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Analysis of the external resistance and
electromyographic activity of hip extension
performed according to the Pilates method

Andlise da resisténcia externa e da atividade eletromiografica do movimento de
extensao de quadril realizado segundo o método Pilates

Silva YO, Melo MO, Gomes LE, Bonezi A, Loss JF

Abstract

Objectives: To compare the electrical activation of the rectus femoris (RF), long head of the biceps femoris (BF) and semitendinosus
(ST) and the resistance torque (T;) of the hip extension (HE) movement performed on the Pilates Cadillac with the attachable spring in
two different positions. Methods: Twelve subjects performed five hip extensions with the attachable spring in two positions (high and
low). Electromyography (EMG) and electrogoniometry data were colleted simultaneously. The root mean square (RMS) was calculated
and normalized based on the maximal voluntary contraction. A free-body diagram (FBD) and movement equations were used to
calculate T,. One-way ANOVA was used to investigate EMG differences between spring positions (p<0.05). Results: When the spring
was in the high position, T, was classified as descending and occurred in the “direction” of flexion over most of the range of motion
(ROM). In the low position, T, descended until 60° of hip flexion, in the direction of flexion, and from there it took on an ascending pattern
in the direction of extension. Conclusions: The EMG analysis seemed to follow the T, with higher values for the RF in the low position
and higher activation values for the BF and ST in the high position, where the external demand was greater. EMG and T, data supply
complementary information for prescribing Pilates exercises.
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Resumo

Objetivos: Comparar a ativagéo elétrica do reto femoral (RF), do biceps femoral cabeca longa (BF) e semitendineo (ST) e o torque
de resisténcia (T;) do movimento de extenséo de quadril (EQ) realizado com a mola fixada em duas posigdes distintas no Cadillac.
Métodos: 12 sujeitos realizaram 5 repeticbes de EQ com a mola fixada em duas posi¢des (alta e baixa). Dados de eletromiografia
(EMG) e eletrogoniometria foram coletados simultaneamente. O root mean square foi calculado e normalizado com base na contracéo
voluntaria méxima. Para o célculo do T, foram usados diagramas de corpo livre (DCL) e equagoes de movimento. ANOVA one-way foi
usada para verificar as diferencas para EMG entre as posigoes de mola (p<0,05). Resultados: Com a mola fixa na posigéo alta, o T
foi classificado como decrescente e ocorreu no “sentido” de flexdo na maior parte da amplitude de movimento (ADM). Para posigéo
baixa, o T, foi descrescente até 60° de flexdo de quadril no sentido de flex&o e, a partir dai, assumiu um comportamento crescente
no sentido da extens&o. Conclusdes: A analise EMG pareceu acompanhar o T, apresentando valores maiores para o RF na posi¢éo
baixa e maiores valores de ativagéo para o BF e ST na posicé&o alta, onde a demanda externa foi maior. Dados de EMG e T, fornecem
informagdes complementares para prescricao de exercicios no Pilates.
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Resistance torque and EMG during Pilates hip extensions

Introduction

The Pilates method was originally developed by Joseph
Pilates during the First World War and brought over to the USA
in 1923"%. The initial concept blended elements from gymnas-
tics, martial arts, yoga and dance, focusing on the relationship
between the body and mental discipline®*s. Working with the
Pilates method includes the use of special apparatus to place
the external overload (external load) on the musculoskeletal
structure with the aid of springs®. More recently, new elements
were incorporated into this method, which aims at both physi-
cal conditioning®® and rehabilitation programs®*!.

