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Muscle Activation During Four Pilates Core Stability Exercises
in Quadruped Position
Bergson C. Queiroz, MSc, Mariana F. Cagliari, PT, César F. Amorim, PhD, Isabel C. Sacco, PhD
ABSTRACT. Queiroz BC, Cagliari MF, Amorim CF, Sacco
IC. Muscle activation during four Pilates core stability exercises in quadruped position. Arch Phys Med Rehabil 2010;91:
86-92.
Objective: To compare the activity of stabilizing trunk and
hip muscles in 4 variations of Pilates stabilizing exercises in the
quadruped position.
Design: Repeated-measures descriptive study.
Setting: A biomechanics laboratory at a university school of
medicine.
Participants: Healthy subjects (N⫽19; mean age ⫾ SD,
31⫾5y; mean weight ⫾ SD, 60⫾11kg; mean height ⫾ SD,
166⫾9cm) experienced in Pilates routines.
Interventions: Surface electromyographic signals of iliocostalis, multifidus, gluteus maximus, rectus abdominis, and
external and internal oblique muscles were recorded in 4 knee
stretch exercises: retroverted pelvis with flexed trunk; anteverted pelvis with extended trunk; neutral pelvis with inclined
trunk; and neutral pelvis with trunk parallel to the ground.
Main Outcome Measures: Root mean square values of
each muscle and exercise in both phases of hip extension
and flexion, normalized by the maximal voluntary isometric
contraction.
Results: The retroverted pelvis with flexed trunk position
led to significantly increased external oblique and gluteus
maximus muscle activation. The anteverted pelvis with trunk
extension significantly increased multifidus muscle activity.
The neutral pelvis position led to significantly lower activity of
all muscles. Rectus abdominis muscle activation to maintain
body posture was similar in all exercises and was not influenced by position of the pelvis and trunk.
Conclusions: Variations in the pelvic and trunk positions in
the knee stretch exercises change the activation pattern of the
multifidus, gluteus maximus, rectus abdominis, and oblique
muscles. The lower level of activation of the rectus abdominis
muscle suggests that pelvic stability is maintained in the 4
exercise positions.
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OSEPH PILATES (1880 –1967) developed an exercise
Jprinciples
method based on a combination of Eastern philosophical
and movement techniques such as yoga, and West1

ern methods of body conditioning such as P. H. Ling’s medical
gymnastics.2 The purpose of this method is to develop the core
muscles through more than 500 stretching and strengthening
exercises that can be divided into 2 broad categories: mat and
apparatus exercises. The apparatus exercises require one to
exercise against resistance provided by the use of springs and
pulleys.3 One of the most used apparatuses is the reformer,
which consists of a sliding platform with attached springs that
allow variable resistance. The reformer allows the practitioner
to exercise in a sitting, reclining, or standing position. The
advantages of this equipment have been described elsewhere.4,5
Although some authors have discussed the important role of
local muscles (like the multifidus and transversus muscles), all
core muscles contribute to the optimal lumbar-pelvic stabilization needed for athletic performance, daily activities, and function.6 Diverse therapeutic exercises, called stabilization exercises, have been used to restore the dynamic control of external
and internal forces over the trunk.7-10 Other methods include
alternative body conditioning techniques such as Tai Chi, yoga,
and Pilates.11 The dynamic control of trunk muscles plays an
important role in preventing repetitive injury of intervertebral
disks, facet joints, and related structures.12
Stabilization exercises can be performed in a variety of body
positions. However, for the first stage of the rehabilitation
process, one of the most commonly recommended in the literature are those performed in 4-point kneeling, with the trunk in
a horizontal position and hands and knees touching the ground.
These exercises reduce spinal loads7,13-15 and train the recruitment pattern of specific trunk muscles.13,14,16-18
In the Pilates method, the exercises traditionally called knee
stretch are performed exclusively in the reformer apparatus19,20
in a quadruped position. These exercises are clinically recommended20-22 because they intend to challenge trunk muscle
stability to maintain upper trunk and pelvic postures while
cyclically moving the hips backward and forward extension
and flexion).19,23
Trunk muscle activation patterns during the performance of
the 4-point kneeling exercises have been studied by several
authors.14-16,24-28 In these exercises, progression toward a
greater challenge to core muscle control is achieved when
subjects are asked to raise16 one of their upper limbs or one of
their contralateral lower limbs, or both.
Although knee stretch Pilates exercises may be an alternative
method for developing dynamic control of the stabilizing trunk
muscles, little investigation about them has been reported in the
scientific literature.21,22 These exercises are intended to bring
the same benefits as traditional 4-point kneeling exercises, and

