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Simple Summary: Exercise is important in helping people with chronic low back pain to regain
wellness. General exercises such as cycling and strength training helps with the condition but require
a longer time to achieve meaningful improvements in pain and function. Movement preference is
potentially useful in exercise and can help an individual to achieve improvements faster. The Clinical
Pilates exercise method uses movement preference and thus is a hybrid of two of the best exercise
techniques in managing chronic low back pain. However, current studies in Clinical Pilates are
lacking and thus challenge the translation of the technique into clinical practice. Hence, a narrative
review of the theory of the Clinical Pilates exercise method is examined, and current literature is
reviewed to provide a guide towards successful exercise prescription. A structured approach to
physical assessment of human movement is proposed to guide clinicians or researchers involved in
exercise prescription to design effective exercises. The structured assessment approach also helps
with managing clinical cases with multiple episodes of injuries. Despite limited evidence, the Clinical
Pilates exercise method is safe and provides faster and earlier recovery and the same longer term
outcomes as general exercises.

Abstract: Exercise plays an important role in rehabilitating people with chronic low back pain.
Aerobic exercise and resistance training are general exercise strategies to manage chronic low back
pain, but these strategies require longer intervention period to achieve clinical outcomes in pain
reduction and functional improvements. Directional preference is recognised as an important exercise
strategy in managing low back pain. The Clinical Pilates exercise method leverages on the directional
preference of an individual to achieve clinical outcomes faster. Clinical Pilates is a hybrid of two
of the best exercise interventions for low back pain, which are general Pilates and the McKenzie
method. Due to the scarcity of Clinical Pilates literature, a review of its theory and studies was
undertaken to provide a structured guide to the technique in managing people with chronic low
back pain. Hypothetical algorithms are developed to support translation into clinical practice and
future research studies. These algorithms are useful in the management of complex cases involving
multiple directional trauma. Although limited, current evidence suggests that the Clinical Pilates
exercise method is safe and provides faster functional recovery in the early stage of rehabilitation
and similar longer term outcomes as general exercises.

Keywords: exercise science; physiotherapy; rehabilitation; lumbago; motor control

1. Introduction

Chronic low back pain (LBP) is a common musculoskeletal pain disorder that affects
most adults and has the highest prevalence (65%) among other chronic musculoskeletal
pain disorders [1]. Although spinal degeneration is a common aging process, about 90%
of the LBP cases in primary care were not associated with a specific structural cause [2,3].
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Thus, these cases were classified as non-specific chronic LBP [4]. Impairment to the motor
control of the body could lead to non-specific LBP [5]. Hence, exercise continues to be a
main conservative management strategy for non-specific chronic LBP [6,7]. Among the
exercise strategies, there is an increasing trend in the use of Pilates exercises to manage
non-specific chronic LBP [8–10]. However, a few variations of Pilates intervention exist
in the management of non-specific chronic LBP [11–13], in which their approaches were
not explored in systematic reviews [9,10]. The gap in exploring how the intervention
approaches work was similarly identified in a recent review on motor control exercises for
adults with non-specific LBP [14].

A research survey revealed that physiotherapists perceived direction-specific exercise
as an important consideration in exercise prescription for people with non-specific chronic
LBP [15]. However, a majority of fresh physiotherapy graduates are not prepared to pre-
scribe exercises for people with musculoskeletal pain [16]. The Clinical Pilates exercise
method is trademarked by Dance Medicine Australia (DMA) and developed based on
the directional preference of an individual with musculoskeletal pain or movement dys-
function [17,18]. A recent systematic review found that general Pilates and the McKenzie
method were more efficacious among other exercise interventions [19], and they form
the foundation of the DMA Clinical Pilates exercise method. The DMA Clinical Pilates
subjective assessment is aligned with physiotherapy practice and has a strong emphasis
on the use of a body chart, easing factor of pain, aggravating factor of pain and trauma
direction or mechanism of injury [18]. In objective assessments, the movement based
classification and treatment (MBCT) approach can complement the conventional phys-
iotherapy objective assessment approach [17]. The assessment primarily evaluates the
lower quadrant (lumbopelvic structures) movement control instead of lower back (lumbar)
impairments. The MBCT approach uses exercises to assess the movement directional
preference of an individual and thus determines the optimal rehabilitative exercise plan for
a person. However, previous studies on directional preference are limited to either flexion
or extension of the spine for unilateral limb movement, which is either left or right [17].
Clinically, directional preference also exists for trunk lateral flexion and rotation, and these
two directions are less explored in the current literature.

This review aims to summarise and rationalise the use of the MBCT approach in
clinical practice. Findings from this review can provide structured concepts of the DMA
Clinical Pilates exercise method for clinicians or exercise specialists to prescribe rehabilita-
tive exercises for patients with chronic LBP.

2. Materials and Methods

A narrative review approach was used because of the scarcity of literature in the
investigation of Clinical Pilates for LBP. A literature review was conducted to explore for
existing literature that had investigated the Clinical Pilates exercise method for people with
non-specific chronic LBP. A search strategy was used: [low back pain (MeSH)] AND [clini-
cal pilates] AND [adult] AND [non-specific] AND [chronic]. This was performed in June
2021 using MEDLINE/PubMed, Cochrane Database of Systematic Reviews/CENTRAL
and Cumulative Index to Nursing and Allied Health Literature (CINAHL) for any relevant
full-text publications without restriction on the year of publication. The search yielded only
two randomised controlled trials (RCT) using the DMA Clinical Pilates method [11,20].
A PRISMA flowchart is shown in Figure 1, and the list of excluded studies yielded from
each database can be found in Supplementary File S1. Grey literature search using Google
Scholar yielded a single-arm Clinical Pilates study [18]. The included studies were ap-
praised with the Physiotherapy Evidence Database (PEDro) scale for their quality, and their
PEDro scores can be found in Supplementary File S2 (Table S1). Studies from the search
yield were synthesised for their exercise principles—exercise type, frequency, intensity
and duration. Thereafter, the study characteristics are tabulated in Supplementary File S2
(Table S2). This narrative review is structured based on the MBCT approach of the Clinical
Pilates exercise method of classifying people with chronic LBP.
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3. Practical Considerations
3.1. Directional Trauma—Clinical History Taking

Directional trauma (or mechanism of injury) of the lower back is categorised by three
axes: (1) transverse axis (flexion or extension), (2) anteroposterior axis (lateral flexion to left
or right) and (3) longitudinal axis (rotation to left or right), as shown in Figure 2. Exercising
in this direction increases pain and movement dysfunction [17], so directional trauma
can be used to recognise contraindicated exercises in the early phase of rehabilitation. An
individual can have more than one directional trauma, which is a combination of transverse,
anteroposterior and/or longitudinal axes.

3.1.1. Transverse Axis Trauma

Movement that involves bending forward (trunk and hip flexion) or backward (trunk
and hip extension) can result in injury. The high prevalence of non-specific chronic LBP
could result from motor coordination impairment of several muscles during movement [21].
Muscles in the hip or pelvis region potentially influence low back stability with or without
painful symptoms.
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In standing—for instance, bending forward to pick up a pen on the floor with the knee
extended—the movement can be limited by muscles crossing two skeletal joints, commonly
muscles that attach to pelvic and tibia bones (hip and knee joints). The shortened rectus
femoris muscle at the knee reduces its ability to tension at the hip into flexion due to
active insufficiency [22]. Concurrently, the lengthened hamstrings muscle at the knee
experiences passive insufficiency that limits its lengthening into the hip flexion [22]. The
limitations of the rectus femoris and hamstrings muscles can lead to compensation by the
thoracolumbar spine to flex to end range, which can result in the relaxation of the erector
spinae muscles at terminal movement [23,24]. The sudden relaxation of the erector spinae
muscles leads to abnormal loading on passive structures such as intervertebral disc and
vertebrae facet joint [23]. In response to harm, the erector spinae muscles may react with a
spasmic response (hyperactivity) to resist trunk flexion movement [24,25]. In this instance,
the spasmic muscle may potentially result in painful symptoms. In contrast, individuals
with greater spinal flexion and hip flexion flexibility were better protected against erector
spinae relaxation because terminal flexion was not reached [26]. However, it is unclear if
an individual with greater trunk flexion flexibility is at a lower risk of flexion trauma.

