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ENQUETE

11. La Gimnasia adaptada al medio escolar:
algunas consideraciones fundamentales

por MICHEL BoTru, Bélgica
“emtinuacion de Bulletin 1/1957

Generalmente, ya no se discute la nece-
sidad de actividades fisicas en el medio
escolar, Por otra parte, el caracter de urgen-
cia que hoy las pone de relieve, se debe por
una parte al ritmo de la vida moderna y por
otra al aumenlo de la vida sedentaria causado
por el conslante progreso técnico.

La educacién fisica' es la llamada a
restablecer el equilibrio amenazado por una
concepeion de la educacion excesivamente
inteleclualisla.

Es indispensable para restablecar el equi-
librio fisico y la acuidad sensorial del nifio
v del adolescenle sin lo cual el desarrollo
intelectual y el florecimiento de la persona-
lidad se verian comprometidos. Infre las
actividades fisicas utilizadas para los esco-
lares, como medios de formacion, las téenicas
gimnasticas son fundamentales y esenciales.

Las aplicaciones gimndisticas en el medio
escolar, deben necesariamente basarse sobre
normas fisiolégicas, psicologicas y pedagogi-
cas.

Los conocimientos adquiridos sobre el cre-

* Por «Educacion TFisica» designamos el
conjunto de medios que ponen en juego el
aparato locomotor y utilizan las funciones
molrices bajo diferentes formas tales como
las actividades gimndsticas, el juego o los
ejercicios deportivos.
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cimiento, el desarrollo de las aptitudes mo-
triceslas caracteristicas de las etapas del cre-
cimiento, la evolucion del inlerés. son las
determinantes de la eleccion de los medios
téenicos y de su aplicacion en el medio
escolar.

Si consideramos la escolaridad en su totali-
dad. desde el jardin de la infancia hasta la
Universidad, pasando por la ensefianza pri-
maria y media, vemos que los grandes pe-
riodos de crecimiento lamados mediana v
gran mnifiez, los perfodos de la pre-pubertad,
de la puberlad y de la pos-pubertad caracte-
rizan la evolucion bioldgica del nifio y del
adolescente. Atin estando de acuerdo en que
es priacticamenle imposible conseguir en las
clases una homogeniedad ideal, debemos ad-
milir que a esos periodos de crecimiento
corresponden, en una medida muy grande,
edades cronoldgicas. Por lo tanto es posible
adaptarla 1lécnica gimnistica a esas edades,
teniendo en cuenta las parlicularidades pro-
pias a los diferentes perfodos del erecimiento.

Los medios empleados en Educacién Fisica
escolar deben adaplarse mo solamente a la
edad, sino también a Ia mentalidad corre-
spondiente a esa edad. De ello resulta que
los ejercicios de gimnasia que se utilicen no
deben corresponder solamente a las posibili-
dades somaticas y a la evolucion morfolégica
del nifio 0 del adolescente. sino también a las
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exijencias de su desenvolvimiento mental de
sus aplitudes psico-motrices v de su interés,
Esta adaptaeiéon a la evolueidén general del
nifio y del adolescente debe continuarse en
el tiempo.

De éste principio dimanan algunas sugestio-
nes practicas. Durante el periodo conocido
por mediana infancia (de 4 a 7 afios], toda
la educacion fisica del niflo debe llenar su
necesidad natural de movimiento y salisfacer
su alegria asi como su fantasia tan notable a
esa edad. Una gimnasia sistemilica, no le
conviene.

En el periodo llamado gran nifiez (de 8 a
12 afios), la menlalidad del nifio, se ha modi-
ficado ya. El género de gimnasia gue fné
bueno en el grado precedente, no conviene
por demasiado pueril a los nifios de 8 a 10
afios. Sin embargo una gimnasia excesiva-
menle austera que no tiene en cuenta <«el
interés», factor esencial en la aclividad del
nifio estd también llamada al fracaso. Ni la
gimnasia sistematica, ni aquella propia a los
nifos de 4 a 7 afios son adaptables a éste
periodo. Solamente hacia la edad de 10 afios
empieza el nifio a utilizar las funciones nece-
sarias para llegar al pensamienlo absiracto,
es cuando empieza a juzgar lo que vé y lo
que oye, a asimilar las explicaciones que se
le dan, a ejercitar su sentido critico y a
razonar, emtonces podrd influirse sobre su
crecimiento con una gimnasia sistematica.

En ¢l periodo de la pre-pubertad, debe ser
abolido tedo lo que signifique el empleo
exajerado de la fuerza que vaya méas alla de
Ia resistencia funcional del alumno. La capa-
cidad de trabajo del joven es efectivamente
mas bien debil. Hay que cansarlo mediante
ejercicios apropriados que favorezcan el cre-
cimiento normal en allura. Pero a causa de
la fragilidad de las articulaciones a esa edad,
el alnmno ha de praclicar los saltos con pru-
dencia. Deslaquemos, sin embargo que los
ejercicios de saltos y de agilidad favorecen
las reacciones psico-molrices. Los juegos con
tendencias emuladoras asi como los juegos
de lucha, pueden satisfacer las tendencias
combativas de los niilos. Sin duda puede ad-
milivse el aprendizaje de las lécnicas deporti-
vas, sin que a pesar de ello las competiciones

deportivas se incorporen a los programas
valederos para éste periodo.

Por ¢l contrario. la fase de la pubertad
descubre notables posibilidades de desarrollo
asi como el gusto de la seleccion, Cierlamente
que las perturbaciones inherentes a esa época
del crecimiento, se manifiestan también en
gimnasia y exigen una adaplacién prudente
a las fuerzas musculares v orgdnicas v a su
valor funcional. Una adaplacién prograsiva
influird favorablemenle sobre el desarrollo
de Ia firmeza, de la confianza en si mismo,
de Ia decisién y de la audacia.

En el perfodo de la pos-puberlad tanto el
joven como la joven son potencialmente
adultos. Poseidos de una vitalidad que empie-
za, el deseo de su desarrollo muscular v la
prueba de su rvesistencia orginica son com-
pletamenle normales, Ademdas se van mani-
festando, tendencias hacia la especializacion.
Una gimnasia en la cual no sobresaliera el
trabajo de aplicacién, no interesarfa.

Pasado éste perfodo. la educacion fisica
debe orientarse hacia la consecucion de una
condicion fisica requerida por la praclica del
ejercicio gimnastico con caracteres deporti-
vas, con el fin de que florezean fodas las
posibilidades, tanto fisicas como morales.

Afiadamos a lodo esto que hay que evitarle
al nifla y al adolescente ejercicios que la
fatiguen fisicamente o lo aburran psiquica-
mente.

El ejercicio dinamico debe preferirse al
trabajo muscular eslatico ytla modalidad de
ejecucion de los ejercicios debe lenerse en
cuenta, En cuanto a los efectos correclivos
de la gimnasia en el medio escolar de ninguna
manera deben perderse de¢ vista para una
compostura correcta. Vista su importancia
desde el punto de vista morfologico serdn los
inspiradores de la técnica. Una gimnasia no
cs realmente correctiva sino enando la tée-
nica que la inspira es irreprochable desde el
punfo de visla correceidn.

La diferencias morflolagicas entre los dos
sexos asi como ciertas consideraciones de
orden fisioldgico y psiquico constituyen in-
dicaciones preciosas desde el punto de vista
de la modalidad de aplicacidn a la joven de
los medios de educacion fisica.

19. Bases Sobre las Cuales Asentar la Educacién Fisica Escolar

Por ADOLFO PEREZ ACOSTA
Prof. de Educacion Fisica en el Depariamento Federal de Educacion Fisica ¥ Deporles dsl
Ingenio del Mante. Tamps., Méxicod

La Educaciéon Fisica es tan antigua como
la civilizacion misma, v sus necesidades,
siempre en relacién al progreso de esta atn
no han sido definida totalmento. — Dia a dia
la Educacién Fisica estd lomando caracteres
importantes como medio de mejoramiento
individual ¥ colective entre los pueblos ci-
vilizados: por lo que, organizaciones e in-
stituciones con sus médicos v pedagogos entre

FIEP BULLETIN - N.°2 1957 (www.fiepbulletin.net)

su personal. se preocupan constantemente
la importancia que revisie el tema.

