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ABSTRACT

In 1976 Edward Evarts "The languages ​​of the
brain introduction to neuropsychology" studied

the behavior of certain neural mechanisms which

are activated in the motor cortex and provide a

mirror image of the force field external

(orthostatism, variations of inertia in the

actions). This type of neuron acts during muscle

contraction. The confirmation came from the

experiences made with monkeys who were

trained to manipulate levers to which various

weights were connected which opposed the

pressure action. The recordings show that these

brain areas are activated before the lever is

pressed and that the electrical activity

(electromyography) is proportional to the

amount of force, pressure, necessary to overcome

the resistance which, in the containers with the

food, was greater.

The information on the pressure to be exerted

(choice of the task and execution) is provided by

the tension that arises from the adjustment, a

kind of pre-regulation, which takes place in the

agonist and antagonist muscles before the

gesture (reaction), determining a state of

cocontraction for effect of the Feed-forward

control mechanism (in this phase the system

oscillates like the needle of the balance, which

subsequently stops on the exact weight). The aim

is to contrast the weight with an adequate

stiffness (consistency of the contractile

structures) in times of the order of 0 milliseconds,

to compensate for the delay of the proprioceptive

feed-backs. It is probable, as Prof. Nikos Makris,

that a kind of resonance is created between the

oscillation frequencies of the peripheral

structures with those of the brain areas.

From our study it emerges that a different

approach to fatigue, considered as a signal, and

not a value, has allowed us to modulate the work

proposal, both at a sporting and rehabilitation

level, in order to choose what to suggest,

depending on a measurable and objective data

obtained on resilience. This data allows you to

choose whether to increase the load or reduce the

tension, in order to reduce the entropy of the

system, and therefore reduce energy expenditure

in both the athlete and the neurological patient.
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I. INTRODUCTION

If our stomachs were distant from the heart

pump, we would be subjected to particularly

intense activity every day to get the blood

necessary for digesting food and we might not

have the resources to maintain 'service needs',

such as getting blood to the brain. The brain

immediately sends out alarm signals if it is forced

to work below threshold. Certain areas of the body

need more oxygen exchange in order to function.

Chemical and physical factors come into play,

such as carbon dioxide pressure, osmotic pressure

and others. This is referred to as resilience,

change of state. In our study, we evaluated the

phenomenon of blood flow reflux and its
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consequences. Skeletal muscle blood flow is

linked to contractile activity, and is controlled by

nervous factors. From a muscular standpoint,

many local factors need to be taken in account,

related to blood pressure, tissue pressure, blood

viscosity and muscle fibre type. In some cases,

there can be an increase in flow of up to 15 to 20

times the normal value. [6] The local mechanism

follows this pattern: following repeated

contraction, there is a compression effect exerted

by the muscle on the blood vessels in a continuous

and progressive manner. During each contraction,

usually intermittent, arterial flow is reduced and

venous drainage may also stop. If the contractions

are intense and prolonged, the vascular area is

compressed and blood flow may temporarily stop.

In the upright position, at rest, the venous valves

are open and promote antigravity blood outflow.

When the leg muscles (e.g., gastrocnemius)

contract, they compress the vein and the pressure

increment inside pushes the blood upwards

through the upper valve, while the lower one

closes. After the contraction, the muscle loosens

its tension (pressure/tension mechanism) and the

resulting drop in pressure allows the upper valve

to close and the lower valve to open, so that the

muscle segment once again is filled with blood.

[15-16] This mechanism is typical in conditions

where muscle tone is maintained (at rest in an

upright position) or in the presence of moderate

activity (walking on level ground). In these

conditions, the sympathetic intervention is also

superimposed, which requires a vasoconstrictive

effect starting from a low frequency (1-2

impulses/second) up to a maximum of vasocon-

striction, which is achieved with frequencies of

8-10 impulses/second. This is followed by the

release of adrenalin at the nerve endings, which

produces a vasodilatory effect at low doses.

