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Abstract 
Intersegmental joint dynamics permit generalisability: that is, a combination 
of joints to achieve maximum attainable amplitude of one degree of freedom. 
Generalisability contains the information to configure all lesser amplitudes 
using many degrees. This paper describes a treatment to reduce asymmetry in 
thoracic rotation, which appears to cause motor disabilities and pain. It pro-
poses a learning process to recalibrate the neuromuscular system. The treat-
ment is based on classical conditioning in which actors receive instructions to 
control a specific coordinate of the dominant hand—the conditioned stimu-
lus (CS)—to be paired with a tensile force—the unconditioned stimulus (US). 
This pairing of CS with US generates a sequence of events, the conditioned 
response (CR). To facilitate control, the hand first reaches the target position 
constraining the overall degrees of freedom to just one. This reduces the bur-
den on the CNS to deal with the indeterminacy of limb lengths, the regulation 
of joint rotation and the combination of multiple joints for performing the 
motor task. The dynamics of this CR generates coupling, comparable to the 
dynamics described in coupling of posture and gait. To verify the theory: in 
Experiment 1, thirteen participants with acute motor impairment received 
three treatments; in Experiment 2, twenty-six healthy participants were ran-
domly assigned into two groups to perform the experimental treatment with 
the dominant or the non-dominant hand, respectively, for comparison. Seven 
variables were measured: four ranges of motion, two perceived efforts, and 
one pain. In Groups 2 and 3, the improvement in thoracic symmetry was sig-
nificant. The treatment is able to trigger a mechanism that detects a critical 
value and initiates a transition from the dynamics of the action system and 
task constraints to a default value. Additionally, the treatment is highlighted 
as a neuromodulation impacting muscle tone with long-lasting amelioration 
of motor disabilities and pain. 
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1. Introduction 

Treatment of motor disabilities, based on a learning process, demonstrates effi-
ciency when the lower limbs’ impedance is augmented (Diederichs, 2018). One 
way to augment impedance is by using elastic tubes, its tensile force acting to 
pull the pelvis towards the feet (the base of support), which facilitates recalibration 
of the neuromuscular system. In this example, the top-to-bottom arrangement 
of elastic tubes applies a tensile force which stabilizes the pelvis. It also permits 
pelvic movement: a dynamic swaying of maximum amplitude to both sides, 
while hands and feet are held stationary (cf. Diederichs, 2018). New & Note-
worthy: There is evidence that elastic tubing can be used to simulate the vertical 
component of the ground reaction force. In natural coordination mode, such as 
walking at comfortable speed, the feet alternate between three phases: swing, 
heel strike and stance phases. Considering only the end of the stride cycle, the 
actor is confident that the heel will strike the ground for the upcoming stance 
phase. Normally, forward walking does not require conscious control of equilib-
rium. Fine equilibrium control is an elemental motor-behavior occurring espe-
cially when only one foot supports the entire body. Thus, when a heel strikes the 
ground, muscles must react synergically, using reflexes to maintain the body’s 
centre of mass inside the boundaries of the base of support. The foot remains 
stationary on the ground supporting the contralateral side of the body for a 
dwell time, allowing the other foot to swing forward. Instead of using the feet, a 
tensile force can be controlled by use of the hands if both the kinematic configu-
ration and orientation of the body are facilitated. 

This paper describes an effective treatment for reducing asymmetries in tho-
racic rotation which appears to cause motor disabilities and pain (van Dillen et 
al., 2006; Seay et al., 2011; van den Hoorn et al., 2012; Tanigawa et al., 2018), us-
ing a learning process to recalibrate the neuromuscular system. This treatment is 
based on classical conditioning (Moore & Choi, 1997), in which the actor re-
ceives the instruction to control a specific coordinate of the dominant hand—the 
conditioned stimulus (CS)—to be paired with a tensile force, the unconditioned 
stimulus (US). Combinations of joints to achieve the maximum reachable am-
plitude with only one degree of freedom (DOF) contain information to enable 
the configuration of all lesser amplitudes using many DOFs (Amazeen et al., 
1998). Furthermore, the accuracy of movement varies with speed (Fitts, 1954): if 
a movement’s force increases, the neural noise also increases (Schmidt et al., 
1979), reducing the accuracy with which the location of a target is estimated. At 
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this point, it becomes reasonable first to reach the target coordinate which is in 
the maximum reachable position, let us say in position A, and only then pair the 
conditioned with the unconditioned stimulus. This reduces the burden on the 
central nervous system (CNS) of dealing with the indeterminacy of limb lengths, 
regulating joint rotation, and combining multiple joints for performing a motor 
task (Bernshteĭn, 1967). 

Theoretically, asymmetric rotation of the thorax can also be caused by a dy-
namic dominance which results from a preference to use one body side to per-
form fine movements while the other, the non-dominant side, is used as a beam 
or stabiliser (Diederichs, 2017). This side dominance is believed to affect the 
conditioning state of oblique abdominal muscles (OAM) with an impact on 
motor control due to an unusual top-to-bottom asymmetry of the OAM. 
Asymmetry in thoracic rotation is due to malfunction of the muscle spindles in 
the side of the OAM that is less sensitive to tension, indicating an impairment in 
the stretch reflexes (cf. Diederichs, 2017). Additionally, many actions and tasks 
are executed from a sitting position, which highlights that the sedentary position 
is characterized by thoracic rotation while the pelvis remains stationary. This 
demonstrates that thoracic stability depends mostly on feedback from the mus-
cle spindles, rather than from vision or the vestibular system, when the pelvis is 
stationary (van Drunen et al., 2016). Furthermore, in the experimental com-
parison of the left and right-side upper limbs, shoulders are equally able to con-
trol discrete movements which are important for performance of fine motor 
skills (Newell & van Emmerik, 1989). But with the engagement of additional 
DOFs—from the elbow and wrist—the control of fine motor skills becomes 
dominant in only one side (Newell & van Emmerik, 1989). This suggests that 
both the left and right-side shoulders are able to control one degree of freedom 
when the hand is in the maximum reachable amplitude, and thus facilitates 
learning transfer and generalisability (Aune et al., 2017). 

Empirically, in this treatment the actor learns to stabilize the thorax while 
maintaining the hand in the maximum reachable amplitude, in position A, while 
the tensile force challenges the specified coordinate. This tensile force is coun-
teracted by the actor’s dominant hand while the contralateral hand actively 
maintains the thorax stable. As an example, the pelvis is stabilized on specially 
designed equipment, allowing one hand to ensure stability of the thorax while 
maintaining the other hand in its maximum reachable amplitude (Figure 1). 
The final result after pairing CS with US is the conditioned response (CR), which 
generates a coupling comparable to the dynamics described in the theory for 
coupling of posture and gait (Kay & Warren, 2001). However, the CR entails a 
dynamic rearrangement of all body segments, which is the motor rule. The mo-
tor goal is a specific coordinate, but due to the single DOF the hand suddenly 
drifts from the specified coordinate, causing disruption in the sequential regu-
larity of the training phase. Training requires the actor to discriminate between 
the specific coordinate (s)he needs to maintain and the actual coordinate,  
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Figure 1. Illustrates the orientation and the final kinematic configuration after pairing 
CS with US, stationary for a dwell time in position A. The actor holds an elastic tubing 
which is under tension and has two points of action, one-point acts on the hand and 
the other is transferred to the ground (e.g. Kourtidou-Papadeli et al., 2008). This elas-
tic tubing applies a tensile force in the direction of maximum variance, which depends 
on the dynamics of the action system and task constraints (Gritsenko et al., 2016). 
Note: while the right shoulder is stabilized in the vertical axis, the elastic tubing pulls 
in retroversion, which first makes the hand drift in a transverse plane in the same ver-
tical axis. Better to understand, consider the elastic tubing as a radius of the position-
ing vector, which is defined by a spherical coordinate system. In this case, position A 
is described with these parameters: r, Θ, and φ. We can assume that r has a constant 
direction but variable magnitude which depends of the hand position. Variation in r 
describes the change in the hand’s position and tension force; variation in Θ and φ 
describes the hand drifting from position A. Therefore, when the elastic tubing is 
transferred to the actor, (s)he counteracts the vertical force but the hand suddenly 
drifts, moving in the sagittal plane around a transversal axis as a result of the 
glenohumeral joint’s degrees of freedom (Figure 3). After a reaction time, a discrete 
movement is generated, the hand moves back to the specified coordinate. However, by 
pairing CS with US the kinematic configuration of the lower limbs reacts naturally for 
controlling the equilibrium (Caillou et al., 2002). It is important to note that the 
shoulder is maintained stable in the vertical axis. Shoulder’s stability is possible by the 
reaction of the contralateral OAM which maintains the thoracic transverse-position 
stabilized. It assumes that the glenoid fossa of the scapula is the origin of a point 
which is maintained stable by the reaction of the contralateral OAM (see sketch inside 
the circle). Here, the glenoid fossa of scapula is stabilized, but the shoulder muscula-
ture then has to modulate an effective force in order to avoid the hand drifting to the 
sides. 
 
enabling incidental sequence learning (ISL) to occur, this is a characteristic of a 
serial reaction time (SRT) task (Rünger & Frensch, 2008). Systematic, rather 
than random, transfer increases the availability of knowledge of the sequence of 
events as actors seek the cause of an experienced deviation from the expected 
task performance (Rünger & Frensch, 2008). 