Creo que, en todas las escuelas j
o elementales v en casi la iotalid
paises. siempre se ha tropezado c
venientes de caracler pedag

ses sica en
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mos conseguir pronio o de inmedialo un
resultado satisfactorio:; pero no por ello de-
jémonos llevar por el pesimismo y hacer atn
mas dificil la sitnacion y finalidad de la Edu-
caciom IFisica.—Es necesario insistir que la
Educacién Fisica, para ser efectiva, necesila
el que se la conseda el rango de cualquier
otra ensefanza. porque incluso, las demas
disciplinas necesitan para su efeclividad en
los nifios, enconlrar una base corporal sélida,
sin Io cual seria inutil todo esfuerzo; dotarla
de locales apropiados y demas necesidades,
pero. mientras esta oportunidad se presenia
serd mecesario hacer Ifrente a las necesidades
actuales con los materiales existentes atin
cuando eslos vesulten insuficientes. —

No ha ¥y ni serd posible nunca unificar
los métodos de Educacion Fisica exislentes
en el mundo por existir grandes diferencias
entre los nifios de un pais a otro, inclusive
en una nacién, en una region de esta y loda-
via mAas, en una misma escuela: por lo que
es necesario eslablecer normas metodologicas
para grupos determinados lambién en esta
tiltima tomando en consideraciéon las condi-
ciones fisiologicas de los nifios. —

En México, la Direccidon General de Eduea-
cidn Tisica con Ia cooperacion del Instituto
Nacional de Pedagogia de la Secretaria de
Educacion Prblica, ha establecido que, las
clases de Lducacion Fisica se lleven a eaho
bajo una clasificacion que es el resultado del
Indice de Robustez o de Iquilibric Morfolo-
gico (L E.M.=PR4PT (100], Indice de Equi-
librio Morfoldégico es igual al Peso Real divido
entre el Peso Tedrico, mulliplicado por 100.
— Esto permite elaborar para cada grupo una
serie de ejercicios distintos, ya que cada uno
de ellos es completamente dislinto: Hiper-
nudridos, nutricion optima, nutricion media,
desnutricion, desnufricion avanzadea,

La clasificacién anterior. tiene enlre otros
motivos el que el profesor no se limite a ensefiar
los mismos ejercicios en calidad y cantidad
a lodos los nifios a su cuidado. va que como
se vera los ejercicios correspondientes a las
clasificaciones de los extremos merecen una
atencion especial, por lo que, aparte de favo-
recer desde el punto de vista fisioldgico a
los educandos, se estimula la necesidad de
una mayor preparacion del eduecador.

Una cosa por el eslilo, proporciona a quien
Io lleva a cabo poder hacer mediciones pe-
riodicas y palpar el adelanto, eslancamiento
retroceso de los que se educan fisicamente.

Todo lo anterior, unido a unas cuantas
hioras mids de trahajo por semana considero
daria mejores resultados,

Los fines de la Educacién Fisiea, salud
mental, salud fisica, adaplacién social. in-
fluencia sobre el caricler y la volundad ete.
elc., tiemen que conseguirse haciendo huen
uso de sus multiples medios de que dispone v
que bien podrian adaplarse a las necesidades
ambientales existentes.

Los Deportes, como el Vollevball, Sofiball,
Unigel para nifios de ambos sexos v Basket-
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ball y algunas pruebas de atletismo para los
nifios varones, podrian servir muy bien como
complemenlo de la Educacion Fisica, sin
darle desde luego la importancia que despicr-
tan por el estimulo de la emocidn; cosa muy
dificil ya que el nifio acepta el juego sin mas
condicién que la emotividad que lo mueve y
que puede servir o mejor dicho sirve como
un escape a la gimnasia que estd movida por
el razonamiento. — Debe seguirse siempre en
todo esto un fin pedagégico. fisiologico Y
social.

The, Basis on which fo build the Physical
Education of School Children

By ApoLro P. Acosta

Physical education is as old as civilizalion
itself and its needs are always relaled to the
progress of the latter, although they are not
vet totally defined. Day by day physical edu-
cation is becoming more important as a means
of improvement both individually and collec-
lively in the civilized world. This is lhe reason
why organizations and institutions with phy-
sicians and pedagogues on their staff are all
busily engaged with this imporiant maltler.

I Lelieve that in all primary schools and
elementary schools in lhe majority of coun-
tries pedagogical difficulties have arisen i all
kinds of physical education in general and in
gymnastics in particular. and for this very
reason it seems difficull to imagine that in a
short time a solution can be reached, which
will be salisfactory to all. Bul we must noi
give in {o pessimism. and thus further com-
plicate our siluation and cause us to loose
sight of the aim of physical education.

Il is necessary to insist that physical edueca-
tion, in order to be effeclive, should he given
the same rank and value as the other sub-
jecls, since the other subjeels, in order to be
more effective, must build on a solid physical
basis. since without 1this basis all efforls
would be in vain. Il is therefore necessary to
get beller playing fields. gymnasiums and
other necessities. but until this is realized, we
musl try to overcome our present difficulties
by using that material even though it be in-
suihuem which is at hand.

it is not possible and will never be possible
to unite the existing methods of physical edu-
cation, since lhere are such great dilferences
J)c-lwcen children in different countries or even
in a country or again within a region of a
country or finally within the same school. For
this reason it is necessary to establish methodie
norms, in which one must lake info considera-
tion the physiological condition of the children.

In Mexico the General Committee for Phy-
sical Education with the cooperation of the
National Institute of Pedagogy has arranged
the matter in the followmﬂ way: the physi
education classes are dnuied in a ceriain way,
which is the result of the “Indice de Robu
0 de Equilibrio Morfologico™ [(Index of Ro-
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bhustness). where the latter is equivalent to
the net weight divided by the mormal theo-
retical weight multiplied by 100. This allows
the working out for each group of a series of
different exercises, since each group is quite
differenl: overfed, ideally fed, mediumly fed,
underfed and extremely underfed.

The above classification is motivated by the
fact that the teacher does nol resirict himself
to the teaching of the same exercises 1o all
children, since as we shall see those exercises,
which belong to the extreme classifications
must be afforded special attention, and as a
result, aparlt from the fact that they are
advantageous to the children from a physio-
Ingical point of view, they act as a stimulation
to the teacher to prepare his lessons.

The ieacher should regularly control the
weight of the children and follow carefully
any changes in their development.

The above, which of course means a few

extra hours’” work for the leacher, will in my
opinion produce a good result,

The aims of physical education (mental
healtl, physical health and social adaplion.
influence on character and will, efe.), will
succeed, provided that one uses all the nu-
merous means, which one has at ones dis-
posal and thal one is able to adapl oneself
lo the existing condilions.

Games. such as volley ball, softball ete. for
children of both sexes. and basket ball and
some athletic exercises for boys. may well
serve as a complement to physical educa-
tion, but of course™without their being given
the importance, which is awakened by emo-
tional stimulance; a point which is very dif-
ticull, since the child simply accepts the game,
which appeals lo it and which can serve as
a means of refuge.

One must always have the pedagogical.
physiological and sociological ends in view.

20. Las bases sobre las cuales asentar la cultura fisica escular

por Prof. ANTON1IO ESTOPIER ESTOPIER
Direclor General de Educacion Fisica, México, D, IF.

Ademas, hace una consulta acerca de nuestra
opinion sobre «Como encontrar las bases sobre
las cuales construir la Educacion Fisica de
las escuelas para niflos». Acerca de esia
cuestion, hemos lomado como base las nor-
mas desprendidas del concepto Bio-Psico-
Socio-Filosofico de la Educacion Fisica, apro-
bado por el Congreso Panamericano de esta
especialidad, efectuado en esta ciudad en oe-
tubre de 1948, con el agregado de que la
Educacién Fisica no es una parte sino un
factor de la Educacion Integral.

Aun cuando nuestros medios no son tan
vastos como deseamos, procuramos no omitir
ninguno de los siguientes aspectos que consi-
deramos necesarios para una educacién fisica
que de verdad coadyuve a la eduecacién inie-
gral del individuo; dosificando el esfuerzo
que se pide al alumno, de acuerdo con las
condiciones que presenta:

1. — Clasificacion de los alummnos (por su
estado nuliricional; en categorias depor-
tivas y por el grado de desarrollo —
sexual que alcanzan).

2, — Ejercicios de order, control o disciplina.

3. — Gimnasia funcional.

4. — Actividades ritmicas.

5. — Juegos.

6. — Deportes.
7. — Excursionismo,

Cada uno de estos puntos, con excepeién
del primero, se desarrolla con mayor o me-
nor intensidad, segiin las condiciones espe-
ciales de la localidad, de la escuela o del
grupo, dando el maliz adecuado a las facili-
dades y las necesidades que se encuentren.

Aunque no creemos haber logrado las nor-
mas perfectas, pensamos que el camino a
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seguir es la naturaleza misma del individuo.
cuyas caracleristicas deben someterse a un
perfeccionamiento que on provoque dafios de
ningln género, sino antes bien, que encauce
los valores hacia la meta del sano bienestar
personal ¥y colectivo.

Anexo a usted algo del material diddetico
que se clabora en esta Direccidn, gue espero de
le idea de cémo tratamos de llegar a nuestra
meta,

Extracto del
Plan General de Trabdjo, afio de 1957

Secretaria de Edueacion Prblica, Direccion

General de Educacion Fisica, México
Consideraciones fundamentales.