List of Abbreviations
MVIC
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maximal voluntary isometric contraction
surface electromyography
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Fig 1. Hip (A) and pelvic (B) electrogoniometer positions in 1 volunteer. Bipolar surface electromyographic electrode arrangement over (C)
gluteus maximus, multifidus, and iliocostalis muscles; (D) internal oblique, external oblique, and rectus abdominis muscles.

progression toward a greater challenge to core muscle control
is achieved by modifying pelvic and trunk postures, not by
changing the upper and lower limbs’ support to the ground as
the traditional exercise does. These Pilates exercises are performed pushing (in the hip extension phase) and resisting (in
the hip flexion phase) the 2 springs fixed in the reformer’s
carriage. These springs give an extra challenge to the muscles’
control of the trunk and lower limbs, which may be useful for
the rehabilitative process.5,20,21
The purpose of this study was to evaluate and to compare the
activation patterns of the trunk flexors and extensors and hip
muscles in 4 variations of the Pilates knee stretch exercises:
retroverted pelvis (posterior pelvic tilt) with flexed trunk; anteverted pelvis (anterior pelvic tilt) with extended trunk; neutral
pelvis with trunk inclined relative to the ground; and neutral
pelvis with trunk parallel to the ground. We hypothesized that
the changes in pelvic and trunk positions would produce different muscle activation patterns and that these different patterns could guide the choice of exercises throughout the rehabilitation process.
METHODS
Participants
Nineteen Pilates instructors and ballet dancers who had been
practicing Pilates exercises for at least 6 months with a minimum of 1 class per week (a total of 24 sessions) were evaluated
(12 women, 7 men; mean age ⫾ SD, 31⫾5y; mean weight ⫾
SD, 60⫾11kg; mean height ⫾ SD, 166⫾9cm). Their experience in Pilates was 3⫾2 years. Subjects were excluded if they had
reported lumbar pain in the past 2 years that had lasted more than
7 days, pain or disability in the upper or lower limbs, prior lower
back or abdominal surgery, or neuromuscular disorders, or if they
were found to have scoliosis, lower limb discrepancy, or postural

asymmetries. Informed written consent was provided by the subjects, and the research protocol was approved by the local ethics
committee (Protocol: 5067/07).
Data Recording
SEMG signals of the iliocostalis, lumbar multifidus, gluteus
maximus, rectus abdominis, and external and internal oblique
muscles were unilaterally recorded on the right side of the body
in both phases, hip extension and flexion, of the 4 exercises.
Disposable silver–silver chloride circular bipolar electrodesa
were used with an interelectrode distance of 20mm. The signal
was preamplified at the electrode location 20 times and sent to
an amplifiera that had a gain factor of 50, achieving a gain of
1000 for the SEMG signal.
Skin at the electrode fixation sites was abraded with alcohol
gauze and the electrode fixation was reinforced with transparent tape. The electrodes were placed over the following muscles (figs 1C and 1D) iliocostalis, 1 finger width medial from
the line from the posterior superior iliac spine to the lowest
point of the lower rib, at the level of L229; lumbar multifidus,
on a line from the caudal tip of the posterior superior iliac spine
to the interspace between L1 and L2, at the level of the L5
spinous process29; gluteus maximus, on the midline between
the sacral vertebrae and the greater trochanter, over the greatest
prominence of the middle of the buttocks29; rectus abdominis,
2cm lateral to the umbilicus30; external oblique, above the
anterior superior iliac spine at the level of the umbilicus10; and
internal oblique, 2cm inferomedial to the anterior superior iliac
spine within a triangle outlined by the inguinal ligament, the
lateral border of the rectus sheath, and a line connecting the
anterior superior iliac spines10. The ground electrode was
placed over the left anterior superior iliac spine.
Two biaxial electrogoniometers instrumented with strain
gaugeb were used to monitor the hip and lumbar-pelvic angle
Arch Phys Med Rehabil Vol 91, January 2010
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Fig 2. Knee stretch exercises. (A) Retroverted pelvis with flexed trunk. (B) Anteverted pelvis with extended trunk. (C) Neutral pelvis with
trunk inclined in relation to the ground. (D) Neutral pelvis with trunk parallel to the ground.

