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LETTER OF TRANSMITTAL

I-h.lrrno Srerns Dppenruunr or Lenon.
CHrr,onpN's Buipeu,
Waslutngton, MaA 31, 1993.

Meoeu: Herewith is transmitted a bulletin entitled, The Effect of
Tropical Sunlight on the Development of Bones of Children in Puerto
Rico.

The investigation upon which this report l-rs based was planned
and carried out underlhe direet superviiion of Dr. Marthr M. nnot.
director of the child-hygiene divisiirL-of the Children,s B'reau, who
is also the author of the report. The medical examinations were
made with the assistance of-Dr. Edith B. Jackson. The studv of
economic and social factors was made by staff members of the Buieau
experienced in soeial investigation.

The Bureau is indebted to the staff members of the Department of
Health of Puerto Rico a-nd of the Presbyterian Hospital iir san Juan,
gf t\e ttglpltu! Asilo des Damas in Ponce, and 

^of 
the School of

Tropical M-edicine, University of Puerto Rico, in San Juan. Their
intjrest.and cooperation made the investigation possible.
-, Thanks are esp-eciallry 4"p to Dr. E. A. Park, of the Johns Hopkins
university School of ]\4edicine, formerlv of the yare Universitv Sbhoot
of Medicine, for his assistance and interest in the planninl oI the
investigation and the interpretation of the results.

Respectfully submitted. 
-

Hon. tr'neNcns Ppnrrws,
Seuetary oJ Labor.

Gnecn AYYom, ChieJ.
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- THE EFFECT OF TROPICAL SI,]NLIGHToN THE DE'EL'_'M_ENT oF b-oNES bF'diiir,onE*
IN PUERTO RICO

A Roentgenographic and ctnica! Sldy o! Infa!9 and young Chrrdren with specialReference to Ricfteti ond Rulorrd Forl;;: 
- "'-'"" *'.'.

PURPOSE OF INVESTIGATION
The study of Puerto Rican children here reported was'ndertaken inorder to ohselve the roentgenographic appc-arance of the bones oi

::r::1._l*ng, under th; i"fi;;;;; ;i';;6li;i;;8il; Jill io _or."compcnsons betrveen, the roentgenographrc appcarance of the bonesof such infants and that 
"f 

ih;'B;;;:'Jfi"rr"iJ ii,:i"s i" ; t"-pu.rt"climate' Durins 
" 

p".u"io""-i""".iig"ti"" ;#;li- i{"ri''Hun"rr,conn., bv the cEirdren's nr.""u'i" 
"ffiration with the departmentof pediatiics, yare trniuersiiy s.nooiffiroai.ine, it had been foundthat the bones of a large p"o1io"tio" oili,r""t, ri'i:iirg irffi."i"?p".ut"climate showed son.teioi ln i.; ;t ;;Jg".rogropt ic examination cer-tain minor chanses that were intirpretei as er.ide'ee of sright rickets.Becuuse such aliree propoi:ril" 

"i';irrntiin x"rr-Iravcn showcd thcsesligh r ch a nser, ."iu.h I 
"J. 

;i- i i;; i; ;i ir,, f i n 
"y_r, 

; d- il;;;i;e"n wh r twas thought to be-an amount of 
""dJir  

ertu sulrrcrent 1o prevent r ick-ets, the question had arisen-;ilttr;' i i." 
"t_,,rrg". 

should not bere_
ffig"d af Rhl'siolosi"rl .,*iuiio;;;i ;;;-aily grou.ing bone rr.rrherthan as lhe evidenees of beginrr inE r ickets. ,

Questions had arisen 
"rrol" 

rt"iu H';;;; as.to the correct interpre-
llli"r of certain skeletal 

"igtr: 
*"a d iiie clinical dia,gnosis of mild.ckets' Studv of a group-of .infa'is-an; t;ili'";ila;#;to hadIived continuousrv in "a-trtipicai 
"ii-i it.i, ' i 'xposed the year around to

:il^"_tl?:_:""tight,"woutd, ir';; 
-h6;;' 

".,.**" 
a number of rhesequestrons.

,_SLqiql it \r-as.assumed, v-hen puerto 
Eic-o n-as selected for thernvestrsrtron. that rh_e intensity of the sunrigr-rt ih;.;";;; '-i le po.si_bilitiesbt exposure we'e. such ur"to in.r"" thc prevention of rickets and

Il:y lgl noimal growth oi t;;;; il;; irevertheless essential to themiln purpog.e of !h.e slydy rhar. this assumptio, [;;"fii."t O"for"the data collected in pue"rto Rico couid te us_ed *itn 
""ririity 

u* unormal control for rhe data collectJil N"* H;r;. 
'. 

ri'ii,i. iupo"t,then, the incidence 
"tri"i.ut* 

(""qrirti"r"al in puerto Rico and alsoof those minor deviarions f.";i;ii;;;;;;iG_"i;;ry i^ili#t"a i"the New Ha'en stucry as.ev-i;;;;;"i.i ign.u. degrecs of the disease
H]lPl" 

o:::X*:: 
1;u.f!, t* ;;"j;.i"?,._regarding the roenrgeno_graphic*pp;;;;;;;"r"ti,u"r,o""J"ffi ;;"#r'i,Yi"Ti39T:"il'i,H:T;

-  
rE l io t 'Mar thaM;The.oo l rc lo - f  

R icko ts :  p re l im inaryd iscuss ionoJ thedcmon. r r " r ioo ioNu. - i l * i .Journrl of the Aruerican M edical -A,ssociar.ion, i i,j. sj.i.j.,S-G;g . zs, rszb),1,p. 656_668.
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2 DEVELOpMENT OF BONES OF CHIL,DREN IN PUERTO RICO

tirne, also, comparis,on will be made between these Puerto Rican
;hildd u"a utt 

^unselected 
group of New Ilaven children *F9, during

ih; ;;;tious studv, had be"cn examined by the s&me- physicians and
;h"Je mothers hal'had no specific advice with regard to the preYen-
tion of rickets.

Tfr. investigation was made in t]re two principal,cities of the island,
San Juan ondPott"e, because of the facilities in these two- places for
11ot i"g roentgenographic examinations and for observittg a large num-
bei of"infants"witf,i.r^o short period of time. During a period of six

"*"t* 
(from the last u'eek oi Janr,ary,1927, to the second week of

U-i.tr) 584 children were examined, i."4 the homes of 556 of these
;liildt.; *.." visited in order to obtain information regarding diet and
living conditions, especially exposure t-o sunligl.rt.

In"the course of ttt. inr;estigation the examinations of the Puerto
Rican children and the visits to-their homes brought out so many other
n"aitto* of interest in connection with the health of these children
lhot it''r.emed desirable that the report should deal with other aspects
of health besides those relating to ihe presence or absence of rickets.
itrd.ed, the interpretation of [hq roentgenographic and clinical find-
i"gr *itn regard to rickets is itself so-dependelt on an understan^dilS
of-the gro*Th and development of children that a discussion of the
Eenu.al'- health of children i.t the island and the conditions under
i"tii.fr thev live is siven before the discirssion of the special examina-
tions for iickets.

Provided by the Maternal and Child Heatth Library, Georgetown University



GENERAL CONDITIONS AFFECTING HEALTH OF YOUNG
CHILDREN IN PUERTO RICO

The healtli of young children in any community depends to some
extent on underlying racial and climatic factorsl to a larger extent on
the general health conditions prevailing in the community, including
the facilities for health education and medical cale; and to an erren
larEer extent on the economic and social status of tlic community as a
whole. The health of the children in Puerto Rico is no exception to
this general rule. Intermixing of races, a tropical climate, ignorance,
poverty, overpopulation, irregularity of employment, probably all I
contribute to the hish incidence of malnutrition as well as to the hish
incidence of disease and death. A report on the hoalth of thc children
studied in the present investisation rvould be incomplete rvithoub some
picture of these rrnderlying f-actors. A detailed discussion of certain
social and economic factors such as income, housing, family grouping,
and diet will be given in later sections. (See pp. 61-97.) As a back-
ground for the more detailed discussion a general discussion of climatic,
racial, and economic factors, as well as of the gencral heall,h condi-
tions, is given in the following sections.

CLIMATE AND SUNLIGHT

The island of Puerto Rico, the fourth largest of the islands of the
\Yest Indies, lies between the eiqhteenth and nineteenth parallels of
la t i tude nor th of  the equator ,  about  5o sout l r  o f  t l re  Tropie-of  Cancer.
It is located, therefore, well within the Tropics.

The temperature 2 varies comparatively little from season to season,
averaging 75o to 760 tr'. in the winter months and 80o to 81o tr'. in the
hottest summer months. Throushout the vear the sunliEht is intense.
and eyen in the so-called winter"months ii is so hot at-noon that iri
order to avoid the great heat and bright light the people remain, if
nossible. indoors or in the shade. Thelvindows of the honses ol huts
tlo not have glass, but many have wooden shutters to keep out heavy
rain and intense sunshine.

Though the island is comparatively small-a Iittle more than 100
miles lonE from east to west and about 40 rniles lvide-it has several
varieties of climate. Heavy tropical showers are frequent in the
northern part of the island and comparatively infrequent in the south-
ern. The sunliEht is even more continuous in the south than in the
north and for lons periods of time is unrelieved bv cloud or shower.
The city of Poncd, iituated on the southern coast" of the island, has
less rain and more sunlisht than has the citv of San Juan. on the
northern coast.

Because of the well-recoEnized association between normal calci-
fication of bone and adequate exposure to sunlight, it is obviously
of importance in any community where the growth of bone or the

2 Fassig, Oliver L.: The Ctimato of Puerto Rico. Pu€rto Rico Review of Public lloalth and Tropical
Mediche, vol. 4, no, 5 (November, 1928), p, 203. 

