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ABSTRACT
Introduction: Stretching is a therapeutic technique used to increase joint range of motion and flexibility and can be used as a 
warm-up to prevent injury or improve muscle performance. Pilates is one of the techniques used for such benefits, improving 
posture, body conditioning, aiding physical and mental control, which main characteristic is resistance work and dynamic stretching. 
Electromyography (EMG) is the study of muscle function by checking the electrical signal coming from the muscle, as well as the study 
of the motor unit activity. Objective: To evaluate the electromyographic activity of the hamstring muscles using the surface EMG 
before and after the application of a stretching protocol through Pilates. Methods: The sample consisted of 30 healthy individuals, 
15 participants from the Control Group (CG) and 15 from the Pilates Group (PG), randomly selected from which 18 were selected for 
analysis. Electromyography was used to evaluate hamstring muscle activity before and after the exercises. For statistical analysis was 
used the SPSS software version 21, for the normality of the data was used the Kolmogorov-Smirnov test, and for the comparison between 
the groups was used the T-Student test. The treatment program was performed in the Guairacá Integrated Clinics in Guarapuava-PR, 
and consisted of ten Pilates exercises during two weekly sessions of forty minute each for five weeks. Results: There was a statistically 
significant increase (p = 0.00) in the muscle activation amplitude (RMS) of the femoral and semitendinosus biceps muscles after the 
Pilates stretching protocol in the intervention group when compared with the control group. Conclusion: It was concluded that the 
Pilates Method exercise protocol directed to hamstring stretching twice a week for five weeks significantly increased muscle activation 
and that physical inactivity led to a reduction in this activity observed in the control group. It is recommended that further studies be 
developed analyzing variables not yet studied, aiming to increase scientific knowledge about the influence of stretching through Pilates 
on muscle performance. 
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INTRODUCTION
Stretching is a technique used to increase flexibility and 

maintain or improve joint range of motion which assists in 
preventing musculoskeletal injuries and enhances performance 
in activities. Lack of flexibility contributes to muscle injuries 
especially when it comes to hamstring muscles(1,2). There are 
several ways to improve hamstring muscle flexibility such as 
static, dynamic stretching and proprioceptive neuromuscular 
facilitation (PNF). Pre-exercise static stretching is believed to 
reduce the risk of injury and improve performance. However, 
recent studies have reported that pre-exercise stretching 
may decrease strength production and muscle activation or 
have not shown a significant effect on muscle activation(2,3). 
Such divergences about the potential harms or benefits that 
stretching techniques can generate on muscle performance 
prompt the study of therapeutic approaches that can support 
the use of stretching as an effective intervention plan in clinics, 
gyms or sports training centers(4,5).

The Pilates Method, developed by Joseph Hubertus Pilates 
in the early 1920’s, is based on the concept of contrology, which 

is the total conscious control of the muscular movements of the 
body, i.e. total mastery of the mind over the body. This technique 
presents six basic principles during movement without fatigue 
and pain: concentration, control, centralization, flow, precision 
and breathing. Among the objectives of the method is the 
strength gain, stretching and flexibility of the muscles, in which 
the contraction of the central muscles of the body such as the 
abdominal, gluteus and lumbar is maintained throughout the 
movement, promoting greater stability, and it is performed 
slowly, accurately and with few repetitions to increase muscle 
activation and contraction activity of this musculature, which 
can be observed by electromyography(6-8).

Electromyography (EMG) is the study of muscle function 
by checking the electrical signal coming from the muscle, as 
well as the study of the motor unit activity. Some authors 
verify the association between amplitude and frequency of the 
electromyographic signal through the action pattern of the motor 
units. Surface EMG, used alone or in combination, can provide 
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relevant information on muscle behavior when subjected to 
several types of overload, angles, and execution speeds, as well 
as evaluating myoelectric behavior under conditions, such as 
temperature, environment, neuromuscular training, among 
others(10,11). There are several specific applications of EMG in 
rehabilitation research, such as: the investigation of muscle joint 
stabilization strategies, the study of stretching techniques, the 
evaluation of muscle activity, the characteristics of muscle activity 
during therapeutic exercises, and the analysis of quantification 
of the firing rate of motor units and the identification of 
muscle fatigue. Given the scarcity of research evaluating the 
electromyographic activity of the hamstrings with EMG following 
a stretching protocol using the Pilates Method, this research is 
of great importance in contributing to science(12). The aim of 
this study was to evaluate the electromyographic activity of the 
femoral and semitendinosus biceps muscles of the hamstring 
complex using surface electromyography before and after the 
application of a Pilates stretching protocol in healthy subjects.