displacement during all exercises. The hip electrogoniometer
was fixed with the proximal endblock to the side of the trunk,
in the pelvic region, and the distal endblock to the thigh so the
axes of the thigh and the endblock coincided (fig 1A).31 The
distal endblock of the lumbar-pelvic electrogoniometer was
fixed over the left iliac crest, and the proximal endblock was
fixed over the midline of the floating ribs so that the axes of the
endblocks and the midaxillary line coincided (fig 1B).31
For normalization purposes, before the performance of the
exercises, 4 seconds of electromyographic data were recorded
for each muscle while the subjects performed MVICs against
manual resistance. The highest mean value during 500ms from
the 2 central seconds window from 2 trials of each muscle was
chosen as the representative MVIC. For iliocostalis and lumbar
multifidus muscles, trunk extension was performed in a prone
position, with the lower limbs restrained and maximum resistance applied to the upper back.29 For the gluteus maximus
muscle, in a prone position, the right lower limb was extended
and lifted against maximum resistance applied to the distal
leg.29 For the rectus abdominis muscle, the upper trunk was
maximally flexed (ie, curl-up position) with maximum resistance applied to the shoulders in the trunk extension direction,
with knees flexed 90° and feet restrained.10 For the external and
internal oblique muscles, the trunk was maximally flexed and
rotated to the left and to the right side, with maximum resistance at the shoulders in the opposite direction of rotation, in a
supine position, with knees flexed 90° and feet restrained.10
Arch Phys Med Rehabil Vol 91, January 2010

Exercise Procedures
The exercises were performed in the reformerc apparatus,
which consists of a sliding platform with attached resistive
springs on which the subject stood in a quadruped position. Hip
extension moves the carriage backwards against the spring’s
resistance, which offers a pull that should be resisted in the hip
flexion phase. The subjects were instructed to keep breathing
normally and to keep a pace of 50 beats/min, as measured by
a metronome. This pace was adopted because it matched the
pace in which the subjects usually performed these exercises
and was the most comfortable to their expertise. Hip extension
achieved by all subjects for all exercises was approximately
50°⫾5°, except for the exercise with the pelvis in retroversion
and the trunk in flexion, in which hip extension was approximately 33°⫾11° for all subjects.
The knee stretch exercises were performed in 4 ways: (1)
with the subject’s trunk inclined to the ground, with a retroverted pelvis (posterior pelvic tilt) and flexed trunk (fig 2A); (2)
with an anteverted pelvis (anterior pelvic tilt) and extended
trunk (fig 2B); (3) with the pelvis in a neutral position and the
trunk inclined relative to the ground (fig 2C); and (4) with the
pelvis in a neutral position and the trunk parallel to the ground
(fig 2D).
The anteverted pelvic position was determined when the
subject was in a quadruped position in a bathing suit, and the
subject was asked to perform the maximal pelvic anteversion
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Table 1: Normalized Root Mean Square Values (% MVIC) of the Knee Stretch Exercises in the Hip Extension and Flexion Phases, and P
Values From Interexercise Comparisons*
Muscle

Multifidus
Gluteus maximus
Rectus abdominis
External oblique
Internal oblique
Iliocostalis