B

- . - . -
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4 DEvELopMENT or BoNES oF CHTLDREN IN PUERTo Rrco

incidence of rickets is beinq studied to consider the amount of slnlight
to which children, especially young infants, are ordinarily erposed'

IIOURS OF SUNIJGHT

The following comparison shqws the.daily -a\-croge of Possible
lrours and of acTual hours of sunlight during eacl month in the ycar
{or  San Juan.  P.  R. ,  and for  New Haven,  Conn.  J t  a lso shows t l re
total number'of possiblc and actual hours of sunliglrt,8, year in both
San Juan and I'[eiM Haven, and the daily averages for the year.3

Daily average of possi-
ble hours of sunlight

Daily avcrage of actual
hours oi sunirght

trIonth

Jenuar5  .  -
Februan'. .
March -
A p r i l - - -  -  - - - -
M a y - - - - - -
J r r r r c - - . - - . - - -
J u l y - - - - -
Augus l  -  -  -
Septembcr -  -  -  - .
Oc tuber -  -  -  -
N o v e m h e r .  -  -  .
D c c e r l b c r - - - - - -

San Juan New I{aven San Juan New flaven

2 ,592
7 . 1

t t . 2
11 .  6
1 2 . 0
1 2 . 6
13. 0
13.2
13. 1
12.7
t 2 . 2
I  r .  I

11 .  3
11 .  I

4 ,4 t6
12. I

4 , 4 5 6
t 2 . 2

9 . 6
10. 6
12. 0
l . l .  O

t+. 5
15. 1
14. 8
13. 8
L2.  5
1 1 .  1
9 . 9
9 . 3

6 . 9
/ . 6
8 . 2
7 . 8
/ .  o
7 . 7
8. 1
8 . 4
7 . 4
I .  J

6 . 9
6 . 8

2 ,774
7 . 6

t a

6 . 4
7. 1
7 . 5
8 . 4
9 . 2
o t
8 . 4

t ) . o
5 . 3
4 . 9

Total for year- -,  -
Daily avcrage for year-  _ _

Althoush the dailv averagc of possible horrrs of sunlight is aborrt the
slme in th]e t wo cit ies, t he ai-erage of r ctttal hours is sontew ha t gtea ter
in San Juan. I\Iuch less seasonal vnriation occurs in San Jnan, horv-
ever, in both possilile and actual hours of sunlight than in New Haven.
In San Juan,^morcover, the uniformly wr-rm climate allows the actual
hours of sunlight to be eontinuou."Jy available throughout,the year to
children livinf there, rvhereas in New lIaven the long cold season oc-
curs coincicleitnlly with the decrease in actual hours of sunlight and
limits still furthef the availability of rvha,t sunlight there is. Though
during the sumrner months the daily aYerage of actual hours of sun-
lisht in New Haven exceeds that in Puerto Rico, this period is short
oiid do". not bring the total number of actual hou$ of sunlight a year
up to the numbeiavailable to children in Puerto Rico.

INTENSITY OF SUNLIGIIT

In addition to the advantaEe that Puerto Rico has over New Haven
in actual hours of sunlight, ii has the advantage also it intelsity of
sunlicht. Thoueh accuiate measurements are not a,vailable, it is prob-
rble ihrrt rt the l lt i tude of Puerto Rico (about 18' \I.) the intensity of
the sunlight is relatively high and that it Yaries little from month to
month, nlhereas at the tatitr]ae of trNew llavcn (about 41" N.) without
rnuch donbt the intensitv is loweretl druing the winter months. Tis-

3 Figures suplrlied btr 
'Welther 

Bureau, U. S. IJepartment of Agricul-ture. Averages of actual hours ar€
based ori a 25-l-iar periotL for Sau Juan md on a ?J-year period for New flaven.

'-'--'---
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GENERAL HEALTH CONDITIONS 5

dall and Brorvn,a who studied the relation of the altitude of the sun to
its antirachitic eflect', regard 85" as thc altitude belorv which there is
definite decrease in the-ultra-violet content of the sunlight. They
state that in Jamaica, which is at about the same latitud6 as puert"o
Rico, the minimum altitude of the sun for the year is 50o. whereas in
B_oston, -which is at about, the same latitude as New Haven, it is below
35" for four months of the year. \4/lien the uniformly high tempera-
ture of Puerto Rico is taken into consicleration there is iittle"doubt that
the possibility of long daily exposure to sunlight, which is efiective in
the prevention of rickets, is very great for inlunts in San Juan-fur
greater than for infants in New Haven.

EXPOSURD TO SUNLIGHT

. Out o{ I.hg equnble climate of Puerto Rico have grown cusroms and
habrts oI living whieh insure an out-o.t-door life foichildren as well as
adults. ' l 'he construction of the houses, the type of elothing, thc
9ust9m-s_ with regard to housework, all inake ,Sxposure to ..r?itight
inevitable.
, In Puerto Rico it is customary to keep babies indoors for the first 40
days of life, but because of the absenee of *indow glass and ihl almost
universal accessibility o{ srrnlight inside t}e house"s (sec pp. z0-zb),it
is probable_that evei these y6ungest babies ;;;;i";-;;;J'diiect s,,n
llgh t, thougf jnnarentty no eonscious effort is made to insure their get-
lms anl. After this earl5' period the-amountof exposure to sunlftht
rncreases rapidly, since it is then considered safe to iake the baby dut,.
ouPy, carnages are not used in Puerto Rico except by the well-io-do,
and it seemed to be the universal custom for the mother to tahe the
baby outdoors in her arms,-or, when !e was older, astride her hip, .rp_
p-orted !y her arm or bv a sling hung from her nec,lt. Th* -oih.. ,,ru-
al lv took the baby u' i th her when she did her dai ly errands. held him
tl  .her lap as she sat in the s.n, or let  him si t  in a 6ox used as r  mnke-
shrft play pen while she v'orkedin.the patio or yard. A few mothers
mrdp.speclal.ellorts to protect their young babies (usurll.v those u-ith
!he. faire;t 1!lrl from exposrrre to th6 s.n'in ora"r io p.o"""i iur,,i"g,
but most of these mothers admitted that they rvere iiot successful fri
le1fjry the baby our of the sun all the tinie. A. *;;;-;-u rrony
*Ti-"l_tg "l",? 

oJ to walk,-be would begin.ro get more sunlighi.
Agarn and again a baby lr-ould be seen phvrnE rn cn open sunnv d6or-
yay, or-hanging over a br. placed acrbss'thE door to I.""n hifir t.o-
lallrng dou'n,t'he steps, or playing- about the patio whe'e'his mother
coulo Watch hrtn $ ht le she worked.

. A{!"T.a baby. has learned to walk exposure to sunlisht is almost
t*elt.a?Ie, as hrs playground,is the yard, the patio, or ihe street, all
ot \Mhrch are sunny most of the time.

The fact that li it le children in puerto Rifo need no clothing tt_r pro-
tect them from cold makes it possible for them to s.i prl"ii?r aii""t
s,nlight. During the early mo_nrhs of the babis Bi;;;;^;"" i*o gu.-
ments are customarily put on him, but many"a child 6 months or ayear old was seen playing about tbe house ir.i" ih" r,riio^"itrrortcrothes, .gr wea-rmg but one scrnty garment such as a shirt or shortctress. -bjven chrldren 2 or 3 years of age wore little or no clothing.

Jo

_|--_---
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DENSITY OF POPULATION

. Thg population of Puerto Rico is very dense, the territory being fifth
in order of densitv of all the States, Territories, and possessions 6f the
Ilnited States; only the District of 

'Columbia, 
Rhode Islan<l, Nerv Jer-

se;r, and \[assachusetts have denser populations.s In 1g30 the popu-
lation of Puerto Rico u,-as 1,543,913. Of these persons I,116,Gg2-(72
per cent) lived in the rural parts of the island; ihe remaining 427 ,22I
(28 per cent) livedin the 40 cities and towrrs of more than 2,500 popu-
lation: II4,7l5 in San Juan, 53,430 in Ponce, and 259,076 in thebther
38 cities and torvns.6 The rvide distribution of the people throughout
the hills ar_rd coastal phins u'ith consequent isolation is responsib-ie for
many of the health problems that are^most difficult to solve.

RACE

That the Puerto Ricans are a mlxture of highly pigmented peoples,
being partly Indian, partlv Negro, and partlv Span-ish, is of i"nterest,
in this stud.y in viervbf the well-l<nown higlrincidence of the ser-eier
degrees of rickets among the children of highl.y pigmented peoples liv-
ing in temperate climates. In the earlv slxteenthlenturv,'at tjhe time
of the settlement of Puerto Rico by Spaniards, the island i,as inhabited
by Indians. During the years-of 

-settlement 
the number of full-

blooded lndians was greatly reduced by slavery, war, epidemics, and
intermarriage, until, according to tlre early Spanish recoids, the lndi-
ans as a distinct race had disappeared 50 years after the cominE of the
Spaniards. During these ycars there was undoubtedly a mixlure of
Indian and Spanish blood, but it is difficult to determine how much
Indian blood siill exists in the island. Boas 7 calculates on theoretic
grounds that possibly 14 per cent of the natives of the island have
Indian blood in their veins and thinl<s that the amount of rndian blood
in the rural districts is greater-than is ordinarily assumed. Early in
the period of settlement the first African nesrbes were broushl to
Puerto Rico as slar-es; from then on the number of nesroes in the"island
increased gradually. After the first importation of slaves a mlxinq of
the trvo races_ beg.an, w{rich has continued down to the present d"av.
The result is that in Puerto Rico to-day !* found & .race oI people, who,
tlrough predominantly Spanish in type, shoq many eviden?es'of 

'negro

blood and, in districts wlrere less mlxture with tlie nesroes has taEen
place, shou'some remaining evidences of Indian bloodl

Horv much influencc this mixing of races has had upon the growth
and stamina of t l re people can-.not_ he est imated. 

'The 
oppurenr

retardation in the physical growth and development of the chililren is
probably a res'lt not only of this mi-xture of r-aces but also of various
environmental factors.

ECONOMIC CONDITIONS AND DTET

The economic condition of the great majority of the native puerto
R^icaps is ertremeJy poor, and this fact_un{ues[ionably plays a major
rglg ln the generall/ poor physical.condition of th-e pebple, and of ihe
cluldren in part icular,  as ui l l  be shown later.  (See p.^6f.)  A large

DEYEI,OPMENT OF BONES OF CHII]DREN IN PUERTO RICO

5 tr-ift€enth Census ol the United States, 1930, yol. 1, population.
o lbid, pp. 1251, 1263.