In physical therapy, Pilates exercises have been used for
therapeutic purposes, neuromuscular reeducation, functional
activity, and lumbopelvic stabilization*'*">. However, the cri-
teria for choosing the variables that modulate the overload of
the Pilates exercises, i.e. position of the individual and spring
position, are still based on subjective evaluations. In contrast,
the knowledge of the resistance torque (T,) offered by a given
exercise, alongside the information concerning the muscle ac-
tivation, should also be regarded as criteria for selecting the ex-
ercises. Nevertheless, in spite of the great popularity of Pilates
in clinical practice, there is a distinct lack of scientific studies
on its applications to physical therapy and studies with kine-
siologic, physiological, and/or biomechanical approaches'>'*'s,
Outside the realm of Pilates, studies with free weights, machine
weights and elastic bands have demonstrated, among other
things, that the T, analysis can show whether a given exter-
nal load is heavier at the beginning or the end of a range of
motion (ROM) and whether it is compatible with the acting
muscles’ ability to produce strength and, thus, support the
exercise selection'*'®. Moreover, other studies have quantified
and compared the electromyographic (EMG) activity and the
external loads applied to the muscles being studied during
typical strength-training exercises and suggested that biome-
chanical data (EMG and external load) should be taken into
account when a rehabilitation program is being developed'®*.

In the physical therapy intervention, Pilates apparatus
has been commonly used for hip extension focusing on the
activation of specific muscles, such as the hip extensors and
the gluteus maximus, to stabilize the lumbopelvic region'>**%',
One such piece of equipment that allows several movement
patterns and postures is the traditional Cadillac. When the hip
extension (HE) movement is performed slowly and constantly,
as indicated in the Pilates method, the T, offered by that ap-
paratus depends on the ratio of factors such as a) the deforma-
tion coefficient of the spring (K), b) the position of the spring
c) the weight of the moving human segment, and d) the per-
pendicular distances of the forces involved (of the spring and
of the segment weight) to the joint axis in the center of the hip

joint. Despite its complexity, some techniques in biomechanics
research, such as the representation of the forces involved by
means of a free-body diagram (FBD) and equations of move-
ment, may help objectively classify the type of resistance in a
given exercise. The knowledge of the T, behavior and of the
EMG muscles during the Pilates exercises may be regarded as a
tool to indicate the overload on the muscle-tendon system and
complement the choice of Pilates exercises during a rehabilita-
tion program. Thus, the objectives of the present study were to
compare the electrical activation of the rectus femoris (RF), the
long head of the biceps femoris (BF), and the semitendinosus
(ST), and the resistance torque of the HE movement performed
with the spring attached in two different positions.

Methods

Sample

Twelve participants of both sexes took part in this study,
all of whom were Pilates practitioners. The mean age was
34.25+11.48 years; mean height 163.75+11.48cm and mean
body mass 62.14+13.96Kg. The criteria for inclusion were that
the individuals had to be healthy, with no history of musculo-
skeletal injury and that they had attended at least 30 Pilates
sessions. All signed a consent form and were informed of the
right to drop out of the data collection at any time. During the
evaluation protocol, there was no record of sample loss. This
study was approved by the Ethics Committee of Universidade
Federal do Rio Grande do Sul, where it was carried out under
protocol number 2007903.

Data acquisition

Evaluation protocol

The evaluation protocol was performed on a Pilates
Cadillac machine, which has two key features that allow a large
number of exercises, i.e. a) options for height adjustment and
placement of the springs, and b) the use of springs with differ-
ent deformation coefficients and color-coded according to the
level of resistance (Figure 1). Firstly, the participants were po-
sitioned in dorsal decubitus on the Cadillac. Each one of them
performed five HE movements, starting from 90° hip flexion
to 0° hip flexion, in two different positions: 1) with the springs
in the high position (86cm in relation to the level of the par-
ticipant), and 2) with the springs in the low position (20cm in
relation to the level of the participant). A one-minute interval
was allowed between the positions. The springs color-coded in
blue by the manufacturer were previously calibrated, and the
elastic constant (K) was 0.013 kg/cm.
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Figure 1. Hip extension position on the Cadillac: a) initial position, b) intermediate position, ¢) final position. The black arrow indicates the high
position and the white arrow indicates the low position used to place the springs.