In summary, instruction is delivered to use both hands with precisely the 
same level of effort. First, the actor’s hand is moved passively towards position 
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A, resulting in maximum torsion of the spine. At a signal, the actor maintains 
the hand at the maximum reachable amplitude, the elastic tubing is then trans-
ferred. Due to the glenohumeral joint, an unexpected DOF causes the hand to 
drift from the specified coordinate. Immediately after the reaction time (RT), a 
motor command is issued, and a discrete movement brings the hand back to po-
sition A, which is then maintained for a dwell time. After that dwell time, the 
actor receives instruction to release the arm and move the hand toward the 
shoulder while the nose is maintained stationary in position relative to the pel-
vis. In comparison with other approaches, the above approach has the advantage 
of being effective across a large range of motor disabilities. Further advantages 
include that the cost of implementation is low, and efficiency for motor reha-
bilitation is high. Indicating that adoption of this learning process in clinics and 
hospitals would prove a valid integrative medical approach. 

2. Methodology 

In order to compare the conditioning effect of this treatment, two different ex-
periments were set up. In Experiment 1, a group of thirteen participants suffer-
ing specific, acute motor impairment (Group 1) was followed in three sessions, 
over a period of two up to three weeks. In Experiment 2, twenty-six healthy par-
ticipants were randomly assigned to Groups 2 or 3, and performed the treatment 
with the dominant and the non-dominant hand, respectively. In Group 3, par-
ticipants were informed that performing the treatment with the non-dominant 
hand would not improve their condition and used the non-dominant hand to 
eliminate a placebo effect. However, this study indicates that, in a passive mus-
cle, the spindles’ primary afferents fire in direct relationship to muscle 
force-related variables, rather than to length-related variables (Blum et al., 2017). 
The kinematics of the treatment described here is designed to permit a passive 
short-range stiffness of the OAM, made possible by using the ipsilateral hand to 
stabilize the thorax in order to maintain the OAM short and passive. This study 
hypothesizes that, whenever a population of muscle spindles from the OAM in 
one side only is correlated with asymmetry of thoracic rotation, treatment im-
proves the dynamics of thoracic rotation by inducing passive short-range stiff-
ness in the OAM in only one side. The following section expounds the proce-
dure. 

2.1. Experimental Treatment 

After receiving preliminary information, the actor takes up a supine position, the 
pelvis then being stabilized by a belt. The CS was instructed through four stages 
as follows. First, information was provided on how to stabilize the thorax: “With 
one hand, grip the handle forcefully to maintain the thorax stable while, with the 
other, also exerting a strong grip to maintain position A. Both hands must per-
form at the same level of effort. It is important to control the stability of the tho-
rax by maintaining a strong grip in both hands.” Second, now with one hand al-
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ready stabilizing the thorax, the actor’s preferred hand is passively moved to-
wards its maximum amplitude. From position A, the actor is required to observe 
his hand, forearm, arm and shoulder. The clinician then continues: “Imagine a 
virtual line starting from the hand, in position A, and extending to the shoulder, 
in position B”. This reinforces the understanding that position A is at the maxi-
mum amplitude that can be attained. Third, the actor is now required to move 
the hand in a virtual straight line from position A to B while maintaining the 
nose’s position stationary. For that, the clinician counteracts the movement by 
holding the actor’s hand while keeping a thumb touching the actor’s nose. In 
this rehearsal the actor learns how to stabilize the thorax while performing a 
discrete movement. Note that the direction of the force during this rehearsal is 
inverted considering the direction of the US tensile force. 

In the fourth stage, with the actor resting in position, the clinician reinforces 
the CS. “Remember to use both hands with the same level of effort; while one 
hand gives stability to the thorax the other must be stationary in position A. 
Hold position A very firmly. This requires effort but takes no longer than two 
seconds. Once you have held position A for this short time, I give a signal to re-
lease your arm to move your hand towards position B. Pay attention to this spo-
ken instruction: ‘Three, two, one’ which is the indication to alert you that the 
signal is imminent. The signal to start to counteract the tensile force is given the 
moment that I say ‘Now!’ If that is clear, what you must do is to keep your hand 
in position A for about two seconds. It is not so important you move towards 
position B. But if you change your mind and decide to drop out, you need only 
to release your arm.” Once the actor indicates being confident with the instruc-
tions, the actor’s hand is passively moved towards position A, then the clinician 
asks: “Are you ready?” Receiving confirmation, the clinician prompts: “Three, 
two, one, Now! Hold the position”. The tensile force, i.e. the US, is then trans-
ferred to the actor’s hand. The actor efficiently anticipates the reaction to coun-
teract the tensile force, i.e. the CR, maintaining the maximum reachable ampli-
tude. But the hand suddenly drifts from the specified coordinate, and then after 
a reaction time, a discrete movement returns the hand back to the specified co-
ordinate for a dwell time. Then instruction is given to release the arm in order to 
move the hand towards position B while maintaining the nose position station-
ary. The procedure—i.e., the stimulus—is repeated five times. 

2.2. Preliminary Information and ROM Test 

This information highlights the importance of controlling the quality of range of 
motion (ROM), as naïve actors can be concerned by unexpected delayed-onset 
muscle soreness (DOMS). In this example ROM was checked by performing a 
squatting test, or other test elaborated ad hoc for each specific motor impedi-
ment (e.g., Holt et al., 2010). Thus, the neck rotation to a certain angle is im-
peded, the actor scores the level of pain for that specific degree of rotation. The 
same is done for other compartments, that is, shoulder, elbow, lumbar spine and 
so on. Actors suffering an overt acute motor impairment also performed this 
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scoring test (Experiment 1). Once the specific test was clearly understood by the 
actor, information about the probability of developing DOMS after treatment 
was given. The actor is reassured that a better ROM signifies an improvement in 
their condition. Thus, even when DOMS causes a sensation of stiffness, joint 
ROM must be verified. “This is a normal change in muscle tone. When a natural 
change in muscle tone occurs, it is positive and important for improving the fit-
ness threshold by strengthening of the muscles, especially in the lower back. This 
DOMS will probably begin one to seven days following treatment. You must 
remember to check ROM. Even if your muscles are sore and you are feeling 
stiffness, a better ROM means that muscle tone is changing for the good. Thus, 
there is nothing to cause you concern.”  

2.3. Participants 

A total of thirty-nine right-handed participants (from office workers to con-
struction workers), of both genders, exhibiting asymmetry in passive rotation of 
the shoulder girdle (assessed when sitting), engaged in the two experiments. The 
sample size was calculated by power analysis, and a larger sample was chosen as 
convenient. The raw dataset, criteria used to select right-handed participants, 
description of their initial condition and procedure adopted to score perceived 
effort are available in the Appendix. After the preliminary assessment, in all 
groups participants were allocated randomly, including in Group 1; that is, in-
dependently of the body’s compartment affected by motor impairment. Experi-
ment 1 involved thirteen participants suffering an acute, painful motor impair-
ment. Experiment 2, twenty-six healthy participants able to perform motor tasks 
normally. All participants provided written informed consent to participate in 
the experiment, following a full explanation of procedures pre-approved by the 
local ethics committee. Much of the experiment was performed in the facilities 
of the University of Rome-Foro Italico, other sessions at John Cabot University, 
Rome. In Experiment 1 the participants (Group 1; 7 male, average age 44 ± 10 
years, height 173 ± 8 cm, weight 71 ± 10 kg [mean ± standard deviation]) re-
ceived a total of three treatments over different days, lasting two up to three 
weeks. In Experiment 2, participants were randomly assigned to Group 2 (10 
male and 3 female, age 39 ± 11 years, height 178 ± 11 cm, weight 77 ± 16 kg) and 
Group 3 (10 male and 3 female, age 36 ± 10 years, height 176 ± 9 cm, weight 77 ± 
11 kg). None of the participants dropped out during the procedure. The experi-
ments were performed from the beginning of May until the end of July 2018. 
Data on seven different variables were collected before and after treatment. The 
procedure was recorded on video (4 k from 100 cm distance) to analyze the time 
between CS and US, i.e. the interstimulus interval (ISI), by a person naïve to the 
study (see Appendix, Note 5). 