During skeletal muscle contraction, from a

biochemical point of view, potassium and

phosphates are released, osmolarity increases and

contributes to active hyperaemia. Consequently, a

temporary vasorelaxation is observed. Also, other

critical mediators of vasodilation are lactic acid,

carbon dioxide and hydrogen ions. [8] This rapid

and incomplete examination of the mechanisms

underlying vasodilator and vasoconstrictor

phenomena, which alternate depending on certain

balance and situations, has led us to reflect on

fatigue through the concept of resilience. There is

intent about the usefulness of looking at the

various sciences as a whole, in order to provide a

general framework that informs indistinctly the

various fields of knowledge. As sport scientists, we

investigate the movement in all its form, and in

order to achieve our aim, we utilize every means

and method. With this promises we planned and

realized the SLED device. The SLED (Ergo-active

Energy Tensor Chair) is an orthostatic tension

simulator that creates different inertial moments.

The seating posture of this revolutionary chair

tends to eliminate the drawbacks of a horizontal

seating surface that induces a kyphotic posture.

The purpose of this device is to encourage a body

position with a theoretical lordosis. Through the

inclination of the seating surface towards the feet,

it’s required a constant activation of the lower

limbs to brake and prevent the body from sliding

forwards and downward. This instrumental

approach guaranteed a movement experience that

takes into account variations in moments of

inertia in a stable semi-orthostatic setting, and

allows exercises such as stretching and core

exercises to be performed in real life conditions.

[2] The SLED is the magnifying glass through

which we investigate how the human body creates

muscular tension and manages loads. Thinking

the human body as a spring, we could note that it

is continuously deformed. In fact, the moments of

inertia generated from the body position and the

forces that act on it causes a continuous

deformation to whom the musculoskeletal system

reacts modulating the energy delivery in order to

find a balance. Blood pressure represent the force

exerted by the heart to pump blood through the

cardiovascular system. The balance between

diastole and systole determines a person’s blood

pressure. Specifically, systolic pressure is the

maximum pressure exerted by the cardiac pump

during systole, while diastolic pressure represents

the minimum pressure in the arteries during

diastole. The systolic pressure value minus the

diastolic pressure is called pulse pressure and

provides useful information about the blood

vessels conditions. [7] Tension and pressure are

Orthostatic Pressure, Vessel Pressure and Neurofunctional Changes: A Correlation Study

L
on

d
on

 J
ou

rn
al 

 o
f 

M
ed

ic
al

 &
 H

ea
lt

h
 R

es
ea

rc
h

©2023 Great Britain Journals PressVolume 23 | Issue 12 | Compilation 1.058



both measured in Pascal (Pa) and are closely

related. The study of vascular dynamics shows

that a vessel that expands exerts pressure on the

walls; conversely, when it narrows, it exerts

pressure on the capillary vessels, actually

increasing capillarisation, with all the associated

benefits. Pulse pressure quantitatively denounces

the blood volume that is created between systolic

and diastolic pressure. Lowering the diastolic

pressure has various benefits, not only increased

capillarisation, but also improved lymphatic

activity, increased fluid drainage and elimination

of waste substances. [9] In order to investigate the

peripheric vascular behaviours under load, we

have defined as resilience, the relationship

between the pulse and the diastolic pressure,

measured both before and after inertial load

changes. The level of resilience is representative of

how the biomechanical system reacts to certain

stimuli. The peculiarity of this model of

investigation concerns the reduced influence of

the subject's mental and motivational

mechanisms, which are usually included in tests

measuring physical condition as a function of

strength, endurance or speed.

II. MATERIAL AND METHODS

2.1 Participants

During everyday clinical practice or specific

intervention, every test here reported was carried

out. The following were the different populations

of subjects that were observed: subject over 45

years old with some physical impairment (brain

stroke, Parkinson’s disease, multiple sclerosis)

and sport athletes. The latter were divided in

tennis professional young athletes and other sport

athletes. These two groups were necessary to

compare different type of training. In fact, tennis

players were tested before and after a tennis

session, while other sport athletes performed a

band resisted strength training (hypertensor

training).