- i Boas, r-ranz: 1'he Anthropometry-of Puerto Rico. American Journal of physical anthropology, vol.
3, No. 2 (April-Jule, 1920), pi.21|-ii3.
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GENERAI, }IEAI,TH CONDITIONS

DroDortion of the nren are emplo,yed in the various agriculttrral pur-
iuits of the island, but they own no land and tnove about from plan-
tation to plantation as the-various crops need pianting or harvesting'
Waees {or such work ale verv low, and the supply of laborers is very
Iare"e. The standard of livirig, at the same time, is so low that it is
oo.".ibl" for a family to exist on an unbelievablv small income. In the
iuraI districts the farm Iaborer usually iives in a hut on the plantation
where tre works. He may or may not be ailorved to cultivate a small
piece of land about his hut. If h-e does have the gpportunity, he-may
iaise a few banana trees or have a small truck garden. The fact, how-
ever. that these farm laborers do not own the land on wliich they build
their houses and tlrat tlrey move fi 'equently from planta.tion.to plan-
tation with ihe rotation of crops prevents them from having either the
desire or the time to cultivate the land around their huts to any extent.

The economic situation is such that manv families do not have com-
mon necessities, such as an adequate diet and a hou-se equipped with
beds. chairs, tables, cookstove, iooking utcnsils, and proper sanitary
arronE"-ent.. Li+ins is, on the whole, so simple that it requires
Iittle "eflort. There is-no heatins problem, the children need little or
no clothinsr. and the adults needlnlv enough to cover them; few per-
sons in th5'rural districts wear shoei. A ferv cents a day suffices to
provide the rice and beans that are the basis of ihe diet. The wide
icatterins of the rural population through the hills of the island makes
the distribution of p"ii.hable foods difficult. Milk, eggs, -and fresh
meat are not available to the majority of people in the rurai districts.
In the cities the conditions are iittle betier,- for wages ale low, and
though milk, eggs, and meat are more easily obtained there, these
foods.' are co.npaiaii,tely little used because oJ their- high- plice.

The poverty of the Puerto Ricans affects the health of the children
primarily thrirugh the resirlting inadequacy of their diet,-.especially
irith resoect to"milk. Ttre imlportanc-e of-milk as an indispensablc
palt of tire ciiet of all growing children and of pregnalt and lictating
inothers is well re.'ognized evlrywhere to.-day, burin Puerto Rico not
nearly enough milk i"s eithcr prod ucel! orjppbrJe^d Lo supply the necds
of th6 chi ldlen or of the mothers. The United States Census of 1920
reported only 50,311 dairv cows in Puerto Rico, or 1 cow for every 26
p"'r.ott. of tlie total populition. At the time of that census there were
in the United States 79,675,297 dairY cows, or 1 for every 5.37 persons.
In Puer.to Rico at that time the tota'l production of milk rvas estimated
to be 7,613,071 gallons, ot 2 ounces per person daily; in continental
United'states drii'ing tlie sane year the tbtal production of.nill< was
est imated to be 7,805,143,792 gal lons, or 26 oirnces per t 'api ta dai. ly-8

It  is df f icrr l l  to est i lnaLe rvlrar ploporl ion of the mi lk-prodrrced in
Puerto Rico is actuallv consumed bv ihc peoplc. Frolu data reportcd
to the comrnissioner "of health of the isl-and it is estimated that the
consumntion of milk bv the total population in the fiscal year 1925-26
*u. upt'to*imately 1 oirnce per capita daily and that in 1926-27 it rvas
less than 1 ounce per capifa dai iy.e Undoubtedly solx9. mi lk,  both
cow's milk and goat's miik, was consumed in the rural districts that
was not sold an"d was therefore not reported to the commissioner of
health; but this amount probably was small.

s Fourteenth Census of the United States, 1920, vol. 5, Agriculture, pp. 23, 654; vol. 6, pt. 3, Agriculture'
pD. 363, 388.'-r 'nen'ut 

6t ttre Commissioner of I lealth of Puerto Rico for the Fiscal Year 1926, p. E3; 1927, p. 113. San
JUan.
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6 DEYELOPMENT OF BONES OF CHII,DREN IN PUERTO RICO

The importation of canned milk, butter. and cheese from the United
States and other countries in 1926 10 added but little to the total sup-
ply of milk and milh products used by the Puerto Ricans.

\44ren all forms of tnilh are considered, it is probable that the actual
consumption of milk and milk products in 1926 was lcss than 2 ounces
of milk |er capita daily. It is estirnated that in the United States the
consumption of milk alone in 1925 atnounted to 19.2 ounces per capita
daily and tliat in addition there were consumed per capita annually
17.4 pounds of butter,4.3 pounds of cheese, 14.87 pounds of condensed
and eyapora,ted milk. and 2.S sallons of ice cream.ll

The n^eed for more rliitt in thl diet of the Puerto Rican children and
mothers, as well as other needs of the families, will be discussed in
inore detail in the section on social and economic conditions in Puerto
Rico (p. 61). The importance of the economic needs of the Puerto Rican
people in the problem of child health can not be overemphasized.

INDEXES OF CHILD HEALTH

The best available indexes of the health of a communitv are the
relation of birth ra,tes to death rates, the incidence of comdtunicable
diseases, and the mortality rates from certain c&uses for special age
periods.' The health of ihe children in a community is esp'ecially r"e-
flected in the trend of infant mortalitv. in the incidence of communi-
cable diseases and nutritional diseasesl and in the rnortalitv from such
fiseases as sastroenteritis and tuberculosis. Since. hol'ever. nutri-
tional disead6s and seneral ma]nutrition are not renortable to health
authorities, the extdrt of these conditions is rarelv'known on a com-
munity-wide basis. Where nutritional disturbarices are widespread
and medical care inadequate, as in Puerto Rico, study of vital statis-
tics gives an inadequat6 estimate of the true health-conditions. In
Puerto Rico, moreover, reporting of vital statistics is very incom-
plete,i2 and the inform'ation thaican be assembled from a"study of
these statistics can be regarded only as roughly indicative of the
health conditions in the island.

INFANT MORTALITY

That the infant mortalitv rate in a communitv varies with social
and economic factors such "as the father's earnin"gs, the family's per
capita income, the mother's employment, housiig eongestioir, and
feedins has been demonstrated bv th"e Children's Brireau.Yt tltie triqtr
infant- mortality rate reported" in Puerto Rico probably reflecls
(besides incomplete registration of births) the poverty of the people,

r0 During the fiscal year ended June 30, 1926, 3,743,803 pounds of canned milk \ahoTt 2r5 nounds fier cap-
ita), 4,665,931 pounds of cheese, and 789,448 pomds of butter were imported, according to the records of the
customs offices of Puerto Rico. Twenty-sixth Antrual Report of the C+oyernor of Puerto Rico, pp.79, 22,
San Juan.

11 A llandbook of Dairy Statistim, by T. R. Pirtle. U. S. Department of Agriculture. Washington,
1928.

12 fn December, 1929, birth registration was only 55 per cent mmplete, according to the Report of the
Commiss ionero f l lea l tho fPuer toRico for theF isca lYear l9S0,p .8(SanJuan) .  F romOctober ,  1930, to
February, 1931, tho L-nited States Bureau of the CeDSus made tsts of the completeness of birth and death
registration in Puerto Rico to determine whether the island was eligible for admission to the United States
birth and death registration areas. Birth registration was soon found to be extremely Inor, and the birth-
registration tests were discontinued. The deal,h-registration tests showed that 90 per cent or more of the
deaths were registered (the percentage of completeness required for admission to the death-registration
area). The island authodties took the requisite administratil'e steps to gain a(lmission, and Puerto Rico
was admiited to the death-reeistration area as of 1932.

13 C-rausal Factors in Infant llortality, by Robert Morse Woodbury. U. S. Children's tsureau Publica-
tion No. 1.42. Washiogton, 1925.
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GENERAI, HEAI,TI{ CONDII'IONS 9

their illitera!)',. their ignorancc i! matters of child health, and the
prevalence of disease in the island.-  

On accounL of  incomplete b i r t l r  regis t ra i ion in fant  mor la i i ty  rates
in PuerLo Rico,are probably far from-accurate. The rates are"given,
however, to indicate tlre general trend, as follows:

Fiscal year

Deaths of
infants

under 1 year
per 1,000

lire births tr

Deaths of
infants

under I year
per 1,000

live births r{
1019-20_____
1920 2l
10r1_r,
t922-23_
1923 24
1924- 25 _

146
r62

Fiscal year

L 9 2 5 - 2 6 - - _ _ _ _ _ - _ -
1926-27 _
1927 -28 _
L928-29 _
1929-30_

I D U

1 0 /

146
r5179

133

t52
143
t28
148

The infant mortality from gastrointestinal diseases is perhaps an
even better index of the unfavorable social and economic conditions ,
affecting the.healtlt of young children than the infant mortality as a
whole_, since infant deaihs from these diseases are known to result in
even lar^ger_measur,e lrom poverty and fronr ignorance oI methods of
plopgr feeding and .eare. Jn Puerto Rico the mo'tality rate from
diarrhea and enteritis for children under 1 year was 41.i deaths per
1,000 li 'e bi*Fr ir] 1,he fiscal year t924-25,45.t in t92S-26, and 5b.g'in
1926-27.16 The incompleteness of birth registration aflects these
rates as it does the total rate. Though the siiuation in Puerto Rico
is not comparable with that in the Uiritea States, it is of intereJ io
note that the rate from diarrhea and enteritis in'the United States
birth-registration area for the calendar y-eqr lg2b was tt.2 deaths per
1,000 live births, for 1926 it was g.7, and for l92Z it was 7.g.1?

COMMUNICABLE DISEASES

The communicable diseases that constitute the greatest, menace to
the health of the people of Puerto Rico are hookwoim, malaria. tuber-
culosis, and syphilis. The actual incidence of theso diseases'i" 1["
island can not be stated with any degree of accuracv. Because of the
inadequacy of medical care and oI facilities ior diagnosi. orrd t""utmeni
in the mral distric!*, th9 reporting of disease is fai'from cornplete. I;
I926 there *-as.1 physigign fo1 every 4,500 persons in puerto'Rico; bui
as nearly half the.physieians-in the island were in San Juan und F,i".",
the.rural population had only 1 physician for every 6,g00 persons.rs 

'

Some of the physicians have very wide areas tdcove"; ind sincc it
is often impossiblir for them to see"sick persons before tiiev die, thev
can only gtess the cause of death. _Mor:eover, there are uia""6t"atv
many persons with communicable diseases who are never seen by "a
physician.
Hookworm disease.

n'or a long time_ hookworm disease has infected the people of Puerto
Rico, stunting the children and incapacitating th6 ahults. 