Electromyography and goniometry

EMG and electrogoniometry data were collected simul-
taneously by means of the Miotec Data Acquisition System
(Miotec Equipamentos Biomédicos Ltda, Porto Alegre,
Brazil). The angle positions of the hip joint during the evalu-
ation protocol of the exercises were registered by means of
an electronic goniometer (Miotec Equipamentos Biomédi-
cos Ltda, Porto Alegre, Brazil). The sampling rate for both
the EMG and the electrogoniometry was 2000Hz. In order to
capture the EMG signal, all the procedures recommended by
the International Society of Electrophysiology and Kinesiol-
ogy (ISEK) were followed, such as shaving, sanitizing with
alcohol, placement of electrodes, and impedance check
(accepted when inferior to 5KQ). The reference electrode
was positioned on the right knee, over the styloid process
of fibula. The muscles monitored were RF, BF, and ST. Pairs
of electrodes with disposable surfaces were used (Kendall -
Meditrace - 100; Ag/AgCl; 2.2cm in diameter with a fixing
adhesive, in the bipolar configuration), for each muscle. The
electrodes were placed onto the muscle belly, parallel to the
muscle fibers and 2cm apart. For the RF, the electrodes were
attached at 50% on the line between the anterior superior
iliac spine and the upper part of the patella and, for the BF
and the ST, the electrodes were placed at 50% on the line
between the ischiatic tuberosity and the lateral and medial
epicondyle, respectively®. For the purpose of comparison,
the EMG signals were normalized based on the maximal
isometric activation of the hip extensors. To achieve that, all
participants underwent a maximal voluntary isometric con-
traction (MVIC) test before the aforementioned evaluation
protocol began. This consisted of performing two MVICs,
lasting five seconds each, with a 2-minute interval between
the MVICs, with the hip positioned at a 90° flexion. The
greatest MVIC was used as a reference for normalization.

Data analysis

To analyze the data, the EMG and electrogoniometry sig-
nals were submitted to a process of digital filtering with the aid
of the SAD32 software, version 2.61.07mp. For the EMG signal,
a third-order Butterworth band-pass filter was used, with cut-
off frequencies between 20 and 500Hz, whereas for the elec-
trogoniometry signal a moving average filter with a 3Hz cutoff
frequency was used. In order to keep the focus of the analysis
on the HE movement, the EMG curves were firstly divided ac-
cording to the start and finish of each repetition performed,
based on the angle positions recorded. For a more detailed
evaluation, the HE movement was divided into two parts,
which corresponded to 50% of the extension movement: first
half (H1) and second half (H2). The RMS value for each section
cut off from each repetition and for each half of the extension
was calculated, and afterwards the mean of those values was
computed, normalized and used for the statistical analysis.

The T, consists of the weight torque (T, ) of the segment
and the spring strength torque (T,), which is generated by the
strength of the spring and its respective perpendicular distance
in relation to the center of the hip rotation. For the calcula-
tion of the T}, FBDs of the thigh-leg-foot moving segment were
drawn. Based on those and on Euler’s equilibrium equation
(Equation 1), it was possible to establish a relationship between
the torques of the exercise. To estimate the T, the clockwise
torques were considered positive, whereas the counterclock-
wise ones were considered negative. Due to the low speed of
execution of the exercise, the situation was considered “almost-
static”, and every inertial effect involved was ignored.

T, +7T,~T,=0 (1)

In which:
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T =muscle torque
T, =segment weight torque
T=spring strength torque

The muscle torque is representative of the activity of the
muscles which cover the hip joint, and it is the net expression
of the recruitment of both the extensor and the flexor muscles.
The T, of the exercise, which opposes the muscle activity, is
given by the sum of the other torques. For the representation of
the T, equation 1 can be reformulated (equation 2).