Phase

RPFT

APET

NPTI

NPTP

P

Extension
Flexion
Extension
Flexion
Extension
Flexion
Extension
Flexion
Extension
Flexion
Extension
Flexion

17.92⫾11.60
9.95⫾7.47
40.89⫾26.50
28.34⫾18.83
10.40⫾9.21
11.26⫾10.08
43.00⫾40.21
47.37⫾45.82
33.19⫾14.85
39.82⫾28.72
20.23⫾17.64
14.40⫾12.63

38.85⫾17.70
34.22⫾17.94
17.81⫾10.98
11.05⫾9.74
7.90⫾4.47
7.39⫾7.14
32.00⫾24.28
23.56⫾17.90
32.73⫾21.86
30.22⫾22.72
20.53⫾15.57
22.28⫾18.57

29.55⫾16.05
25.06⫾17.79
17.59⫾14.26
10.74⫾8.76
8.94⫾7.91
6.82⫾6.15
29.67⫾24.74
26.50⫾23.07
24.02⫾16.60
28.08⫾22.61
18.30⫾16.37
12.88⫾8.98

22.70⫾13.93
24.90⫾18.06
13.62⫾11.49
7.93⫾7.66
6.95⫾4.33
5.82⫾4.27
27.07⫾17.33
21.63⫾13.04
25.24⫾14.75
27.83⫾25.25
17.01⫾15.84
15.94⫾12.31

.001
.001
.013
.004
.018
.160

NOTE. Values are mean ⫾ SD. The P values represent results of testing with analysis of variance.
Abbreviations: APET, anteverted pelvis with extended trunk; NPTI, neutral pelvis with trunk inclined relative to the ground; NPTP, neutral
pelvis with trunk parallel to the ground; RPFT, retroverted pelvis with flexed trunk.
*Post hoc Honestly Significant Difference Tukey.

that would be possible to maintain during the exercise. The
same procedure was followed for pelvic retroversion. The
neutral pelvic position was determined when the subject was in
a stand-up position in a bathing suit, and, under visual inspection, the examiner aligned both anterior superior iliac spines in
the same horizontal plane and aligned these spines with the
pubic symphysis in the same frontal plane.32
During the performance of each exercise, the examiner provided verbal feedback about the pelvic position based on the
online electrogoniometer angular displacement. During the anteverted pelvis and extended trunk exercise, trunk inclined
relative to the ground exercise, and trunk parallel to the ground
exercise, 10° of pelvic angular displacement was accepted.
During the retroverted pelvis and flexed trunk exercise, 25°
was accepted because the subjects could not maintain the
retroverted pelvic position during hip extension. The position
of posterior pelvic tilt implies that the hip is already extended
in the beginning of this exercise; consequently, the exercise’s
range of motion is performed with the aid of the lumbar spine
movement.
Twelve valid repetitions of each exercise variation were
performed to reduce variability. The exercises were performed
in the following order: the neutral pelvic exercises initiated the
sequence in a random order (trunk inclined relative to the
ground exercise and trunk parallel to the ground exercise); after
that, the retroverted pelvis and flexed trunk exercise and the
anteverted pelvis and extended trunk exercise were performed
in a random order.
Data Analysis
The SEMG and electrogoniometer signals were acquired and
synchronized by a 12 bits analog-to-digital converterd at a
sampling rate of 2kHz.
In a custom-written Matlabe function, hip angular displacement was used to determine the hip extension and flexion
phases in the electromyographic signal. The raw electromyographic signal for each phase of each exercise was digitally
band-pass filtered (10 –500Hz), full-wave rectified, and normalized by the MVIC. From each one of these intervals, the
root mean square value was calculated and expressed as a
percentage of an MVIC. Each exercise and muscle was represented by the mean value of 12 cycles per subject.