1ra. — Considerando que la Educacion Fi-
sica, en su conceplo Bio-Psico-Socio-I"iloso-
fico, es un faclor determinanle de la Educa-
cion Integral del ser humano como agente de
progreso y de bieneslar social.

2a. — Considerando que la Dirececion Ge-
neral de Educacidn Fisica es el Organismo
Oficial en quién el Gobierno de la Republica
ha depositado legalmente la responsabilidad
de plancar, orientar, organizar, dirigir, en-
cauzar, coordinar. realizar y supervisar la
Iabor de la Educacion Fisica Nacional, en los
diferenles Sectores de Poblacidn,

dra. — Considerando que la politica del Ré-
gimen actual, tiende a que los Organismos
Oficiales se conviertan en Instituciones de
Servicio Social en las que imperen el espivitu
de trabajo y de responsabilidad funcional,
la homestidad, la respectabilidad de los de-
rechos legal y humanitariamente establecidos.
las normas disciplinarias mas conscientes v
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result, apart from the fact that they are
advantageous to the children from a physio-
Ingical point of view, they act as a slimulation
to the teacher to prepare his lessons.

The teacher should regularly control the
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any changes in their development.

The above, which of course means a few

extra hours’” work for the leacher, will in my
opinion produce a good resull,

The aims of physical education [mental
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succeed, provided that one uses all the nu-
merous means, which one has at ones dis-
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to the existing condilions.
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tion, but of course“without their being given
the importance, which is awakened by c¢mo-
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a means ol refuge.
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Ademas, hace una consulta acerca de nuestra
opinion sobre «Como encontrar las bases sobre
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bado por el Congreso Panamericano de esla
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Educacién Fisica no es una parte sino un
factor de la Educacion Integral,

Aun cuando nuestros medios no son tan
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ninguno de los siguientes aspectos que consi-
deramos necesarios para una educacién fisica
que de verdad coadyuve a la educacién inte-
gral del individuo; dosificando el esfuerzo
que se pide al alumno, de acuerdo con las
condiciones que presenta:
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sexual que alcanzan).
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4. — Aectividades ritmicas.

5. — Juegos.

6. — Deportes,
7. — Excursionismo,

Cada uno de estos puntos, con excepeién
del primero, se desarrolla con mayor o me-
nor intensidad, segiin las condiciones espe-
ciales de la localidad, de la escuela o del
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seguir es la naturaleza misma del individuo,
cuyas caracteristicas deben someterse a un
perfeccionamiento que on provoque dafios de
ningin género, sino anles bien, que encauce
los valotes hacia la meta del sano bienestar
personzal v colectivo.

Anexo a usted algo del material didactico
que se elabora en esta Direccidn. gue espero de
le idea de cémo tratamos de Ilegar a nuestra
meta,

Extracto del
Plan General de Trabajo, afio de 1957

Secretaria de Eduecacidn Pablica, Direceidon
General de Educacion Fisica, México
Consideraciones fundamentales.

1ra. — Considerando que la Educacién Fi-
sica, en su conceplo Bio-Psico-Sacio-Filoso-
fico, es un factor determinante de la Educa-
cién Integral del ser humano como agente de
progreso y de bienestar social.

2a. — Considerando que la Dircecion Ge-
neral de Educacion Fisica es el Organismo
Oficial en quién el Gobierno de la Repiubliea
ha depositado legalmente la responsabilidad
de plancar, orientar, organizar, dirigir, en-
caunzar, coordinar, realizar y supervisar la
Iabor de la Educacion Fisica Nacional, en los
diferentes Sectores de Poblacion,

3dra. — Considerando que la polilica del Ré-
gimen actual, tiende a que los Organismos
Oficiales se convierlan en Instituciones de
Servicia Social en las que imperen el espiritu
de trabajo y de responsabilidad funcional.
la honestidad, Ia respectabilidad de Ios de-
rechos legal ¥y humanitariamente establecidos.
las normas disciplinarias mas conscientes y



DE LA SECTION SCIENTIFIQUE

Morpho-Physiological Aspects of Gymnastic Exercises

By Prof. Dr. Bo E. INGELMARK
Prof. University of Gothenburg, Sweden. Institute of Anatomy.

Sinee long ago the inlimale correlation
between the structure and the size of the
muscles on one hand and their function on
the other is very well known, Contrary to
this similar correlations coneerning the other
parls of the locomolion organs, for instance
bones, cartilages, and tendons have not been
much observed in older days. Modern scientific
invesligations, however, have hbeen done of
these problems ralher thoroughly, The new
results, so oblained, are of importance for the
physical training, and therefore I want o give
vou a shorl review of those questions.

We shall begin with (he connective fissue
as the most primitive one, and as that which
is, from a genelic point of view, lhe origin
of other parts of the lecomolion organs.
From a mechanical view-point, the connective
tissue wilh its collagenous and elastic fibres
is the most importani part of lhose organs,
which command the staties of the human
body., If the funclional strains increase in
such a lissue, the number of cells per unit
of volume will inc¢rease too. After some time
the intercellular component, that is the colla-
genous and elastic fibres with their ground
substance, will begin to hypertrophy. This
ereation of intercellular substance will later
be so excessive that the number of cells per
unil of volume will decrease. In order to
demonsirale this process 1 should like lo
show you some lantarn slides.

The first one shows the number of cells
per unit of volume in Llhe lendons of the
biceps muscle of the arm and the semiten-
dineous muscle of the thigh al various ages.
As you see, in childhood there are very high
'alues which decreases gradually at higher
ages. The next slide demonslrales the cross
seclion area of those tendons from the same
malerial. Here you can sce thal the curves
rise from low values in newborn up to the
definite value al about 20 years of age. If we
are studying those two curves logether, that
means lhe total number of cells in all {he
tendons, we gel lhe next figure. From the
beginning of the childhood lhe curves rise to
about 7 years of age and after that, they fall
gradually.

de irabajo y de responsa bilidad funcional,
la lealtad mas fervorosa hacia los mas eleva-
dos ideales e intereses de la Patria.

La Direccion General de Educaciéon Fisica
de la Secrelaria de Educacion Priblica, se pro-
pone llevar a cabo durante el afo de 1957,
consagrado a la Constitueion Politica de los
Estados Unidos Mexicanos, el presente Plan
de Trabajo.
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The same resulls can be seen in animals
studied under different degrees of training
and at various ages.

The hypertrophy of the intercellular sub-
stance of conneclive tissue will give an in-
crease of the volume of tendons, respectively
ligaments. and of their total tensile slrength.
This strength per unit of the cross section
area will increase too. It is of wvery great
importance to observe the submicroscopical
collagenous fibrils in tendons from an animal,
which has been trained previously. Studied
in the electronic microscope they show a
higher breadth and another type of cross-
striation Lhan fibrils from unitrained animals.
This means thal the training is of importance
not only for the macroscopical formation of
those organs butl also for lhe smallest units
of this kind of lissue.

The examples just demonstrated are taken
from human and animal tendofs. Between the
ligaments and the lendons there are small
differences only. Their structure is essentially
the same, Therefore, I mean, we are entitled
to conclude that the ligaments have the same
functional adaptability as those of the tendons,

It is of interest to note that the hyper-
trophy of a tendon during training is just as
large as that of ils muscle.

The arlicular cartilages in the human body
consists of three components: the cells, the
collagenous fibres, and the ground substance.
The cells of hyaline cartilage usually are
spherieal. although there are many exeeptions.
Thus. in the layers of the cartilage under
perichondrium and under the free joint sur-
face the cells are flatlened in a plane parallel
with the surface. Caused by all side pressure
they are hemi-spherical or angular in the
lower layers, The cells are often connected in
small or large compact groups, which we
usually call chondrones. This groups may he
rounded or stretehed into small columns lying
in one line. Inside Lhe chondrones, it means
between the separate cells, the inlerstitial sub-
stance is very rare or may even be absent.
The collagenous fibres from cartilage seem to
be much the same as those from connective
tissue. The interstitinl subslance contents
chondromucoid, a complex protein which
vields chondroitic acid on hydrolysis.

Experimental investigations have shown,
that the cells of connective tissue can be
Iransformed into cartilage cells, if the con-
neclive tissue has been subjected to pressure
during some lime.

The architecture of the collagenous fibres
in the articular cartilages is very complicated.
In this figure a scheme has been drawn and



yom can see that lhe fibres coming [rom the
al part of the carlilage go up to lhe super-
al part and after an arcade they return
0 the base. Round the cellgroups the fibres
are arranged like a net around a ball. The
chondromucoid has a gelalinous consistance.
The arrangement of the cells, of the colla-
genous fibres and of the ground substance
and their physical properties will give the
carlilage a good elasticity and compression
ratio.