Identifying directional trauma is a challenge. Figure 3 illustrates a football tackle by
a defender on the striker. There can be several permutations of directional trauma with
other axes, as well as the unilateral trauma. Specific to the transverse axis, the left lower
quadrant of the striker is a contact injury into extension, while the right lower quadrant
can be a non-contact injury into flexion. In either trauma possibility, the symptomatic side
is not always indicative of the side with movement dysfunction. A rehabilitation exercise
plan that has exercise movements similar to the directional trauma can lead to adverse
outcomes (e.g., increased pain and worsened movement performance) [17]. Thus, using
movement-based assessment to identify directional preference potentially hastens specific
rehabilitation exercise prescriptions.
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3.1.2. Anteroposterior Axis Trauma

Movement trauma into trunk lateral flexion can couple with the transverse axis trauma,
which is then classified as a unilateral (one-sided) injury. To illustrate the trauma with axes
coupling, a challenge from the right and behind can result in the player receiving the rugby
ball to sustain right trunk lateral flexion trauma and trunk extension trauma (Figure 4).
There may not be a specific muscle that becomes impaired, but it is likely that injury arises
from several muscles that failed to function together after the injury [21].
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Specific to trunk lateral flexion, movement can be limited to either side of the trunk
after injury. The asymmetrical movements between left and right lateral flexion were found
among people with non-specific chronic LBP in past and recent cohort studies [27,28].
The inability of the injured side quadratus lumborum muscle to function normally as an
antagonist could result in the asymmetry of trunk lateral movement [29]. In Figure 4, due
to the potential left quadratus lumborum muscle strain in the player receiving the ball, it is
likely that the trunk range of motion into right lateral flexion will be reduced. However,
physiotherapy diagnosis of a single muscle as impairment can be a subset of motor coor-
dination impairment. The variability in electromyography readings of muscle activities
were not consistent in explaining trunk lateral flexion asymmetry [29]. Thus, range of
motion of the trunk provides valuable information in movement-based assessments in
Clinical Pilates.

3.1.3. Longitudinal Axis Trauma

In the longitudinal axis, trunk rotation occurs. Similar to the two aforementioned axes,
unilateral rotation trauma can couple with either or both of those axes. Trunk rotation
movement in the seated position can result in muscle strain due to fatigue or sudden
movement [30]. In the anatomical position, left internal oblique and right external oblique
muscles are primary anterior muscles for trunk movement into left rotation. In healthy male
adults, the highest activation during left trunk rotation was from the right external obliques,
whereas healthy female adults displayed higher activation from the right internal oblique
muscle [30]. The higher activation of right internal oblique muscle (antagonist) found in
healthy female adults is unexpected, which possibly indicates latent motor coordination
impairment that can then lead to future injury incidence. A similar trunk rotation injury
affecting the antagonistic internal oblique muscle was found in a tennis player [31], but
abdominal muscle injury is considered rare among the athletic population [32].

In contrast to the anatomical position, left trunk rotation in the seated position did
not show primary involvement of the left internal oblique muscle [30]. One possibility
is that in the seated position, the internal oblique muscle is shortened as compared to
the anatomical position. Although active insufficiency is commonly used to describe
peripheral muscles, the fast dip and rapid fatigue of the left internal oblique muscle in
the study showed that trunk muscles attaching to the pelvis can experience a similar
phenomenon [30]. In physiotherapy practice, such variances in motor control can result
from the maladaptation of muscles to coordinate and perform trunk movements [21]. Thus,
even in healthy individuals, the muscle activation patterns to perform trunk movement can
vary. So, the MBCT approach is not limited to people with chronic LBP and is potentially
useful in identifying healthy individuals who may be at risk of directional trauma.

3.2. Directional Preference—Movement Assessment

It is widely known that conventional Pilates exercises aim to retrain motor coordi-
nation through strength and endurance conditioning using a variety of movements. In
contrast, the Clinical Pilates exercise approach involves directional preference in exercise
prescription, which is exercising into pain-free direction or movement that is easy to per-
form [17]. The improvement in movement control during functional tests could result from
improvement in the motor coordination of several muscles [33]. It is difficult to generalise
the improvement of a specific muscle via electromyography [34]. As such, non-specific
chronic LBP can result from muscle dysfunction from above or below the lower back in
complex musculoskeletal cases.

Directional preference is the opposite of directional trauma. Routine medical or
physiotherapy assessments of the lumbar spine movements (active range of motion into
trunk flexion/extension, lateral flexion and rotation) provide preliminary insights to which
movements show better range and result in lesser pain (preference). Clinical Pilates
practitioners use the diagnostic bullseye (Figure 5a) to help chart the directional trauma
and preference. In Figure 3, if the directional trauma from the tackle is identified as left
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extension trauma, (in red), then the movement-based assessment finding will be directional
preference into right trunk flexion (in green), as shown in Figure 5b. Although symptomatic
pain is on the left trunk, motor coordination impairment can be identified on the right lower
quadrant, and exercises are prescribed into right lumbopelvic flexion. This provides an
example of when conventional rehabilitation exercise approachs may fail to achieve desired
clinical outcomes because intervention is typically prescribed for the symptomatic left
trunk and lumbopelvic structures. In contrast, a Clinical Pilates practitioner will recognise
the movement dysfunction on the right that can remain asymptomatic and prescribe only
right lower quadrant exercises in the early stage of rehabilitation. Understandably, the
mechanism of injury might be unclear or not be recalled by a patient. Then directional
preference can first be identified to help predict the directional trauma, which can save
time through the reduction of assessments to perform [35].
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3.3. Assessment Algorithms

Only one study investigated a potential algorithm in the use of the Clinical Pilates
approach for objective assessment in physiotherapy practice [17]. We pooled together in
Table 1 a list of common Clinical Pilates exercises used in the movement-based assessments.
Functional tests such as single-leg squat and single-leg hop are used to observe for postural
instability to identify the suspected problem side [17]. The supine roll-up exercise assesses
a person for trunk flexion directional preference. If the heel of the person lifts off while
rolling up, the person is unlikely to favour trunk flexion movements [17]. However, their
study did not pursue the use of lower limb movement exercise to categorise unilateral
flexion directional preference. Instead, the trunk is placed into lateral flexion to perform a
roll-up exercise to determine unilateral bias; the side of lateral flexion that demonstrates
better movement quality is the directional preference [17]. In clinical practice, the use of
the bug leg exercise is also used to observe for the side with better movement quality [36],
which is the problem side. We suggest an alternative transverse axis assessment algorithm,
as shown in Supplementary Sile S3 (Figure S1). The rationale is that the problem side
muscles serve as stabilisers for the lumbopelvic girdle because the convex sacrum is an
unstable support. The problem side stabilisers will then result in poor movement control in
the contralateral limb (non-problem side). Palpation technique complements the movement
assessment through the finger pulp to feel for abdominal muscle contractions and identify
the movement side with the least contractions (most stable), which is the problem side.
Understandably, this rationale is counter-intuitive compared to the conventional approach,
which advocates for training on the side with poor movement control.
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Table 1. Summary of Clinical Pilates exercises used in lower quadrant movement-based assessment (excluding upper
quadrant variations).

Exercises Directional Preference
Assessed (Axes) Descriptions

Roll-up
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arms by the side of body and 
hip knee/knee bent with feet 
firmly placed on flat surface 
[Starting pose]. 
2. Person straightens knee of 
one leg to between 45 to 60 
degrees hip flexion. 
3. At terminal knee extension 
[Ending pose], the person 

Variations:
(i) With one side knee bend;
(ii) With trunk lateral flexion to one side;
(iii) Combination of (i) and (ii).

Flexion or mid-range flexion
(transverse axis).
Variations:
(i) Unilateral flexion
(transverse axis);
(ii) Unilateral flexion or
mid-range flexion with lateral
flexion (transverse and
anteroposterior axes);
(iii) Unilateral flexion with
lateral flexion (transverse and
anteroposterior axes).