METHODS
Subjects were recruited by convenience through 

electronic media on social networks and free will print media. 
The study included subjects aged between 18 and 30 years 
old, of both genders, non-practitioners of Pilates or any type 
of stretching practice, with recreational activity level only 
(non-athletes, practitioners of up to five hours per week 
of exercise) and excluded volunteers who had a history of 
knee osteomioarticular diseases, musculoskeletal injuries in 

the hamstrings, neurodegenerative, vasomotor or cardiac 
pathologies, infectious diseases or or who have intolerance to 
exercise or collection of electromyography, in addition to those 
that were missing in the intervention sessions. First, candidates 
received information about the purpose and procedure of 
the present study according to the National Health Council 
(466/2012) that regulates research with human beings. They 
were interviewed and filled out the inclusion and exclusion 
questionnaire together with their personal data. The selected 
ones were those that met the criteria necessary to participate 
in the research and then the selected subjects who agreed to 
participate in the research and signed the Informed Consent 
Form. Then the subjects were directed to a closed room with no 
noise which was carried out the evaluation of muscle activation 
of the hamstrings by surface electromyography. The study was 
approved by the Research Ethics Committee with number 
2.201.470.

The sample consisted of 30 healthy individuals, with 
12 dropouts during the study, such dropouts occurred during 
the interventions, in which some volunteers did not rigorously 
attend the meetings, needing to be excluded from the sample, 
resulting in 18 final analyzes. After the individual evaluation 
of each volunteer, the sample was divided into two groups: 
a Pilates Group (PG) and a Control Group (CG) at random and 
randomly totaling fifteen subjects in each group. The subjects 
from the PG were contacted by telephone to schedule the 
days of the week when the Pilates exercise protocol would be 
performed. The steps performed are in the Figure 1.

Figure 1. Flowchart of steps that were performed according to CONSORT.
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The work was carried out in the Guairacá Integrated Clinics 
owned by the Faculty Guairacá located in the municipality of 
Guarapuava-PR. After performing the Pilates method with 
the PG, the individuals who remained in the CG were invited 
to participate in the same exercise protocol. To obtain the 
electromyographic signal, the 8-channel electromyograph 
was used (EMG System Brasil Ltda., SJCampos (SP), Brasil), 
the signal being passed through a 20-500Hz bandpass filter, 
amplified 1,000 times. Data were converted to 12-bit A/D 
board with 2,000 Hz sampling frequency for each channel and 
an input range of 5 mV. Active type bipolar surface electrodes 
were used, coupled to a 20-fold differential preamplifier, with 
a distance of 20mm between them, attached to the skin by 
Miotec adhesive electrodes. Muscle electrical activity was 
measured using Root Mean Square (RMS) values (Figure 2: 
a). Following the SENIAM (Surface Electromyography for 
Noninvasive Assessment Muscles) criteria for electrode 
placement, the femoral biceps muscle was positioned at 
50% distance between the ischial tuberosity and the lateral 
epicondyle of tibia while for the semitendinosus muscle it was 
positioned 50% of the distance between the ischial tuberosity 
and the lateral epicondyle of tibia (Figure 2: b). The reference 
electrode was positioned at the bony end of the styloid process 
of the ulna of the contralateral limb. All subjects underwent 
skin preparation with trichotomy and cleaning with 70% 
alcohol to reduce impedance(13,14).

The electromyographic evaluation of muscle activation was 
performed through maximal voluntary isometric contraction 
(MVIC), using a force cell (Figure 2: c), a strain gauge usually 

in the newtons force unit, in which the force is electronically 
captured, amplified and recorded simultaneously with the 
EMG that was conducted to a general monitor for recording, 
with the load cell and electrodes attached to the dominant 
member(15,16). The subject’s initial position was seated with 
90º of hip and knee flexion (Figure 2: d), starting with a 
knee flexion with maximum force keeping the contraction 
isometric for 60 seconds in which the muscle activation data 
were collected using the RMS values before and after the 
stretching exercises with the Pilates method. The reevaluation 
was performed one week after the last intervention with the 
same evaluation criteria.

According to previous studies using the Pilates method, 
interventions were performed twice a week over a period of 
five weeks. The final position of the stretch was until there 
was a slight tightening sensation of moderate intensity in the 
hamstrings, but without exceeding the pain threshold, and the 
rest time between each exercise was 30 seconds(17-19). Prior to 
the beginning of the exercise program, all participants received 
a basic introduction to Pilates exercises correctly and were 
trained on how to activate the core muscles, involving isometric 
contraction of the transverse abdominis, the pelvic floor, and 
the multifidus while exhaling air and performing movement 
during diaphragmatic breathing(20). The protocol consisted of 
ten Pilates exercises for hamstring muscle stretching, which 
was elaborated according to exercises already published in 
the scientific literature(8,9,20), being static and mostly dynamic 
stretching following the Pilates principles(6). The elaborated 
exercise protocol is shown in figures 3 and 4.