If a joint is stimulated for a long time by
hard training the cellular and intercelluiar
parts of the cartilage react in the same way
as they did in the connective tissue. First of
all many new cells will appear and after that
the intercellular subslance will hypertrophy.
This last mentioned process will reach much
higher values than the new formation of cells.
Thefore, the number of cells per unit of vo-
lume will successively decrease.

In order to demonstrale those processes I
will show you some diagrams from a paper
published by one of my co-workers. As ex-
pertimental animals he used guinea-pigs. One
group had no lraining and the other one was
trained during 100 days. From lhe last group,
animals were laken out for examination aflter
20, 40, 60 and 80 days. From this curve you
can see that during the first three weeks the
number of cells per unit of volume increases,
and after that there was a successively de-
creasing during the rest of the training pe-
riod, so that the last group exercised had a
lower value than the conirole material. There
was a good parallelism between the number
of cells per chondrone and unit of volume.
This means (hat during the first period of
training every chondrone will include more
cells than before the training. Later on, on
the other hand, this number of cells will
decrease, depending on a more marked forma-
tion of inlercellular substance, werchy the
cells are removed from each other.

In the conneclive tissue we can see that the
fraining has an influence on the smallest
paris of the collagenous substance, that is on
the fibrils. Here we can see the influence of
the [raining upon the average volume of cells.
This volume increases gradually during the
training showing the fundamental importance
of the function for the structure of every
tissue.

The proportion between Lhe cellular and
the intercellular substance during the first
part of the training was temporarily changed
in favour of the cellular one. After that this
proportion diminished.

Histologically you can always see three dif-
ferent layers in the uncalcified part of the
arficular cartilage, the tangential, the transi-
tional, and the radial zone. The [ransitional
zone is lhe most vital one and therefore it
is best suited for studying the abovementioned
problems, In the radial zone it is very likely
that there is a reproduclion of cells, though
a relatively slight one. When this occured
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in the tangential zone, however, il appeared
to be very limited. The cells in this zone seem
to originale from those of the Iransitional
zone through a secondary displacement.
Physically this will cause an increase of
the compressibility of Lhe arlicular eartilages.
A high compressibility is from a functional
poinl of view of great value, because it will
give a good possibility of compensaling (he

. evenlual incongruences of the articular sur-

faces of the cartilages, so that these surfaces
will increase and the load per unit of square
so. decrease.

From a functional*point of view (his must
be considered as suilable. -

In order to illustrate this, I want to show
vou a picture with two different figures. The
left one is a histological section from a joint
of an untrained rabbit. The right one is a
section from the corresponding joint of =
rabbit of the same age. trained during three
months. You can easily see the differences in
the thickness of the cartilage. the magnitude
of the cells, the number of ec2lls in the diffe-
rent cellgroups, and the amount of inter-
cellular substance,

Until now we have sludied the changes in
the articular cartilages caused Iiy rather long
training periods, about three months. Using
special methods we have been able to prove
the functional adaptability of articular car-
tilages for a short time of training too. We
have studied lhe thickness wvariations of the
articular cartilages of the knee joint using a
special X-ray equipment®As experimental ani-
mals we used rabbits. They were taken from
their hulches in which they could run al will,
and bound in the regdistration apparatus for a
period of 60 minutes. They were radiographed
immedialely after being bound and after 30 res-
pectively 60 minutes. Wilh as short an inter-
val as possible the animals were than released
and Irained during 10 minutes. They were
then tied into the regisiration apparatus again
as quickly as possible, and a radiograph was
taken about 3 minutes after the terminated
training, and after 30 respectively 60 minutes.
The results oltained can be studied in this
figure, from which it is apparent that during
the first half hour's rest the cartilage dimi-
nishes in lhickness, The deerease in the thick-
ness of the ecartilage an the tibial and fibular
side of the knee joints is 7 respectively 11
per cent, During the second thirty minutes’
rest there is only a slight decrease ol the
thickness. During the 10 minules Iraining
98 per cent of the animals show an increase
in the total thickness of the cartilage. This
increase is siriking and amounits to aboul 13
per cent of the total thickness of the cartilage.

How pronounced this increase is ean be
seen from the following: the thickness of the
cartilage after the animal has been allowed
to run about at will in its huteh compared
with the thickness shown immediately after
10 minutes training show a clear increase i
95 per cent of the cases.




During the first half hour’s rest after the
terminated f{raining a decrease in the thick-
ness of the cartilages will oceur. This decrease
is relatively large and it amounts to about
10 per cent of the total thickness. Also during
the second half hour’s rest afler lraining there
is a relalive decrease in thickness which
amounts to about 2 per cent. s

As this increase in the thickness of the
cartilage must be inlerpreled as a rapidly
occuring increase of the cartilaginous sub-
stance, it must be presumed that this is due
to a supply of fluid to the cartilage. Now the
question arises, where this fluid comes from
and through what passage it enters the
-artilage. As the cartilage is devoided of blood
vessels, Lhere are but two ways in which the
fluid might plausibly have entered, to wii,
from the surface facing the articular space or
via the most basal parts of the cartilage
facing the bone.

Since long ago it is known that the joints
are only slightly filled with joint fluid and
that the articular surfaces are covered with
a very thin fluid membrane. It therefore seems
hardly credible that a pressing of the arlicular
surfaces against one anolher can involve a
pressing of lhe fluid inlo the carlilage. A
suction of fluid from the articular space into
the cartilage when the latter is unloaded
might plausibly involve the observed increase
in thickness. Some experimental observations
have been done, however, in order to support
the correctness of this assumption.

Our studies on rabbit and human joinl have
provided a new concept of the marginal zone
between the cartilage and bone. In all joints
contact exists between Lhe articular cartilage
and lhe marrow spaces. The calcified zone of
cartilage is usually the one thal is in contact
wilh the marrow spaces, but in some cases
projections from lhe bone marrow penelrate
beyond the calcitfied zone inlo non-ealcified
carlilage. The size and frequency ol such
interconnections between carlilage and mar-
row spaces vary from joint to joint. The
maximal area of conlact between joint car-
tilage and marrow is about 8 per cent and
the minimal area about 3 per cent.

In some of our investigations when using
radioactive isotopes it has been proved that
under normal intravital conditions the nutri-
tion of the joint ecartilages takes place parily
from the synovial fluid and partly via the
direct conlacls belween the epiphysial mar-
row spaces and the basal layers of the car-
tilage. The quantitative relation between these
two nutritional means varies, During funec-
tion it is probable that the inflow from the
marrow spaces rises more than from the
synovial fluid.

The just mentioned short lime functional
adaptability of the articular cartilages can be
studied with a special form of histological
lechnique. This technique gives a good view
of the intravital conditions of the cells, which
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is nol the matter with the ordinary histolog-
ical methods. In this way we were able to
see. thal there are microscopical differences
between cartilage from the trained and from
the untrained knee-joint of the same animal.
Those differences, however, were restricted to
the upper layers of the cartilage. Cells so
located in cartilage from exercised joints had
not the flattened form usually exhibited by
sections of tissue specimens that are studies
with earlier techniques. The outermost cells
had assumed an ellipsoid shape and lhose in
the next laver were more rounded, sometimes
true spheres, as you can see on this picture.

I'urthermore, lhe cells in lhe ountermost
layers from the resting joint were not quite
so flat as the corresponding cells in cartilage
specimens lhal were subjected to standard
histological procedures. Anyhow the differen-
ces belween exercised and resting arlicular
cartilages were clear and could be demons-
trated after as little as 15 minutes of exercise,
This is demonslrated in the next figure.

From a physical poinl of view this form of
functional adaptability will give the same
qualitieswof the articular cartilages as the
training during a long time, that is, it will
give an increase of the compressibility which,
as has been stated above, must be suitable
for the function of the joint. For the gym-
nastic {raining this type of adaptability of the
joints is of great importance.

It is of importance to point out that what
I now have said about the functional adapl-
ability of the articular cartilages is only re-
presentative for those parls of the surface
which normally are loaded. The other parts
have not this good adaptabilily. and I think
that their nufrition is rather bad. These facls
are to be remembered in gymnaslic trainings.
and therefore, [ mean, we have to avoid
extreme movements and loading of joints in
such posilions. We also have to remember
that an injury of an articular cartilage cannot
be healed with the same substance but only
with connective tissue. Such an injury will
always give a scar which has other physical
qualilies than the cartilage.

In connection with these problems I think
we have to discuss the abrasion of the articular
cartilages and the synovial fluid during exer-
cise and rest. Since more than 60 years it has
been stated that normal function of healthy
joints has an abrasive effect on the surface
of the articular cartilage and of the synovial
membrane, that is the inner layer of the joint
capsule. Under adequale magnification we can
always see that the surface of a normal
arlicular cartilage is not smooth and even. It
is rough, because the outermost cartilaginous
layers has been scratched. In the synovial
fluid we can always see parlicles abraded
from the cartilages and the joint capsule.