- 
Tti;;

la Report of the (-ommissioner of Ilealth of Puerto Rim for the Fiscal Year 1925, p. t2ti 1922, p. 133; 1980,p .  2C.  San J r ra r

,"ll*ltgl*ill;+t"oJ 
1e28 directlv or indirectly caused many deaths, which are reflecred in the increased

16 Report of ihe c_ommissioner of Eealth of puerto Rico for the Fiscal yetr 1lpilffil,ii,ii;*ar; rsj6ip. ibi""-a"ipi,#oiiri[r" isi;ii"ois2i'iriii3i#d-i,jp[p#fd##.18)T'rfi

,;l i;*}'Sbi'#f lati$Jl?i\1lttl1"'ti:f.hii.'itiii: u. s' Bureau or t'rre census, 1e2b' pp. 2 and leb; 1e26,
r! Report of the Conunissioner of Ilealth ot pieiiii Rico for ilre .['.iscal year 1926, p, 99. San Juan,

-:, E
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10 DEVELopMENT oF BoNES oF cHTLDREN rN puERTo Rrco

hookworm disease was prevalent in 1926 and 1927 is shown by the
very large number of caies that were found l'herever special investi-
gation was made. Of the 67,727 rural inhabitants u'ho were examined
i-n 1926 the proportion found to be infected was 85 per cen-t; o.f 86,029
examined tn tS2Z the proportion infected was 67 per cent.le The pro-
portion of infected percons living in the large cities, such as, San Juan-and 

Ponce, wa. noireported, bu1 it is believed thai at the time of the
study 50 per cent of the people in the small towns were infected.20
Intensive work is beine carried on bv the bureau of rural sanitation of
the insular departmerit of health t6 eradicate the disease, and each
year the effect- of the treatments given and of the education of the
people in modern methods of sanitation and in prevention of the
disease is becominE more widespread throushout the island.

The incidence of"hookworrn disease in the"group of children included
in this study is not known because appropriate laboratory tests could
not be undertaken. As the group was prirnarily an urban one and as
a large proportion of the children rvere little exposed to the disease
because they were too young to walk, it is probable that the incidence
was not high.
Malaria.

I\'Ialaria was reported most frequently from the lower lands of the
coastal plain, especially in the regions of the sugar plantations, where
irriqation is extensive. Since malaria is not as a rule {atal, mortality
stalistics give little idea oI the prevalence of the disease or of the
economic waste that results from it. The incidence of the disease
varies greatly even within a single municipality, depending on the
nearaless of the drvellings to the irrigated districts. The proportion of
infected Dersons in the lowland districts has been found to varv from
25 per cent to as high as 75 per cent in certain small colonies.2i The
economic loss due to incapacity for worh during an attack of malaria
is great. In the malaria districts many children were infected; in
X'alardo, a town on the east coast of thdisland,4S per cent22 of 

'the

cases treated bv the denartment of health in 1926 occured in children
under 15 years of age. No attempt was made to dctermine the
incidence of malaria in the group of children included in this study,
since blood examinations were not possible. A., however, only 6 per
cent of the group ll'ere found to harre enlarged spleens, it is probable
that the incidence of malaria was not high.
Tuberculosis.

The incidence of tuberculosis was reported from all but two of the
municipalities during the frscal year 1926-27, the largest number of
cases being reported from the large cities and towns where special
diagnostic and-therapeutic clinics iere held. The tuberculosis death
rates were very high, and it is probable that if the causes of death had
been reporbed accurately they would have been still higher. It has
been estimated 23 that the number of deaths from tuberculosis in
Puerto Rico is twice as qreat as is actuallv reported. In 1926-27 t]ne
reported rate of deaths fiom tuberculosis fbr the island as a whole was
267 for every 100,000 population, u.hereas in the cities of San Juan and

- 
re Report of the Commissioner of Eealth of Puerto Rico for the Fiscal 1.ear 1926, p. 41., 1927, p. 61, San

J Uan.
?o Ibid.. 1925. n. :13.
2r neport of th-e Commissioner of Ilealth of Puerto Rico for the Fiscal Year 1925, pp. 77-84. San Juan.2? Ibid.. 1926. n. h3.

- 23 Personal coin lnunication (Feb..i, 1s30) from Dr. G. S. Pesquera, who, under the auspices of the National' l 'uberculuslS -\ssotjation, bas studied the morbidity and mortality from tuberculosis ir i Puerto Il lco.
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GENERAI, HEALTII CONDITIONS 11

Ponce it was 455 and 389, respectively.2a The maximum rate of GG2
deaths for. every 100,000 population for this s&me year was reported
from the city-of Rio Piedras,2a where an active campaign for the Control
of tuberculosis had been besun. It should be remembered that at the
time of the study death registration in Puerto Rico was inaccurate.

The rates of death from tuberculosis for Puerto Rico for the fiscal
years 1923-24 to 1929-30 and the rates for the llnited States death-
registratign area for the corresponding periods show striking difier-
ences. The tuberculosis death rates for every 100,000 populati6n were:

Puerto Rico (flscal tears) ?5 U, S. death-registraticn area (calendar years) 20

1923-24--- - -  205 r  1923___ 94
t924-25-____ 22t I 1924__ 90
7925-26-____ 240 | 7925_- 87
1926-27___-_ 267 |  \526-_ 87
1927-28_____ 237 |  tS27__ 81
1 9 2 8 - 2 9 _ _ _ _ _  _ _ _ _ _ 2 7 3 0 1  |  r S Z S _ _ _ _ _ _ _  7 9
1929-30__-__ 283 |  1929__ 76

. The.reported-rates of death from tuberculosis are approxirnately
three times as hieh for Puerto Rico as for continental Uriited Statei.
and the rates foithe Unitcd States dccreased drrrinq the period from
1923 to 1929, rn'hile those for Puerto Rico rvere'increasine. The
increase in rate for Puerto Rico may indicate that conditiois have
been growing worse or that better diagnostic work is being done and
m-ore complete reports of deaths are being made. Public-health
officers generally believe, as a result of a demonstration made in
Framing-ham, lVfass-.,2s that for every death from tuberculosis reported
in- a community nine active cases- exist. On this basis, in 1526_22
when 3,842 deaths {rom tuberculosis rvere reported in Puerto Rico.2s
there would have been at least 34.578 active Cases.

Such a high incidence of tuberculosis can not fail to have a very
graye gff_eg-t on the_rates of morbidity and mortality in infancy anil
early childhood. \\rhat proportion of infants and young childien in
any community become infe^cted is not known; but"unde'r the Puerto
Rican conditions of crowding and inadequate diet, it would not be
surprising to find that tubeiculosis is pli,.ying afar more inrporiant
part in the infant morbidity and mortalify ratei tlran is now suspected.
In-1926-27, of the 3,842 deaths reported as caused by tuberculosis,
210 (7 per cent) were deaths of c[ildren qnder lb years of age; of
these 270, 27 were children under 1 year of age and 36 were chiidren
1. !.o. Z years of age-30 l.t is recogniZed now ihat infants and yorrng
children become infected rvith tu-berculosis very easilv and tnat tl 'e
death rate among young infants so infected is ver.yirigh, and it is
Itnown that the ;foungeithe infant the less Iikel.y ii the"diagnosis of
tuberculosis to be made. lt seems probable, theiefore, tlratlnany of
the deaths attributed to other carises, such as conqenital debiiitv.
broncho-pneumonia, acute bronehitis, meningitis, oi even enteritiij
may havo been due to tuberculosis.

2a Report ol the Commissioner of llealth of Puerto Rico for the Fiscal Year, 1922, p. 135. San Juan.
25 

-Report of the Commissioner of Eealth of Puerto Rico for the tr'iscal Year 1925, b. I12; 1927, p. 135; 1930,
p. 70j and Twenty-Dighth Annuat Report of the Governor of Puerto Rico, _!' iscal Y-ear 1928, p. 46.

,6MortalityStatistics(annual), 1923-1929. U.S.BureauoftheOensus,Washincton.
2i Conditions due to the hurricane of 1928 undoubtedly wero responsible for the urrusually hjgh tub€rcu-

losis death rates during the time immediately following it.
2i Framingham Community Ilealth and Tuberculosis l)emonstrationofthe National TuberculosisAsso-

ciation. tr ' iral Sumnrary Report,1917-1923, inclusive. Framingham, l,Iass., 1924.
?0 Report of tbe L'omrni$ioner of Ilealth of Puerto Rico for the Fiscai Year 1027. D. 135.
-30 R-eport-of .the Commissi0ner of Ilealth of Puerto Rico for the Fiscal Yetr 192?, Appendix Table, Mor-

tality from'Iuberculosis, and Appendix'fables 26 and 27.
1603260-33-2
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In the Dresent studv it was found that of 449 farhilies for rvhom

u ,*o.-t,,J* 
"ni"i""a 

Loncerning tuberculosis,-182 (41 per"cent) gave

a histort 'of  this disease; that is,  some-memher ol  the lamrl l r  was

;";;ild'"itfr"" fo-fru"e the diseaie at the time of the.invest'igation
Lili" ii""",iiti 

"ili. 
The history of tuberculosis was given by some-

;r,h;;;;;;-f--ifi"r'ii"i"g in Ponce andin the crowded tenements of

S#;ii;;;t"p.t ih"" ifi ttre less crorvded districts on the outskirts
of San Juan.
Syphilis.'At 

the time of the stuclv it rvas the belief of the stafi of the insular
.i";;ri;";'; oi fr.*itf.r-tt ai syphilis w:rs very conrlrron in Puerto Rico,

t;i]'['il;t;; 
-;-;;; 

t1';'itatii| ttrat g-ave an accuratc picture of the

ffia.".""J tfr" airuu." in the islan'd as a rvhole. In the course of

;irir-il;;;rdguiio" upptoximately 300 of the 506 families visited re-

;;;1;i that-Wasserm'ann tests had becn made artd that in 66 of these

6;;;t";;;tj ;;;i b"ah parents of tho children examined had posi-

ii"";";;i";r. 
-- 

ti-i. probable, howcver, tlat this figurc d.oes not,

;;;;il";it;tt.t" in"ih"ttce of'syphilis in the community, since the

;;;;;il.ii.aio"ttiu-ilies knoum for ole reason or another to the

!;tr"^;il; ;ail '; d*t-rtntent' of health' al.q. &. ce'tain proportion

;;;; i l;;;;;^" io'tr."i. i iu"ntioo bccarrse syphilis had.been diagnosed

", 
i " . r" . t" i .  , t .  * i t lbe pointed out in d, lnter sect ion (p. 33). , . t l rc

i;"ii;;;;";T'.vpnifi. 1o,rnd at clinical examinalion in the clrildrcn

;;;';l-ti;"fy" l-"ii compared witl t6e t'eported incidence in the

parents' 
cAUsEs oF DEATTT AM'NG .HTLDREN

As part of the general inquiry regarding the hculth eonditions rrnder

*h'i.h';h;;t, i ldt;;were l ivin{, ir iformat-ion was sought on the num-

i;;; ' ; i  afuif," tf..ut had occuiied among-the brothers and sisters of

ti" 
"fufJ*. "*u-i"uJ 

previous to the"date of the intervierv. The

;;;"i;ffi;;t ot it."." a.i1hs, the cause of diulb, and the age at death'