2.4. Apparatus 

A specially designed piece of equipment was used to ensure stability of the pelvis 
and provides handles for gripping. Elastic tubing was hooked onto the equip-
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ment; this was provided with a cushioned handle, ensuring a comfortable grip, 
and a safety cable. The resultant tensile force-magnitude is 250 N when the elas-
tic tubing is extended to 125 cm (further information about the equipment is 
available on request). In Experiment 1, pain and effort were assessed using a 
numeric rating scale. In Groups 2 and 3, perceived effort was measured with a 
Rated Perceived Exertion (RPE)scale (Borg, 1982) and pain with a Category Ra-
tio (CR10) scale (Borg, 1998). ROM of joints was measured with a dual digital 
inclinometer, Accumar model ACU002. 

2.5. Notes on Variables 

In order to test the hypothesis, seven different variables were measured: four 
were ROM-related; two were self-reported perceived effort; while one was 
pain-related motor impairment scored in Group 1 or pain-related movement 
scored in Groups 2 and 3. The full seven variables, and the procedure for data 
collection to assess the treatment, are as follows: 

V1 neck maximum passive flexion. The degree of inclination of the first tho-
racic vertebra and top of the skull was measured from a sitting position: the ac-
tor’s hands resting supine above the knees while elbows are bent and resting 
above the thighs. First, the maximum passive flexion of both the lumbosacral 
and thoracic spine was established by gently guiding the actor into position; then 
the maximum passive flexion of the neck by asking the actor to release the head 
downward (see Appendix, Note 4). 

V2 thoracic maximum passive flexion. The degree of inclination of the first 
and the last thoracic vertebrae were measured from a standing position: the ac-
tor’s hand was supine resting on a support. While the actor’s knees remained 
locked, the clinician gently guided the pelvis to move slightly forward and the 
neck to its maximum passive flexion, in order to measure the maximum passive 
flexion of the thorax (see Appendix, Note 4). 

V3 thoracic maximum active rotation, right side up. The degree of rotation of 
the first thoracic vertebra was measured from a quasi-crawling position: the ac-
tor sat on the heels with knees flexed, the left elbow touching the ipsilateral knee 
while the right hand held the nape of the neck. The pelvis was stabilized in place 
by the clinician (see Appendix, Note 4 and Figure 4). 

V4 thoracic maximum active rotation, left side up. The degree of rotation of 
the first thoracic vertebra was measured from a quasi-crawling position: the ac-
tor sat on the heels with knees flexed, the right elbow touching the ipsilateral 
knee while the left hand held the nape of the neck. The pelvis was stabilized in 
place by the clinician (see Appendix, Note 4 and Figure 4). 

V5 isometric contraction, right side up. Using a Borg scale from 6 to 20 for 
Groups 2 and 3 (and a scale from 1 to 10 for Group 1). Perceived effort was 
scored from a quasi-crawling position: the left elbow rested on the equipment 
perpendicular to the ipsilateral shoulder, the right hand rested on the equipment 
perpendicular to the ipsilateral shoulder; the knees perpendicular to the hips and 
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the feet flexed. To begin, actors were asked to lift slightly both knees together 
and then rotate towards the ceiling approaching the pelvis on the equipment’s 
surface. This position was then held for fifteen seconds (see Appendix, Note 4 
and Figure 4). 

V6 isometric contraction, left side up. Using a Borg scale from 6 to 20 for 
Groups 2 and 3 (and a scale from 1 to 10 for Group 1), perceived effort was 
scored from a quasi-crawling position: the right side elbow rested on the equip-
ment perpendicular to its ipsilateral shoulder, the left hand rested on the equip-
ment perpendicular to the ipsilateral shoulder, the knees perpendicular to the 
hips and the feet flexed. To begin, actors were asked to slightly lift both knees 
together and then rotate towards the ceiling approaching the pelvis on the 
equipment’s surface. This position was then held for fifteen seconds (see Appen-
dix, Note 4 and Figure 4). 

V7 pain. The level of pain was scored on a numeric scale from 1 to 10, in Ex-
periment 1. Although Groups 2 and 3 were characterized by a lack of impair-
ment, pain was scored after a movement-screening test, which measured the 
difference between right and left sides of the body for each specific compart-
ment, in a Borg scale from 0 to 10 (see Appendix, Note 3). 

2.6. Statistical Analysis 

To reduce bias during data collection, tests—especially for V3 and V4—were 
repeated up to three times. The difference in scales, between Experiments 1 and 
2, for variables V5, V6 and V7 were normalized. Analysis of regressions and 
mixed effects (linear mixed-effects models (Bates et al., 2015), using the lmer 
package in R) was used to calculate whether a predictor variable is significant or 
not. The significance of the difference with the mean was calculated with a 
post-hoc t-test (degrees of freedom based on Satterthwaite’s lmer Test package 
in R). The asymmetry in rotation of the thorax was calculated as the difference 
between V3 and V4. In the Results section, the effect of the treatment for im-
proving the thoracic symmetry is given for Groups 2 and 3. For the statistical 
analysis, the data of two participants (3B and 5C: the data set is available in Ap-
pendix) were excluded due to a remaining asymmetry after treatment. In Group 
1, it was not possible to analyse the asymmetry due to the non-homogeneity of 
the sample; classification of the impairment (according to the World Health Or-
ganisation’s guideline) is given in the Appendix (Note 3). The results are sum-
marised and discussed below. 

3. Results 

Variable V1 in Group 1, i.e., the passive flexion of the neck was significantly dif-
ferent in the first section (t = −4.23, df = 62, p < 0.001), but the difference be-
tween sessions 2 and 3 was not significant; V1 in Groups 2 and 3 (there was no 
difference between Groups), the before and after was significant (t = −2.35, df = 
25, p = 0.027). Variable V2 in Group 1, i.e., the thoracic passive flexion was sig-
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nificantly different (t = −2.04, df = 62, p = 0.046), as were the differences be-
tween sessions 1 and 2 (t = −2.58, df = 62, p = 0.012), and between sessions 2 
and 3 (t = −2.36, df = 62, p = 0.022); V2 was not significant in Groups 2 and 3. 
Of interest, variable V3 was not significant for Groups 1, 2 and 3. Asymmetri-
cally, variableV4 was significantly different in Group 1 (t = −2.63, df = 62, p = 
0.011), and also between sessions 1 and 3 (t = −2.42, df = 62, p = 0.019); V4 was 
significant also in Groups 2 and 3 (t = −3.11, df = 25, p < 0.01). Variable V5 in 
Group 1, i.e., a change in the sensation of effort, was significantly different (t = 
3.79, df = 62, p = 0.001); the differences were significant between sessions 1 and 
3 (t = 4.97, df = 62, p < 0.001), and sessions 2 and 3 (t = 3.53, df = 62, p < 0.001); 
V5 was also significantly different in Groups 2 and 3 (t = 2.63, df = 25, p = 
0.014). Variable V6 in Group 1 was significantly different (t = 2.84, df = 62, p < 
0.001); the difference was significant between sessions 1 and 2 (t = 3.29, df = 62, 
p < 0.01). In Group 2, but not in Group 3, the difference in V6 was significant (t = 
3.63, df = 24, p < 0.001). The amelioration of pain (i.e. variable V7) after the 
treatment was significantly different in Group 1 (t = 6.91, df = 62, p < 0.001); the 
differences were significant between session 1 and 2 (t = 6.67, df = 62, p < 0.001) 
and between session 1 and 3 (t = 8.21, df = 62, p < 0.001). In Groups 2 and 3, the 
difference in V7 was significant (t = 6.33, df = 25, p < 0.001). When testing for 
symmetry in Groups 2 and 3, the improvement in the symmetry of thorax rota-
tion was significant (t = −7.05, df = 18, p < 0.01). 