The quantitaty of the synovial fluid in the
joints has earlier nmot been systematically
studied. At our institute, however. we have
done some investigations about this problem



40

and here I want to give vou a short summary
of the results.

The volume of the synovial fluid varies
sirongly from animal to animal. The mean
numerical value from all exercised knee joints
was 0.079 ce. The corresponding values from
lhe not exercised joints was 0.029 cc. When
two joints from lhe same animal of which
the Tight one had been exercised and the left
ane resled were compared, however, il turned
oul that the exercised joint always contained
a larger volume of synovial fluid than the
rested one. This can well be seen from this
diagram. The proportion between the amount
ol synovial fluid in knee joinis which had
heen exercised for half an hour until three
hours and that in unexercised knee joints was
24 to 1. The magnilude of this gquotient is
relaied to the duration of the exercise: the
longer lhe exercise, the higher will be the
quotient.

The number of cells per unit volume of
synovial fluid was higher in synovia from the
resting joint than from the exercised joint of
the same animal. However, the total number
of cells in the enlire volume of synovia from
the exercised joint as compared with the cell
count for the rested joint shows that the
exercise did not significantly affecl the cellular
content.

The number of abraded parlicles per unit
volume of synovial fluid varied greatly from
joint to joint. Caleulated in all the extracted
synovia, however, the number of particles
for the exercised joints exceeded that for the
unexercised joint of the same animal, The
inerease in the number of particles was de-
pendent on the type as well as on the duration
of the function. The higher the joint was
loaded the richer was the found particles.
Also when the duration of the exercise was
prolonged the same lendency was manifesl.
This particles origin from the articular sur-
face of the cartilage. 1t means lhat we always
have a loss of articular carlilage lissue during
exercise of a joinl. This loss is compensated
through a new formation ol tissue probably
from the transitional zone of the cartilage.

Also the bone has a good functional adapt-
ability. Il consists of cells, masked collagenous
fibres, similar to those of the connective
lissue. and a hard interstitial substance. This
substance consists of carbonates and phos-
phates of calcium, and ailains a maximum of
approximalely 65 per cent ol the dry, fat-free
weight in adult life. In the bone under de-
velopment and after a long time of inactivily
this proportion can be as low as about 40
per cenl. If such a bone is exercised and
loaded for a time the lasilmentioned propor-
tion will increase, and will after a relatively
shorl lime be the same as before the period
of rest. We do not know the details of the
atrophy of the organic part of the bone during
inactivity. The cells and the collagenous
fibres. however, are principally the same as
in conneclive lissue. Therefore they probably
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reacl in the same way as has above been
described for the tendons, lhe ligaments and
the carfilages. This adaptability is possible
because the melabolism of the bone is much
higher than earlier has been thought. Not
only the quality and the new formation of
lhis lissue but the growth of the bones also
is stimulated by exercises.

From what is stated above it is clear that
all the different tissues of the static part of
the locomotion organs have a functional
adaplabilily of greatest imporlance for its
function. Therefore the conclusion can be
drawn that gymnastic exercises are of greal
value in all ages. .

The muscular tissue has two distinet Lypes:
smooth muscle and striated muscle. As a rule,
smooth museles conlract independently of
volunlary conirole while lhe sirialed muscles
are subjected lo voluntary control. Cardiac
muscle, although siriated, is involuntary and
contracts automatically and rhythmically.
Smoolh muscle shows a very closed relation-
ship to the ordinary connective tissue. It
forms the contractile portion of the wall of
the digestive tract, the duct of the glands, the
respiratory passages and the urinary and
genital ducts. The walls of the blood-vessels
also consist to a considerable extent of smooth
muscles. This part of the muscular tissue is
therefore only of small importance when we
are speaking about the morpho-physiological
aspects of gymnastic exercises. In spile of this
we always have {o remember that this tissue
is of great imporlance for the nutrition of
most of our organs and that the smooth
muscle has lhe same functional adaptability
as mentioned above for the static parts of
the locomotion organs.

The striated muscular tissue consists of
long cylindrical muscle fibres, with a thick-
ness fluclualing from 10 to more that 100 .
In a non-ltapering muscle the fibres apparently
continue without interruption through the
entire musele so that their length is equal to
that of the muscle.

A muscle is formed of parallel fibres, held
together by connective tissuc. The muscle
fibres combined to form the primary bundles;
severel primary bundles combined to form
secondary bundles; terliary bundles are formed
by secondary omnes, etc. Large bundles and
layers of interstitial connective lissue at lhe
periphery of lhe muscles projeet into the
spaces between the bundles of muscular fibres.
These thick layers branch and send thin layvers
between the smaller bundles. Where a muscle
is altached to a tendon there is a very close
union of the musecle fibres with the colla-
genous bundles of the tendon,

During intensive activity the skeleton musele
increase in volume. This depends on the
enlargement of the already existing fibres.
During inactivity the process in inverse.

Evererybody who is orientated about the
problems of gymnastic exercise knows that
the muscular force decreases in higher ages.



If we are studying the volume of the muscles
of the locomotion organs we find, thal the
muscles does not diminish between 20 and
55 years of age. This is illustrated in the next
figure where the width of the roenigeno-
graphical muscle shadow in healthy persons
can be seen. Neither histological nor chemical
regisirations have shown any degenerative
processes of the musele fibres in this period.
The diminishing of the muscular force just
menlioned therefore was unexplained until
we some years ago sludied the human siriated
muscular tissue with morphologic, chemical
and roentgenographic melhods.

The adopled morphologic lechnique very
seldom revealed intramuscular fat in new-
borns. Il was occasionally seen in the form
of globules around the large intramuscular
vessels, Perivascular fat became more abun-
dant with increasing age; simultaneously fat
begins to occur in the intramuscular connec-
tive tissue spaces. After age 30—40 fat also
entered the small tissue spaces, perimysium
internum, thereby to some extent separaling
the muscular fasciculi.

By comparing biceps brachii and gastro-
cnemius sections from the same corpse il was
found thal a muscle of the arm always con-
tains less fal lhan the leg muscle. These
variations were parlicularly noticeable after
about age 30, owing lo lhe age variations
of fat.

There was one other size of inlramuscular
fat, just beneath the muscle-faseia. Our term
for it is subfascial fat. Apparenily such fat
also, judging by the corpse specimens, in-
creased in frequency and amount with in-
creasing age, In young persons with no sub-
fascial fat the [lasciculi lay immedialely
underneath the muscle fascia. When sub-
fascial fat was present, however, il appeared
as though a membranous layer of adipose
tissue were interposed between the fasciculi
and the muscle-fascia, separaling the two.

The chemical results can be summed up
in the following way. At birth the fat content
of the musecles is about 7 per cent. It then
increases gradually in the gastrocnemius so
that about 30 per cent of the muscnlar dry
substance is composed of fat at the age of
75 wears. The Dbiceps brachii has no corre-
sponding increase bul such a one might be
seen after 60 years of age.

Using a special roentgenographic method
the inframuscular and subfascial fat can be
studied very well. The technical details of
this method are complicated and (oo lime-
consuming to mentioned here.

When siudying healthy subjects of different
ages we got the following results. As vou can
see in this figure, the inlerslilial fal was
visualized roentgenographically the more often,
the higher the age of the person was. Roent-
genographic visualization of interstitial fat
was extremely rare in the age-group 20—25
vears. Thereafter the increase was more or
less rectilinear until age 50—55.

4
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The mean frequency of inlerstilial fat was
grealer in women than in men, but the diffe-
rence was nol significant in any of the sepa-
rate age groups. Another roentgenographic
result was, that the leg muscles confained
interstitial fat more often than the (high
muscles. The correlation between roentgeno-
graphically visible inlerstilial fat in the thigh
and leg muscle was strongly positive, It is of
interest to see that there is mo correlalion
between subcutancous fat and the presence
ol interstitial fat.

The frequency of roentgenographically
visualized subfascial fat is illustrated in this
figure. Subfascial fal was evidently seen
oftener the older the roenlgenographed per-
son was. After age 50—55 the [requency of
subfascial fat seemed to remain in fairly
constant. The curves for women lay on a
higher level all along than those for men. Ii
is also of importance to note that there is a
strong positive correlation belween the fre-
quencies of the interstitial and subfascial fat.
bul no correlalion between lhe thickness of
interstitial fal and the width of roentgeno-
graphic muscular shadow.

The breadth of a roentgenographic shadow
of a muscle is proportional to ils volume.
The latter is not influenced by increasing age.
Since, however, it has been shown that the
amount of inlerstitial fat increases with age,
the constant muscular volume indicates thal
in time the amount of true muscular tissue
in a muscle diminishes and is largely replaced
by adipose tissue. This phenomenon explains
the dimishing of the muscular foree in higher
ages, a fact, which always musl be remember-
ed in gvmnastic exercises.