".-t"p"ttJ 
by the mothers,'are shown in Table 1 :

Teern 1.-cairsc o!  r leath and age at  dcath (as teporte l  b.u mother) :  brothers and
"siste is of  chi ldrcn etamined'  in Puerto Rico

L2 DEVEI,OPMENT OT' BONES OF CI{II'DREN IN PIIERTO RICO

-
I Brothers and sisters of ctrildren erarnined

Age at de:)th

Cause of death
t month,
under 6

1 ]*eal
and over

Not re-
ported

All crttses-

Causes  known-

Communicah le  d iseases-  -  -  - -  - - - - -
D isersFs  o f  resp i r r lo ry  t rac t  - - - -  - - .
D ispasos  o f  ' l i ges t i \e  t r rc l - - - - - - - -  - -  -
, \ I r lnu t r i l i on
niseasos of errl l inflncl - -
D iserses  o l  ner \  ous  sJ  s lem--
Er te rDa l  c ruscs  .  -
A l t  o l h c r  c a u s e s  - -  - - - - .  - - -

102
29
50
67
5
I
6

25

63

4
4

16

21
5

13

19
5
I

10
'------;-
- - - " - l

7causes unkno\Yn-

The age clistribution of the deaths that occurred among children

u"a""'i;1;";;;;;il.i"gty air"rent among this group of Puerto Rican
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GENERAL HEALTH CONDITIONS 13

children from the distribution amons children in the United States birth-
registration area in 1927,31 as is s[ow-n in the follorving cornparison:

U.  S.  h i r t l r - reg i r -
Puerto Rico tration area 3,

Undcr  l  month- - - - - -  - - - -  24  per  cent  56  per  cent
1 month, under 6 molths-- - 38 per cent 27 per ccnt
6 months, under 1 yca,r-------- 37 per cent 17 fcr cent

A prgpqrtion similar to that found in the present study is reported
in a bulletin of the Department of Health of Puerto Rico bv A. Femos
Isern and J. Rodrieulz Pastor 33 who studied the aEes at death of
children dying in the first year of life.

Though the large proportion of deaths of Puerto Rican children
orrer 1 month of age, and especially of those over 6 months, may be
accoulted for to a great extent by"the high incidence of gastrointes-
tinal diseases as a cause of deathiit will 5e seen from the"tabulation
on page 12 that communicable diseases and diseases of the respiratory
tract_are also important as causes of death in this age period-. Con-
versely, the relatively small proportion of deaths oJ infants over 1
month-of age in c-ontinental United States may be accounted for by
the reduction in the number of deaths from sastrointestinal diseasei
and, to some extent, communicable and respiiatorv diseases.

The large proportion of deaths frorn corfmunicable disease amonE
l,he children in the families studied in Puerto Rico-more than one"-
third of the total-is striking. Meninsitis was said to have caused 40
deaths; tetanus, 18; measles-, 14; influenza, 6; malaria, typhoid fer.er,
and. whooping cough, 5 eaeh.; tuberculosis of glands'of of bones, +i
syphilis and diphtheria, 2 each; and scarlet fevef, I . Tlre deaths fiom
rneningitis are of special interest. The reports of the commissioncl
of health for the years 1925 Lo 1927 include, ea.ch year, approximately
250 cases of simple meningitis, largely occurring-in childien under 2
years of age, but no c&ses of epidemic cerebrospinal meningitis. In
the absence of this latter form of meningitis and in vierv of the l<nou'n
high rate of deaths from tuberculosis in the population as a v'hole,
it would seem likely that the simple meningitis was in most instances
of tubercu.lous origin. Of the 40 deaths Trom meningitis reported,
35 were said to have occurred in children rrndcr 2 vears. That tuber-
culosis was not generally recognized in Puerto Rico as a cause of death
in infancy and early childhood is brought out by the fact that no case
of pulmonary tuberculosis uas_reported in thid group, and only four
cases of bone or Eland tuberculosis.

_Diseases of the digestive system and malnutrition together account-
ed for two-fifths of 

-all 
the deaths reported; respiratorv discases for

only one-tenth, a smaller proporlion, perhaps, than" might have
been expected.

The Causes of death here_reported would indicate that a large pro-
portion of the deaths probablv are preventable. Control of trioerr,u-
losis and other communicable dise-ases, better food. and better eco-
nomic conditions would.undoubtedly do much tow'ard reducing the
mortality rate among children.

- 31 The age of death for Puerto Rican inJants is that remembererl and reported by the mother; the age of
d e r t h i i l t l r e l n i l p 4 S l r r l e s l ' i r t l t - r c g i s l r a l i o x a r e a i \ l h i l l - g i v e n n o l l r e t l e a t h c e r i i n c d t e . - , l t t e o l e r e p o . r r u r "
in all probabilitl' less accurate in PLrerto Rico thar iu th; Uniteri Statcs, bui tne ainerencei aie iirit.iuni
th^at.!het' are gi-ren.in sfite of nrobable inaccuracies in the puerto Rical fercentages.
,_,3? Pirth, Stj l lbirth, and lnfrnt l{ortality Statistics, pt. 1, 1927, p. 1Sa. U, S.-}ureau of the Census.
Washington, 1929.

33 Estudio de la llortalidad Infmtil en puerto Rico, p,24. San Juan.
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METHOD OF INVESTIGATION

During the 6 rveel<s of the study 584 children, in 534 families,
ranging in age from 1 to 34 months, were given botli physic-al and
to"itg"nogtuphic e"uminations. In most of the fartrilies 1'chilri was
examined,-the youngest. In 50 families 2 children tl'ere exarnined, the
vounEest and the neit to voungest. Data on the socio-econornic con-
hitioir under which these chiidren were livinE were obtained at home
visits to 506 families (556 children). The families of 28 of the cliildren
examined could not be visited.

The families of these children lived in the larEest cities of the island,
San Juan and Ponce. Some, including a few flom the rural districts,
lived on the outskirts of San Juan.

In order that the results of the examinations might be comparable
\Mith the material collected in the New Haven study, the method of
investigation u'as duplicated as far as possible in every Cetail. The
personnel- tu'o phvsicians, tr-o social investigators, a roentgenologist,
and a secretarvlu-as the same as that conductine the New Haven
study; the tecLnique of examinations, both physical and.roentgeno-
gtaphic, was in alirespects identical wiih thtt tif the previous. sfudyl
lheiame record forms w-ere used by physicians and social investigators'
The most variable element rvas the clinical judgrnent of the physicians.
Thoueh every attempt was made to maintain the same basis for
iudgiig the ihvsical condition and development of t 'he children as
hua-Um" used iir Nerv Haven, it is probable that the great prevalence
of poorlv nourished children so influenced the physicians that the
whote sc"ale of clinical estimate was lowered fronr- t[at used by thern
in New Haven. l\rith regard to the clinical evidences of rickets, it is
possible that the examineis, in their efforts not to overlook or discount
iiqns that might be considered clinical evidences of the disease,
co-ulted signs as positive, which under other conditions would have
been disregarded. It is possible that errors have been made,. but if so,
they have been made in the direction of reportiirg the nutritional con-
ditibn of the children to be better than it actualiy was and of making
diagnoses of clinical ricliets when perhaps not rn'holly justified.

SOURCE OF MATERIAL AND SELECTION OF CASES

Dxaminations were made only in San Juan and Ponce, wirere
roentgen-ray equiprnent was available. In San Juan they lvere made
at the roentgen-ray laboratory of the insular department of health
and at the Presbyterian Hospital; in Ponce, at the Hospital Asilo
des Damas. At each of these institutions every consideration was
Eiyen to the needs of the investieation. The division of the examina-
tions betrveen the two cities pioved to be of considerable interest
because of the difference in exnosure to sunlisht ah'eadv referred to
(p. 3) and in the economic cbndition of the" people, #t ict will be
cliscussed in later sections.

1 A
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METHOD OF INVESTIGATION 15

Most of the children examined v'ere brousht from the u'ell-babv
conferences conducted in San Juan and Ponce-bv the bureau of social
medicine of the insular department of health. in San Juan a few of
the children examined belonqed in families liyinE in the immediate
neighborhood of the roentgen-ray laboratory oflhe depnrtment oi
health, and a few u'ere brought to the Presb.yterian Hospital clinic
from the rural districts. Practically all u-ere cirildren already known
to the visiting nurces of the department of health. The motliers with
their babies and little children ,gathered at their local well-baby
station and were taken to the place of examination in ambulance"s
belonging to the department of health. An average of 20 children a
oay were seen.

The nurses who arranEed for the children to be brouEht for examina-
tion were asked to selelt children who were under'2 years of age,
principally infants under 1 year. Special efiort was made to examiie
infants under 1 year, as the earliesi roentgen-ray evidence of richets
had been found-in children at this aEe iriNew"Haven. The nurses
were reqlested alsq to select supposedly well children, such as w-ould
be brought to a u-ell-baby statioir, and tb ehminate children who were
known to have an infectious disease. (It u'as impossible to eliminate
entirely children who wele sufferinE frorn nutritional disorders, espe-
ci ally in the grou p- or er _l year of age, and also a ferv chi jdren obviously
having one infectious disease or another were seen.) As a result of
this selection, the_ group of chililren examined probably did not repre-
sent a true sample of the children of Puerto Rican cities; they were
probally somewhat better nourished and less likely to have an infec-
tious disease than the average.