Statistical Analysis
After confirming the normal distribution of data (Kolmogorov-Smirnov test) and homogeneity of variances (Levene’s
test), the exercises and phases were compared using a 2-way
analysis of variance for repeated measures (2 ⫻ 4), for 2
phases, hip extension and flexion, and for the 4 exercise variations, followed by the Honestly Significant Difference Tukey
post hoc test (␣⫽.05).
RESULTS
There was significant interaction between exercise variations and movement phases for the activity of the lumbar
multifidus (P⫽.001), gluteus maximus (P⫽.001), rectus abdominis (P⫽.013), and external (P⫽.004) and internal
oblique (P⫽.018) muscles (table 1). There was no significant effect between either exercises or phases for the iliocostalis (see table 1).
The multifidus muscle presented significantly higher activity
(P⬍.001) in the anteverted pelvis and extended trunk exercise
compared with the other exercises during both extension and
flexion phases. This muscle also showed significantly higher
activity (P⬍.001) in the neutral pelvis with trunk inclined
relative to the ground exercise compared with the exercise with
retroverted pelvis and flexed trunk in both phases, and compared with the exercise with neutral pelvis with trunk parallel
to the ground (P⬍.05) in the hip extension phase. During the
retroverted pelvis and flexed trunk exercise, multifidus activity
was higher during the hip extension phase compared with the
flexion phase (P⬍.05).
Gluteus maximus activity was significantly higher (P⬍.001)
in the retroverted pelvis and flexed trunk exercise compared
with the other exercises during both phases. Activity was
higher in this muscle in the hip extension phase when compared with the flexion phase during all exercises (retroverted
pelvis and flexed trunk, P⬍.001; anteverted pelvis and extended trunk, P⬍.001; neutral pelvis with trunk inclined relative to the ground, P⬍.05; and neutral pelvis with trunk parallel
to the ground, P⬍.05).
Rectus abdominis activity was significantly higher in the
retroverted pelvis with flexed trunk exercise when compared
with the anteverted pelvis and extended trunk exercise (P⬍.05)
and the neutral pelvis and trunk parallel to the ground exercise
Arch Phys Med Rehabil Vol 91, January 2010
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(P⬍.001) during both phases. In the retroverted pelvis with
flexed trunk exercise, the rectus abdominis activity was also
significantly higher (P⬍.001) when compared with the neutral
pelvis and trunk inclined relative to the ground exercise during
the hip flexion phase. There was no significant difference
between both phases during all exercises.
Compared with the other exercises during both phases, the
external oblique muscle showed significantly higher activity
(P⬍.001) in the retroverted pelvis with flexed trunk exercise.
Its activity was higher in the anteverted pelvis and extended
trunk exercise during the hip extension phase compared with
the flexion phase (P⬍.05).
The internal oblique demonstrated significantly higher activity (P⬍.001) in the retroverted pelvis and flexed trunk exercise
when compared with the neutral pelvis exercises (trunk inclined relative to the ground exercise and trunk parallel to the
ground exercise) during both phases and compared with the
anteverted pelvis and extended trunk in the flexion phase.
Activity in this muscle was also significantly higher (P⬍.001)
in the anteverted pelvis with extended trunk exercise compared
with both exercises in neutral pelvis in the extension phase.
Internal oblique muscle activity was higher in the exercise with
retroverted pelvis and flexed trunk during the flexion phase
compared with the extension phase (P⬍.001).
DISCUSSION
The purpose of this study was to compare the activation
patterns of the trunk flexors and extensors and hip muscles
during 4 different Pilates knee stretch exercises with pelvic and
trunk posture variations. The results showed evidence to support our initial hypotheses that the proposed trunk and pelvic
position variations would alter the activation of the multifidus,
gluteus maximus, rectus abdominis, and oblique muscles, although our results did not confirm the positions’ influence on
the iliocostalis muscle. Pelvic retroversion and trunk flexion
consistently increased external oblique and gluteus maximus
muscle activity but, in comparison with the other trunk and
pelvis positions, decreased multifidus muscle activity. Also,
rectus abdominis muscle activity was generally higher in this
position of pelvis retroversion and trunk flexed. Multifidus
activity increased substantially during trunk extension and pelvis anteversion. Particularly, the neutral pelvis posture with
trunk parallel to the ground promoted activity of the gluteus
maximus, rectus abdominis, and oblique muscles to a lesser
degree compared with the other pelvis and trunk positions.
Based on anatomic architectural analysis and intraoperative
measurements, Ward,33 Rosatelli,34 and Bojadsen35 and colleagues proposed that the multifidus muscle is an important
lumbar extensor and a key muscle for lumbar stability. Arokoski et al25 reported that the lumbar multifidus is activated for
34% of the MVIC during dynamic Roman chair–type extension
exercise. We also observed high extensor activity of the multifidus muscle of about 39% of the MVIC in the anteverted
pelvis with extended trunk exercise. In the Roman chair–type
exercise, one’s pelvis and lower limbs are supported although
the trunk is not. On the other hand, in the knee stretch exercises, one’s limbs are symmetrically supported, which may be
an advantage to therapeutic intervention strategies.
Changes in pelvic position from retroversion (retroverted
pelvis and flexed trunk) to neutral (with trunk inclined relative
to the ground), and changes from neutral pelvis to anteverted
pelvis with trunk extended promoted a significant increase in
multifidus activity, from 18% to 39% of the MVIC, particularly
in the hip extension phase. From all these results, we suggest
that the multifidus activity is related to the increased trunk
extension and to movement from retroverted to neutral, and
Arch Phys Med Rehabil Vol 91, January 2010