In this Iecture I have given a short review
about some morpho-physiological problems of
gvmmnastic exercises. Here nothing has been
said about the nervous system because doctor
Andersen gave a leclure about morpho-phy-
siological problems vesterday, and I have not_
discussed the heart, the vessels and the lungs-
because their morpho-physiological problems
are oflen discussed and desecribed.

My intention hag been lo give a shott review
of scientific problems which might be of
inlerest in practical work with gymnastic
exercises.

Aspects Morpho-Physiologiques des
Exercices de Gymnastique

Par le Professeur Bo E. INGELMARK

de I'Université (Instilul Anatomique)
de Gothembourg (Sueéde)

Résumé

L'auteur donne une tevue sommaire du
pouveir d'adaplation des tissus conjonectifs.
des cartilages, des muscles et du systéme
nerveux. Chaque forme de bonne gymnastique
suscitera une hyperlrophie harmonieuse des
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organes slatiques el dynamiques du corps

humain en son enlier.

Dans le tissu conjonctif, Pentrainement
oceasionnera lout d’abord un accroissement
du nombre de cellules; puis, dans Ia substance
intercellulaire se révélera une hypertrophie
telle que le nombre de cellules par unité de
volume amoindrira. Une tension founctionnelle
acerue cause une hypertrophie relalivement
égale des tendons el du systeme musculaire
correspondant. Ce procts peul étre observée
duns les tendons, dans la partie exlérieure des
capsules synoviales et dans les ligaments; ce
qui accroit la résistance de ces tissus aux
déchirures,

L’atrophie des cartilages articulaires dans
une articulation aprés une peériode de repos
plus ou meins longue, esl connie. Par conire,
I'hypertrophie de ces cartilages semble @éire
incerlaine, éfant donné qu'ils n'ont pas de
véritables vaisscaux sanguins. Il faut donc que
I'alimentation soil bien faible; ¢'est ce qui a
été prouvé aussi par des essals ultérieurs. Ces
derniéres années, quelques savants suédois
(Ekholm, Holmdahl, Ingelmark et Siif] ont
él¢ en mesure de prouver que les cartilages
articulaires, tant chez des animaux d'expéri-
ence en croissance que chez des animaux
adultes (lapins et marmotles) croissent.

Une ou deux semaines aprés que l'entraine-
ment a commencé, le nombre relatif et la
grandenr des cellules accroit, Ensuite. 'hu-
meur inlercellulaire commence par augmenter
plus vile que la substance cellulaire et
apres quelques mois les cartilages articulaires
contiennent plus d’humeur intercellulaire, en
comparaison avec 'époque avant Uentraine-
menl. L’on peut admeltre & juste titre que ce
procés aura comme conséquence un ramolisse-
ment des cartilages. L'inégalité des surfaces
articulaires et des cavités articulaires en. peul
étre compensée facilmente. Ce qui signifie
que la tension sera répariie sur une surface
relativement grande. de sorte que la tension
par unité de surface de contact se maintient
i un chiffre assez bas, méme dans le cas ol
I'articulation doive supporter une grande
eharge. Or, celle adaption fonclionnelle pour-
rait étre considérée comme parfaitement con-
venable a4 la fonction des articulations. Des
essais identiques 4 ceux dont est queslion ¢i-
dessus, faits sur des animaux d’expérience,
n'ont pas encore élé faits sur "’homme. Or,
les cartilages articulaires de Thomme res-
‘semblent beaucoup & ceux d'aulres mamimi-
feres, tant en c¢e qui regavde leur structure
quen ce qui regarde leurs propriétés naturel-
les et métaboliques. I1 s'ensuit done qu'il y a
concordance entre Iadaptation fonctionnelle
des carlilages articulaires de 'homme el ceux
des animaux d’expérience susmentionnés.

I1 a é1é prouvé que les cartilages articulaires
des animaux (expérience el de I'homme ré-
vélent encore une auire adaptation fonction-
nelle, qui apparait aussitét. Un entrainement
de quelques minules seulement d'une articula-
tion qui s’est tout d’abord reposée. donne un
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accroissement de I'épaisseur du eartilage ar-
ticulaire. Aprés un repos d'une demi-heure
jusqui une heure, les cartilages articulaires
reprennent leur épaisseur d’auparavant. Or, il
va de soi que ce subit accroissement (suivi
d'un subit amoindrissement) ne saurait élre
causé par la production du tissu. La seule
explication acceptable de ces modifications
dans le cartilage s'entend, respectivement: une
absorption et un ¢coulement de T’humeur.
Cesl ce qui a ¢bé prouvé au moyen d'une
méthode loui spéciale permettant d’observer
des particules microscopiques du cartilage
d’articulations en repos et du cartilage d’ar-_
ticulations qui viennent d'étre enlrainées.
Ainsi, dans ces derniers cartilages, les cellules
sont beaucoup plus grandes que dans le
-artilage cité en premier lieun. Il y a deux
fagons pour 'humeur d’entrer dans les carti-
lages: ou bien via des eapsules synoviales
dans la cavité articulaire. ou bien via les
parties inféricures du cartilage vis-a-vis des
0s. La couche osseuse sur laquelle repose le
carfilage est perforée el par ces ouvertures le
tissu de la ecavité moellense passe dans les
parties inférieures du cartilage articilaire. Les
isotopes radio-actifs et la technique radio-
graphique onf prouvé quune partie importante
de I'écoulement de 'humeur vers les cartilages
articulaires a lieu de cetle facon. A 1a suite de
ces observations, I'on acquiert une bonne con-
naissance de la fagon dont a lien la subile
maodification, que nous venons de décrire ci-
dessus, de l'épaisseur des cartilages articulai-
res. Ceci réalisera, de la méme facon comme
celle décrile ci-dessus, un bon élal fonclionnel
pour les articulalions.

Il est clair de ce qui précéde quaprés un
entrainement normal les cartilages articulaires
accusent deux formes d’adaptation. L’une qui
débute graduellement et qui exige plusieurs
semaines avanl qu'elle puisse élre détermindée,
constitute sans doule la production dun
nouveau tissu; alors cue laulre qui se révele
subitement dans qoelques minutes, mais
qui disparait apres une heure est causée par
un écoulemenl dhumeur vers le cartilage.
Mais ces deux formes d’adaplation signifient
une modification maltérielle des cartilages
articulaires, de sorte que ces derniers seront
mieux en mesure de porter les charges aux-
quelles ils seront soumis dans leurs fonclions
d’ensemble.

Les 0s aussi possedent une parfaile pro-
priété d’adaptation fonctionnelle. Ceci s’ap-
pligue lant aux parties organiques quaux
partie inorgamiques de ces tissues. Il a éle
possible de déterminer que les mémes prin-
cipes s’appliquenl lant & hypertrophie de la
partie organique des os qu'aux tissus con-
jonctifs.

La partie inorganique peut méme dévier
dans une mesure importante étant donné le
degré meétabolique élevé qui s’est révélé eéfre
plus élevé gue l'on ne supposail tout d’abord.

La partie anatomique de I'adaptation fone-
tionnelle des muscles est connue depuis long-



temps. Cela étanl, auteur ne répéle que suc-
cinlement les principes correspondants. Un
facteur trés important esl celui que des musclés
se lrouvant en Dbonne condition, révélent
toujours une meilleure coordinalion que des
muscles atrophiés.

Cette meilleure condilion ne doit pas étre
considérées comme une propriété du iissu
musculaire, mais surtoul comme une condi-
tion améliorée des centres corlicaux el sub-
corticaux de la partie molrice du systéme
nerveux central.

Lnfin, I'auteur souligne quelques paralléles
entre les adaptations fonclionnelles des orga-
nes moleurs ct les systémes vasculaires el
respiratoires.

Aspectos Morfo-Fisiologicos de los
Ejercicos de Gimnasia

Por el Profesor Bo E. INGELMARK
de la Universidad (Institulo Anatémico)

de Goleborg {Suecia)
Resumen

Ll autor nos dd una somera impresion
sobre el poder de adaptacion de los tajidos
conjunlivos, de los cartilagos. de los muscu-
los v del sistema nervioso. Toda buena forma
de gimmnasia, suscitard una hipertrofia har-
moniosa en los organos estaticos y dindmicos
del cuerpo humano por entero.

In el lejido conjuntivo, el entrenamienio,
oeasionara primero un acrecenlamicnlo en el
nimero de células; luego, en la suslancia in-
tracelular aparecera una hipertrofia tal que
el niimero de células por unidad de volumen,
disminuira. Una tension funcional aumentada,
causa una hiperlrofia relativamente igual en
los tendones ¥ en el sistema muscular cor-
respondiente. Este proceso, puede ser obser-
vado en los lendones, en la parte exterior de
las capsulas sinoviales y en los ligamentos;
lo que aumenta la resistencia de esos Lejidos
a los desgarros.

