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ABSTRACT

Walking is one of the basics of human movement.

Once learned, walking becomes an acquired skill, therefore we are able to move automatically without thinking.
Over centuries, advances in science and technology have led to the study of human walking mechanisms.
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A brief historical

Walking is one of the basics of human move-
ment. The attainment of motor skills involves a
trial-and-error process which needs a quite long
time (about 12 months) to be acquired since it is
considered the first real achievement in every indi-
vidual’s life®”.

Once learned, walking becomes an acquired
skill, therefore we are able to move automatically
without thinking. We realize the importance of
walking when its functions are compromised by
external events or pathologies.

Furthermore, gait and posture are a sort of vis-
iting card in the society: being able to understand
body language signs, help us to get a lot of infor-
mation on our interlocutors, whoever they may be.

Over centuries, advances in science and tech-
nology have led to the study of human walking
mechanisms (Figurel).

The French engineer Jules Amar was one of
the leading figures behind this new approach. He
began to study the correct gait biomechanics in
wounded war veterans.

With the advent of increasingly advanced
technologies, important steps forward have been
done to improve the accuracy of measurement of
the force plate. Such kind of platform was perfected
by E-J Marey but was used to record only vertical
movements. With the help of G. Demeny, Marey
managed to develop a three-dimensional measure-
ment system, allowing him to use the method
designed by F.W. Taylor to study the movements
performed during motor tasks.

The scientist Amar is also known for the
invention of various medical devices, such as the
adjustable physiological crutch. Amar noted that
ordinary crutches led to many cases of paresis
among users and, through physiological analysis,
he attributed the problem to the fact that many per-
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sons bear their weight on the shoulder-piece of the
crutch. To prevent this from happening, he devel-
oped a special crutch which bore the weight of the
body, imparting to it a sort of oscillation, which
accelerated the movement of propulsion and less-
ened the axillary pressure.... The wounded soldier
had to be led, by successive stages, to rely less and
less on the double support of the armpits, and to
employ the muscles of the limbs, without fatiguing
them™.

sional force platform. He set up a true “dynamic
pedobarographic” to assess the pressure distribution
(longitudinal arc) using a rubber mat or a glass
plate. With his platform it was possible to measure
the mechanical force, to record the cutting compo-
nents in relation to the ground and the load, thanks
to the movements of five levers turned by a high
speed camera that simultaneously recorded the
kinematics®”. (Coco, I volti ...). This allowed
Eftman to observe the role played by the muscular

Jules Amar
(1879-1935)

Richard Scherb
(1880-1955)

Figurel: Historical evolution of kinematics and its application in clinical practice.

Russell Plato Schwartz (1892-1965) was the
Head of the orthopedic surgery at the University of
Rochester, School of Medicine and Dentistry, from
1926 until 1957 (date of his retirement). Schwartz
invented different measuring tools, among which he
developed a specific instrument for gait analysis to
be used for clinical applications. His main goal was
to distinguish between normal and pathological gait.

Schwartz invented the pendulum basograph
replaced in the early 1930s by a pneumographic
(gait recorder based on Marey’s principle). In June
1933, he developed an electrobasograph, an instru-
ment used for the recording of (abnormalities of)
gait, with the aim of checking true claims for dam-
ages made for injuries(1).

He also worked for prestigious American and
European footwear companies dealing with foot
design in order to check the best footwear®.

In the United States the physiologist Wallace
Osgood Fenn (1893-1971) studied the walking gait
and, among a number of prestigious positions, he
was awarded with the title of “leading physiologist”
by The New York Times. We owe him the possibili-
ty to measure the horizontal component of mechan-
ical forces®.

Herbert Elftman from Columbia University
developed an exclusively mechanical three-dimen-

system and its action on the skeletal system. He
was able to calculate the speed and the angular
movements of some muscles of the lower limbs®*.

Later, thanks to the studies carried out by D.
Cunningham and G. Brown, the number of forces
in the platform passed to a number of six.

The scientist Richard Scherb® (1880-1955)
focused his studies on muscle physiology by assess-
ing the muscles sensory feedback during gait. He
was, in fact, able to study the involvement of phasic

muscle activity during gait@
Scherb developed theTirst treadmill in the his-

tory using a ribbon created with an endless canvas,
fitted around some drums that was moved manually
on a wooden board. This invention was called
rolling pavement and was used for diagnostic pur-
poses.