1. Person lies flat on back with arms
stretched out overhead [Starting pose].
2. Person lifts arms up while flexing head
and neck (looking at toes).
3. Person curves upper back (slouch) to
lift off from the flat surface with fingers
reaching for the toes.
4. Person curves lower back (slouch) to
lift off from the flat surface with fingers
reaching for the toes.
5. At terminal fingers to toes reach
[Ending pose], the person rolls back to
the flat surface by reversing the steps
described.

Bug leg
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the movement assessment through the finger pulp to feel for abdominal muscle contrac-
tions and identify the movement side with the least contractions (most stable), which is 
the problem side. Understandably, this rationale is counter-intuitive compared to the con-
ventional approach, which advocates for training on the side with poor movement con-
trol. 

Table 1. Summary of Clinical Pilates exercises used in lower quadrant movement-based assessment (excluding upper 
quadrant variations). 

Exercises 
Directional Preference 
Assessed (Axes) 

Descriptions 

Roll-up 

 
Variations: 
(i) With one side knee bend; 
(ii) With trunk lateral flexion to one side; 
(iii) Combination of (i) and (ii). 

Flexion or mid-range flexion 
(transverse axis). 
Variations: 
(i) Unilateral flexion 
(transverse axis); 
(ii) Unilateral flexion or mid-
range flexion with lateral 
flexion (transverse and 
anteroposterior axes); 
(iii) Unilateral flexion with 
lateral flexion (transverse 
and anteroposterior axes). 

1. Person lies flat on back with 
arms stretched out overhead 
[Starting pose]. 
2. Person lifts arms up while 
flexing head and neck (looking 
at toes). 
3. Person curves upper back 
(slouch) to lift off from the flat 
surface with fingers reaching 
for the toes. 
4. Person curves lower back 
(slouch) to lift off from the flat 
surface with fingers reaching 
for the toes. 
5. At terminal fingers to toes 
reach [Ending pose], the person 
rolls back to the flat surface by 
reversing the steps described. 

Bug leg 

 
Variation: With trunk lateral flexion to one side. 

Unilateral flexion (transverse 
axis). 
Variation: Unilateral flexion 
with lateral flexion 
(transverse and 
anteroposterior axes). 

1. Person lies flat on back with 
arms by the side of body and 
hip/knee flexed to 90 degrees 
[Starting pose]. 
2. Person straightens knee of 
one leg to between 45 to 60 
degrees hip flexion. 
3. At terminal knee extension 
[Ending pose], the person 
bends hip/knee to the starting 
pose. 
Assessor can palpate for 
abdominal contractions. 

Crook-lying leg 

 
Variation: With trunk lateral flexion to one side. 

Unilateral mid-range flexion 
(transverse axis). 
Variation: Unilateral mid-
range flexion with lateral 
flexion (transverse and 
anteroposterior axes). 

1. Person lies flat on back with 
arms by the side of body and 
hip knee/knee bent with feet 
firmly placed on flat surface 
[Starting pose]. 
2. Person straightens knee of 
one leg to between 45 to 60 
degrees hip flexion. 
3. At terminal knee extension 
[Ending pose], the person 

Variation: With trunk lateral flexion to one side.

Unilateral flexion (transverse
axis).
Variation: Unilateral flexion
with lateral flexion (transverse
and anteroposterior axes).

1. Person lies flat on back with arms by
the side of body and hip/knee flexed to
90 degrees [Starting pose].
2. Person straightens knee of one leg to
between 45 to 60 degrees hip flexion.
3. At terminal knee extension [Ending
pose], the person bends hip/knee to the
starting pose.
Assessor can palpate for abdominal
contractions.

Crook-lying leg
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Exercises 
Directional Preference 
Assessed (Axes) 

Descriptions 

Roll-up 

 
Variations: 
(i) With one side knee bend; 
(ii) With trunk lateral flexion to one side; 
(iii) Combination of (i) and (ii). 

Flexion or mid-range flexion 
(transverse axis). 
Variations: 
(i) Unilateral flexion 
(transverse axis); 
(ii) Unilateral flexion or mid-
range flexion with lateral 
flexion (transverse and 
anteroposterior axes); 
(iii) Unilateral flexion with 
lateral flexion (transverse 
and anteroposterior axes). 

1. Person lies flat on back with 
arms stretched out overhead 
[Starting pose]. 
2. Person lifts arms up while 
flexing head and neck (looking 
at toes). 
3. Person curves upper back 
(slouch) to lift off from the flat 
surface with fingers reaching 
for the toes. 
4. Person curves lower back 
(slouch) to lift off from the flat 
surface with fingers reaching 
for the toes. 
5. At terminal fingers to toes 
reach [Ending pose], the person 
rolls back to the flat surface by 
reversing the steps described. 

Bug leg 

 
Variation: With trunk lateral flexion to one side. 

Unilateral flexion (transverse 
axis). 
Variation: Unilateral flexion 
with lateral flexion 
(transverse and 
anteroposterior axes). 

1. Person lies flat on back with 
arms by the side of body and 
hip/knee flexed to 90 degrees 
[Starting pose]. 
2. Person straightens knee of 
one leg to between 45 to 60 
degrees hip flexion. 
3. At terminal knee extension 
[Ending pose], the person 
bends hip/knee to the starting 
pose. 
Assessor can palpate for 
abdominal contractions. 

Crook-lying leg 

 
Variation: With trunk lateral flexion to one side. 

Unilateral mid-range flexion 
(transverse axis). 
Variation: Unilateral mid-
range flexion with lateral 
flexion (transverse and 
anteroposterior axes). 

1. Person lies flat on back with 
arms by the side of body and 
hip knee/knee bent with feet 
firmly placed on flat surface 
[Starting pose]. 
2. Person straightens knee of 
one leg to between 45 to 60 
degrees hip flexion. 
3. At terminal knee extension 
[Ending pose], the person 

Variation: With trunk lateral flexion to one side.

Unilateral mid-range flexion
(transverse axis).
Variation: Unilateral
mid-range flexion with lateral
flexion (transverse and
anteroposterior axes).

1. Person lies flat on back with arms by
the side of body and hip knee/knee bent
with feet firmly placed on flat surface
[Starting pose].
2. Person straightens knee of one leg to
between 45 to 60 degrees hip flexion.
3. At terminal knee extension [Ending
pose], the person bends hip/knee to the
starting pose.
Assessor can palpate for abdominal
contractions.

Prone single-leg kick
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bends hip/knee to the starting 
pose. 
Assessor can palpate for 
abdominal contractions. 

Prone single-leg kick 

 
Variation: With trunk lateral flexion to one side. 

Unilateral extension 
(transverse axis). 
Variation:  
Unilateral extension with 
lateral flexion (transverse 
and anteroposterior axes). 

1. Person lies prone on flat 
surface with back of hands 
supporting forehead 
[Starting/Ending pose]. 
2. Person bends knee of one leg 
to 90 degrees. 
3. Person lifts bent leg off the 
flat surface without trunk 
compensatory movement. 
4. Person straightens knee of 
lifted leg fully. 
5. Person lowers leg onto the 
flat surface gently 
[Starting/Ending pose]. 
This test is not applicable in 
person who is unable to extend 
hip pass neutral, e.g., with tight 
hip flexors. 
Assessor can palpate for 
muscle contraction near 
posterior superior iliac spine. 

Side-lying clamshell 

 
Hip flexion angles: 
(a) 90 degrees; 
(b) 60 degrees; 
(c) 30 degrees; 
(d) 0 degree. 
Variations: 
(i) With trunk lateral flexion (Mermaid); 
(ii) With trunk rotation; 
(iii) Combination of (i) and (ii). 