La atrofia de los cartilagos articulares des-
pues de un periodo mis o menos largo del
reposo de la articulacién, es conocida. Sin
embargo, la hipertrofia de esos cartilagos
parace poco probable, yva que carecen de
verdaderos vasos sanguineos. Su alimenta-
cién, por lo lanto, ha de ser muy débil,
como se ha probado mediantes pruebas ul-
teriores. Eslos illimos afios, algunos sabios
suecos (Ekholm, Holmdahl, Ingelmark ¥
Sidf) han eslado en condiciones de poder
probar que los cartilagos articulares, tanto
en los animales experimentales en la époea
de crecimiento, como en animales adultos
[conejos y marmotas) crecen.

Una o dos semanas despues de empezado
el entrenamienlo, el numero relativo y el
tamafio de las células, aumentan, Luego. el
humor intercelular empieza a aumentar mas
deprisa que la substancia celular, ¥ en unos
meses los cartilagos articulares contienen. en
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comparacidén con la época anlerior al entrena-
miento. mayor cantidad de humor intercelu-
lar. Puede admitirse, por consiguienle, que
éste proceso lendra como consecuencia un
ablandamiento de los cartilagos, La desi-
gualdad de las superficies arliculares y de
las cavidades articulares $& compensaran
facilmente. Eslo significa que la tensién se
repartird sobre una superficie relalivamente
grande, de manera que la tensién por unidad
de superticie de contacto, se mantiene en un
numero bastanle bajo, ain en el caso en que
la arliculacion debe soportar una gran carga.
Por Jo tanle, esta adaplacion funcional po-
dria ser considerada como perfectamente
conveniente para la funcion de las articula-
ciones. Identicas pruebas como las hasta
aqui resefiadas. hechas sobre animales expe-
rimentales, no han side todavia hechas en
el hombre. Sin embargo, los cartilagos arli-
culares del hombre se asemajan mucho a los
de vtros mamiferos, tanto en lo que se refiere
a su estructura como a lo que se relaciona
con su propiedades naturales y metabdlicas.
Se deduce, pues, que existe uma concordancia
entre la adapiacion funecional de los carlilagos
articulares del hombre y los de los animales
experimentales arribas mencionados.

Se ha probado ademis que los cartilagos
articulares de los animales experimenlales y
del hombre son suceplibles aan de otra adap-
lacién funcional que citamos enseguida. Il
enlrenamiento de unos minutos solamente de
una articulacion (ue primeramenie se ha
mantenido en reposo, dia un aumento del
espesor del cartilago articular. Despues del
descanso de media hora o una hora, los
-ariflagos articulares han recobrado su ante-
rior espesor. Por lo tanto cae de su peso que
éste subito aumenlo (seguido de un subito
aminoramienio) no esta causado por el creci-
miento del tejido. La tinica explicacion
aceptable de estas modificaciones en  los
cartilagos puede ser: una absorcidén y un
desagiie del humor. Esto fué demostrado con
la ayuda de un mélodo especialisimo que
permitiéc  observar particulas microscopicas
del carlilago de articulacién en reposo y del
carlilago de articulacion que acaba de ser
sometido a enlrenamiento. In estos dliimos
cartilagos, las células son mucho mas gran-
des que en el cartilago citado en primer lugar.
Exislen dos maneras de gue ¢l humor entre
en los carlilagos: o bien por via de las cap-
sulas sinoviales en la cavidad articular. o
bien por les partes inferiores del cartilago
frente al hueso. La capa osea sobre la cual
reposa el cartilago esla perforada y por esas
aberturas el tejido de la cavidad medular
pasa a las partes inferiores del cartilago
articular. Los isolopos radio activos y la
léenica radiografica han probado que una
parte considerable del paso del humor hacia
los cartilagos articulares se produce de esia
manera. Consecuentemente a estas observa-
ciones, se adquiere un sélido conocimiento
de la manera de verificerse la stbitla modi-
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ficacion que acabamos de describir mas ar-
riba del espesor de los cartilagos articulares.
De lo anteriormente dicno, se desprende
claramente que despues de un entrenamiento
normal, los cartilagos articulares acusan dos
formas de adaptacién. Una que da comienzo
gradualmente y que necesita varias semanas
antes de que pueda ser delerminada, consti-
tuira, indudablemente la produccion de un
nuevo lejido: mientras que la otra que apare-
ce subilamente en algunos minutos, pero que
desaparece también al cabo de una hora, la
produce un desagiie de humor hacia el carti-
lago. Pero estas dos formas de adaptacion
significian una modificacion material de los
carlilagos articulares, de modo que eslos 1l-
timos se encuentren en mejor forma de po-
der soportar las cargas a las cuales se vean
somelidos en su funcién de conjunto.
También los huesos poseen una propiedad
de adaptaciéon funcional perfecto. ITsto es
aplicable tanto a la parle orginica como a la
inérganica de estos tejidos, Se ha podido
probar que los mismos principios pueden
aplicarse tanto a la hipertrofia de la parte

organica de los huesos como al tejido con-
juntivo.

Le parte inorganica, llega a evolucionar de
manera hasta importante, debido al elevado
grado metabodlico que segun se ha sabido es
més elevado de lo que en un prineipio se
crefa.

La parte anatémica de la adaptacién
funcional de los musculos, es conocida desde
hace tiempo. En consecuencia, el aulor., se
limita a repetir sucintamente los principios
correspondienies. Un factor muy importante
es el de que Ios musculos que de encuentren
en buenas condiciones, realizan siempre una
coordinacion mejor que los miisculos atro-
fiados.

Esta mejor condicion. no debe ser con-
siderada como una propiedad del tejido
muscular, sino sobre todo como un mejora-
miento de los centros corticales de la parle
motriz del sistema nervioso central.

En fin el aulor subreya algunos paralelis-
mos entre las adaptaciones funcionales de
los organos molores y los sistemas vasculares
y respiralorios.

Observations on Experimental Muscular Soreness

From the Laboratory for Theory of Gymnastics, University of Copenhagen
{Acta Rheum. Scand. 2/1956)

by ERLING ASMUSSEN

Muscular soreness following hard and un-
accustomed exercise is a phenomenon well
known to athletes, gymnasts, soldiers, ama-
teur workmen, elc. as well as lo physicians
and physio-therapists who are consulted by
them. It generally makes itself conspicuous
locally in muscles thal have been exerted
vigorously, mostly on the day after the. exer-
cise. The soreness is often accompanied by a
certain stiffness and swelling that can be felt
objectively and in grave cases may even be
seen. [l often increases for a day or two and
then gradually diminishes to disappear after
about 7 days.

Muscular soreness has been deseribed and
its appearance siudied by Hough (1902] in
ergographic investigations. ITough found that
this kind of soreness did not vary with the
intensity of fatigue but that it was closely
associated with mechanical lensions in the
muscles. He suggesled lhat some sort of
rupture wilhin the muscle itself be the cause
of the phenomenon and pointed especially
to the connective tissue as the site for these
ruptures. Hill (1951), in reviewing the me-
chanics of voluntary muscle, mentions the
stiffness and pains which follow hard and
unaccustomed exercise as one well-known
fact of which no convincing explanation can
be given, He dismisses the assumption that
lactic acid and undue acidity should be the
cause of lack of evidence and seems inclined
to believe, as did Hough, that the soreness is
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due lo mechanical injury, distribuled micro-
scopically throughout the muscle.

In the Scandinavian medical literature,
Ielweg (1934) has given a deseriplion of a
common condition — which he lermed “myo-
pathia ¢ functione” — which in all details
seems to cover the kind of muscular soreness
so well known to athletes. As the probable
cause of the pains Helweg, in accordance
with the dominaling jdeas on muscular con-
traction of those days, suggested local accu-
mulation of laclic acid or other waste pro-
ducts from the anaerobic muscle metabolism.
The swelling that accompanied the soreness
was thought to be due to physico-chemiecal
changes of the muscle fibers themselves, but
later attempls to find hislological evidence
for this have failed. Il may lurther be no-
liced, that Buchthal & Clemmesen (1940)
found that the palpable changes were nol due
to maintained weak contractions, as electro-
myographically these parts of the muscles
behaved as normal resting muscles.

Baje (1955), from clinical experience, is
inclined to believe that the pains are located
in the inlramuscular connective tissues, as
they are most apl lo develop after exercise
that have extended the muscles.

Often this kind of late muscular soreness
is nol dislinguished from the ischemic pains
that develop during hard muscular exercise
with more or less anaerobic conditions in the
muscles. It is, therefore, often presumed that



muscular soreness or stiffness as here de-
scribed is also caused by metabolic waste
products.

As will appear from the above, two pos-
sible explanations of the muscular soreness
have been suggested: 1) It may be due to the
highly inlensified and dominantly anaerobic
local melabolism that accompanies exercise,
or 2] it may be due to the mechanical stress
that the muscle fibers and/or connective tissue
undergoes during development ol tension.