Discussion 

The major intention of the present study is to describe an effective and efficient 
approach to improve symmetry in the dynamics of thoracic rotation which 
demonstrates effectiveness for the amelioration of motor disabilities. When cal-
culating the difference between sides, that is the asymmetry, the data of partici-
pants 3B and 5C were excluded from the sample given a remaining asymmetry 
after treatment. For the calculation, the value of V3 was subtracted from V4. 
The asymmetry diminished from −9.08 to −1.09 degrees in Group 2, and from 
−5.89 to −0.44 degrees in Group 3, a mean reduction of −6.72 degrees (t = 
−7.05, p < 0.01). This improvement in symmetry is evident in these two 
Groups, but less evident in Group 1. Using the same technique, the six elements 
remaining in Group 1 were insufficient for statistical analysis, probably due to 
non-homogeneity in their motor impairment (see Appendix, Note 3). Regarding 
another important effect, the amelioration of pain (V7), in Group 1 the mean 
pain value at baseline improved significantly after treatment (t = 6.91, p < 0.001), 
the mean values per sessions: 1) 3.92, 2) 1.92, 3) 1.46, (Table 1). The difference 
between the first and second session is significant as well the difference between 
the first and the third (i-ii t = 6.67, p < 0.001; i-iii t = 8.21, p < 0.001). These re-
sults indicate that asymmetry in the thoracic rotation can act as a causal factor in 
motor disabilities and pain. However, results also demonstrate that the treatment 
is effective in resetting the default symmetry in the dynamics of thoracic rotation. 
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Table 1. Indicate mean values. Variables V1, V2, V3, V4 indicate degrees of joint range of 
motion (ROM), V5 and V6 indicate the score of perceived exertion of effort, V7 indicate 
the score of pain. Small letters, or the *, indicate the significant differences. 

Group 1 
     

Group 2 Group 3 
   

before after 
 

session I session II session III 
  

before after 
 

V1 
          

123.33 127.72 * 124.81e 126e 125.77 122.49 118.89 119.96 121.42 * 

V2 
          

57.54 59.79 * 55.27m 58.77 61.96m 59.85 57.38 57.92 59.31 
 

V3 
          

73.21 73.77 
 

72.62 72.88 74.96 70.89 66.42 68.35 68.96 
 

V4 
          

74.92 78.23 * 75.08b 75.85d 78.81bd 67.52 65.83 64.42 68.92 * 

V5 
          

0.29 −0.29 * 0.4g 0.13h −0.53gh 0.14 −0.14 0.21 −0.21 * 

V6 
          

0.24 −0.24 * 0.36l −0.32l −0.04 
 

V6 - 
Group 2 

0.66ª −0.17ª 
 

       
V6 - 

Group 3 
−0.17 −0.31 

 

V7           
3.28 1.59 * 3.92jk 1.92k 1.46j 1.83 0.94 2.04 0.73 * 

 
Variable V1, in Group 1, the difference in the maximum passive flexion on 

the neck is significant. Additionally, as described in Appendix (Note 3), all 
participants experienced an immediate amelioration of their motor impair-
ments. For example, participants 4A, 7A, and 12A had been suffering a severe 
impairment to rotate the head toward the right. After the first section, their 
ability to rotate the head toward the right-side returned to the normal range of 
motion. Similar amelioration was also observed for other impairments. Thus, 
participants 1A and 2A had been unable to flex the right-side shoulder. The ob-
served after effect was an immediate return to normal ability to perform maxi-
mum flexion. Furthermore, in Group 1, the maximum degree of neck passive 
flexion reached saturation after the first session; i.e., the difference in V1 is 
significant solely in the first session. The mean of 123.33 degrees at baseline 
rises after treatment to 127.72 (t = −4.23, p < 0.001). In Groups 2 and 3, the 
mean of 119.96 degrees at baseline subsequently rises to 121.42 (t = −2.35, p = 
0.027). It is interesting that the ROM in Group 1 increases and that the base-
line value of V1 in Group 1 and the value after treatment in Groups 2 and 3 are 
similar. 

In Group 1, variable V2, the thoracic flexion incrementally increased after 
each session. The mean of 57.54 degrees at baseline, i.e., the thoracic passive 
flexion increases after treatment to 59.79 (t = −2.04, p = 0.046). Although the 
level of significance is close to p 0.05, with additional applications the difference 
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is clearly observed. Consequently, the mean increment after sessions is: 1) 55.27, 
2) 58.77, 3) 61.96 degrees. Differences are significant between the first and sec-
ond session (t = −2.58, p = 0.012), and the second and third (t = −2.36, p = 
0.022). On the other hand, Groups 2 and 3 failed to reach significance. These 
results shed some light on the problem of stability of the spine column and also 
demonstrate that passive flexion of the spine is important. Murray (1939) de-
scribe the mechanism for regulating the spinal foramen considering its dynamics 
for flexion and extension: “The articular process with the facets forms the poste-
rior boundary of the intervertebral foramen for the passage of the anterior and 
posterior spinal nerves. When the spine in the lumbosacral region is forced into 
extension (that is, bending backwards) these facets override one another and 
diminish the vertical diameter of the foramen. When the lumbar spine is bent 
forward (flexion), the reverse takes place and the foramen is enlarged vertically, 
given more space for the spinal nerves”. Here, the spinal foramen’s geometry 
forms a mechanism that increases the stability of the spinal cord by narrowing 
the spinal foramen in dynamic modes such as walking or running. The spinal 
foramen naturally enlarges when the coordination mode does not challenge the 
centre of mass (COM) too strongly, as in a relaxed sitting position. Improve-
ment in variable V2 was however the principal result of the improved efficiency 
of the OAM, achieved by the torsion of the spine rather than flexion or exten-
sion. 

The value of variables V3 and V4 indicate the maximum active thoracic rota-
tion when the pelvis is stationary. Interestingly variable V3 did not attain sig-
nificance for all three Groups; however, symmetrically variable V4 did reach 
significance in all Groups. V4 is the left-side up thoracic rotation: in Group 1 the 
mean rotation of 74.92 degrees at baseline rises after treatment to 78.23 (t = 
−2.63, p = 0.011). Thus, the mean rises in sessions: (i), (ii), (iii), respectively 
75.08, 75.85, 78.81 degrees. The difference between the first and third session is 
significant (t = −2.42, p = 0.019). In Groups 2 and 3 the mean of 64.42 degrees at 
baseline increases to 68.92 (t = −3.11, p < 0.01). These results suggest that the 
right-handed have a preference in thoracic rotation for task performance when 
the pelvis is stationary. The significant difference in V4, but not in V3, demon-
strates the presence of considerable articular drift at baseline, this articular drift 
being an angle of joint rotation out of the controller radar. In only one side, in-
sensitivity to tension of muscle spindles in the OAM is a malfunction which 
causes an articular drift (cf. Diederichs, 2017). During the preliminary interview, 
articular drift was assessed by passive rotation of the shoulder girdle from sit-
ting. An active rotation, while the pelvis is stationary, as for variables V3 and 
V4, would be a more reliable test. Additionally, Groups 2 and 3 performed the 
treatment with the dominant and non-dominant hand, respectively, and the af-
ter effect coincided fully, with the exception of how actors in Group 3 perceived 
effort when testing for the variableV6, see Figure 2. 