Lateral flexion 
(anteroposterior axis) 
coupled with: 
(a) Unilateral flexion 
(transverse axis);. 
(b) Unilateral mid-range 
flexion (transverse axis); 
(c) Unilateral mid-range 
extension (transverse 
axis); 
(d) Unilateral extension 
(transverse axis). 
Variations: 
(i) As above; 
(ii) Lateral flexion 
(anteroposterior axis) with 
rotation (longitudinal 
axis) and respective hip 
flexion angle (transverse 
axis); 
(iii) Similar to (ii). 

1. Person lies on non-tested 
side on flat surface with 
knees bent at 90 degrees and 
hip flexed at the assessed 
angle. The palm of one hand 
supports the head and the 
other hand on the hip (pelvic 
crest) [Starting pose]. 
2. Person abducts the above 
knee (hip external rotation as 
well) to about pelvic level 
[Ending pose]. 
3. Assessor applies break test 
of the manual muscle testing 
technique or with handheld 
dynamometry at the distal 
thigh of the abducted leg. 
4. Repeat the testing at other 
hip flexion angles to identify 
the hip flexion angle that 
produced the peak force 
(directional preference 
confirmation) or weakest 
force (directional trauma 
identification). 

Variation: With trunk lateral flexion to one side.

Unilateral extension
(transverse axis).
Variation:
Unilateral extension with
lateral flexion (transverse and
anteroposterior axes).

1. Person lies prone on flat surface with
back of hands supporting forehead
[Starting/Ending pose].
2. Person bends knee of one leg to
90 degrees.
3. Person lifts bent leg off the flat surface
without trunk compensatory movement.
4. Person straightens knee of lifted
leg fully.
5. Person lowers leg onto the flat surface
gently [Starting/Ending pose].
This test is not applicable in person who
is unable to extend hip pass neutral, e.g.,
with tight hip flexors.
Assessor can palpate for muscle
contraction near posterior superior
iliac spine.
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Table 1. Cont.

Exercises Directional Preference
Assessed (Axes) Descriptions

Side-lying clamshell
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bends hip/knee to the starting 
pose. 
Assessor can palpate for 
abdominal contractions. 

Prone single-leg kick 

 
Variation: With trunk lateral flexion to one side. 

Unilateral extension 
(transverse axis). 
Variation:  
Unilateral extension with 
lateral flexion (transverse 
and anteroposterior axes). 

1. Person lies prone on flat 
surface with back of hands 
supporting forehead 
[Starting/Ending pose]. 
2. Person bends knee of one leg 
to 90 degrees. 
3. Person lifts bent leg off the 
flat surface without trunk 
compensatory movement. 
4. Person straightens knee of 
lifted leg fully. 
5. Person lowers leg onto the 
flat surface gently 
[Starting/Ending pose]. 
This test is not applicable in 
person who is unable to extend 
hip pass neutral, e.g., with tight 
hip flexors. 
Assessor can palpate for 
muscle contraction near 
posterior superior iliac spine. 

Side-lying clamshell 

 
Hip flexion angles: 
(a) 90 degrees; 
(b) 60 degrees; 
(c) 30 degrees; 
(d) 0 degree. 
Variations: 
(i) With trunk lateral flexion (Mermaid); 
(ii) With trunk rotation; 
(iii) Combination of (i) and (ii). 

Lateral flexion 
(anteroposterior axis) 
coupled with: 
(a) Unilateral flexion 
(transverse axis);. 
(b) Unilateral mid-range 
flexion (transverse axis); 
(c) Unilateral mid-range 
extension (transverse 
axis); 
(d) Unilateral extension 
(transverse axis). 
Variations: 
(i) As above; 
(ii) Lateral flexion 
(anteroposterior axis) with 
rotation (longitudinal 
axis) and respective hip 
flexion angle (transverse 
axis); 
(iii) Similar to (ii). 

1. Person lies on non-tested 
side on flat surface with 
knees bent at 90 degrees and 
hip flexed at the assessed 
angle. The palm of one hand 
supports the head and the 
other hand on the hip (pelvic 
crest) [Starting pose]. 
2. Person abducts the above 
knee (hip external rotation as 
well) to about pelvic level 
[Ending pose]. 
3. Assessor applies break test 
of the manual muscle testing 
technique or with handheld 
dynamometry at the distal 
thigh of the abducted leg. 
4. Repeat the testing at other 
hip flexion angles to identify 
the hip flexion angle that 
produced the peak force 
(directional preference 
confirmation) or weakest 
force (directional trauma 
identification). 

Hip flexion angles:
(a) 90 degrees;
(b) 60 degrees;
(c) 30 degrees;
(d) 0 degree.
Variations:
(i) With trunk lateral flexion (Mermaid);
(ii) With trunk rotation;
(iii) Combination of (i) and (ii).

Lateral flexion
(anteroposterior axis) coupled
with:
(a) Unilateral flexion
(transverse axis);.
(b) Unilateral mid-range
flexion (transverse axis);
(c) Unilateral mid-range
extension (transverse axis);
(d) Unilateral extension
(transverse axis).
Variations:
(i) As above;
(ii) Lateral flexion
(anteroposterior axis) with
rotation (longitudinal axis)
and respective hip flexion
angle (transverse axis);
(iii) Similar to (ii).

1. Person lies on non-tested side
on flat surface with knees bent at
90 degrees and hip flexed at the
assessed angle. The palm of one
hand supports the head and the
other hand on the hip (pelvic
crest) [Starting pose].
2. Person abducts the above knee
(hip external rotation as well) to
about pelvic level [Ending pose].
3. Assessor applies break test of
the manual muscle testing
technique or with handheld
dynamometry at the distal thigh
of the abducted leg.
4. Repeat the testing at other hip
flexion angles to identify the hip
flexion angle that produced the
peak force (directional preference
confirmation) or weakest force
(directional trauma identification).

Bug roll
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Bug roll 

 
* Variations: 
(i) Hands cupped at ears (reduce base of support); 
(ii) Arms crossed on chest (minimal base of support). 

Flexion and unilateral 
rotation (transverse and 
longitudinal axes). 

1. Person lies flat on back 
with arms stretched out from 
side of body and hip/knee 
flexed to 90 degrees [Starting 
pose]. 
2. Roll knees about 30 to 45 
degrees to one side [Ending 
pose]. 
3. Return knees to starting 
pose. 
Assessor can palpate for 
abdominal contractions. 
 

Knee/lumbar roll 

 
* Variation: Arms crossed on chest (minimal base of 
support). 

Mid-range flexion and 
unilateral rotation 
(transverse and 
longitudinal axes). 

1. Person lies flat on back 
with arms by the side of 
body and hip knee/knee bent 
with feet firmly placed on 
flat surface [Starting pose]. 
2. Roll knees about 30 to 45 
degrees to one side [Ending 
pose]. 
3. Return knees to starting 
pose. 
Assessor can palpate for 
abdominal contractions. 
 

Prone attitude rotation 

 
Variation: With arms stretched out from side of body 
(increase base of support). 

Extension and unilateral 
rotation (transverse and 
longitudinal axes). 

1. Person lies prone on flat 
surface with back of hands 
supporting forehead 
[Starting pose]. 
2. Person bends knee of one 
leg to 90 degrees. 
3. Person lifts bent leg off the 
flat surface and twist to the 
contralateral side [Ending 
pose]. 
4. Reverse the movement 
steps to return to the starting 
pose. 
Assessor can palpate for 
muscle contraction near 
posterior superior iliac spine. 

* Increase difficulty with variation if unable to differentiate side of directional preference. 
  

* Variations:
(i) Hands cupped at ears (reduce base of support);
(ii) Arms crossed on chest (minimal base of support).

Flexion and unilateral rotation
(transverse and longitudinal
axes).

1. Person lies flat on back with
arms stretched out from side of
body and hip/knee flexed to
90 degrees [Starting pose].
2. Roll knees about 30 to 45 degrees
to one side [Ending pose].
3. Return knees to starting pose.
Assessor can palpate for
abdominal contractions.

Knee/lumbar roll
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Bug roll 

 
* Variations: 
(i) Hands cupped at ears (reduce base of support); 
(ii) Arms crossed on chest (minimal base of support). 

Flexion and unilateral 
rotation (transverse and 
longitudinal axes). 