In order to lesl which of these explana-
tions that best fits the known facts, experi-
ments wilh hard positive and negative work
were performed. In positive work (e.g.
lifting a weight) the muscles shorten during
contraction, overcoming external forces (as
for instance gravitation). In negative work
(e. g. lowering the same weight) the muscles
are lengthened by external forces, braking
lhe movemenl. If the speed of movement is
steady the tension developed by the muscles
will be the same for all identical positions in
the two kinds of work. Experience, checked
by experimental evidence, shows, however,
that negative work costs much less in meta-
bolic expense than does the same amount of
positive work (e.g. Asmussen 1952, Abbot,
Bigland and Ritchie 1952). The muscle-
physiological explanation of this facl is given
in the two papers just mentioned and in the
paper by Buchthal, Kaiser and Rosenfalck
(1952).

The experiments were performed in the
way that a muscle group in one extremity
performed positive work while the same
muscle group in the other extremity per-
formed the same amount of negative work.
If metabolic waste producls were responsible
for the muscular soreness Lthe “positive”
extremity should bhe expected to he the site
for the soreness, but if the mechanical ten-
sion set np in the muscles was the direct
cause of the soreness it was to be expected
that both exlremities would suffer lo about
the same degree,

Procedure

Two sels of muscles were lesled, viz. Lhe
extensors of hip and knee (henceforth re-
ferred to as the “quadriceps”) and the
extensors of the elbow (called the “triceps™).
The former muscles were exercised by having
the subjeets step up on a 50 em. high stool
using the same leg for lhe ascent throughout
the whole experiment, and immediately after-
wards descent again this time using the other
leg lo do the negative work. The movements
were slow and it was altempted to keep the
same speed of movemenl in hoth ascent and
descenl. The second muscle group, lhe Iri-
ceps, did positive work by lifting a weight
of & to 7 kg, suspended in a string over a
pulley by an extension of one maximally
flexed elbow. Now the other arm took over
through another string and slowly lowered
the weight by a braked flexion of the elbow.
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For these experiments the subjects were
sitting in an arm chair. their backs against
the pulley. and resting their horizontal and
parallel upper arms-and elbows on a padded
piece of hoard lying across the arms of their
chair. Work was continued Lill fatigue set in.
This always happened [irst in- the museles
that did positive work. After a pause of a
few minutes for recovery, work was taken
up again and continued till fatigue or ex-
haustion made a new rest necessary, and so
on for 3 to 4 bouts of work. The following
day the subjecls were examined by palpation
and inlerview by a trained physio-therapist,
and again on the second day afler exercise.
Soreness and palpable changes were lisled,
if present, in three arbitrary degrees. 16
female students from Teilmann’s Institute for
Physio-therapy served as subjects. Previous
examination had shown them lo be free of
muscular soreness or palpable muscular ano-
malities.

Resulls and discussion

The resulis are presenied in Table I. It is
obvious that soreness and palpable changes
are much less common in the museles that had
been doing positive work than in the ‘nega-
tive” muscles although fatigue or even ex-
haustion had been (he rule in the former
group bui hardly ever in the second group
of muscles. The subjective and objective
changes were in many cases more pronounced
on the second day after the exercise, and the
muscular® soreness and stiffness in the qua-
driceps was somelimes so severe as lo pro-
hibit normal standing and walking. As moslly
found, the anomalities were especially con-
spicuous at the attachments lo lendon and
fascia, e.g. along the tractus ilio-lLibialis.

These experimental resulls make it very
unlikely that excessive production of meta-
bolic substances should be the cause of this
late form of muscular soreness. The meta-
bolism probably has been 5 to 7 times more
intense in the musecles doing positive work,
and as fatigue developed some ischemic pain
often was felt here. But this pain disappeared
soon after cessation of work and did not
reappear. The negalively working muscles on
the other hand gave no sensations of pain
during or immediately after the work period,
but 12 to 36 hours later they were the site
of marked muscular soreness.

It intensive metabolism is not the cause of
the muscular soreness, it is reasonable to
assume that it is mechanical tensions devel-
oped in the muscles that caunse the changes
leading to soreness. As mentioned earlier. the
tensions in the posilively and negatively
working muscles musl have been approxima-
lely equal. It may seem strange, then. ihat
the soreness was so much more pronounced
in the negalively working muscles. The ex-
planation of this finding may be that whereas
every single active muscle fiber during
shortening looses tension, the single muscle
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Fig. 1. Upper recordings: Electromyograms
from quadriceps muscle during free standing
knee-flexion and -extension. Below: Simul-
taneously recorded inltegralions of the electro-
myograms. Small plate electrodes.

fibers during forced lengthening gain in ten-
sion (e.g. Buchthal et al. 1951). As a result,
in order to produce the same amount of total
muscular tension during shortening, the
number of active motor units must be in-
creasing, whereas during lengihening it must
be decreasing. In other words, in posilive
work the necessary tension is produced by a
grealer number of muscle {fibers than in
negative work, as also evidenced by electro-
myography (Fig. 1). The fension per aclive
unil will consequently be greater in negative
work Lhan in positive, and so the changes of
strain or damage to parts of the muscle.

The site of the injury by the high tensions
during exercise cannot bhe stated with cer-
tainty. But the fact thal the pains are mostly
localized to those parts of the muscle where
conneclive lissue is most abundani, viz.
tendinous attachments, together with the
fact, thal the muscle fibers themselves are
highly elastic as compared lo lhe rather stiff
intramuscular connective tissue, points to this
latter as the site of the injury. This injury
need not necessarily be actual ruptures, for
these would probably have happened during
actual work and so would most likely have
given rise to immediate sensations. Rather
one mighl imagine, thal the high lension has
initialed a slow reaction in the connective
lissue, causing the development of the actual
pain-producing condition, Il is tenlalively
suggested that the soreness is caused by a
swelling of or in the connective tissue,
causing it to be distended at right angles to
its natural direction of traction. It is well
known thal inlramuscular hematomas, or in-
fusions of fluid will cause pains by distending
the tissue. An increased formation of extra-
cellular fluid in the connective tissues may
secondarily influence the blood flow by
blocking capillaries and thus augment the
edema and the muscular soreness. The close
relation between muscular swelling and sore-
ness would thereby be explained.
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My thanks are due Lo Mrs. M. Hoeck who
performed the physio-therapeutic examina-
tions of the subjects, with a few exceptions
which were done by Mrs. Ruth Christensen
and Mrs, Doris Johnsen. The cooperation of
sixteen students from Teilmann’s Institute as
subjects is also gratefully acknowledged.

Summary

In order to find oul whether the muscular
soreness which appears 12—24 hours affer =
hout of hard unaccustomed exercise, is duc
to the greatly increased mefabolism in the
working muscles, or whether it is caused by
injuries evoked by the mechanical tensions
in the muscles, a series of experiments were¢
performed with positive and negative work.
The tensions developed during these [wo
kinds of work were the same in both cases,
but the metabolism is known to he several
times greater wilhh posilive work than with
negative work.

Il was found that muscular soreness wilh
palpable muscular changes was always pre-
sent 1 to 2 days afler negative work, but
hardly ever alter posilive work of the same
intensity.

It is concluded that muscular soreness is
called forth by mechanical stress most prob-
ably lo the intramuscular connective lissue,
and nol by metabolic waste products. The
reason for ils apperance in negative work
and absence in posilive worle is discussed,
and a tentative proposal for its causes is
given. N

Résumé

L’autenr a fait une série d'expériences
comportant des travaux positifs (soulever un
poids ou monter sur une chaise) el négalils
fabaisser un poids ou descendre d'une
chaise) pour vérifier si la douleur musculaire
apparaissant 12—24 heures aprés un lravail
dur et inaccoutumé est due 4 un aceroisse-
ment de mélabolisme dans les muscles en
action ou bien si elle esl provoquée par des
lésions évoquées par les tensions mécaniques
dans les musecles en question. Les leusions
développées pendanl ces deux  lypes de
travail étaient les mémes dans les deux cas
mais on sail que le mélabolisme est plusicurs
fois plus grand dans un travail posilif cque
dans un Iravail négatif,

Il ful constaté que la douleur musculaire
comprenant des altéralions musculaires palp-
ables se présentait sans exeeplion 1 ou 2
_]:ours aprés un travail négalif, mais presque
jamais aprés un (ravail positif de méme
intensité.

L'auteur en conclut que la douleur mu-
sculaire est provoquée par la tension méca-
nique exercée le plus probablement sur le
tissu conjonelifl intra-musculaire et non pas
par les résidus métaboliques. Il discule en-
suite la raison de sa présence aprés un lravail
négalil et de son absence aprés un travail
positif, et soumel une proposition tendant a
en expliquer les causes.