The kinematic configuration for V5 and V6 challenges the OAM isometrically  
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Figure 2. The diagram illustrates the oblique abdominal muscle 
(OAM) conditioning state according to the kinematic configuration 
for variables: V3, V4, V5, and V6. The dense zigzag lines indicate 
short-range stiffness of the OAM; the capital letters L and R indicate 
the left and right sides, respectively. The large arrows in V3 and V4 
indicate the direction of movement. The two small arrows in V5 
and V6 indicate the short-range stiffness of the OAM, which breaks 
the acceleration of the centre of mass when assuming the kinematic 
configuration. 

 
in one side only. The total generation of perceived effort might equal the ability 
of muscles to respond reflexively, i.e., a diminished perception of effort signifies 
more efficient reflexes for motor control. In Group 1, when testing the OAM in 
the left side, i.e. V5, the perceived effort diminished from (0.29) before to 
(−0.29) after (t = 3.79, p = 0.001), in z scores. That indicates a difference in per-
ceived effort from very hard to very easy. After each session the mean perception 
of effort drops: 1) 0.4, 2) 0.13, 3) −0.53; differences are significant between the 
second and third session (t = 3.53, p < 0.001), and between the first and third (t 
= 4.97, p < 0.001). In Groups 2 and 3, the difference before (0.21) and after 
(−0.21) is significant (t = 2.63, p = 0.014). Regarding V6: in Group 1, the per-
ceived effort diminished from (0.24) before to (−0.24) after (t = 2.84, p < 0.001), 
in z scores. For every additional session the mean perceived effort falls: 1) 0.36, 
2) −0.32, 3) −0.04; the difference is significant between the first and second ses-
sion (t = 3.29, p < 0.01). In Group 2, the difference is significant for before (0.66) 
and (−0.17) after (3.63, df = 24, p < 0.001). On the contrary, Group 3 failed to 
reach significance where participants performed the treatment with the 
non-dominant hand, challenging the OAM on the right side. Between Groups 1 
and 2 the level of perceived effort for sustaining the isometric position became 
significantly lower. In Group 3, failure to reach significance in variable V6 indi-
cates a dominance in one side OAM, the left side in the right-handed. Thus, a 
diminished perception of effort suggests that the kinematic configuration is 
more automatized (see also Monjo & Forestier, 2018). The intent here is not to 
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infer the origin of perceived effort (Monjo et al., 2018); but rather to understand 
OAM effectiveness when challenged. 

4. General Discussion 

The experimental treatment described employs a tensile force which generates 
unexpected disturbance, implying the ability to precisely regulate muscle forces 
to maintain the hand in position A. An increase in muscle forces, or joint im-
pedance, is an effective strategy to maintain posture during unexpected distur-
bance, but excessive muscle force limits the ability to perform tasks that require 
force regulation (Hu et al., 2017). In Hu et al.’s experiment, small displacement 
perturbations were used to quantify impedance during exertion of volitional el-
bow torques from 0% to 20% of maximum voluntary contraction (MVC) in two 
tasks. Actors were instructed either not to intervene (DNI) with the imposed 
perturbations or to explicitly intervene so as to minimize the influence of the 
perturbations on the elbow torque. In both tasks real-time visual feedback of el-
bow torque was available. They found that, at 10% or 20% of MVC, impedance 
was respectively 35(±12)% and 40(±13)% smaller when actors intervene; indi-
cating that muscle force regulation was assisted also by a sensory feedback re-
sponse; in the DNI task, impedance was increased which indicates only a 
feed-forward response (Hu et al., 2017). In the present study, actors reacted to 
the tensile force to maintain the hand in the maximum reachable amplitude, 
possible by generating prediction of the event to come in order to anticipate the 
response (Schmidt, 1968). However actors were not expecting their hand to ac-
celerate as a result of the three DOFs of the shoulder, specifically of the 
glenohumeral joint (e.g., Haering et al., 2014). After the tensile force is trans-
ferred, the actor’s hand accelerates (phase 3—Appendix, Note 5) and the RT for 
controlling the hand position (phase 4) ranges between a minimum of ~150 ms 
and a maximum of ~340 ms, with a mean of ~230 ms. In addition, Hu et al. 
(2017) suggested that a sensory feedback response opposing the unexpected dis-
turbance becomes available after ~150 ms, which is empirically consistent with 
the minimum RT found in the present study. 

This indicates that the history dependent features of spindles in passive mus-
cles maintained at a constant length during control of posture and balance are 
used to detect the sensorimotor response to perturbations (Blum et al., 2017). In 
a rapid shoulder flexion paradigm, while standing upright electromyography 
(EMG) was used to test activation patterns of both transverse abdominal (TrM) 
and internal oblique (IO) muscles; the authors found that EMG activation of the 
contralateral TrM-IO occurred prior to starting shoulder flexion (Massé-Alarie 
et al., 2012). That is, during a standing position the passive contralateral ab-
dominal muscles are said to anticipate activation in order to counteract an im-
minent forceful shoulder flexion. In light of these finding, it would be reasonable 
to speculate that anticipation in the activation of contralateral abdominal mus-
cles would limit the displacement of the COM. In the present study, to support 
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maintaining the contralateral OAM passively at a constant length, the actor 
forcefully holds a stable handle while the pelvis is maintained stable by a belt. 
After a signal, the actor expects the transfer of the tensile force while retaining 
the knowledge of the importance to maintain position A. With transfer of the 
tensile force, the contralateral OAM reacts by maintaining its fibres’ stiffness 
appropriately short, which causes a coupling between thorax and pelvis, i.e. a 1:1 
phase-locked mode. Bear in mind that, initially, the lower limbs rest passively on 
the floor. The coupling from thorax to pelvis generates a qualitative 
reorganisation within segments of the lower limb resembling the midstance of 
gait (e.g., Kay & Warren, 2001). This was often observed but not always, proba-
bly due to lack of normalisation of the tensile force. 

Efficient short-range stiffness of the OAM is made possible as a result of mus-
cle spindles acting as force-related variables (Blum et al., 2017). In the present 
study, actors undertook the treatment on one side only, the effect on the other 
side being observed as improved symmetry. Although only one hand was used, 
the effect of the treatment indicates that muscle spindles are recalibrated on both 
sides. Empirically, in Group 1 the stretch reflex was tested (at baseline – with 
participants standing upright) by pressing the OAM simultaneously on both 
sides. When comparing sides, an asymmetric reaction is observed, displaying 
larger latency in the right-side and, sometimes, the reaction is absent (see also 
Diederichs, 2017). Using EMG, Massé-Alarie et al. (2012) found a significantly 
larger latency in the contralateral abdominal muscles of a group suffering motor 
impairments, compared to the anticipated activation found in the control. In 
their experiment, participants performed rapid shoulder flexion while standing 
upright. In more natural coordinative modes, torsions assist the hand in reach-
ing for and coupling with a target object and might promote the anticipated ac-
tivation of muscles, too. There is good motivation for choosing the dominant 
hand for pairing the CS with US. In support is the overt facilitation that actors 
displayed in rotating the shoulder girdle towards one side (see Appendix, Note 
1). In this example, the right-handed might exhibit a preference for performing 
torsions by using the left-side OAM to limit the displacement of the COM (e.g., 
Ellis et al., 2014). Thus, and especially in people suffering motor disability, this 
treatment is conveniently performed with the preferred hand, which challenges 
specifically the preferred OAM. The anticipation of contralateral OAM activa-
tion is also important for the stabilisation of the glenoid fossa of the scapula, 
which then allows the shoulder musculature to precisely regulate an effective 
force to control a hand’s position coordinate when a disturbance occurs. 

Actors maintain the spatial and temporal anticipation necessary, predicting 
stimulus arrival (Schmidt, 1968). Presentation of the US, that is the time it takes 
for a complete transfer of tensile force to the actor’s hand, ranges from a mini-
mum of ~100 ms to a maximum of ~1.480 ms, with a mean of ~710 ms. In this 
example, the maximum time is about 1.5 s, which signifies that the actor took 
more time to anticipate sufficiently. The minimum is about 0.1 s, signifying that 
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anticipation was already sufficient to control the maximum reachable amplitude 
of the hand in the presence of the tensile force. Formally there is no RT when 
pairing CS and US. The difference between the moment that the tensile force is 
transferred and the time that the actor initiates the response is zero. Undeniably 
it would be disadvantageous to wait until the target event occurs, only then re-
sponding with a step impulse of maximum amplitude. Owing to inertia and de-
lays in the nervous system, the actor must begin to respond before the tensile 
force is transferred. In that manner, prediction response rises to a level that co-
incides with the onset of the tensile force transfer (Moore & Choi, 1997). In fact, 
actors are certain about the need to counteract a one-dimensional force vector in 
order to maintain position A, knowledge that was reinforced during the CS. 
Furthermore, actors received instruction to visually track their hands as visual 
feedback can help to issue a motor command (van Beers et al., 1999). After 
pairing CS and US, the amplitude which is the CR is maintained. The hand un-
expectedly accelerates, drifting from the specified coordinate. Therefore, identi-
fication of the motor goal, i.e.: the specified coordinate in position A, is also pos-
sible by visual cue (Wong et al., 2015), see Figure 3. Thus after a reaction time 
(RT) a discrete movement is generated which returns the hand to the specified 
coordinate for a dwell time. 
 