1. Person lies flat on back 
with arms stretched out from 
side of body and hip/knee 
flexed to 90 degrees [Starting 
pose]. 
2. Roll knees about 30 to 45 
degrees to one side [Ending 
pose]. 
3. Return knees to starting 
pose. 
Assessor can palpate for 
abdominal contractions. 
 

Knee/lumbar roll 

 
* Variation: Arms crossed on chest (minimal base of 
support). 

Mid-range flexion and 
unilateral rotation 
(transverse and 
longitudinal axes). 

1. Person lies flat on back 
with arms by the side of 
body and hip knee/knee bent 
with feet firmly placed on 
flat surface [Starting pose]. 
2. Roll knees about 30 to 45 
degrees to one side [Ending 
pose]. 
3. Return knees to starting 
pose. 
Assessor can palpate for 
abdominal contractions. 
 

Prone attitude rotation 

 
Variation: With arms stretched out from side of body 
(increase base of support). 

Extension and unilateral 
rotation (transverse and 
longitudinal axes). 

1. Person lies prone on flat 
surface with back of hands 
supporting forehead 
[Starting pose]. 
2. Person bends knee of one 
leg to 90 degrees. 
3. Person lifts bent leg off the 
flat surface and twist to the 
contralateral side [Ending 
pose]. 
4. Reverse the movement 
steps to return to the starting 
pose. 
Assessor can palpate for 
muscle contraction near 
posterior superior iliac spine. 

* Increase difficulty with variation if unable to differentiate side of directional preference. 
  

* Variation: Arms crossed on chest (minimal base of
support).

Mid-range flexion and
unilateral rotation (transverse
and longitudinal axes).

1. Person lies flat on back with
arms by the side of body and hip
knee/knee bent with feet firmly
placed on flat surface
[Starting pose].
2. Roll knees about 30 to 45
degrees to one side [Ending pose].
3. Return knees to starting pose.
Assessor can palpate for
abdominal contractions.

Prone attitude rotation
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Bug roll 

 
* Variations: 
(i) Hands cupped at ears (reduce base of support); 
(ii) Arms crossed on chest (minimal base of support). 

Flexion and unilateral 
rotation (transverse and 
longitudinal axes). 

1. Person lies flat on back 
with arms stretched out from 
side of body and hip/knee 
flexed to 90 degrees [Starting 
pose]. 
2. Roll knees about 30 to 45 
degrees to one side [Ending 
pose]. 
3. Return knees to starting 
pose. 
Assessor can palpate for 
abdominal contractions. 
 

Knee/lumbar roll 

 
* Variation: Arms crossed on chest (minimal base of 
support). 

Mid-range flexion and 
unilateral rotation 
(transverse and 
longitudinal axes). 

1. Person lies flat on back 
with arms by the side of 
body and hip knee/knee bent 
with feet firmly placed on 
flat surface [Starting pose]. 
2. Roll knees about 30 to 45 
degrees to one side [Ending 
pose]. 
3. Return knees to starting 
pose. 
Assessor can palpate for 
abdominal contractions. 
 

Prone attitude rotation 

 
Variation: With arms stretched out from side of body 
(increase base of support). 

Extension and unilateral 
rotation (transverse and 
longitudinal axes). 

1. Person lies prone on flat 
surface with back of hands 
supporting forehead 
[Starting pose]. 
2. Person bends knee of one 
leg to 90 degrees. 
3. Person lifts bent leg off the 
flat surface and twist to the 
contralateral side [Ending 
pose]. 
4. Reverse the movement 
steps to return to the starting 
pose. 
Assessor can palpate for 
muscle contraction near 
posterior superior iliac spine. 

* Increase difficulty with variation if unable to differentiate side of directional preference. 
  

Variation: With arms stretched out from side of body
(increase base of support).

Extension and unilateral
rotation (transverse and
longitudinal axes).

1. Person lies prone on flat surface
with back of hands supporting
forehead [Starting pose].
2. Person bends knee of one leg to
90 degrees.
3. Person lifts bent leg off the flat
surface and twist to the
contralateral side [Ending pose].
4. Reverse the movement steps to
return to the starting pose.
Assessor can palpate for muscle
contraction near posterior
superior iliac spine.

* Increase difficulty with variation if unable to differentiate side of directional preference.
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If a person fails the supine roll-up exercise, the prone single-leg kick exercise is
used to explore extension directional preference. In the neutral position, the side with
poorer movement control of the limb is hypothesised as the problem side and confirmed
with repeat testing into ipsilateral trunk flexion, which will result in better movement
control [17]. This is in contrast with the supine flexion preference test because, in prone, the
pelvis is stabilised bilaterally by anterior superior iliac spine and anterior thigh shank. The
non-problem side muscles will not effectively compensate for the poor movement control
of the problem side. That said, it is possible that a person who fails the flexion preference
test can also fail the extension preference test. The diagnostic bullseye (Figure 5a) shows an
inner circle and an outer circle. The outer circle represents full-range movement into flexion
or extension preference that is explained in the literature [17]. The inner circle represents
mid-range movement into flexion or extension, which is a gap in the current literature.

Hip exercises play an integral role in the management of LBP [37]. The side-lying
clamshell exercise is a common rehabilitation exercise performed in 30 to 60 degrees of
hip flexion in general exercise prescription for the management of LBP [38]. The use of
clamshell exercise for chronic LBP relates to the relationship with gluteus medius muscle
weakness [39]. A study found 60 degrees hip flexion as the optimal angle to perform the
clamshell exercise [40], but there is a lack of consensus from another study [38]. The lack of
consensus is unsurprising because, from the Clinical Pilates perspective, it is likely that
participants may demonstrate different directional preferences. Movements that involve
several muscles such as the clamshell exercise are dependent on the motor coordination
of several muscles and can vary between individuals. Although the side-lying clamshell
exercise is used to identify trunk lateral bias in the anteroposterior axis, it can potentially
bridge the gap of mid-range assessment and an alternative to assess people who have
difficulty lying down into supine or prone position. Furthermore, it can help to differentiate
complex cases involving bilateral trauma resulting in opposite directional preference of
each side. We propose a feasible anteroposterior axis assessment algorithm, as shown in
Supplementary File S3 (Figure S2).

Currently, there are no studies with regard to trunk rotation directional preference. In
Clinical Pilates practice, the identification of trunk rotation directional preference, if present,
is assumed to be similar to the identification of trunk flexion directional preference [17].
For those with flexion rotation directional preference, the supine bug roll exercise is used
to identify the side that is easier to perform. The mid-range rotation directional preference,
on the other hand, uses the crook-lying knee roll (lumbar roll) exercise. For trunk extension
directional preference, clinicians aim to identify the side with movement difficulty as the
directional preference. In contrast, extension rotation directional preference follows the
principle of trunk flexion directional preference because the pelvic structure loses stability
during the trunk rotation exercise. In both flexion and mid-range rotation preferences,
rolling the knees to one side—for example, to the left—results in contralateral trunk rotation
(to the right), which is similar for the attitude rotation exercise in Table 1. In view of the
lack of literature and to guide clinicians in longitudinal axis assessments, an algorithm is
developed and shown in Supplementary File S3 (Figure S3).

In more complex clinical cases, the involvement of the upper quadrant such as neck
and scapulothoracic musculature can be a factor of the LBP. Core muscle activity has
been found to improve with scapulothoracic and shoulder exercises in standing [41]. The
directional trauma and preference for the neck is similar to the lower trunk, which can
also be mapped with the diagnostic bullseye (Figure 5a). Anecdotally, in some LBP cases
with associated upper quadrant impairments—for example, whiplash injury without neck
symptoms but resulting in LBP—positioning the neck into the directional preference of the
person (similar to transverse, anteroposterior and/or longitudinal axes in Figure 2) might
improve their movement-based assessment exercises in Table 1.
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4. Recommendations
4.1. Exercise Principles
4.1.1. Exercise Type

The Clinical Pilates exercise approach is an individualised intervention whereby
exercises are tailored to address trauma specific to the patient [18,20]. Group intervention
can be introduced at the later stage of rehabilitation when the patient is able to perform
complex exercises [11]. However, existing studies did not explain the different stages of
the Clinical Pilates exercise method. According to the Clinical Pilates training, the exercises
are prescribed in three stages [36]. Stage 1 exercises are simple (easy to do) and performed
in one direction of an axis; Stage 2 exercises are harder than Stage 1 exercises because of
additional movement steps (cognitively demanding), but still performed in one direction
of an axis; Stage 3 exercises are more challenging and performed in multiple directions
and/or axes [36].