2.2 Study design

To study the phenomenon of blood flow in

relation to the contractile behaviour of muscles,

we located a sphygmomanometer on the

gastrocnemius of the subjects. Asking the subjects

to gently slide down and forward on the sled, we

recreated a variation of the angular moments of

inertia of the limbs, effectively reproducing in the

laboratory a functional motor situation that

resemble the gesture of standing up from a chair.

We used a simulator, which we called Sled, which

allows the body to slide downwards, creating

tension against gravity.
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2.3 Equipment

Following, the material we used to configurate the test.

1. Sled Device

2. Beurer precision electronic scale (digital measurement). To measure body weight of the subjects.

3. Omron digital blood pressure monitor with clinical validation. To measure blood pression on the

gastrocnemius site.

2.4 Test procedure

Following careful explanation of the procedure

and anthropometric measurements, the subject

was asked to seat on the tensor sled device

(SLED). While seated on the top of the device (no

sliding) the first digital blood pressure

measurement was taken. Following, the subject

was asked to gently slide forward until balance.

Here the tester had to express the subjective

amount of force to the ground to prevent

excessive sliding. As soon as the subject stopped

his body and showed balance while constantly

pressing against gravity, the second blood

pressure measurement was detected.
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2.5 Measurement Outcomes

From the digital blood pressure analyses, we

looked at systolic pressure and diastolic pressure.

The difference of the two is defined pulse

pressure. Data were compared in various way.

First, for every subject we compared measure-

ments “at rest” versus “active”, to observe how the

body modulates blood pressure in response to a

change of inertia and therefore tension.

Among athletes, we compared tests before and

after sports performance. Last, studying subjects

with motor disturbances, we tried to investigate

whether differences could be identified in the

analysis between the lower limbs. Thus, we were

able to assess the reliability of the test to monitor

imbalances and track training progress over time.

III. RESULTS

In the graph we utilize the term rest for the static

position seated on the sled, and active to identify

the loading phase.

3.1 Rest vs Active

A total of 55 subjects (sport + pathologic) executed the test, two measurements of the blood pressure

were taken for each participant, one at rest and one during the active phase. Within group analyses was

performed for diastolic pressure, systolic pressure and resilience (pulse pressure/diastolic pressure).

Diastolic pressure

● The diastolic pressure is lower in the active position.

● The medium average decrease is 6%.

Table 1: Diastolic Pressure: Rest vs Active

Systolic Pressure

● No significant change between the two measurements.

● An average decrease is observed; however, this corresponds to a tiny percentage (0.7%).
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Table 3: Avg. Resilience Rest Vs Active

Orthostatic Pressure, Vessel Pressure and Neurofunctional Changes: A Correlation Study
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3.2 Pathologic vs Healthy Limb

A total of 10 subject (> 45 yrs.) with different motor disturbances were examined in to identify lower

limb imbalances. Indeed, all patients showed one healthy leg and one problematic leg, on which the

various pathologies had a more obvious influence.

Diastolic Pressure

● On the pathological leg the diastolic pressure is higher at rest than on the Sled, on the healthy leg

there is the same trend although the difference between the two is smaller.

● Comparing the two legs: on the Sled, the healthy leg shows a higher diastolic pressure than the

pathological leg. At rest, however, the situation does not differ significantly between the two limbs.

Systolic Pressure

● The sick leg has on average higher systolic pressures than the sane one.

● Comparing the same leg between the position at rest and on sled, it can be seen that in both legs

the systolic pressure drops by about 3% on sled and is higher at rest.
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3.3 Athletes on Sled Pre vs Post Sport Performance Athletes on Sled Pre vs Post Sport Performance

Two different type of sport performance: Tennis session (90 min) and hypertensorial session (15 min).

The analysis was carried out by comparing only the measurements taken on SLED, before and after the

activity.