from neutral to anteverted pelvis, consistent with its role as a
local muscle (ie, responsible for the control of the curvature
and sagittal stiffness of the lumbar spine) in Bergmark’s theory.36 In the retroverted pelvis and flexed trunk exercise, the
multifidus muscle is elongated because of the trunk flexion and
retroverted pelvis, which may be responsible for its lower
activity.
Concerns about the association between gluteus maximus
muscle dysfunction and chronic low back pain led Rydeard et
al22 to propose therapeutic use of the Pilates exercises in a
neutral pelvis position, including the knee stretch exercise in
the reformer apparatus. These authors suggested the addition of
exercises out of the neutral pelvis for treatment progression.
The knee stretch exercise in the neutral pelvis position and
trunk parallel to the ground may be recommended for a gluteus
maximus activation between 7% and 17% of the MVIC. The
knee stretch exercise in the retroverted pelvis position and
flexed trunk could increase gluteus maximus activity up to 40%
of the MVIC. However, animal studies support the notion that
disk herniation may be caused by repeated flexion motions,37,38
and the range of motion of this exercise is performed through
a greater pelvic movement (25°) than in the other knee stretch
variations (10°). Therefore, in the Pilates method, other exercises than the retroverted pelvis and flexed trunk exercise
should be studied for an increase in gluteus maximus activity
from a therapeutic point of view.
The knee stretch variations with neutral pelvis and the exercise with anteverted pelvis and extended trunk did not promote significant changes in rectus abdominis muscle activity,
which was below 9% of the MVIC. Similarly, Stevens et al14
found a constant level of activity of the rectus abdominis
muscles, below 5% of the MVIC, during changes in position of
the upper and lower limbs during a traditional quadruped
exercise. According to McGill,7,39 the rectus abdominis muscle
is the main trunk flexor. In addition, the rectus abdominis
fascial sheath is an important force transmitter from the lateral
obliques and an “anchor” to these muscles. The exercise with
retroverted pelvis and extended trunk indeed demonstrated a
significantly higher activity of the rectus abdominis muscle,
although it was not of a high intensity (11% of the MVIC).
The results of the present study suggest that the multifidus
and oblique muscles are more involved with changes in the
position of the pelvis and trunk (with maximum activity of 39%
of the MVIC in the anteverted pelvis exercise and 47% of the
MVIC in the retroverted pelvis exercise, respectively), while
the rectus abdominis muscle is mainly responsible for pelvic
stability in all knee stretch exercises and for control of the
extensor torque generated by hip extension on the sliding
platform of the reformer.
Urquhart et al40 demonstrated that, compared with the contraction effort of the abdominal muscles in a neutral pelvis
position, abdominal exercises with a posterior pelvic tilt, similar to the retroverted pelvis and flexed trunk exercises, promoted predominant activity of the external oblique muscles. In
the same way, in the results of the present study, we observed
increased external oblique muscle activity with the position
change from neutral to retroverted pelvis (27% to 43% of the
MVIC in the extension phase). However, a simultaneous increase in internal oblique muscle activity was also observed
(25% to 33% of the MVIC in the extension phase). This fact
suggests that these 2 muscles perform in a synergistic way to
keep the retroverted pelvis with flexed trunk.
We, however, observed high internal oblique muscle activity
both in the knee stretch exercises with anterior and posterior
pelvic tilt (32% and 33% of the MVIC, respectively) in comparison with the exercises with neutral pelvis, in the extension
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phase. The external oblique muscle is more active with the