Figure 2. Obtaining the electromyographic signal. Note: a) 8-channel electromyograph (EMG System Brasil Ltda.); b) Electrode Positioning; c) Force Cell; 
d) Subject position.
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Figure 3. Exercises protocol. Note: 1. Spine stretch; 2. Hamstring stretch; 3. Hamstring stretch (variation); 4. Leg series supine: circles; 5. The Saw.

Figure 4. Continuation of the Exercises protocol. Note: 6. Spine Twist; 7. Roll-over; 8. Roll-up; 9. Single Sraight; 10. Leg Strech Side Kick (Front and Back).
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STATISTICAL ANALYSIS
Stat ist ica l  analys is  was performed us ing SPSS 

version 21 software for Windows. To test data normality, the 
Kolmogorov-Smirnov test was performed, which showed normal 
distribution of data. To the comparison between the groups, it 
was used the T-Student test that demonstrated a statistically 
significant increase in the semitendinosus RMS (p = 0.00).

RESULTS
After eliminating some missing volunteers during the 

interventions, eighteen individuals who met the eligibility 
criteria remained. Anthropometric characteristics are reported 
in Table 1.

Shown below is the electromyographic activity (RMS) of the 
semitendinosus muscle before and after the interventions of 
the control and intervention groups, as shown in Figure 5. Note 
that there was a decrease in RMS in the control group (p=0.093) 
and an increase in RMS in the intervention group (p=0.381), 
but these differences were not significant. In the intergroup 
comparison, the intervention group obtained a statistically 
significant increase compared to the control group (p=0.002).

Figure 6 shows the activation of the femoral biceps muscle 
before and after interventions by the Pilates group and the 
control group. There was a decrease in muscle activation in the 
control group (p=0.095) and an increase in the intervention group 
(p=0.811), but these differences were not statistically significant. 
In the intergroup comparison, the intervention group obtained 
significant difference compared to the control group (0.007).

DISCUSSION
The results of the present study indicated that there was 

a statistically significant increase in muscle activation of the 
biceps femoral and semitendinosus muscles following a Pilates 
stretching protocol in the intervention group when compared 
with the control group. The sample analyzed consisted of 
18 individuals, 17 women and only 1 man, who demonstrated 
homogeneity, having similar anthropometric characteristics, 
such as an ideal body mass index and a low standard deviation, 
which strengthens the findings of the present research. 
The results were also significant probably by the sum of the 
different forms of stretching (active, passive, static, dynamic) 
contained and provided by the Pilates method.

The Pilates method consists of exercises whose main 
characteristic is resistance work and dynamic stretching(21). 
Dynamic stretching tends to increase core temperature 
which can increase nerve conduction velocity, muscle 
adhesion, enzyme cycle, accelerating energy production and 
consequently generating increased muscle activity, while in 
static stretching, core activity can decrease, impair muscle 
performance and reduce muscle activation(22). Such reduction 
may be due to the Golgi tendon reflex, which generates 
an inhibitory reflex on the muscle when being stretched 
promoting relaxation. It is also possible that static stretching 
may cause an increase in viscoelastic properties of the muscle 
tendon unit after stretching, which is thought to alter the 
force-relaxation property within a muscle, thereby decreasing 
its working capacity(23). The literature reports the indication of 
increased EMG activity after dynamic stretching compared to 
static stretching, which is consistent with the present study 
that also showed a statistically significant increase in muscle 
activation(23).

Table 1. Anthropometric characteristics of subjects.

Variables Control group Pilates group *Statistic 
(p<0.05)

Subjects 8 10

Male/Female 01/07 0/10

Age (years) 24.6 (3.25) 24.3 (4.22) 0.860

Weight (Kg) 60.0 (12.09) 64.8 (10.09) 0.368

Height (m) 1.62 (5.50) 1.63 (4.36) 0.642

BMI 22.6 (3.41) 24.53 (4.11) 0.321

Note: *Unpaired T-Student test (p<0.05) was performed to compare anthropometric 
variables between groups.

Figure 5. Electromyographic activity of semitendinous muscle. Note: *Significant 
difference in the increase in muscle activation (RMS) of the semitendinosus 
muscle after stretching with the Pilates method (p=0.002) compared to the 
control group.