Based on the example in Figure 5b, a Stage 1 exercise could be the right single-leg
stretch, as shown in Figure 6a(i). The movement is simple, one step, and in the flexion
direction of the transverse axis. Stage 1 exercises are foundational Clinical Pilates exercises
used to rehabilitate a person to improve the performance of daily functional activities such
as walking and stairs climbing. In increasing the difficulty of a Stage 1 exercise, more steps
are added to the exercise while maintaining the single direction of movement, which is
shown in Figure 6a. The additional steps challenge the musculature of the body to improve
motor coordination. Stage 2 exercises are useful for people who participate in recreational
activities or sports, including the football striker example in Figure 3.
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The final stage of exercise progression, Stage 3, involves multi-directional movements
that can include movement into the trauma direction. This stage is similar to the practice
of conventional Pilates whereby exercises are not categorised by movement direction and
performed in all directional axes. Figure 6b shows an example of exercise progression,
which rehabilitates the person to function well in previously provocative movements
(into trunk extension). Although this stage of exercise is critical for competitive sports
involving multiple axes of trunk movements, Stage 3 exercises do not form the bulk of
the rehabilitative exercise prescription plan. This is because movement into the traumatic
direction can result in adverse outcomes such as reduction in physical performance [17].

4.1.2. Exercise Frequency

The three studies investigating the Clinical Pilates approach used a 6-week inter-
vention protocol and were conducted 1 to 2 times a week [11,18,20]. Home exercises
complement the low session frequency [11,18], which provides opportunity to empower
patients toward self-care. Thus, it is recommended that people with chronic LBP perform
prescribed Clinical Pilates exercises at least once a day.

4.1.3. Exercise Intensity

Clinical Pilates exercises are prescribed at moderate intensity based on strength or
endurance protocol and are adjusted to minimise pain provocation [18]. Other Clinical
Pilates studies did not explicitly state the intensity of their exercise programmes [11,20].
The use of the Borg scale of perceived exertion could help to standardise the description of
exercise intensity in studies [42].

4.1.4. Exercise Duration

The Clinical Pilates exercise session caps at 60 min [11,18] but can also be lesser
than 30 min [20]. The variation in session duration could be attributed to the choice of
Clinical Pilates tool use, mat-based (30-min), equipment-based (60-min) or a combination
(60-min) [11,18,20]. The amount of time spent in reassessing the participants of past studies
within the intervention duration is unclear. Clinically, about 5 to 10 min is required for
reassessment in the physiotherapy session.

4.2. Safety Considerations

With the knowledge of directional trauma and preference, it is crucial to minimise
exercise or activity movements into the directional trauma. In the cohort study, detrimental
effects of exercises performed opposite to the directional preference of the adult participants
led to a decline in functional performance [17]. Exercising into the directional trauma may
also lead to symptoms such as dizziness, nausea and gut discomfort because of the possible
effect on the autonomic nervous system [36]. Hence, the movement-based assessment
must be practiced with caution, especially when performing physical assessment into the
directional trauma of a person.

5. Discussion

This review provided a comprehensive overview of the Clinical Pilates exercise
method, particularly the physical examination component leading to exercise prescription.
There are limited studies investigating this exercise method and the primary difference
from other exercises lies in its exercise principle of exercise type [11,17,18], which is focused
on one side to intervene. This is similar to the physiotherapy approach in unilateral inter-
vention, but in the Clinical Pilates exercise method, the symptomatic side is not always
the side to intervene [17]. Careful assessment of directional preference can help provide
guidance towards accurate exercise matching to produce desired clinical outcomes.

The Clinical Pilates exercise method considers lengthened muscles at risk of motor
coordination impairments, which can be identified through directional trauma during
physiotherapy history taking [18]. Injuries could arise because the lengthened muscles
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have exceeded their physiological limits to be protected by stretch reflexes or latency in
activation [43]. Furthermore, the loading on the lengthened muscles could lead to autogenic
inhibition via Golgi tendon reflex [44]. Subsequently, the dysfunctional or inhibited muscles
might lead to motor coordination impairment. The Clinical Pilates exercise method believes
that, in shortening these affected muscles, it is easier to perform movements or exercises [17].
In addition, the Clinical Pilates exercises involve movements that cannot be executed by
the reflex arc; the exercises require an individual to be focused in performing an exercise
in sequences with normal breathing, which thus engages supraspinal control to improve
motor coordination [21]. Hence, the primary mechanisms of directional preference in the
Clinical Pilates exercise method leverage on the shortening of impaired muscles and the
engagement of supraspinal control to improve motor control, thereby improving clinical
outcomes in pain and function.

The assessment of anteroposterior and longitudinal axes movement preferences are
hypothetical and are based on current findings in assessing the movements about the
transverse axis [17]. Hence, this review identified possible directions for future clinical
trials to undertake and investigate. A clear assessment algorithm is presented in this
review for each axis of movement to provide a structured guide for clinicians and exercise
specialists to adopt into clinical practice. For the researchers, the Clinical Pilates exercise
method explained in this review provides standardisation for future research investigating
its use.

The transition from the assessment of non-specific chronic LBP towards the use of
movement-based assessment may save time and improve the outcome of rehabilitation.
Whilst current evidence is scarce, the Clinical Pilates exercise method demonstrated similar
benefits as general exercises in the longer term [11]. A potential advantage of the Clinical
Pilates exercise method is an early functional recovery through matching exercises and
physical activities with the directional preference of a person [17]. Maintaining our body
wellness is perhaps aligned with the principle of servant leadership, which is to leverage
on the strengths of an individual rather than targeting their weaknesses [45]. Hence,
rehabilitation exercise prescription in the Clinical Pilates exercise method is both an art and
a science.

6. Conclusions

The Clinical Pilates exercise method provides an alternative approach towards the
management of non-specific chronic LBP. Although identifying the mechanism of injury is
common in physiotherapy practice, complementing it with the knowledge of directional
trauma and a directional preference assessment algorithm can enhance the planning of
physical assessment and the development of exercise intervention. Efficacious, efficient
and safe exercises can then be prescribed to an individual to alleviate their symptoms and
improve movement performance.

7. Patents

Clinical Pilates is trademarked by DMA.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/biology10111096/s1, File S1: List of non-Clinical Pilates studies search yield; File S2: Appraisal
and study summary of included studies; File S3: Directional preference assessment algorithms.

Author Contributions: Conceptualization, B.C.K.; methodology, B.C.K.; resources, B.C.K. and
J.X.L.L.; writing—original draft preparation, B.C.K.; writing—review and editing, B.C.K. and P.W.K.;
supervision, P.W.K.; funding acquisition, B.C.K. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding and the APC was funded by Clinical Pilates
Family Physiotherapy.

Institutional Review Board Statement: Not applicable.

https://www.mdpi.com/article/10.3390/biology10111096/s1
https://www.mdpi.com/article/10.3390/biology10111096/s1


Biology 2021, 10, 1096 14 of 15

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: B.C.K. would like to thank Craig Phillips, founder of DMA Clinical Pilates, for
his past years of mentoring in the Clinical Pilates exercise method.

Conflicts of Interest: The authors declare no conflict of interest. The funder had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Nakamura, M.; Toyama, Y.; Nishiwaki, Y.; Ushida, T. Prevalence and characteristics of chronic musculoskeletal pain in Japan. J.

