.04 79.90 2.67 0.41
Abdominal circumference 80.40 10.13 80.70 8.14 0.64

Legend: Data are presented as mean and standard deviation (SD). The p-values refer to between-group comparisons at baseline.
No statistically significant differences were observed between the experimental and control groups for any descriptive characteristic
analyzed. n = sample size; SD = standard deviation; p = probability value.

3.2 Anthropometric Characteristics

The descriptive characteristics of the experimental and control groups are presented in Table 1. In the experi-
mental group, mean body mass was approximately 67 kg, although considerable variability was observed among par-
ticipants. Mean height was 1.63 m, which may be partially explained by the predominance of women in the sample.
Mean body mass index was above 25 kg/m?, indicating an average classification compatible with overweight. However,
this result should be interpreted with caution, as the presence of one participant with elevated body mass may have
influenced the group mean.

Mean sitting height was approximately 94 cm, which is consistent with expected values for young adults. Upper-
limb length also showed relevant variability among participants, with differences of up to approximately 15 cm. Mean
abdominal circumference was approximately 80 cm; however, as with body mass and body mass index, this variable
should be interpreted cautiously due to the influence of individual variability within the sample.
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3.3 Comparison Between Experimental and Control Groups at Baseline

No statistically significant differences were observed between the experimental and control groups for the anthro-
pometric variables assessed, including age, body mass, height, body mass index, sitting height, upper-limb length, and
abdominal circumference. This indicates that the groups were generally comparable at baseline. This baseline similarity
is important because it suggests that neither group had a clear anthropometric advantage or disadvantage that could
substantially influence flexibility performance before the intervention. Therefore, subsequent differences observed after
the protocol are less likely to be explained by initial differences in body size or anthropometric profile.

In Table 2, according to the CSTF classification [10], both groups were initially classified as having “poor” flexibility
based on the internationally established reference values for the bilateral sit-and-reach test: <23 cm for men and <27
cm for women. Although the control group presented slightly higher mean flexibility values at baseline, it was also clas-
sified as having poor flexibility.

Table 2. Pre-intervention comparison between the experimental and control groups.

Variables (all measurements in cm) Mean SD p
Bilateral sit-and-reach — experimental 22.03 8.78 0.05
Bilateral sit-and-reach — control 25.22 3.37
Unilateral right sit-and-reach — experimental 26.95 9.57 0.23
Unilateral right sit-and-reach — control 2711 3.98
Unilateral left sit-and-reach — experimental 27.25 8.48 0.88
Unilateral left sit-and-reach — control 27.02 4.06
Trunk extension — experimental 27.85 6.92 0.14
Trunk extension — control 29.03 3.87
Right shoulder mobility — experimental 23.20 7.37 0.04
Right shoulder mobility — control 20.04 5.40
Left shoulder mobility — experimental 23.10 8.27 0.09
Left shoulder mobility — control 22.36 5.90

Note: SD = standard deviation; p = probability value. All measurements are expressed in centimeters. p-values refer to pre-interven-
tion comparisons between the experimental and control groups.

No significant differences were observed between groups for the unilateral sit-and-reach tests or for the trunk
extension test. However, for right shoulder mobility, the control group initially presented better flexibility than the exper-
imental group. In contrast, no significant difference was observed between groups for left shoulder mobility. It is also
worth noting that the experimental group consistently showed higher standard deviation values, indicating slightly
greater heterogeneity compared with the control group.

In Table 3, the experimental group showed a mean increase of 6.13 cm in the bilateral sit-and-reach test from pre-
to post-intervention. However, when compared with the bilateral test, participants presented higher flexibility values in
the unilateral sit-and-reach test, both for the right and left sides, at pre- and post-intervention. When comparing both
sides in the unilateral sit-and-reach test, the gains were more pronounced on the right side. This finding may be related
to limb dominance, as all participants were right-handed.

Table 3. Comparison of flexibility performance before and after the intervention.