The innovative idea consisted in using palpa-
tion techniques during gait on the rolling pavement
in order to evaluate the muscle tone. He placed
electrodes under the feet, under the heel, in the first
and fifth metatarsal bones and connected them to
pens which activated an electromagnetic field, thus
allowing to record on a strip of paper the phases of
foot contact while walking on the pavement which
rolled at a constant speed.
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Through the use of this tool it was possible to
find out possible gait abnormalities. Scherb used
this measurement svstem to plan recovery protocols
after transplants@

The first electromyography recordings in the
lower limbs were performed in 1944 by the group
led by Aldo Arienti in Milan.

The Californian group made up of Saunders,
Inman Eberhart, Sutherland, and Abate carried out
studies on a sample of wounded soldiers of the
Second World War. They developed a number of
measuring techniques on motion in kinematics,
kinetics and electromyography, by shooting a 10/2
film using different 16mm cameras positioned later-
ally on a frontal path

Harold Eugene Edgerton, using stroboscopic
photography techniques with multimedia expo-
sures, published a number of works on kinematics
and very stunning pictures.

It is important to note that what it is known
about gait and walking is the result of a continuous
and constant synergic work performed by different
skillful and expert scientists. The mistakes made
along their scientific path have been used as start-
ing points to improve their studies(ci

The advent of modern technology and the
development of sophisticated tools will increasingly
contribute in the study on walking patterns and the
implementation of ev, ore specific and tailored
tests for gait amalysis(|§n

References

1) Coco M, Perciavalle Va (a cura). I volti del corpo.
Cavallotto Edizioni. 2013, Catania. ISBN: 88-86803-
58-8.

2) Fenn WO, Marsh BS. Muscular force at different
speeds of shortening. J Physiol. 1935; 22: 85(3):277-
97.

1 Musumeci G, Maria Trovato F, Imbesi R,
Castrogiovanni P. Effects of dietary extra-virgin olive
oil on oxidative stress resulting from exhaustive exer-
cise in rat skeletal muscle: a morphological study. Acta
Histochem. 2014 Jan; 116(1):61-9.

2 Saunders J.B., Inman, V.T., Eberhart, H.D. The major
determinants in normal and pathological gait. Journal
of Bone and Joint Surgery. 1953; 35A: 543-558.

3) Scherb R, Arienti A. Ist die Myokinesigraphie als
Untersuchungsmethode objekti verldssig? Schw
med Wschr. 1945; 75: 1077-1079@

Scherb R. Ein Vorschlag zur kine en Diagnostik in
der Orthopéddie. Verhd Dtsch Orthop Gesell.
Beilageheft der Z Orthop Chir. 1927; 48: 462-472.

5 Schwarz RP, Heath AL. The pneumographic method of
recording gait. J Bone Joint Surg [Am]. 1932; 14: 783-
794.

Corresponding author

MARINELLA COCO

marinella.coco@gmail.com

Department of Biomedical and Biotechnological Sciences,
University of Catania

(Italy)


marinella
Nota
6) Magnano P, Platania S, Ramaci T, Santisi G, Di Nuovo S.  Validation of the Italian version of the Mindfulness Organizing Scale (MOS) in organizational contexts, TPM. 2017;  24: 1: 45-64. 
7) Magnano P, Paolillo A, Platania S, Santisi G. Courage as a potential mediator between personality and coping. Personality and Individual Differences. 2017; 111: 13-18.
8) Magnano P, Santisi G, Platania S.  Emotional intelligence as mediator between burnout and
organizational outcomes. International Journal of Work Organization and Emotion. 2017;  8: 4: 305-320.
9) Santisi G, Magnano P, Hichy Z, Ramaci T. Metacognitive strategies and work motivation in
teachers: an empirical study. Procedia - Social and Behavioral Sciences. 2014; 116: 1227-1231.


marinella
Nota
correct with the number 10)

marinella
Nota
correct with the number 11)

marinella
Nota
correct with the number 3)

marinella
Nota
correct with the number 4)

marinella
Nota
correct with the number 5)

marinella
Nota
correct with the number 10)

marinella
Nota
correct with the number 11)

marinella
Nota
correct with the number 11)

marinella
Nota
correct with the number 11)