Orthop. Sci. 2011, 16, 424–432. [CrossRef] [PubMed]
2. Henschke, N.; Maher, C.G.; Refshauge, K.M.; Herbert, R.D.; Cumming, R.G.; Bleasel, J.; York, J.; Das, A.; McAuley, J.H. Prevalence

of and screening for serious spinal pathology in patients presenting to primary care settings with acute low back pain. Arthritis
Rheum. 2009, 60, 3072–3080. [CrossRef]

3. Koes, B.W.; van Tulder, M.; Thomas, S. Diagnosis and treatment of low back pain. BMJ 2006, 332, 1430–1434. [CrossRef]
4. Maher, C.; Underwood, M.; Buchbinder, R. Non-specific low back pain. Lancet 2017, 389, 736–747. [CrossRef]
5. Comerford, M.; Mottram, S. Movement and stability dysfunction—Contemporary developments. Man. Ther. 2001, 6, 15–26.

[CrossRef] [PubMed]
6. Chou, R.; Deyo, R.; Friedly, J.; Skelly, A.; Hashimoto, R.; Weimer, M.; Fu, R.; Dana, T.; Kraegel, P.; Griffin, J.; et al. Nonpharmaco-

logic Therapies for Low Back Pain: A Systematic Review for an American College of Physicians Clinical Practice Guideline. Ann.
Intern. Med. 2017, 166, 493–505. [CrossRef] [PubMed]

7. Qaseem, A.; Wilt, T.J.; McLean, R.M.; Forciea, M.A.; Denberg, T.D.; Barry, M.J.; Boyd, C.; Chow, R.D.; Fitterman, N.; Clinical
Guidelines Committee of the American College of Physicians; et al. Noninvasive treatments for acute, subacute, and chronic low
back pain: A clinical practice guideline from the american college of physicians. Ann. Intern. Med. 2017, 166, 514–530. [CrossRef]
[PubMed]

8. Aladro-Gonzalvo, A.R.; Araya-Vargas, G.A.; Machado-Díaz, M.; Salazar-Rojas, W. Pilates-based exercise for persistent, non-
specific low back pain and associated functional disability: A meta-analysis with meta-regression. J. Bodyw. Mov. Ther. 2013, 17,
125–136. [CrossRef]

9. Pereira, L.M.; Obara, K.; Dias, J.M.; Menacho, M.O.; Guariglia, D.A.; Schiavoni, D.; Pereira, H.M.; Cardoso, J. Comparing
the Pilates method with no exercise or lumbar stabilization for pain and functionality in patients with chronic low back pain:
Systematic review and meta-analysis. Clin. Rehabil. 2012, 26, 10–20. [CrossRef] [PubMed]

10. Owen, P.J.; Miller, C.T.; Mundell, N.L.; Verswijveren, S.J.J.M.; Tagliaferri, S.D.; Brisby, H.; Bowe, S.J.; Belavy, D.L. Which specific
modes of exercise training are most effective for treating low back pain? Network meta-analysis. Br. J. Sports Med. 2020, 54,
1279–1287. [CrossRef] [PubMed]

11. Wajswelner, H.; Metcalf, B.; Bennell, K. Clinical pilates versus general exercise for chronic low back pain: Randomized trial. Med.
Sci. Sports Exerc. 2012, 44, 1197–1205. [CrossRef]

12. Donzelli, S.; Di Domenica, E.; Cova, A.M.; Galletti, R.; Giunta, N. Two different techniques in the rehabilitation treatment of low
back pain: A randomized controlled trial. Eur. Med. 2006, 42, 205–210.

13. Stieglitz, D.D.; Vinson, D.R.; Hampton, M.D.C. Equipment-based Pilates reduces work-related chronic low back pain and
disability: A pilot study. J. Bodyw. Mov. Ther. 2016, 20, 74–82. [CrossRef] [PubMed]

14. Ganesh, G.S.; Kaur, P.; Meena, S. Systematic reviews evaluating the effectiveness of motor control exercises in patients with
non-specific low back pain do not consider its principles—A review. J. Bodyw. Mov. Ther. 2020, 26, 374–393. [CrossRef]

15. Wells, C.; Kolt, G.; Marshall, P.; Bialocerkowski, A. The Definition and Application of Pilates Exercise to Treat People with Chronic
Low Back Pain: A Delphi Survey of Australian Physical Therapists. Phys. Ther. 2014, 94, 792–805. [CrossRef] [PubMed]

16. Barton, C.; King, M.; Dascombe, B.; Taylor, N.; Silva, D.D.O.; Holden, S.; Goff, A.; Takarangi, K.; Shields, N. Many physiotherapists
lack preparedness to prescribe physical activity and exercise to people with musculoskeletal pain: A multi-national survey. Phys.
Ther. Sport 2021, 49, 98–105. [CrossRef]

17. Tulloch, E.; Phillips, C.; Sole, G.; Carman, A.; Abbott, J.H. DMA Clinical Pilates Directional-Bias Assessment: Reliability and
Predictive Validity. J. Orthop. Sports Phys. Ther. 2012, 42, 676–687. [CrossRef]

18. Taylor, L.; Hay-Smith, E.; Dean, S. Can clinical pilates decrease pain and improve function in people complaining of non-specific
chronic low back pain? A pilot study. N. Z. J. Physiother. 2011, 39, 30–38.

19. Hayden, J.A.; Ellis, J.; Ogilvie, R.; Stewart, S.A.; Bagg, M.K.; Stanojevic, S.; Yamato, T.P.; Saragiotto, B.T. Some types of exercise
are more effective than others in people with chronic low back pain: A network meta-analysis. J. Physiother. 2021, 67, 252–262.
[CrossRef]

20. Devasahayam, A.J.; Ho, D.R.Y.; Leung, E.Y.S.; Goh, M.R.; Koh, P. The effects of a novel pilates exercise prescription method
on people with non-specific unilateral musculoskeletal pain: A randomised pilot trial. Proc. Singap. Healthc. 2016, 25, 201–206.
[CrossRef]

http://doi.org/10.1007/s00776-011-0102-y
http://www.ncbi.nlm.nih.gov/pubmed/21678085
http://doi.org/10.1002/art.24853
http://doi.org/10.1136/bmj.332.7555.1430
http://doi.org/10.1016/S0140-6736(16)30970-9
http://doi.org/10.1054/math.2000.0388
http://www.ncbi.nlm.nih.gov/pubmed/11243905
http://doi.org/10.7326/M16-2459
http://www.ncbi.nlm.nih.gov/pubmed/28192793
http://doi.org/10.7326/M16-2367
http://www.ncbi.nlm.nih.gov/pubmed/28192789
http://doi.org/10.1016/j.jbmt.2012.08.003
http://doi.org/10.1177/0269215511411113
http://www.ncbi.nlm.nih.gov/pubmed/21856719
http://doi.org/10.1136/bjsports-2019-100886
http://www.ncbi.nlm.nih.gov/pubmed/31666220
http://doi.org/10.1249/MSS.0b013e318248f665
http://doi.org/10.1016/j.jbmt.2015.06.006
http://www.ncbi.nlm.nih.gov/pubmed/26891640
http://doi.org/10.1016/j.jbmt.2020.08.010
http://doi.org/10.2522/ptj.20130030
http://www.ncbi.nlm.nih.gov/pubmed/24179139
http://doi.org/10.1016/j.ptsp.2021.02.002
http://doi.org/10.2519/jospt.2012.3790
http://doi.org/10.1016/j.jphys.2021.09.004
http://doi.org/10.1177/2010105816644265


Biology 2021, 10, 1096 15 of 15

21. Meier, M.L.; Vrana, A.; Schweinhardt, P. Low Back Pain: The Potential Contribution of Supraspinal Motor Control and Proprio-
ception. Neuroscientist 2019, 25, 583–596. [CrossRef]

22. Clarkson, H.M. Musculoskeletal Assessment: Joint Range of Motion and Manual Muscle Strength; Lippincott Williams & Wilkins:
Philadelphia, PA, USA, 2000.