Variables (all measurements in cm) Mean SD A p
Bilateral sit-and-reach — pre-intervention 22.03 8.78 6.13 0.01
Bilateral sit-and-reach — post-intervention 28.15 8.14
Unilateral right sit-and-reach — pre-intervention 26.95 9.57 4.60 0.01
Unilateral right sit-and-reach — post-intervention 31.55 8.31
Unilateral left sit-and-reach — pre-intervention 27.25 8.48 2.73 0.01
Unilateral left sit-and-reach — post-intervention 29.98 8.87
Trunk extension — pre-intervention 27.85 6.92 3.40 0.01
Trunk extension — post-intervention 31.25 6.22
Right shoulder mobility — pre-intervention 23.20 7.37 -4.55 0.01
Right shoulder mobility — post-intervention 18.65 7.35
Left shoulder mobility — pre-intervention 23.10 8.27 -4.45 0.01
Left shoulder mobility — post-intervention 18.65 7.44

Note: SD = standard deviation; A = mean change from pre- to post-intervention; p = probability value. All measurements are ex-
pressed in centimeters. For shoulder mobility, negative A values indicate improvement, as lower values represent a shorter distance
between the hands.
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For trunk extension, a significant difference was observed, with a mean increase of 3.40 cm. This finding may
indicate both an improvement in anterior-chain flexibility and an increase in thoracic mobility during hyperextension.
Regarding shoulder mobility, lower measured values indicate that the hands were closer to each other behind the back,
therefore representing greater mobility. On average, the improvements were highly representative, with gains of approx-
imately 4.5 cm, and these changes were statistically significant compared with the pre-intervention values. The control
group did not show significant improvements in any of the measured variables compared with baseline. For this reason,
these data were not presented in table or graph format. For the analysis presented in Table 4, the experimental group
was divided into two subgroups according to training experience: participants who had been training for more than one
year, with a mean training experience of 2.1 years (n = 10), and participants who had been training for less than one
year, with a mean training experience of 0.5 years (n = 10). The post-intervention results were then compared between
these two subgroups.

Table 4. Comparison of intervention-related gains according to training experience.

Variables (measurements in cm) Training Experience Mean SD p

Bilateral sit-and-reach More than 1 year 6.15 4.44 0.97
Less than 1 year 6.10 1.29

Unilateral right sit-and-reach More than 1 year 4.20 244 0.62
Less than 1 year 5.00 452

Unilateral left sit-and-reach More than 1 year 3.25 2.51 0.33
Less than 1 year 2.20 2.57

Trunk extension More than 1 year 3.80 2.25 0.37
Less than 1 year 3.00 1.63

Right shoulder mobility More than 1 year -4.80 2.39 0.64
Less than 1 year -4.30 2.31

Left shoulder mobility More than 1 year -5.10 277 0.31
Less than 1 year -3.80 2.74

Note: SD = standard deviation; p = probability value. All measurements are expressed in centimeters. Negative values for shoulder
mobility indicate improvement, as lower values represent a shorter distance between the hands.

Table 4 shows that training experience did not produce significant differences in the flexibility improvements ob-
served after the MET protocol. Both subgroups benefited similarly from the technique, suggesting that the adapted MET
protocol was safe and effective for promoting acute improvements in flexibility, regardless of previous resistance training
experience.

4. Discussion

Flexibility levels in the Brazilian adult population have long been below those considered adequate for health and
functional performance, particularly among university students, including those enrolled in Physical Education programs
[13,14]. This is a concerning scenario, as flexibility is directly related to joint mobility, movement efficiency, musculo-
skeletal function, and the ability to perform daily, occupational, and sports-related tasks. The findings of the present
study are consistent with this context, since both groups were initially classified as having poor flexibility according to
the sit-and-reach test reference values. Therefore, these results reinforce the importance of investigating practical, low-
cost, and time-efficient strategies capable of promoting acute improvements in flexibility, especially in individuals who
are about to engage in sports or exercise sessions involving large ranges of motion and moderate-to-high intensity
demands.