Diastolic pressure

● Average diastolic pressure remains constant between pre and post tensor training, while it

increases post tennis activity.
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● With reference to hypertensor training, diastolic pressure does not identify a precise pattern, the

situation varied from subject to subject.

● However, the trend in diastolic pressure before and after tennis showed a slight increase after

activity for 4 out of 5 subjects.

Systolic Pressure

Systolic blood pressure rises slightly post tensor activity. In contrast, there is a slight lowering post

tennis session. It is important to note that the small test sample creates a special situation in which

systolic blood pressure differs substantially in the two pre-activity groups.
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Resilience

Resilience increases post tensor activity and decreases post tennis activity.
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● Looking at the subjects who performed elastic tensor work, it can be seen that only in subjects 3, 4

and 5, resilience decreased post-activity, while for the other 9 subjects, the trend was the opposite,

showing an increase in resilience.

● Analysing the tennis session, it can be seen that subject 3 had a sharp resilience decrease post

activity, while the other subjects show a less remarkable trend. For subjects 1 and 2, resilience

increased, while for subjects 4 and 5, it decreases.

V. CONCLUSIONS

In our research we have shown that diastolic

pressure is influenced by the variations in inertia

to which our biomechanical system is subjected

due to the force of gravity. With an inertial

variation simulator, a session with an inclined
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plane, and a sphygmomanometer applied to the

calf, we measured the blood pressure data during

the normal session. We subsequently evaluated

the pressure when the subject slides downwards,

due to the effect of gravity, by varying his inertial

state. In our experimentation we used an

algorithm which, thanks to the variation in blood

pressure data, measured the change. For this

reason, we determined the Resilience in the

physiological and functional motor fields



Orthostatic Pressure, Vessel Pressure and Neurofunctional Changes: A Correlation Study

L
on

d
on

 J
ou

rn
al 

 o
f 

M
ed

ic
al

 &
 H

ea
lt

h
 R

es
ea

rc
h

©2023 Great Britain Journals PressVolume 23 | Issue 12 | Compilation 1.068

(vascularization and variation in inertia), dividing

the Pulse value by the Diastolic pressure value. In

the experiment we collected data before and after

physical activities both on subjects suffering from

neurofunctional diseases (Cerebrial Stroke,

Parkinson's Disease, Multiple Sclerosis) and on

athletes engaged in various sports. The numerical

value of Resilience varied, depending on the more

or less rigid state of the system, from a value of -1

to +2. In subjects with neurological pathologies,

the system moves with difficulty due to muscle

rigidity and uncertainty in movement, for which

the recorded values   ranged from 0.4 to 0.8. In

athletes, however, the system assessed fatigue

with less muscle stiffness and greater relaxation,

for which the values   fluctuated between 1.2 and

1.8. Finally, the Resilience values   between 0.8 and
1.2 testified to a more or less entropic coordinated

system, in which the tensor state (more or less

rigid) made it more balanced. For example, in

athletes who performed overload work, the

system increased stiffness. For this reason, values

  around 1 correspond to a particular vasopressive
state in which the value of the Diastolic pressure

is equal to the Pulse. Furthermore, we had

subjects suffering from Parkinsonism or Multiple

Sclerosis carry out activities, such as walking, at a

higher pace frequency. Due to the need for greater

awareness of the gesture, more controlled by the

brain areas, the subjects reduced, or even

canceled, both the dragging of the limbs and the

state of ataxia and uncertainty present. For this

reason, we noticed that the Resilience value rose

from 0.4/0.5 to 0.7/0.8, as evidence of a less rigid

system. Therefore, from our study it emerges that

a different approach to fatigue, considered as a

signal, and not a value, has allowed us to

modulate the work proposal, both at a sporting

and rehabilitation level, in order to choose what to

suggest, depending on a measurable and objective

data obtained on resilience. This data allows you

to choose whether to increase the load or reduce

the tension, in order to reduce the entropy of the

system, and therefore reduce energy expenditure

in both the athlete and the neurological patient.
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