COLLECTION OF SOCIAL AND ECONOMIC DATA

The social and economic data were collected bv two investisators
who had gathered the same type of information in Neu'Haven. "So-"

adaptations in the method of cbllecting data were neccssary because of
the.maly differences in the customs oI the people, their language, and
their diet. Fortunately for the success of tire study, nursejand social
workers from the insular department of health v'eie assigned to assist
the Children's Bureau investiEators and to act as interireters. The
familiarity of these local work6rs with the customs of the people macle
their help invaluable. A large proportion of this inteiprei;ing was
done by nurses who already kneri thc families of the children.

Information was also sought r.egarding any illnesses that the child
under observation had had, Ihe ociurrenie in the family. so far as-rvas
\nown, of tuberculosis and'svphilis, and tlre number of"children in the
family who had died, and the causes of these deaths, if knorvn.

At the home visits information rvas obtained with lesard to the
social and economic situation of the family. their dict. and-the availa-
bility of sunlight in the house or yard, as'well as the famiiy custom
with respect  to  exposinq in fants tosunl isht .  A deta i led d iscussic ,n of
each of  these geneia l  su"b jects wi l l  be found jn la ter  sec{ ions,  brr t  i t  may
be said here t'hat the social and econornic data covered in'seneral tlie
size and membership of the family and of the household; t-he number
of rooms in which the household iived; the type of house or dweiling;
the income on which the family was maintained and its source; tlie

Provided bv the Maternal and child Health Library, Georgetown university



16 DEVELOPMENT OF BONES OF CHILDREN IN PUNR'IO RICO

employment of father and mother and of others in the household; and,
if the father w&s unemployed, the period of unemployment.

The accuracy of the data regarding diets was at first seriously ques-
tioned by the investigators. By careful questioning, holvever, and by
observation of the meals being prepared in the homes and the provi-
sions being purchased in tho markets, the investigators became con-
vinced that the data were essentially accurate and gave a true picture
of the food eaten by the families whose children were studied. The
uniformity of the diets in the great majority of households was notice-
able. The data recorded consisted of an estimate of the total cuantitv
of certain foods purchased by the family for a week and the fr6quenc!
with which they were used; a detailed st'atement of the food eaten by
the mother on the day previous to the investigator's visit; estimates
of variations in her diet during any recent periods of pregnancy and
lactation; and as detailed a statement as possible of the food eaten by
the child'throughout his life.
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PHYSICAT CONDITION OF CHILDREN EXAMINED

The Eeneral physical condition of the children was found to be far
from salisfactory. Even from casual observation of the children in
the streets, the examining physicians received the irnpression that
many children were very poorly nourished, an impression that was
tully corroborated by careful physical examinations. As has been
pointed out, it is probable that the children who were examined belong
to a group of families somewhat more rntelligent than the average, who
had taken advantaEe of the medical and nursinq service offered bv the
health department.' It ir possible that the gro,-,p *a. weighted"with
somervhat better nourished children than the average, especiallv
among the younger children.

PHYSICAL EXAMINATION

Though a complete clinical estimate of the phvsical condition of a
child should take into consideration all factors contributing to growth,
development, and health, it was found essential in this investigation
to limit the studv of the phvsieal eondilion io the factors thal had a
bearing on the developrireirt of rickets. Since rickets is prirnarily
a disturbance of the nutritional processes, manifesting itself most
strikingl5' in poor skeletal and muscular development, and since it is
intimately associated with growth, as detailed a study as possible was
made of those clinical evidences of satisfactory or unsatisfactory
nutrition, rvhich, r,vhen taken together, usually l"ead a physician t"o
describe a child as "well nourished," "undernottrished," or "poorly
nourished." In addition to a clinical examination of the bones for the
signs usuall5' considered to be indicative of rickets, certain measure-
ments were tahen to show the amount of skeletal Erowth and of bodv
rveight, and estimates made of the amount of su6cutaneous fat, th"e
development of the muscles, the color of the mucous membranes, the
degree of natural pigmentation of the skin, and the extent of tanning.
Routine examinations of the skin, eyes, e&rs, nose, throat, heart, lungi,
and abdomen were made, and an5' evidences of disease or other infec-
tion were recorcled. Because of lack of time no systematic attempt
was made to verify clinical irnpressions by laboratory procedures such
as tuberculin or Wassermanr tests or exatnination of blood or stools
for parasites. Suggestion for follow-up of cases that needed treatment
were made to the nurses in attendance at the clinic.

SDX AND AGE

Table la shows how the 584 children included in the studv were dis-
tributed accordinq to sex and according to aEe at time of exlmination.
It wil l be seen th;t 320 (more than one-haif the children whose ases
werereported)  were I  yearold or  less at  t imeof  examinat ion ar td that
171 (nearly one-third) were 6 months old or less. n'rom the point of
view of studyirrg roentgenograms of the arm bones of young infants,
this age distributiorr was satisfactory; from the point of view of study-

L7
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18 DEVELOPMENT OF' BONES OF CHII,DREN IN PUERTO RICO

ing growth and nutrition it would have been desirable to include also
more older children.

There is no significant difference in the age distribution of the boys
and the girls' 

sKrN PrcMENrArroN

Many degrees of shin pigmentatiol may be seen in the Puerto
Ricans, variing from tlrat cliaracteristie oI the south European to that
of the full-bioo"ded negro. Since, in temperate climates, the degree of
skin piementation associated with race seems to influence in some way
the sirs"ceptibility of children to rickets, and since,. if rickets -was found
in Puerto Rico, it was desirable to knolv whether it occurred more fre-
cuenlh'in thelishter or the darker children, the children were classi-
fied in Tour groups-according to whether their skin was light, medium,
dark, or very dark.

TasLo 1a.-,4ge at eramination: bogs and girls etamined in Puerto Rico

C hildren eramined

Boys
Age I at e:aminatioD

Per cent Per cent
Nmber ldistribu- Number ldistribu-

tron tion

Under 4 months--

100
;
72
t l
19
15

308

296

=
53
43

37

584

564

;
98
75

104
70
64

4  t o f i n l , ) o l h s - - - -
7  to  I  months
l 0 t o l 2 m o D t h s - -
l l  t o  l 8  m o D t h s -  -
l9  to  24  uonths-  -
25  1o  J l  mooths-  -

Age not reported--

13
t7
13
13
18
13
11

I Ace is siven as of nearest month: that is, "under 4 months" is actually under 3 months and 16 days,

"l to"6 months " is from 3 months and 16 davs to 6 months and 15 days, inclusive, and so on.

Of the 584 children examined, 239 were classified as light, 191 as
medium, !22 as dark, and 29 as very dark; for 3 children no-report
was made. It is obvious that a large proportion of the children
examined were but lightly or moderately-pigmented, repre,qenting-a
preponderance of Spanish stock. For moiipurposes oi this study-the-dark 

cnd yery dark groups rvill be combined, since they represent,
on the whole, children largely of negro stock.

I t  bmame'c lear  at  thJb6ginning of  the study that  i t  would be
impossible in many children to distinguish between pigmentation that
was racial in origih and pigmentatioi that had been acquired by ex-
posure to the su*n. Thai an appreciable degree.of the pigmentation
was due to exposure is suggested by the definite p-reponderance in
the light gro.,1i of infants i,itder 7 months of age,- ihe-age- at which
exposure tb sun, wilh consequent tanning, was l ikely to be least com-
mon (see p.  19) ,  rnd by the fact  that  ihe chi ldren in  the medium
and in the-two darker sroups were rn general older than those in the
Iight group. Undoubt6dlyihe inmeasing depth of pigmentation that
t[e ol-der thildretr showcd wrs due, in some part at least, to the in-
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PHYSICAIT CONDITION OF C}IILDREN EXAMINED 19

creased exposure to the sun that took place as the children grerv
older and were able to qet outdoors bv themselves.

Thoueh it was assum-ed at the beEinnins of the studv that Puerto
Rican c"hildren not onlv had access" to stinlieht that was adeauate
to prevent rickets, but were probahly exposedlo it constantly, n'ever-
theless it seemed worth rvhile to record the nlesence or absence of
tanning of the skin, since this could be used as objective evidence
that such exposure had or had not, taken place. Ii was, of course,
realized that the absence of tanninE did not necessarily mean
that no exposure to the sun had tak6n place, since slight'degrees
of tannins are difficult to recoqnize and mav easilv be overlooked in
persons rv-hose skin is already"somewhat pigment"ed. The presence
6f tanning (distinguished from racial pigmenlation whenever'possible
by examination of parts of the skin that were usuallv covered with
ciothing) was, howbver, taken as positive evidence bf exposure to
sunligh-t, and has been irsed as sucf in connection with the studv of
the roentgenograms of the bones and of certain aspects of the physical
examln&tron.

Of the 584 children examined in Puerto Rico, 386 were reported
as tanned and 188 as not tanned;for 10 chi ldren no report  was made.
Of the tnnned chi ldren 79 were trnned on face. neck. and hands onlv.
245 on arms and legs in addition to face, nebk, and hands, and 5i
over the whole body; for I the extent of tanning was not reported.
Though many children under 7 months of age are customarily taken
out oI doors almost drily, a large proportioi of them do not"receive
enough direct sunlight for tanning to show. At the examination of
children of this age group only one-third rvere found to be tanned.
I,t should perhaps be added, hower,'er, that eyen though in rnany chil-
dren the amount of exposure possible at this age is "not 

suflici'ent to
produce tanning, nevertheless, as will be shown later, the exposure
is enough to prevent the development of rickets in practically all.3n
Duringlhe sebond six months of life a considerable increase in expo-
sure evidently took place, since approximately three-quarters of lhe
children in this age group showed tanning. After this the proportion
shouing tarrning-incre,rs'ed stil l rnore, until in the oldest g.bup (19 to
34 rnon-ihs) it u-is found in more than'90 per cent.

That geographical  condit ions even ui thin srrch a lelat i rel .y smal l
territory as Puerto Rico may also make a dillerence in a childts expo-
sure to sunliqht is shown bv the fact that more of the childrerr were
tanned $ Pgc,e (L6 per cent; than in San Juan, 35_milg!^.away (63
per cent). This difference may be due partly to the difierence rn
st'ructure of the houses (see p. 71), but it is probably due mostly to
the more continuous sunlight and drier climate of Ponce.