exercise with posterior pelvic tilt and flexed trunk solely. A
possible explanation for this difference in oblique muscles
activity is that the internal oblique activity could be more active
to restrain pelvic position against the hip extensor momentum
in the anteverted pelvis with extended trunk exercise. Therefore, the internal oblique muscle could have a greater role in
controlling pelvic position than the external oblique muscle.
According to McGill,7 activation of about 10% of MVIC or
even less of the trunk muscles is sufficient for stability purposes, considering activities of daily living. The knee stretch
exercises promoted activity well above this value for most of
the muscles studied, except for the rectus abdominis muscle. It
should also be observed that muscle activities during these
exercises are above the intensities reported in several quadruped exercise studies14,27,41 where the rectus abdominis muscle
intensity was below 5% of the MVIC.
The knee stretch exercises with neutral pelvis could be indicated for stabilization purposes in the initial phase of the rehabilitation process and also from the point of view of motor control,
maintenance of pelvic position, and dissociation between pelvic
position and hip movement. The knee stretch exercise with anteverted pelvis and extended trunk could also be recommended for
stabilization purposes, to challenge the multifidus and internal
oblique muscles’ training action, in addition to the dissociation
between pelvic position and hip movement.
Repeated extension has been used by manual therapists to
assist in returning displaced portions of a herniated disk back to
its center, following the McKenzie approach.42 Based on an
animal model, Scannel and McGill38 found scientific basis to
support this practice. It may open the possibility that the knee
stretch exercise with anteverted pelvis and extended trunk
could help with the centralization of prolapsed disks in addition
to its function as a stabilization and multifidus muscle strengthening exercise.
Further studies conducted with patients with lumbar dysfunctions should be done to determine whether the present
results would be the same and contribute to a further discussion
about the rehabilitation implications of the muscle patterns of
activation.
In the traditional 4-point kneeling exercise, extending one
lower limb and raising the contralateral upper limb challenge
the ability of the extensor muscle to maintain control and
produce force, although in an asymmetric way.16,24-27,43-45 This
modification also increases the compressive and shear forces
over L4 to L5,24,28 which may not be recommended for some
stages of the rehabilitative process. Knee stretch exercises may
increase extensor action in a more symmetric way because of
the symmetrical support of the limbs on the ground. In addition, it may be possible to better control the intensity of the
compression and shear forces in the lumbar vertebrae as a
result of controlled hip extension movements when the subject
resists the sliding platform in the reformer. However, confirming these hypotheses will be possible only with studies that
evaluate bilateral muscle activity and the lumbar compression
and shear forces.
CONCLUSIONS
Variations in the pelvic and trunk positions in the knee
stretch exercises change the activation pattern of the multifidus,
gluteus maximus, rectus abdominis, and oblique muscles. The
lower level of activation of the rectus abdominis muscle suggests that pelvic stability is maintained in the 4 exercise positions.
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The neutral pelvis position with the trunk parallel to the
ground promotes multifidus, gluteus maximus, and oblique
muscle activity from 8% to 28% of the MVIC.
In the anteverted pelvic position with extended trunk, multifidus muscle activity was increased, consistent with this muscle’s role as an important lumbar extensor.
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