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.-TAECL 1 C F; ,CTU;S OF U-VELOP-"c.NT

l~ ~~' ~ _, ~~ .~~L£►TFG TO r F ;YS I C~yL F I T ;:tSS~J

Francis ;,i . Pottenger,Jr .M .D .

~,:etabolism--The phenomena in synthesizing foodstuffs into
co;:iplex tissue elements *(assi~ ► ilation) and in brea!:inq down
its coMlex suhstances into simnle ones in the production of
enercy (disassimilation) is naturally related to physical fit-
ness . Of the num erous effects of r~eta',olism in the growin g
c`.► i 1_d, i shall limit this discussion to so i e metabolic factors
cointrollinG li^anentous tone and osseous naturit,~ . I believe
that these` are~of primary importance to ath'.etic directors .

Dy t;..he tilme a young man is ready to participate in a com-
petitive sport, his pa~ysical develo,oment has largely been de-
t?rmined by his prenatal influences, by his health from in-
funcy until he time you see him, and by vliatever physical
training he has received prior to coming outJor a place on
your team .

~epinning with his life in utero, the rietabolism of his moth-
er has had a bearing on the liaamentous structures and quality
of : ,y ~is bones . ~~_e,, n ~o~ ~ `~s~.d i s~ she if of „c~s,,~ ~ ~r~j.ativL~ health from con- .,
ception to delivery, for her offspring is not healthy by chance
alone . If she is sub-metabolic, her diet inadecluate, if she
suffers from illness curing aestation part'icularly at the time
of the development of the joints, her infant will li';ely begin
life fPrith a disturbed metabolism indicated by poor ligaments
and bones . ►ost-n :tal subnetabolism and metabolic insults o f
ezrly childhood, es!.}ecially ~%rhen the epiphyses are developing, -
can play a further ir;p Qrtant role in procucinc.~ soft bone, loose
joints and wea!; iieaments .

Certain cardinal signs of poor ligaientoJs structure that
can be observed in infancy .and tend to be carried through life
are :
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Hyperextensile joint-of the elbo w
Hyperextensile joint of the shoulder
`%'rist bones that can be pulled apart
t;aGdling roll to the hi p
F1y ;;erextension and lateral play of the knee
i~'ea<< an';les
Gynanical.ly and statically flat fee t

A, trained medical examiner can readily pick up these con-
di tions on physical examination . Later in life, the h-ray will
reveal these problems more clearly . At the time of the comple-
tion of the development of the bones and cartilages of th e
joints, rzal-align-nents become obvious .

It is important to understand the development of the epi-
physes or orot,ing ends of the bones, and hot=: they indicate the
adequacy of the individual's metabolic effort and physical fit-
ness . To clcrify this, let us consider two infants, one bor n
to awther who had relatively uneventful pregnancy, enjoy-
in ;; ahidi state of metabolic drive, the other to a mother
frauoht v-,ith severe metabolic problems before and throughout
her ;~rennancy . Not only were the two children born with dia-
retrically opposed metabolic patterns, but their lives and phys-
ical fitness have been poles apart .The one had an enviable
record of -physical excellence, the other, slow to mature, l:eea-
ing a hich soprano voice until much later than average, alvays
shunning physical activity and sports .

Let us follow the effect of their divergent metabolism on
the development of their feet, for it il?ustrates the points
of discussion .

The healthy child was born with good osseous centers of com-
oact bone, the other child had porous bone . The husky child
continued to develop good bone, strong muscle and excellent co-
ordination . At the ape of 1~ , he suffered a severe metabolic
insult in the form of measles, which left its mark and took
three years to heal . The other child passed through a serie s
of continual metabolic upsets--poor assimilation of formula,
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fre(;Lcc(1t colc!s, bouts of asth,,;ia, poor coordination causing
many in1;uries c'ue to falling . As these boys soronressed in aco ,t , , the;~us :~ ;r boy rarely -missed school, excent for an occasiona l
hoo ;:y, v.'as int4res'ced in sports and oa--mes, rarely sustained an
accic'cnt . His foot matured normally . The other boy contlnucc~
t o i1c1/2 ri-din ar aCciC l, ents, was 'rvit h Ctrcxln socially , had to b e

forced to par tici,.ate in school sports ; he had f Icat feet with
evidence of his continual metabolic insults in the scars on his
b onOs .

one b o y was ear1.y recoonized as at h letical .ly superior .
H. e was excellent in several s iD orts t h ou r0h one ,,:t,s bast ; h e
played it r o :;ularl j , day after day . H is f oot co ntinu red to sh o vr
the excellence Of ~7 ;1y,~,iCc~l C';Ov~?~.o~?iilOnt, the li~?c:i+C'~1iS rt?;i ~