SKELETAL GROWTH AND BODY WEIGHT

Certain body measurements, namely, weight, height, and head cir-
cnmference, were taken for the purpose of studying the general trend
of growth of this group of Puerto Rican children in comparison with
the trend of Erowth of children in continental United States as a whole
and in New Haven.

The weighing was done on balance scales by one of the public-health
nurses. The weight rvas taken with the child stripped and was re-

3{ The large proportion of children tbat are breast fed during iheir first eight months (see p. 93) and tho
long daily exposure of the Dothers to the intense sunlight should be mentioned in 1,his connection,

L
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20 DEyEr,opMENT on' BoNES otr' cHrlDREN rN puERTo Rrco

corded in pounds and ounces, later converted into liilograms for the
sake of havinq the unit of measurement conform to that of other
series of measurements with which they were to be compared.

The measurements of heisht and head circumferonce were made
by one of the physicians, aJsisted by a nurse, and recorded to the
nearest millimeter.

The crown-heel length or height was taken with a measuring board 35
that had been used in similar itudies in New Haven. The ihild was
laid flat on his back in the concavity of the measuring board, with
the crown of his head touching the headpiece of the board. The
nurse held the child's head in this position and helped to keep his
bodv straisht and flat on the board. The crown-heel lensth was
mea"sured 6y bringing the footpiece into contact with the "soles of
both feet. Care 'r'as taken to read and record onlv measurements
made when the footpiece was in contact with the child's heels. and
not merely in contait rvith the balls of his feet. The knees'were
kept fully extended.

The occipito-frontal circumference of the head u-as measured with
a steel tapb drawn snugly around the head and the rneasurement
recordod tb the nearest millimeter. Care was taken to obtain the
circumference of the largest part of the head.

In order to show the trends of srorvth amonE the Puerto Rican
children, curves have been fitted 36 t-o the averagirveight, height, and
head circumference of children of each rnonth of aEe from 1 to 33
months-boys and girls_-and these curves are shorvn in Charts I 1,o
IV. The trend of the weight-for-height relation is shown in Chart V
by straight lines fitted to the ayerage weight for height. In studying
these trends the reader should bear in mind that the Puerto Rican
children are a mixed group of Spanish and Negro stock, with possibly
a slight adrnlxture of Indian-a fact that among others may influence
theiigrowth in height.

X'or the sake of comparison trends of growth in weight and height
for groups of children 

-in 
continental Unlted States, rdported by The

Children's Bureau in 1921. are shown also on the charts. The curves
show the smoothed averages of weight for age and height for age for
United States white child=ren and [he obseived averages for #eisht
and for heisht of United States nesro children and for-United Stales
white childrin whose mothers were bbrn in Italv.s? Fisures for children
of Spanish stock are not available. Those for chiidren of Italian
mothers.represent a south European group and are given as the next,
best basis for comparrson.

The trend of srowth in head circumference of the Puerto Rican bovs
and girls exami"ned has been compared with that for white bovs aid
girls"measured in New Haven, excluding children of south Euiopean
stock.38 The curves are based on children 1 to 60 months of aEe; but
as the Puerto Rican children included were all under 34 month-s. onlv
the sections of the currres representing Nerv Haven children under 34

35 Th€ measuring board is I meter long, solidly constructed of well-seasoned, matched wood, with a con-
cavity for the child to ]ie in and a meter measuring stick inlaid on each side. It has a flxed headpieco and
also a movable footpiece that slides in two grooves, one on each side ol the board, parallel to the meter meas-
uring sticks. X{easurements can be read on either of the two measurins sticks.

30 Observed data, smoothed values, and equations of curves are given in Appendix A, p. 100.
37 Statures and lVeights of Children under Six Years of Age, hy Robert M. Woodburi, pp.85, f02, 104.

U. S. Children's Bureau Publication No. 87. Wasbinston. 1921.
3q  f )a ta  cJ l lec lcd  dur inc  s tudy  i l rade by  I  he  U.  S .  Cn i iOrer i ' s  Bueau in  coopera t ion  w i th  the  depar tment

of pediatrics, Iale University School of Medicine (unpublished).
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Month of age

CEARr I.-Ayerage weight of boys 1 to 33 months of age examined in Puerto Rico, compared with
averages for certain United States boys of the same age period

group of white children of Italian mothers. The difference inheight
between the Puerto Rican children and the white children of conti-
nental United States is roughly 2 centimeters or less during the period
from 1 to 6 or 7 months, 3leritimeters from then to the thirteeirth or
flfteenth month, and 4 centimeters thereafter. The difference for
both bo5's and girls from the sixth month onward is 4 to 5 per cent.
The trends of srowth in heiEht for the Puerto Rican children after the
first few montls of life parallel fairly closely those for the white
children of continental United States, and the monthly percentage
increment in the two groups is fairly similar. Skeletal growth in
height proceeds for both groups at approximately the same rate,
though the average height of the Puerto Ricans is somewhat less than
that of the white children of continental United States.
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months are presented. The trends of srowth in head circumference
for neEro cliildren and for white childien of south European stock
(largely Italian) in New Haven so closely approximate the- trends for
New Haven white children (exclusive of south Europeans) that thcv
are not reproduced.

Charts I to IV show that these Puerto Rican bovs and sirls wcrc
lighter in weight and shorter in height and hacl slighlly smaiier heads
than the reported grolrps of white children of continental United
States of the s&me age and sex, and that they were lighter in weight
and shorter than the reported group of negro children and the reported

-  Puerto Rrcan boJs (2e3) |  |  I
-  ---  uniLed statee white boJ6 (more th6n , t1000) |

,t United States wh;to b;y€ whose morhers were born in ltaty f4,Seo
O united Srares Nesro bgr'6 (t,405) 
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22 DEvELopMENT or BoNES or cHILDREN rN puEnro Rrco

The difference in head circumference hetween the Puerto Rican
children and the New Haven white children is practically constant
throughout the age period represented by the culves.

Thd difierences"in^weight, however, arir striking. Duling the early
months of the Iirst yeai the differences betn'een the Puerto Rican
children and the white children of continental United States o{ the
same sex are at a minimum-3 to 5 per cent for girls in thc second,
third, and fourth months, and 6 per ient for boys in the,second and
third'months. \'[ith increasing age there is increasing difierence in
the average weights of the PuelrtdRican girls and the white girls of
continentil Ltnit."ed States, the maximum,-I4 per cent, being rbached
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CEAnr Il.-Average weight of girls 1 to33 months of age examined in PuertoRico, compared with
averages for certain United States girls of the same age period

in the thirty-second and thirtv-third months. In the averages for
boys the -a"*i-rr- percentage hifierence (14 per cent) occurs between
the ninth and eleventh months. X'rom the twelfth to the twenty-
third months the average Puerto Rican boy weighs 13 per cent less
than the ayerase white-boy of the same aEe in*continental United
States, and froil the twendy-fourth month 

-onward 
12 per ce4t less.

The averaEes for nesro children and for white childr-en of Italian
mothers (b-oth in continental United States) are much closer to the
averaEes for white children in continental United States than are the
averades for the Puerto Rican children.

Diferences in growth in height, weight, and head circumference
for ase are evident between Puerto Rican children and white chil-
dren 

-in 
continental United States. These diflerences appear in the

skeletal framework and are indicated bv the currres showins heisht

t1

l 3

il

l 0

a
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PHYSICAI, CONDITION Otr' CHILDREN EXAMINND 23

for age and head circumference for age. The difierences in a\.erase
weight are proportionately greater than the differences in either stat-
ure or head circumference and are probably too great to b_e accounted
for only by the Puerto Rican child's smaller skeietal framework. In
the early months of life the differences in height and weisht are in
general less- than i? later months. Doubtless ethnic stocli, climate,
disease, and. general economic and social conditions, such as family in-
come and diet, affect the Puerto Rican children so as to lead to thesc
differences.

Chart V shows the straight lines that have been fitted to the averase
weight for height of Puerto Riean boys and girls 1 to 33 montlrs of a[e

- Puerto RicdooJs (€2 ln heiCht aroup: e95 i^ hssd-cjrcln€re,
- - - - United oat€3 whito bgo (hrc'ttd41d6o)
x United St6te6 *krto b6J€ whose mothcE were bom in tt dy (1366)
o U(ited 5h!€ Nesro bg)/s (t,406)
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C|t-lt ]]I.. j .ve1age beight of qoys t t-o 33 monlhs of lge examined in Puerto Rico, eompared wilh avpr-ages ror cerlaln t olted states boJS of tbe same age period: ar erage bcad circumfereocb ofsame Pucrto
Rican boys compared with averdges for white bo-vs-uamireO l"'New ffaven

and to -t!e. av.elage weight for height of whitc boys and girls in conti-
nental  unrted states.ol ' .appror imately the same height as the puerto
Ri-can children.38' simil;r averages for negro and r-talian children of
this ,age g,rg,up are not availablel The oldest children of the group
ot r/lute cluldren in eontinental united states were probably younger
than the oldest of the Puerto Rican children studied. Tfie chirt
shows that the relatioT between h.eight and weight among both boys
and girls in Puerto Rico is very similar to tlratfn contine-ntal unitbd
states. The similarity of these. weigh-t-for-height curyes suggests
that these measures arb not sufficient i-nde"es of [rowth ana deiEtop-
pq+t. Certainly the general physical appearoirce of the childr6n
rndrcated that they were much below par accordinE to clinical stand_

,386 Statures and lveights of Ch_ildren under Six years of Age, by Robert M.Children,s Bureau publication No. si. 
-ltailirigtui,*rgsr.

L
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PHYSICAL CONDITION OF CHILDREN EXAMINDD 25

ards.used !r_plyslcians for judging the nutritional state of chilclren in
continental United States. 