 
Figure 3. In the left upper corner, the moment before pairing CS with US is illustrated. 
The black hands are illustrating the clinician who holds the actor’s wrist and the elastic 
tubing. The main illustration shows the moment after pairing CS with US; the more 
transparent limb illustrates the drifted position. Note that the actor still has a visual cue 
available, namely the clinician’s hand at the specified coordinate, in position A. For pair-
ing CS with US, first: the clinician releases the actor’s wrist, just after giving a signal to 
start to counteract the tensile force (see Methodology), it is then transferred to the actor’s 
hand. Thus, after hand stabilisation (see Appendix, Note 3.), the actor is instructed to re-
lease the arm to move the hand towards the shoulder while keeping the nose’s position 
stationary. Stabilisation of the nose’s position is possible by keeping a thumb touching the 
actor’s nose, which ensures thoracic stability. Actors are instructed to track their hand 
visually. Often, in order to maintain the nose stationary, attention is attended by overt 
visual fixation while the actor’s hand is attended as covert visual fixation (the latter signi-
fies a target in the peripheral visual field), for a review see Castiello (2018). 
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A CS event is an act of motor planning (Neige et al., 2018) which involves 
specification of the movement’s trajectory, a description of how the end effector 
will produce a CS action, and the full set of joint trajectories or muscle activa-
tions required to execute the action (Wong et al., 2015). According to Moore 
and Choi (1997) “the onset of CS initiates a spreading pattern of activation 
among neurons tied to whatever sense modality is involved”. They added that “a 
CS event initiates a cascade of activation such that one component excites that 
next, with some delay. When it does occur, a connection is established between 
elements of the cascade and the target. A representation of the target is evoked 
the next time these elements are activated” (Moore & Choi, 1997). That is to say, 
a CS must be delivered in a way that counteracts the tensile force with a step 
impulse of maximum amplitude. The CS only instructs the actor to counteract a 
vertical force to maintain the hand in the specified coordinate position. After 
pairing CS with US, the clinician’s hand is still visible to the actor and informs 
him or her about the centre of the coordinate that needs to be maintained 
(Figure 3). Therefore, an effective RT precisely regulates the muscle forces re-
quired to resolve one DOF of uncertainty as the learning process is optimised to 
pursue the goal, i.e. position A. Optimisation would shorten the confidence in-
terval to process the hand’s position and the centre of the coordinate that needs 
to be maintained (van den Berg et al., 2016). 

An informative cue, i.e. a CS, represents a great degree of activation among 
the brain’s cortical neurons as the primary source of motor planning (Neige et 
al., 2018); thus, pairing CS with US can facilitate a boost of intrinsic information 
toward the CNS as inputs of sensory transformation relative to the pelvic posi-
tion (e.g., Faber et al., 2018). This question goes beyond the objectives of the 
present study and is therefore a matter for future research. During training, after 
a dwell time actors are instructed to release the arm and move the hand toward 
their shoulder: In Group 1, the observed movement is jerky, and the hand’s tra-
jectory more arched than that in control Group 2. An uncoordinated movement 
is observed between shoulder, elbow, and wrist. In spite of this, consider the 
training phase as a sequence of events in time divided into two major phases, i.e.: 
the initial phase, which starts with the paring of CS with US and ends in position 
A; then the final phase, which starts from position A and ends in position B. 
This is to say, this study restricts itself to the initial phase, i.e., from the pairing 
of CS with US until the end of the RT. Neige and others (2018), state that an RT 
is the outcome of the neuron process of five cortical regions integrated into a 
frontoparietal network for various aspects of motor planning. Thus the pairing 
of CS with US would reweigh the abstract representation of the body’s segments 
among different clusters of cortical neurons (see also Tada et al., 2015). This 
would be optimised by the act of solving one DOF error by the issue of an effec-
tive discrete conditioned response (dCR), which is the RT’s product, see Figure 
3. 

The CR entails a dynamic rearrangement throughout the body segments fa-
cilitating motor control to maintain a hand in the maximum reachable ampli-
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tude. Formally the CR is the motor rule, while for the motor goal the actor needs 
to discriminate between the specified coordinate and the drifted position. In or-
der to attain the goal, i.e. position A, the actor starts a sequence of actions si-
multaneously (Gallivan et al., 2016). In the following, the initial training phase is 
explained as the unfolding of events in time, its chronology is aligned with a 
self-organising neural network paradigm. First 1) the actor responds with a step 
impulse of maximum amplitude, which is the CR; in the next step 2) the actor 
deals with the consequence of an unexpected DOF; and then in the final step 3) 
the problem is solved through the issue of a dCR. In a computational model, lo-
cal discrimination of input is possible by recognising the neuron signature which 
reports both the neuron identity and the local informational context, i.e. a tran-
sient memory to keep track of the information and its source (Latorre et al., 
2011). Latorre et al. define: a) the input to a neuron receptor consists of all mes-
sages at a given iteration; b) if the receptor detects in the message that data are 
relevant to solve the problem during processing, the receptor starts recognising 
the signature of the emitter neuron; c) if emitter and receptor data are compati-
ble then the receptor neuron—which belongs to a cluster—starts recognising the 
corresponding signature of neurons in the cluster by reconfiguring the network 
(Latorre et al., 2011). Based on the treatment and results observed, the present 
author postulates that: i) iteration of neurons—considering the pairing of CS 
with US—is enhanced by the maximum size of the somatosensory information 
which is transmitted as input source; ii) the local informational context are 
memories of the body state (proprioceptive, haptic, and also exteroceptive), 
which report the relevant data to be processed; for then iii) resolve one DOF er-
ror by issuing an effective dCR. The maximum size of somatosensory inputs 
might be the outcome of an efficient coupling between thorax and pelvis, which 
might be fundamental for motor learning (McNamee et al., 2016). 

Using the maximum reachable amplitude, the actor learns a specific hand co-
ordinate for sustaining a force relative to the pelvic position in which informa-
tional properties might be encoded in cortical neurons (Franklin et al., 2016; 
Stratmann et al., 2018). Fine, smooth coordination might be related to automa-
tion of relevant motor skills (e.g., Kal et al., 2018) in the cerebellum (Latorre et 
al., 2013; Martino et al., 2014). The treatment is characterised by incidental se-
quence learning, confirmed also by the fact that some actors reported verbally 
the sequential regularities of events, i.e., the drifted position. Verbal report is 
stated as the most sensitive test for conscious sequence knowledge defining se-
quence learning in a serial reaction time (SRT) task (Rünger & Frensch, 2010). 
In Group 1, participants were randomly assigned independently of the location 
of their motor impairment, which suggests the treatment’s generalisability. The 
asymmetric thoracic rotation and jerky upper limb movement observed in 
Group 1 are similar to the quality of movement observed in a seventy years old 
(right-handed) person two years after a left cerebral hemisphere stroke (raw data 
to appear in an upcoming publication). Clinically, it should be noted that, de-
spite this observation only taking into account a single case, the experimental 
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treatment—which here is termed an Elemental Conditioning Stimulus (ECS) 
approach—demonstrated broad efficacy in improving equilibrium and gait in a 
hemiplegic patient previously unable to walk without the aid of a rollator. The 
position required for application of the treatment seems ideal for patients 
suffering neurological symptoms. This paper however provides remarkable evi-
dence for an effective treatment of motor disabilities. To date, it appears that no 
previous treatment based on classical conditioning has claimed to demonstrate 
rehabilitating motor disabilities efficiently (for a review see Raffin & Hummel, 
2018). An independent study is required to verify the efficacy of the ECS ap-
proach both in the neurologically intact population as well as in the hemiplegic 
population. 