I,l •._ ; :~~ ~, .t~ 1, ~•.ti•t ~ t '] He ^1^ k L'.9 , t t~~with e :
~

. ►~s,e 4~ons . f~ .. ~~~~ not accicant- ;aro(~; . The o J~ :t L/3 rec L ~
b oy's ,t~ysic ai exertion was thrust upon s~ir,~ by p aic~ ~;t`asetic
tuto ► s . i- ;i s f ce t re .-m ai ri e d ; l Cat , he Contil1uCd accic' omt-p ro nL .
The ;,ro i'1•'Or iJo,' passed thro(! jil s6ool with u n flco,C11i-I q, i('ll o r-

est i n s p orts, was sup ei^ior not only in his ov;n school but i( -1
SO~d~~;0~ California . He (~C;~icli~OC~ i'0(l- - CCi( ' ('~ t DrO~;a, P1(~

~, ec s :;c;t•rec' su ;:erior osseods d evelopr 4ni . = -jis m etaD olic p at ~crn
s,o:•:c L: « hir'h t C vei of activi 'c y . T I-11 o o :' i er boy 's voice ;~~sc' not

ui~Lil `: .~~L continu~?d t o s~1o :~r the lir~~:~ nntoi~s ~~~ii _
ure of his ; Let, nu»erous s p rai iiec; an lk los . c;is ima in i n=:erest
was h ot rods, and he d em onstrated social mGlac ;ustmen'ts .

The heal ih~A ~;o~~ ~aar t lci~~atid in his sport for f our collec~ e
years, still a crs~mp ian, coordi na't'ion s upp er ia , g ood student,

"

dLv;;loom en t o il teLt excellent . Th e other ne ver p, articiosted in
collecy s p orts, reryaineU acci dent Nrone, both with autonoailes
as t~:elJ. as :;~ 1t~~ f eet .

.

To briefly discusa the hand, qwnera l ly used by <<nato m ists
to G^m OnS'tra10 ph VS1Ccal ( `?VOIGni~Ont : the han d is composed of
two t,r-pcs o f b o nes, carp al bone,s i n the ,~;rist, the ends of the
r,c'ius and th e ulna o i the forearm , and t h e The ls:t-
ter : re ►,todi fl ied long bones s i,~il?r to the radius and ulna but
h avin q eJis h yses on their proximal e nds only . The carn al ho ;zes
m- ature b y altering their shan4 and size . These bones are laid
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do~.,:n in a matrix of cartil.aq e, leaving a lesser and lesser
amount of c Artilace as maturitv P rncec. ds vrlh ile at the same
time the lin ynen :s are ~trenct hened . ;rklso at the same ti ;~e,
the phal ances p ro u at the eoiDh3saal line . The e p i ph yses
chan9 e shape with mzturify and f in a' lly fuse to the rhalanoes .
The hand is thus m ature in the young man at about 12-119, ye ars,
and two years earlier in the young droman .

The elbo w is one of the most complex joi n ts and is earl y
com posed of centers vi 'i ich eventually fuse to the shaft of the
humerus, radius and ulna . The 'cnee,too, is a como lex ni ec'nanism,
built similar to the elbow , but lacking that universality of
motion .

~piphyses are vulnerable ; they can slip, but they can also
heal until maturity . 1 n jury during gro~~ith, met abol i c or mec ;;-
anical in origin, can leave a functionally defor-med joint which
may not injure the individual seriously in his youth but mcay
lead to painful and crippling disability in later life . ~ach
joint of the boc,y has a neriod of maturity, and how it Matures
is an index of the adequacy of a child's metabolism .

It has been my experience'lvith children largely dracin from
middle class and professional parentage that those children t- :ho
excelled physically have been slightly in advance in the matur-
ity of the joints, especially those used in their chosen sport,
and as a rule, have sho.s;n a sliqht total physical advance .

You who are ex?erienced physical education-directors have
probably learned to judge the physical stability of your ath-
letes . ~'erha;~s your long experience has qualified you to ma;e
"Ttrained cuesses" that are almost as accurate as those of the
physician who can dernonstrate development by X-ray studies of
bones and joints . I once heard a college football coach stun .
his subordinates and alumni backers by saying "I would rather
have a freshman team of healthy boys who had never played high
school football-to dralu from because they are less li!:ely to
have suffered joint injury and are now ready to play a nan's
game ."~ie intuitively recognized the importance of mature,
fused epiphyses .

~

r
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~erhaos you .have cliscovered t hat all-around athletes have
had excellenz physi quos since ch ildhood, and possibly you he-

that "ch cry :7io ns are born, not i;la el .n .n 11`1 oti ever, much basic
truth there is in these tenets, you will also have found except-
ions . You 1:► ill have sho lu n t h at traini„ g of good order for a ce-
term ined and trilli nr., boy m ay stren gt h e n hisli7am Qn ts and de-
velop hi m into a tou,h team-m ate, and even a cham.p ion . But i s
it not also true that his s p irit of p erseverence to wor,: and
fight and tr ain stubborn nerves and m uscles to perfor : a d o-
sired feat is the mar ►: of a"aorn champ ion" ?

. . ..,,.. ,.a. _

~ .
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