Figure 6. Electromyographic activity of femoral biceps muscle. Note: *Significant 
difference in increased muscle activation (RMS) of the biceps femoris muscle 
after stretching with the Pilates method (p <0.05).
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In agreement with the present study, the study(3) evaluated 
18 young athletes who were randomly divided into passive and 
dynamic stretching groups by 12 interventions and concluded 
that flexibility improved significantly in both groups and that 
electromyography showed a large difference, while the static 
group showed a decrease in the electrical signal in the acute 
phase, and dynamic stretching presented a clear increase 
in the chronic phase compared to the initial evaluation. 
This result may be due to the number of interventions that 
significantly influenced as in the present study. Although 
the sample is composed of young athletes and the present 
study by non-physical active women, the results were similar 
agreeing that the dynamic stretching promotes an increase 
in the muscular activation in different muscular conditions(3). 
In order to investigate the effects of passive static stretching 
of the antagonist during an interconnected rest period on 
repetition performance and muscle activation of the dorsal, 
biceps brachii and pectoralis, ten trained men participated in 
this study. The paddling exercise was performed using two 
protocols, one with repetitions until failure with rest interval, 
and another with static stretching of the antagonist (Pectoral) 
during the interval for 40 seconds(23). They concluded that 
the antagonistic passive static stretching adopted during 
the rest period had a significant increase in the number of 
repetitions, an improvement in the strength and an increase 
in the activation of the agonist muscles (Latissimus dorsi and 
Biceps Brachii) in an acute manner compared with the group 
of interval with passive recovery. Thus, antagonist stretching 
may induce an increase in elastic energy storage, agonist 
activation, reduction of antagonist coactivation, as well as an 
increase in the number of repetitions(24-26).

In the current study, it was obtained an increase in muscle 
activation due to the sum of several dynamic agonist stretches, 
in contrast, in the studies mentioned above, there was an 
increase in muscle activation through static stretching of the 
antagonist. Agonist static stretching before exercise may lead 
to reduced strength, but during the rest interval antagonist 
static stretching increased agonist muscle activation and 
could be used to improve muscle performance(25,27). There is 
a study involving 14 sedentary young adults that collected the 
electromyographic signal (EMG) of the biceps femoris muscle 
before and after passive hamstring stretching with 3 sets of 
60 seconds. As a result, the acute effects of passive stretching 
did not significantly influence the muscle activation pattern of 
the femoral biceps(2). They explain that the divergent findings 
may be related to several factors such as the characteristics 
of the evaluated samples, gender, age, intensity and duration 
of stretching(4).

Ballistic stretching, static stretching, and proprioceptive 
neuromuscular facilitation (PNF) as well as the Pilates method 
are widely used to improve hamstring muscle flexibility. They 
performed the PNF technique for hamstring lengthening with 
antagonist muscle contraction and obtained a statistically 

significant increase in muscle activation(5). In the present 
study, some Pilates hamstring stretching exercises were 
also performed with a joint antagonist muscle contraction, 
which may have influenced an increase in muscle activation, 
obtaining a similar result. Whereas antagonist muscle 
co-activations are common to prevent joint overload during 
sports(25). However, they conducted a survey of 60 volunteers 
who were divided into 4 groups: control, warm-up, stretching, 
warm-up associated with stretching. Warm-up was performed 
on a stationary bike for 5 minutes and the passive and static 
stretching of the quadriceps and hamstring muscles (three sets 
of 30 seconds for each muscle)(14). Results showed that there 
was no significant change in activation amplitude in any of the 
intervention groups when comparing RMS values. This may be 
because the time is 30 seconds, being less than 60 seconds, 
longer stretching durations (eg, ≥60 s) are likely to cause a 
decrease in muscle performance. On the other hand, passive 
and static stretching, used alone or associated with warming, 
promoted a reduction in hamstring muscle latency time (MLT), 
which is considered the time interval between the onset of 
angular variation and the timing of recording effective muscle 
activity(22). In the present research, the MLT was not evaluated, 
but it is possible to relate it, because through stretching and 
along with warming promoted a reduction, i.e., the muscle 
activation started more quickly. Regarding the Control Group, 
the results showed a decrease in muscle activation that may be 
justified by the fact that the lack of mechanoreceptor stimuli, 
the lack of stretching or physical inactivity, is directly related 
to the decrease in muscle work.

The main limitations of the present study are the lack 
of studies related to the use of Pilates Method as a form of 
hamstring stretching evaluating through electromyography 
and the small sample size due to the difficulty of the volunteers 
to remain in the research due to personal complications or 
schedule flexibility.

CONCLUSION
It was concluded that the Pilates Method exercise protocol 

directed to hamstring stretching twice a week for five weeks 
significantly increased muscle activation. It is recommended 
that further studies be developed with a similar therapeutic 
approach analyzing the influence of different stretching types 
and times through the Pilates Method on the muscle strength 
and activity of agonists and antagonists, as well as comparison 
between genders in a larger sample.
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