23. Colloca, C.J.; Hinrichs, R.N. The Biomechanical and Clinical Significance of the Lumbar Erector Spinae Flexion-Relaxation
Phenomenon: A Review of Literature. J. Manip. Physiol. Ther. 2005, 28, 623–631. [CrossRef]

24. Golding, J.S. Electromyography of the erector spinal in low back pain. Postgrad. Med. J. 1952, 28, 401–406. [CrossRef]
25. Shirado, O.; Ito, T.; Kaneda, K.; Strax, E.T. Flexion-relaxation phenomenon in the back muscles. A comparative study between

healthy subjects and patients with chronic low back pain. Am. J. Phys. Med. Rehabil. 1995, 74, 139–144.
26. Hashemirad, F.; Talebian, S.; Hatef, B.; Kahlaee, A.H. The relationship between flexibility and EMG activity pattern of the erector

spinae muscles during trunk flexion–extension. J. Electromyogr. Kinesiol. 2009, 19, 746–753. [CrossRef]
27. Gomez, T.T. Symmetry of Lumbar Rotation and Lateral Flexion Range of Motion and Isometric Strength in Subjects with and

without Low Back Pain. J. Orthop. Sports Phys. Ther. 1994, 19, 42–48. [CrossRef] [PubMed]
28. Rose-Dulcina, K.; Genevay, S.; Dominguez, D.; Armand, S.; Vuillerme, N. Flexion-Relaxation Ratio Asymmetry and Its Relation

with Trunk Lateral ROM in Individuals with and without Chronic Nonspecific Low Back Pain. Spine 2020, 45, E1–E9. [CrossRef]
[PubMed]

29. Larivière, C.; Gagnon, D.; Loisel, P. The effect of load on the coordination of the trunk for subjects with and without chronic low
back pain during flexion–extension and lateral bending tasks. Clin. Biomech. 2000, 15, 407–416. [CrossRef]

30. Kumar, S.; Narayan, Y.; Stein, R.B.; Snijders, C. Muscle fatigue in axial rotation of the trunk. Int. J. Ind. Ergon. 2001, 28, 113–125.
[CrossRef]

31. Maquirriain, J.; Ghisi, J.P. Uncommon abdominal muscle injury in a tennis player: Internal oblique strain. Br. J. Sports Med. 2006,
40, 462–463. [CrossRef]

32. Johnson, R. Abdominal wall injuries: Rectus abdominis strains, oblique strains, rectus sheath hematoma. Curr. Sports Med. Rep.
2006, 5, 99–103. [CrossRef] [PubMed]

33. da Fonseca, J.L.; Magini, M.; de Freitas, T.H. Laboratory gait analysis in patients with low back pain before and after a pilates
intervention. J. Sport Rehabil. 2009, 18, 269–282. [CrossRef] [PubMed]

34. Brooks, C.; Kennedy, S.; Marshall, P.W. Specific trunk and general exercise elicit similar changes in anticipatory postural
adjustments in patients with chronic low back pain: A randomized controlled trial. Spine 2012, 37, E1543–E1550. [CrossRef]

35. Docking, S.I.; Cook, J.; Rio, E. The diagnostic dartboard: Is the bullseye a correct pathoanatomical diagnosis or to guide treatment?
Br. J. Sports Med. 2016, 50, 959–960. [CrossRef]

36. Phillips, C. DMA Clinical Pilates Unit B Manual; DMA: Melbourne, Australia, 2015.
37. Hayden, J.; van Tulder, M.; Malmivaara, A.; Koes, B. Exercise therapy for treatment of non-specific low back pain. Cochrane

Database Syst. Rev. 2005, 20, CD000335. [CrossRef] [PubMed]
38. Macadam, P.; Cronin, J.; Contreras, B. An Examination of the Gluteal Muscle Activity Associated with Dynamic Hip Abduction

and Hip External Rotation Exercise: A Systematic Review. Int. J. Sports Phys. Ther. 2015, 10, 573–591.
39. Cooper, N.A.; Scavo, K.M.; Strickland, K.J.; Tipayamongkol, N.; Nicholson, J.D.; Bewyer, D.C.; Sluka, K. Prevalence of gluteus

medius weakness in people with chronic low back pain compared to healthy controls. Eur. Spine J. 2016, 25, 1258–1265. [CrossRef]
[PubMed]

40. Willcox, E.L.; Burden, A.M. The Influence of Varying Hip Angle and Pelvis Position on Muscle Recruitment Patterns of the Hip
Abductor Muscles during the Clam Exercise. J. Orthop. Sports Phys. Ther. 2013, 43, 325–331. [CrossRef]

41. Tarnanen, S.P.; Siekkinen, K.M.; Häkkinen, A.H.; Mälkiä, E.A.; Kautiainen, H.J.; Ylinen, J.J. Core Muscle Activation during
Dynamic Upper Limb Exercises in Women. J. Strength Cond. Res. 2012, 26, 3217–3224. [CrossRef]

42. Miyamoto, G.C.; Franco, K.; Van Dongen, J.M.; Franco, Y.R.D.S.; De Oliveira, N.T.B.; Amaral, D.D.V.; Branco, A.N.C.; Da Silva,
M.L.; van Tulder, M.; Cabral, C. Different doses of Pilates-based exercise therapy for chronic low back pain: A randomised
controlled trial with economic evaluation. Br. J. Sports Med. 2018, 52, 859–868. [CrossRef] [PubMed]

43. Bhattacharyya, K.B. The stretch reflex and the contributions of C David Marsden. Ann. Indian Acad. Neurol. 2017, 20, 1–4.
[CrossRef] [PubMed]

44. Moore, J.C. The Golgi Tendon Organ: A Review and Update. Am. J. Occup. Ther. 1984, 38, 227–236. [CrossRef] [PubMed]
45. Van Dierendonck, D. Servant Leadership: A Review and Synthesis. J. Manag. 2011, 37, 1228–1261. [CrossRef]

http://doi.org/10.1177/1073858418809074
http://doi.org/10.1016/j.jmpt.2005.08.005
http://doi.org/10.1136/pgmj.28.321.401
http://doi.org/10.1016/j.jelekin.2008.02.004
http://doi.org/10.2519/jospt.1994.19.1.42
http://www.ncbi.nlm.nih.gov/pubmed/8156063
http://doi.org/10.1097/BRS.0000000000003196
http://www.ncbi.nlm.nih.gov/pubmed/31415455
http://doi.org/10.1016/S0268-0033(00)00006-1
http://doi.org/10.1016/S0169-8141(01)00019-1
http://doi.org/10.1136/bjsm.2005.023457
http://doi.org/10.1097/01.CSMR.0000306528.74500.bf
http://www.ncbi.nlm.nih.gov/pubmed/16529681
http://doi.org/10.1123/jsr.18.2.269
http://www.ncbi.nlm.nih.gov/pubmed/19561369
http://doi.org/10.1097/BRS.0b013e31826feac0
http://doi.org/10.1136/bjsports-2015-095484
http://doi.org/10.1002/14651858.CD000335.pub2
http://www.ncbi.nlm.nih.gov/pubmed/16034851
http://doi.org/10.1007/s00586-015-4027-6
http://www.ncbi.nlm.nih.gov/pubmed/26006705
http://doi.org/10.2519/jospt.2013.4004
http://doi.org/10.1519/JSC.0b013e318248ad54
http://doi.org/10.1136/bjsports-2017-098825
http://www.ncbi.nlm.nih.gov/pubmed/29525763
http://doi.org/10.4103/0972-2327.199906
http://www.ncbi.nlm.nih.gov/pubmed/28298835
http://doi.org/10.5014/ajot.38.4.227
http://www.ncbi.nlm.nih.gov/pubmed/6375383
http://doi.org/10.1177/0149206310380462

	Introduction 
	Materials and Methods 
	Practical Considerations 
	Directional Trauma—Clinical History Taking 
	Transverse Axis Trauma 
	Anteroposterior Axis Trauma 
	Longitudinal Axis Trauma 

	Directional Preference—Movement Assessment 
	Assessment Algorithms 

	Recommendations 
	Exercise Principles 
	Exercise Type 
	Exercise Frequency 
	Exercise Intensity 
	Exercise Duration 

	Safety Considerations 

	Discussion 
	Conclusions 
	Patents 
	References