TM:TSP_ TW (2)

The right-hand side of equation 2 represents the resistance
imposed on the segment involved. Under this approach, three
situations are possible: (1) T ,>T,, characterizing a T, in the
direction of the hip flexion, and consequently an extension
muscle torque; (2) T ,<T, characterizinga T, in the direction
of the hip extension, therefore a flexion muscle torque; and
(3) T,=T,, characterizing zero T, thus resulting in zero mus-
cle torque. Given the dynamic characteristic of the exercise,
in which the torques of the spring and of the weight of the
segment vary constantly, situation (3), if it occurred, would
take place for a very short lapse of time, and therefore may
be disregarded. The perpendicular distances of the strength
of the spring and the weight of the segment were obtained
from trigonometric relationships, by directly measuring the
hip angle throughout the range of motion, and, in the begin-
ning and at the end of the movement, by measuring the angle
between the spring and the human segment and the corre-
sponding distances. For the spring strength evaluation along
the entire arch of motion, we used trigonometric relationships
associated to the deformation coefficient determined by the
calibration®. The inertial parameters used (weight, position
of the center of mass, and of the segments involved, i.e. thigh-
leg-foot) were estimated based on the anthropometric tables
obtained in the literature*. The calculations necessary for
the quantification of the T were developed on Excel (version
1997, Microsoft Windows).

For the graphic representation of the simultaneous behav-
ior of the EMG with the T, during the evaluated exercise, the
filtered and normalized EMG signal underwent a softening
process in which the RMS value was calculated in 1-second
Hamming windows.

Statistics

The data were used by means of the SPSS 10.0 software. Ini-
tially, the variance equivalence was checked (Levenes test), and
then the data normality (Shapiro-Wilk). Once the adherence

to the normal model was confirmed, one-way ANOVA was ap-
plied to check the differences between the EMG activity of each
muscle (RF and BF) as follows:

1) Comparison of the EMG of the muscles tested during
the full HE movement, between positions 1 and 2; 2) com-
parison of the EMG of each muscle recorded in the first half
of the HE movement in position 1, with the first half of the HE
movement in position 2; 3) comparison of the EMG of each
muscle recorded in the second half of the HE movement in
position 1, with the second half of the HE movement in posi-
tion 2; 4) comparison of the EMG of each muscle recorded
in the first half of the movement with the second half of the
HE movement with the spring in position 1; 5) comparison
of the EMG of each muscle recorded in the first half of the
movement with the second half of the HE movement with
the spring in position 2. The level of significance adopted for
all tests was p<0.05.

Results

The T, had a very similar behavior for all individuals, with
small variations due to the inertial and anthropometric param-
eters of each participant, but which did not alter the line of
the T, curve in the exercise being evaluated (Figures 2 and 3).
Thus, with the spring in the high position, the T, was classi-
fied as descending and occurred in the “direction” of flexion,
and with the spring in the low position, the T, was classified as
descending until approximately 60° of hip flexion in the “direc-
tion” of the flexion, and after that, ascending in the “direction”
of extension.

Figures 2 and 3 show a behavior typical of the T, simul-
taneously with the EMG response obtained during the HE
for one individual. In general, the EMG had higher percent-
ages of activation for the BF and ST when compared to the
RF in the high position (Figure 2), and greater RF values
when compared to the BF and ST in the low position (Fig-
ure 3). By visually comparing the halves of the movement in
each spring position, it is possible to identify, in Figure 2, a
greater ascending EMG activation of all evaluated muscles
in the second half of the movement, during which the T, is
descending. Figure 3, however, shows that the RF activation
is greater than that of the extensors, particularly in the sec-
ond half of the movement, in which the T, occurred in the
direction of extension. These results were confirmed with
significance through statistical treatment and are displayed
in Tables 1, 2, and 3. Table 1 shows the total EMG results for
the muscle evaluated during the HE movement and the result
of the comparison between positions 1 and 2, separately for
each muscle. Table 2 shows the partial EMG results divided in
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Electric Activation (% MVIC)
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The positive values represent T, in the direction of flexion and the negative
values represent T in the direction of extension.
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The positive values represent T, in the direction of flexion and the negative
values represent T in the direction of extension.