5. Conclusion 

Empirically, the ECS approach is able to trigger a mechanism that detects a 
critical value and initiates a transition from the dynamics of the action system 
and task constraints to a default value (Diedrich & Warren, 1998). This is clearly 
observed in the improvement of symmetry in Groups 2 and 3 and in the amelio-
ration of motor disabilities and pain in Group 1. During training, the actor 
learns through the explicit memory system how to control a one-dimensional 
force vector by maintaining the hand in the maximum reachable amplitude, in 
position A. In the following moment, due to a sudden change in coordinate of 
the position of the hand, the actor incidentally learns how to precisely regulate 
the muscle forces to control only one degree of freedom through the implicit 
memory system (e.g., Steenbergen et al., 2010). The learning process in the im-
plicit memory system precedes explicit learning, generating memory representa-
tions that directly control behavior (Rünger & Frensch, 2010). Most signifi-
cantly, implicit memory improves task performance by reducing both the aver-
age RT and the error rate (Rünger & Frensch, 2010; van den Berg et al., 2016). 
With the first treatment application, the after effect—clearly observed in vari-
ables V1 and V2—is amelioration in muscle tone (see also Ivanenko & Gurfin-
kel, 2018). Further amelioration is generally observed a day to even three weeks 
after treatment (Laventure et al., 2018). The final change in muscle tone is re-
ferred to as a positive feeling and often described by patients as “openness”. In 
principle, implicit memory can store information regarding a learned size scal-
ing (Hyun Geun et al., 2018) which might be used to generate motor schemes 
(Miranda et al., 2018). Scaling of muscle synergy appears to be elemental in mo-
tor control (d’Avella & Lacquaniti, 2013; Israely et al., 2018; Singh et al., 2018). 

The seven variables of the results also indicate generalisability. That is, the 
treatment can also be applied to ameliorate the symptomatology of motor dis-
abilities related to an impairment in the nervous system employed to fine con-
trol movement and position, such as the proprioceptive system. Following this, 
so-called idiopathic diseases related to an impaired movement can also originate 
as the consequence of an impairment which first strikes the motor control sys-
tems rather than structural components of the musculoskeletal system. Conven-

https://doi.org/10.4236/ape.2019.93011


V. M. Diederichs 
 

 

DOI: 10.4236/ape.2019.93011 164 Advances in Physical Education 
 

tional treatments target the structural tissues to tackle symptoms associated with 
orthopedic conditions, for example herniation of the intervertebral disc, the 
thoracic outlet syndrome or pain and impediment in other compartments of the 
body. However, mounting evidence suggests that a treatment based on the 
learning process can be considered the approach to adopt for amelioration of 
impairments related to motor control. Above I postulate that treatments to im-
prove the functioning of the motor control systems can only be based on the 
learning process. On a clinical note, the ECS approach also demonstrates effec-
tiveness in successfully rehabilitating a 43-year-old patient following a decom-
pressive laminectomy of the cervical vertebrae (C2 to C7) as a result of a previ-
ous cerebellar stroke. Effectiveness of the treatment however depends signifi-
cantly on how the patient interprets the action she or he needs to perform, and 
for this it is important that the clinician be trained in apply learning process. The 
total tensile force for the treatment should be sufficient to stimulate a kinematic 
reaction of all segments of the body. This can be easily achieved gradually. For 
practise and pre-treatment purposes, the ECS approach also shows efficacy even 
when a lighter tensile force is used. 
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Appendix 

1) A preliminary assessment for asymmetry was performed as part of the in-
clusion criteria. Assessed when sitting, participants were asked to keep their 
hands touching the ipsilateral shoulder while the clinician gently rotates the par-
ticipant shoulder-girdle to the sides. The test verifies the maximum passive rota-
tion of the shoulder-girdle while the pelvis is stationary. To verify the validity of 
this preliminary assessment, the baseline value of variables V3 and V4 was used. 
In comparison the asymmetry was coherent in twenty out of twenty-six cases in 
Groups 2 and 3, while in Group 1 this asymmetry was coherent only in five 
cases. 

2) To select right-handed participants, the following questions were asked 
during the preliminary interview. The exclusion criteria were (i) no preference 
between sides to perform fine movement as indicated in questions (i) and (ii) or 
to have been trained to use the right-side hand during the infancy, question (iii). 
Thus, to be included in this study, participants must use only the right hand to 
brush their teeth and write.  

a) “Do you prefer to use the right or the left hand to brush your teeth?”  
b) “Do you prefer to use the right or the left hand to write?”  
c) “Have you been taught to use the right hand because when young you were 

left-handed?” 
3) The baseline condition of participants was described as follows. In Group 1, 

once the painful joint angle is indicated, the joint angle is photographed, and 
pain scored on a numeric scale. After treatment, pain was scored again with the 
joint at exactly the same angle as before treatment for comparison. Specifically, 
regarding the shoulder, participants 1A and 2A were suffering severe impair-
ment, and 11A mild impairment in flexing the right shoulder, while 10A dis-
played mild impairment to flex the left shoulder. Participants described here as 
suffering severe impairment signifies that they could not raise their hand over 
the shoulder; while mild impairment means some limitation in shoulder flexion. 
In order to score pain, they indicated the highest position of their hand—while 
keeping the elbow locked—and then the sensation of pain was scored. For the 
neck, participants were asked to indicate the maximum rotation on both sides. 
Participants 4A, 7A and 12A were suffering a severe impairment, while 5A, 8A 
and 13A were suffering a mild impairment to rotate towards the right side. A 
severe impairment in this case signifies that rotation to that side is completely 
impeded, while mild impairment indicates some limitation to rotate the head. 
Participant 6A was suffering severe impairment of the wrist in extending the 
hand over the forearm. This very extension was used to score pain. Participant 
3A was suffering moderate impairment in the thorax which she described as 
“feeling locked” when attempting to rotate towards the right side. This very ro-
tation was used to score pain before and after treatment. Participant 9A was suf-
fering mild impairment to flex the lumbar spine. This very flexion of the lumbar 
spine was used to score pain, using the same criteria as above, before and after 
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treatment.  
In Groups 2 and 3, participants were healthy and able to perform motor tasks 

normally. Pain was scored for specific movements, comparing the right and left 
sides of the body. To compare and score how comfortable it is to use the right 
and left sides of the body, participants attempted symmetrical movements, in 
both sides, to test the feeling. For example, 1) the squat test was performed by 
keeping the shoulders in maximum flexion, elbows locked, then bending the 
knees while keeping the heels on the floor; 2) the maximum extension of the 
lumbopelvic compartment was tested by pushing the pelvis forward while keep-
ing knees locked and hands on the pelvic girdle; 3) with knees locked, shifting 
the pelvis to both sides was performed from the maximum extension of the 
lumbopelvic compartment, that is, by pushing the pelvis maximally forward and 
then also toward the sides; 4) while keeping knees locked, the thorax was rotated 
maximally toward both sides; 5) maximum flexion of the shoulder, while keep-
ing knees locked and pelvis in maximum extension, was tested on both sides for 
comparison. These tests should be performed from standing upright. And while 
testing the movement, low speed and the maximum available amplitude are pre-
ferred because this provides the opportunity to perceive differences between the 
sides. That is, differences in perceived comfort or pain when approaching certain 
amplitude can easily be found and scored by comparison with the contralateral 
compartment. By testing the quality of a slow movement at maximum amplitude 
in both sides, painful angles are easily scored. Once a compartment is indicated 
as a source of pain, the joint angle is photographed, and the same joint angle is 
verified after treatment. For each participant, the painful compartment was the 
following: for participants 1B, 11B, 2C, 8C, the right-side shoulder; for 2B and 
5B, the left-side shoulder; for 6B, 7B, 6C, 8C, 9C, 10C and 12B, the neck; for 11C, 
12C, 13C, 4C, 5C, 4B and 9B, the lumbar spine; for 8B and 10B, the right-side 
knee; and for 3C, the thorax. Participants 1C, 3B and 13B had no complaints.  

4) In standardising the procedure for data collection, and for participants bet-
ter to understand “what to do”, the instructions below were used:   

V1, from a sitting position, the participant is asked to imagine that his/her 
hands are tied up tightly to their knees. That is, with hands in a prone position 
above the knees holding and stabilising the upper thorax, while flexing the lum-
bosacral region maximally. Initially, in order to understand how to perform the 
maximum flexion of the lumbosacral region: the participant is asked to imagine 
that the clinician’s hand is a “cactus’ plant with spines” which is approaching 
his/her stomach while their hands are tied to their knees. In a first attempt the 
clinician uses one hand to gently push the participant’s abdominal compartment 
backwards, the other is placed above vertebra T1 guiding and ensuring lum-
bosacral region maximum flexion. Once understanding what is needed, the par-
ticipant is requested again to perform a maximum lumbosacral flexion. In this 
manner the participant learns how to perform the maximum flexion of the 
lumbosacral region while maintaining the hands stationary on top of the knees 
while sitting. For collecting data, rather than forcing the spine backwards, the 
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final position is assumed with the musculature completely relaxed which ensures 
the lumbosacral region maximum and natural flexion. The participant is then 
instructed to keep his/her elbows bent resting on top of the thighs, hands in a 
supine position. This position ensures a natural passive flexion of the spine, pos-
sible by using the upper limbs as stabilisers ensuring stabilisation of the upper 
thorax. Data is collected from the first thoracic vertebra and top of the skull.  