In this context, Muscle Energy Technique (MET) may represent a useful alternative for acutely improving flexibility,
as observed in the present study. Previous evidence suggests that MET may also promote chronic benefits, not only by
increasing flexibility, but also by reducing joint pain and improving the individual’s tolerance and readiness to perform
movements requiring greater amplitudes or higher training intensities [15,16]. Thus, the positive acute responses ob-
served in the present investigation support the potential applicability of adapted MET protocols in exercise and rehabil-
itation settings.

Several studies have also reported significant acute flexibility gains following self-myofascial release techniques
using rigid balls or foam rollers, as well as after dynamic stretching or combined flexibility strategies [17—20]. In general,
the increase in sit-and-reach performance reported in these studies ranges from approximately 3 to 4 cm. In the present
study, however, the experimental group showed a mean improvement of 6.13 cm in the bilateral sit-and-reach test,
which appears to be higher than the gains commonly reported in the literature. This finding suggests that the adapted
MET protocol may be particularly effective for promoting acute improvements in posterior-chain flexibility. Nevertheless,
future studies should directly compare MET with other flexibility strategies, including static stretching, dynamic stretch-
ing, proprioceptive neuromuscular facilitation, and self-myofascial release, in order to determine which technique is
more effective under specific exercise, sports, or functional conditions.
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The acute improvements observed across the different functional lines may be explained by neuromuscular and
mechanical mechanisms. One possible explanation is the reduction in discomfort or pain perception during muscle
stretching, which may occur after isometric contractions due to changes in nociceptor sensitivity and stretch tolerance.
In addition, the relaxation phase following isometric contraction may reduce muscle spindle activity and favor autogenic
and reciprocal inhibitory responses, thereby allowing greater range of motion [21]. Another possible mechanism is re-
lated to transient changes in blood flow and muscle tissue behavior induced by sustained isometric tension. These
responses may affect the contractile and viscoelastic properties of muscle and connective tissue, increasing tissue
extensibility and improving flexibility performance [22]. Taken together, these mechanisms help explain the effectiveness
of the adapted MET protocol for producing acute flexibility gains in the present study.

From a practical perspective, these findings suggest that adapted MET may be incorporated as part of a warm-up
routine before dynamic or static stretching exercises. Because the technique is based on controlled voluntary isometric
contractions and does not require complex equipment, it may be easily applied in academic, recreational, sports, or
clinical contexts. In addition, the use of MET before stretching may reduce discomfort, improve tolerance to larger ranges
of motion, and potentially increase adherence to flexibility training. Therefore, this strategy may be especially useful for
individuals seeking acute improvements in flexibility for sports performance, recreational exercise, functional movement,
or activities of daily living.

5. Conclusions

The present study demonstrated that an acute adapted MET protocol, based on voluntary isometric contractions
and performed without external manual resistance, significantly improved flexibility and mobility in university students
engaged in resistance training. Significant gains were observed in bilateral and unilateral sit-and-reach performance,
trunk extension, and shoulder mobility, whereas the control group did not show relevant changes after the same period
of rest.

These findings suggest that the adapted MET protocol may be a practical, low-cost, and time-efficient strategy to
acutely increase range of motion across different functional lines. In addition, the magnitude of improvement was not
influenced by previous resistance training experience, indicating that both less experienced and more experienced par-
ticipants benefited similarly from the intervention.

Therefore, adapted MET may be considered a useful option to be incorporated into warm-up routines or flexibility-
oriented sessions, particularly before exercise or functional activities requiring greater joint mobility. However, future
studies with larger samples, randomized allocation, longer follow-up periods, and comparisons with other flexibility meth-
ods are needed to confirm these findings and determine whether the observed acute improvements can be maintained
or enhanced over time.
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