Figure 2. Typical behavior of the resistance torque (T,) and the EMG
normalized for a representative of the sample during the exercise with
the spring in the high position of the Cadillac.

sections (H1 and H2) for the muscles evaluated during the HE
movement. In this table, the results of the comparisons be-
tween the positions for the same section of the same muscle
are shown in the last line, while the results of the comparison
between sections for the same position of the same muscle
are shown in the intermediate columns.

Discussion

Based on the differences in the T, behavior observed between
the two spring positions evaluated in this study, the muscles are
expected to generate different neuromuscular strategies to over-
come the resistance variation imposed on them and still provide

Table 1. EMG activity expressed in percentage of the maximum
voluntary isometric contraction (MVIC) of available muscles during hip
extension and results from comparison between positions 1 and 2.

Muscle Position 1 Position 2 p
RF 13.5+6.8 15.9+6.1 0.141
BF 78.3+39.5 16.3+7.7 0.000*
ST 77.9+26.7 25.0+9.3 0.000*

* significant differences (p<0.05).

Figure 3. Typical behavior of the resistance torque (T,) and the EMG
normalized for a representative of the sample during the exercise with
the spring in the low position of the Cadillac.

stability to the joints. In that sense, when comparing the EMG
signal of the muscles tested between positions 1 and 2, signifi-
cant differences were detected only for the group that comprises
the hip extensors, and the EMG activity of the BF and of the ST
in the high position was greater than the EMG activity found
for the BF and for the ST in the low position (p<0.05) (Table 1).
These differences in the EMG activity may have occurred due to
the reduced need to recruit motor units due to a lower external
demand of the extensor muscles evaluated, considering that, for
most of the ROM with the spring in the low position, the torque
of resistance was in the direction of extension.

When comparing the EMG signal of the muscles evaluated
between the positions, the differences found for the exten-
sor group were maintained in relation to the full movement
(Table 2). Nevertheless, that did not happen with the RF, which
had higher activation values for the spring in the low posi-
tion, when the first half of the movement was analyzed. It is
speculated that the greater RF recruitment in this section of
the movement, in which it is not a primary motor of the exten-
sion, is due to a greater need for control and stabilization of the
movement in response to the descending behavior of T, which
reaches zero in the first half of the movement.

Table 2. EMG activity expressed in percentage of the maximum voluntary isometric contraction (MVIC) of available muscles for each part of
available movement separately: first half of the movement (H1) and second half of the movement (H2). P values presented at the end of the column
refer to the comparison between positions for the same part of the same muscle. P values presented in the end of the line refer to the comparison

between the parts for the same position of the same muscle.

RF BF ST

H1 H2 p H1 H2 p H1 H2 p
Posicao 1 108:38 152494 0038°  475:194 1151617 0003  54.3:217 9261350 0.000*
Posigao 2 134153 176475 0.023* 16.1:89  159+7.2 0.865 283:151  20.7+4.7 0.088
D 0.015* 0.295 0.000* 0.000% 0.000* 0.000*