V2, from standing upright, the participant is asked to imagine two arrows 
pointing in opposite directions: one arrow pointing toward the posterior com-
partment of the knees; the other pointing toward the anterior compartment of 
the pelvis. These imaginary arrows must be of equal force, thus ensuring stabili-
zation of the pelvis by a fine contraction of the musculature. First, the clinician 
must ascertain that the participant’s knees are locked in maximum extension for 
then guiding the participant’s neck in maximum flexion. Second, for guiding the 
participant’s neck in maximum flexion, it is important to keep the clinician’s 
free hand in the participant’s lumbopelvic region to ensure that it is not moving 
backwards. For the final position, the knees and the lumbosacral region must be 
stable in extension; the clinician then guides the participant’s neck in maximum 
passive flexion by placing a hand on the top of the participant’s head, asking 
him/her to release the head downwards, i.e. to move the chin towards the chest 
(instruction is given to maintain their jaw comfortably closed). For collecting 
data, the participant stands upright, with one side toward a wall bar used to 
support one forearm in a supine position. This helps the participant to keep 
his/her position more stable. Thus, the degree of inclination of the first and the 
last thoracic vertebrae is collected. 

Variables V3 and V4. From a quasi-crawling position, the participant’s elbow 
which is supporting the upper body must closely touch the ipsilateral knee, while 
the other hand is on the nape of the neck (see Figure 4). By using one hand, the 
clinician firmly presses the participant’s pelvis downwards ensuring the stability 
of the pelvis. In order not to exacerbate the natural torsional barrier, instruction 
is given to move slowly. The participant’s objectives are to point the elbow to-
ward the ceiling (while the other elbow is stationary) and to stop and hold the 
position at the movement’s barrier. The first objective helps to maintain the 
shoulder girdle more stable for the performance of the thoracic rotation; the 
second helps to collect more reliable data. N.B. ballistic and jerky movements are 
considered invalid. Thus, if the participant performs a fast movement during the 
procedure then (s)he receives instruction to repeat in a slower manner in the 
next attempt. Data is collected only when the participant reaches the final posi-
tion smoothly. The movement barrier is the final position which is held for a 
moment. Therefore, in order to collect data, it is essential that the final position 
is achieved by a controlled slow movement of maximum amplitude. A video il-
lustrating the variables and also the treatment can be found in the online version 
of this paper. 

Instruction given to score perceived effort. In Group 1, participants received the 
following instruction for scoring the variables V5 and V6. They were instructed  

https://doi.org/10.4236/ape.2019.93011


V. M. Diederichs 
 

 

DOI: 10.4236/ape.2019.93011 172 Advances in Physical Education 
 

 
Figure 4. Diagrams (left) and the respective kinematic configuration 
(right). In the diagrams, the dense zigzag lines indicate short-range stiff-
ness of the OAM, and the capital letters L and R indicate left and right 
sides, respectively. To better understand the conditioning state of the 
OAM, the diagram on the left and the actor’s kinematic configuration 
should be compared. The large arrows in V3 and V4 indicate the direc-
tion of movement. The two small arrows in V5 and V6 indicate the 
short-range stiffness of the OAM which breaks the acceleration of the 
COM when assuming the kinematic configuration. 

 
to score their sensation of effort, “how hard is to hold an isometric position”, for 
the period during the exercise. That is, just the feeling experienced during the 
exercise (please see the work of Pageaux (2016) on how to instruct participants 
to score perceived effort). For the purpose of this study, participants were in-
structed that: “this is a very important test and focussing attention during the 
procedure is essential because it is very difficult to score effort sensation. Please, 
make sure that you clearly understand the position to be assumed and how to 
score effort. This signifies that if there is any doubt you should communicate 
that now because while performing the test, we need to maintain silence”. The 
only communication during the procedure was to remind participants to “keep 
breathing”. The instruction given to participants to score how hard is to hold an 
isometric position was “the amount of mental or physical energy required to 
hold the position.” The ratings to score effort were explained by visual and ver-
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bal instruction: 1, resting; 2, very easy; 3, easy; 4, moderate; 5, challenging; 6, 
hard; 7, slightly harder; 8, very hard; 9, really very hard; and 10, maximum effort. 
Participants were explained that: “the mental and physical effort made to per-
form a task might be measurable by repeating precisely the same position in one 
side and then in the other side of the body”. Variables V5 and V6 are designed 
to allow isometrically identical positions in both sides. 

Before testing the perceived effort, participants had the chance to familiarise 
with the exercise and also to ask questions, as suggested by Pageaux (2016). After 
familiarisation with the exercise they rested for a minute before testing. Once 
demonstrating clearly their acquaintance with the instructions, the initial posi-
tion for variable V5 is assumed (see the Methodology section). Counting time is 
initiated when the knees are lifted—while the clinician arranges the final kine-
matic position— and the position is held for a total of fifteen seconds. Just after 
testing V5, participants walk a few steps, and then the initial position for vari-
able V6 is assumed. During the interval between tests, the participant still re-
mains silent and assumes the initial position. Thus, the participant rests in posi-
tion for thirty seconds or more if needed. After resting, instruction is then given 
to lift the knees—arranging the final position as before— and this position is 
held for a total of fifteen seconds. The score is given just after testing the per-
ceived sensation of effort on both sides. In case of problems in assuming the po-
sition during the test, the participant is invited to stand up and walk a few steps, 
and then is again demonstrated how to assume the position. In other words, if a 
problem occurs during performance of one of the tests, the participant is invited 
first to walk and then to sit down resting while the demonstration is repeated. 
These variables are tested in sequence and participants must have knowledge 
about the procedure and of course it should be clear what is needed to score. 

In Groups 2 and 3, participants first received instruction on how to score per-
ceived effort on a classical Borg scale from six to twenty. Other instructions were 
delivered in the same way as for Group 1. 

5) Criteria adopted to calculate the interstimulus interval (ISI) from video re-
cords. The ISI was analysed by a mechanical engineer blinded to the study using 
Kinovea (Kinovea is open source software and proved to be reliable and valid 
(Puig-Diví et al., 2017)). Mean values (of seven subjects from Group B) are pre-
sented here; the error assumed is 20 ms. The amount of time that it takes to 
transfer the tensile force to the participant’s hand ranges from a minimum of 
100 ms to a maximum of 1.480 ms (mean, 710 ms). Once the tensile force is 
transferred, the participant reacts to control the acceleration of his hand. The 
time for initiating the reaction varies from a minimum of 150 ms to a maximum 
of 340 ms (mean, 230 ms). Finally, the amount of time that the participant 
maintains his hand stabilised in position A, i.e. the dwell time, ranges between 
300 ms and 4.120 ms (mean, 1.490 ms). Five phases can be distinguished, which 
are easily observed in a slow-motion video, as follows. The main events are the 
action of the tensile force acting on the participant’s hand, and the reaction of 
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the participant to move the hand back to the specified coordinate, position A. 
The chronology, which is given below, was used to calculate the time it takes to 
transfer the tensile force to the participant’s hand, the reaction time, and the 
dwell time in position A. In phase 1 (release start), the clinician starts to release 
the tensile force, that is, the elastic tubing is partially transferred to the partici-
pant’s hand. In phase 2 (release end), the clinician finishes releasing the elastic 
tubing, that is, the tensile force is completely transferred to the participant’s 
hand. In phase 3 (hand moves), the participant’s hand gains significant speed 
compared to phase 1. In phase 4 (hand reacts), the participant reacts to control 
the hand’s position. In phase 5 (hand stabilises), the participant stabilises his 
hand in position A for a dwell time. In this phase 5, it is still possible to observe 
some small oscillations in the hand’s position during the dwell time, but these 
oscillations are significantly lower in amplitude compared to those in phase 3. 
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