* significant differences (p<0.05).
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Also concerning the analysis of the response of the EMG
signal during the exercise in position 1 and contrary to the
theoretical expectation that there might be a greater recruit-
ment of motor units during the highest T , i.e. in H1, the hip
extensor group had larger EMG activity values in H2 (p<0.05)
(Figure 1A) (Table 2). Considering that the exercise was per-
formed in an extremely slow and controlled fashion, the greater
EMG activity of the extensor muscles in this section may be
explained by the greater need to perform posterior tilt of the
hip and support the lumbopelvic region as the thigh-leg-foot
segment came closer to the floor. In this situation, it is very
likely that other muscles, such as the gluteus and the abdomen,
contribute in synergism to prevent the pelvis from moving in
anterior tilt and the spine from executing a hyperextension. In
a rehabilitation program focusing on the stabilization of the
lumbopelvic region, where the posterior hip muscles need to
be strengthened, this exercise in the high position may be an
option for the initial phase of the treatment. With the spring in
the high position, the T of the exercise was descending, mean-
ing that the physical therapist can vary the external load on the
muscles during ROM and demand more when the muscles are
more stretched out, i.e. in a more favorable physiological situ-
ation for the production of muscle strength (strength-length
ratio)®. Furthermore, based on the results of the EMG activity,
the high position at the outset of a given treatment allows the
physical therapist to gradually induce the recruitment of motor
units as the patient executes the full extension of the hip, and
this result is obtained without increasing the external over-
load on the muscles and tendons (Figure 2). Thus, the treated
muscles are submitted to a safe and gradual neural adaptation
to the exercise, which is also an advantage when the main goal
is to treat an injury to the passive components of the posterior
muscles of the hip.

When the spring was set in position 2, the T, occurred in
the direction of flexion, and then changed to the direction of
extension (Figure 3). Hence, it is understood that the extensor
T, was balanced by the T,, generated, among other structures,
by the hip flexor muscle group. This mechanical characteristic
tends to produce a neuromuscular response different from
that observed in position 1, at least in respect to the levels of
activation of the hip extensor muscle group, which are not
primary motors of hip flexion. In this situation, the hip flexor
group is likely to be contributing eccentrically as primary mo-
tors, whereas the extensors increasingly act as stabilizers of the
hip joint. Although this study only include the EMG of a single
hip flexor muscle, the findings tend to confirm this hypothesis,
because the highest levels of EMG activity of the RF muscle
were found in H2 (p<0.05) (Table 2). It is interesting to note
that there were no differences in the activation of the BF and
ST muscles for position 2, which may indicate that, even if the

RF muscle contributes eccentrically as the primary motor of
the movement (preventing the mobile segment from “falling”),
the activation of the extensors takes over the task of maintain-
ing the desired joint stability for the exercise. These results
corroborate the principles defended by the Pilates method
that allows a combination of the activation of all the muscles
involved in a given exercise in order to achieve the best motor
strategy to stabilize the joints®?.. As a clinical application, the
exercise performed with the spring in position 2 may be recom-
mended for the rehabilitation of muscle-tendon injuries in run-
ners, such as tendinitis®. The most noticeable characteristic of
the exercise in the low position is the fact that the T  has alow
external demand, changing its direction along the ROM. This
may be an interesting strategy for the intermediate phase of a
rehabilitation program for eccentric strengthening of the hip
flexors. In this exercise, in the section where the T, is greater,
the flexors are stretched out (greater capacity to generate
strength)®, and the levels of EMG activity of the RF are higher
throughout the ROM (Figure 3). This indicates that there is a
greater contribution of the passive and active components in
the production of strength, a mechanism that is recommended
for the rehabilitation of this type of injury”?’.

The findings of the present study suggest that certain
changes in spring height during the hip extension exercise
on the Cadillac may be more suitable for a particular clini-
cal objective than for another. In other words, changing the
spring placement, as is commonly done in the clinical use of
Pilates, does not only change the “intensity” of the exercise
from weak to moderate, or from moderate to intense, it also
defines whether the muscles should be considered as primary
muscles or otherwise in the performance of a given movement.
Thus it interferes with the importance of the contribution of
passive and/or active structures to generate strength during
the exercise.

Conclusion

At this stage, it can be concluded that, in the general com-
parisons, the EMG analysis followed the T,. showing greater
values for the RF in the low position, and greater activation val-
ues for the BF and ST in the high position, where the external
demand was increased. However, in the partial comparisons
with the high spring, EMG activity was greater in the part of
the movement where there was less T,. With the spring in the
low position, even when the T, shifted its direction along the
ROM, the EMG activity levels were constant. The present study
may be the first step towards setting objective criteria (T, and
EMG) for the development of rehabilitation programs using
Pilates exercises.
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