-

AMOUNT OF SUBCUTANEOUS FAT

Thelc is no clo'bt that the ge'eral nutritional condition cf the grcat
rnajority-of Puerto Rican children, os seen from q clinical point of l:iew,
was fa.r from being as satisfactory as that of .hildren in <.ontinr,ntai
unr tod Str tes.  l lany-of  the nrost  poor ly  nour . ished or  at rophio chi l -
dren were in  a c lass ent i re ly  outs ide tne pul t i " - t real th cxpcr iencc of  the
physit ' ians, and could be 

-c.mpn'ett 
oniy rvith the children .rrf.ring

from severe rnaraslnus or starvation rvho"are secrr elscwh"t" i" hu.pitu't
, ' 'ards. ,-Exccllently _nourislred -t.hildrcn, nlol,(,over, wcr.e rrrueh'less
commonly lqulq_ and then usrra. l ly  anlong the younger in fants.  The
gleal'-nra ss of ch i ld ren. I rel on ged in a grou p- u h o# nu i rit i  on a I eondi t ion
u'ould have been callcd fui' or pobr in continentar uniied states.
That the usual standard of gauging the physicat 

"oiraitii" 
of the

children rvas not adhercd_ to iireciuse of the pieporrdet,,tr"" of poo.iy
nourisbed _t,hildrcn), but that a standard baseci on the rance wittii" ttt
graqp rtself rvus unintentionally substituted, rvill bc shorin later.

The a'T ount of s'bcutaneoirs fat, u.as estiruated. for e*ch puerto
Ei.qq" child and a grade gi'en, as hacl been done for the x"it nu"""
ehi ldren- ,on u sca. le  of  f i r 'c  grades:  very good,g,od,  f r r i r ,  poor ,  a^d ve.ry
poor.  l t  is  real izcr l  thut  su.h c l in ic"a l "est imates ' rure 'subiect i . r - .  or r " . l
may.vary to.a.  considerablc degree ar .co 'd ing to thc iudgd-rent  o l '  the
physr( ' ran nrakrng the cxanr inat ion.  That  they rnay a is . ,  l re  i rL f l r rcnced
great ly  by thc vrr ia l ions and e.r t rernes u i th inthe groun under obser-
vatron a l . the t ime,  is  in  genela l  u 'e l l  rer ,ognized,  

. -and' th is  
has heen

t l l t t s t ra ted_c le : r r . l 5 .  l r y  t hc  l i r r t l i ngs  i n  t he  p r .esen t  s i r r r l y .
r t  u ' rs  rv i t l rout .qrrcs l ion t l rc  in tent ion oT t l re  physi t . i ins rv l ro mude thc

examrnatrons ilr Puerto Rico to use thc sarne itandards for estirrrating
subcutaneous fat as thcy had used in_ sir'ilar st'dies irr N;*: H;id
and so to have comparable data frorn the two places. il"i;;"t, i" th"
I r - rcc o l  the.  prep.ondcr i rnr ,e ,oI  poor ly  nour ished c l r i ldr .en and the s, .ar-
cr ty  o l  real lv  u e l l -norr r ished ones,  thc judgrnerr t  o f  L l re ph5's ic inns wi th
legard.  to  cst imat ing arnotrnts o[  subcul i tneous iat  iap id iv  

- tn"o,^"

warped,  and.urr in tenl ional ly  thelc  occurred,  in  conforr i r i t f  wi th the
var int ions r r ' i th in thc_grou[ ,  a  dcf in i tc  r .ca, l iustmeni  i l r - in" i , .  lho le
scale of  va lues,  as h ls  becn pt- ' in ted orr t .  ch i idrcn u.ho ln  N"*  Hnu.r" t
wou ld  have  bcen  cons ide rcd  to  have  a  "  f a i r "  r r no r rn t  o f  subc r r t aneous
fat, we'e, because of this unconscio's readjustrnenl ;i-.tu;d;rd.,
repo-r ted as having a "good" cnrounL,  a,nd thbse uho in New-Havcn
woulcl have been considercd fo havc a "poor" arnorrnt wcre reporLcd as
|aving a "fair" amount. There is littie doubt thrt ttr".u[i"G of tho
fat of these Puerto Rican children are high u..o'rrr*"a-i ittr ttru
ratings given in New H trven bv the same ph"ysician.s.
. Even.though the results of the estimates of subcut,aneous fat for the
tivg g,roups rre not, therefo.re, comparahle, it may he assurned that thc
olstnDut , lon ot  grades u. r thrn e,ach grorrp is  des<.r ip t ivc of  that  nar t icr r_
largroup.  ( 'har t  va sho* 's  rhe perecntage d is t r ibr r t ior  of  the s iadesof
subcutaneous fat for children under 3 ).e-ars of age-563 pir""io nl"u"
children and 918 New Hrven children, g'aphicaTly.;;dJ;;;;ails
to the sealc des.riptive of e'ach .grorp.' 

"lt wii l u"".""" tt ot, i" . i l t" 
"-rtnc dlf lerences ln the dest.r ' iptive scales, the puer[o Rir.an c]ri ldlen

have less satisfactory a,',o.tirts of subcirtaneous fat iiu" trr" x"*

L-. -__
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26 DEVEI,OPMENT OF' BONNS OF CITIL,DR,EN IN PUERTO RICO

Per cent

50

Haven children and also that there is a proportion of very poorly
nourished Puerto Rican children that has no Countcrpart in the New
Havcn s-roup.  I f ,  moreover,  a readiustmcnt  of  Puerto Rican grades
we.e tr,.id. b^y droppin g eac h grad c one point in order to brin-g the r'r hol e
scale more n"earlrinto correJpondence with that used in New Haven,
a better idea would be eiven of the actual contrast between the rea-
sonablv eood condition of the New Haven children and the markedly
unsatisfaltory condition of the Puerto Ricans.

RELATTON oF AMouNr ou 
""or"""#ut*ilf3rKFAr 

ro sEx' AGE' AND SKIN

The observers found no difieronces between boys and girls with
resard to amount of subcutancous fat. Studv of the children by age
g"onpr, hou'evet, showcd that the amounts of fat were on the whole
irore satisfactory for those who were under 7 molths of age.at t'he
time of examinat'ion. That breast feeding is probably responsible for

Puento Rico
563 chi ldren

New Haven
918 chi ldren

'subcutaneou6 fst

ffil poon I very poor

CEART \ra.-Percentage distribulion of grads of subcutaneous fat of cltildren eramined in Puerto
Ricd, compared with ihat of children examined in New Eaven

this, and poor artifit'ial feeding for thc ]ess satisJactory nutritional

"onditioo 
found in the later moirths, is a reasonable assurnption; this

'rvill be discussed later'.
It was the impression of the examiners that the children with the

darkest pigmentation of the skin, that is, those rvho were predomi-
nantly N'eero, had nrore satisfactorv amounts of subcutaneous fat than
those"rvitt i l iehter skin pigmentation, that is, those who t-ere predomi-
nantlv Spanish. This was shown to be true of thc very dar[< group,
since 26but of 29 children in this group belonged in the "lery good"
or "good" grade for subcutaneous-fat, and none in either thettpoor"
or th"e " vetf poor. " The light and nredium grou-ps' on lhe other hand,
each had few-er children in Ihe "ye.ry good'r'and- "good" grad-es than
did thc drrl< and verv dark groups combined. If tnay be that thc
darker-skinned children tend 1o thrive better in the tropical clirnatc
than do the lishter-shinned ones. IArhether or not this is because the
darlier groups-are indigenous to the Tropics B,nd can therefore thrive,
whereas the Iighter groups whose {olebears came from temperate
regions can notl is uoit known.- It is, of coulse' PQssible that racial
faitors aocount for the better development of the darher children.
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PHYSICAIJ CONDITION OX' CHII,DREN EXAMINED 27

That exposure to sunlight may alTect tbe nutritional processes
d-irectly, as in the preventio--n of ricirets, is, of course, an aceep'ted fact;
that it may also affect other aspects of 

'th6 
nutritional pto."dr in some

less direct way would seem to be possible. In an effbrt to find orrt
rvhether recent exposure to sunlight had affected the child's generul
nutritional condition, as evidenceil by the amount of subcutane"oris fat
found at examination, the amount oi subcutaneous fat found in chil-
dren who were tanned was compared with the amount found in those
who were not tanned. A largei proportion of the children who wele
tanned than of those who were-nof tanned had relatively good amounts
of subcutaneous fat. \4']rether in this group of chitdr-en iiving in the
Tropies there is any real relation betw:een 

-exposure 
to sunliiht and

general nutritional condition as shown bv the amount of subcuianeous
fat, or whether th-e racial factors represented by the natural degree of
pigmentation of the shin are of gredter significince than the su"perim-
posed tanning,_ can not be determined from this small group of cases;
but it seems clear that there is some association between ihe deeper
degrees of pigmentation of the skin and the better amounts of sub'cu-
taneous fat.

MUSCULAR DEVELOPMENT

Since a child's muscular development is one of the indexes of his
general physical condition and since it is commonly believed to be
disturbed when rickets develops, an attempt was made to observe and
estimate in a general way the-muscular cohdition of each child at the
physical exanination, and to record the stage that he had attained in
motor development.
_ It was the impression of the physicians that many more children in
Puerto Rico than in New Haven showed weak, nabbv muscles and
relax-ation of the joints and iigaments. The la'ck of food muscular
development shorvn by the Pu-erto Rican children was-perha.ps most
striking in their lack of resistance when beinE handled durins the
course of the exrmination. Many lay completely relaxed througl the
\.allgys procedures of.the examination, without ihowing the ord'inary
child's resistance to being measured or to having a r"oentgenogram
taken. The most marked cases of muscular relaxdtion were"fouid in
the children who were most maLrourished. Poor muscle tone and
relaxation of joints and ligaments seemed in general to accompany the
less satisfactory amounts of subcutaneous fat; but, as will be s[own
later, there wqp lo evidence that rickets had airything to do with the
muscular condition.
Muscle tone and relaxation of joints and ligaments.

Nearly half (45 per cent) of the 553 children for whom a report, was
obtained showed either poor muscle tone or relaxation of ioints and
llgame_nts, or both. Of^those who showed poor muscle tbne, more
than three-quarters, as would be expected, aiso showed relaxai.ion of
joints and ligaments. Poor muscle fone and relaxation both occurred
more often in children who were oyer 6 months of ase than in those
who were under 6 months.

The association between unsatisfactory amounts of subcutaneous
fat and poor muscular development, which seemed to exist at the time
oJ exami-nation, was borne out by the later analysis. Three-fourths of
the- childre_n with good muscle tione and nearly three-fourths of those
with no relaxation-of joints and ligaments rve"re in the groups having

160326o_33_-3
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28 DI]VEI,OPMENT OF BONES OF CHILDREN IN PUERTO RICO

the more satisfactory amounts of subcutaneous.fat. In.allage groqp-s
ihe child rvith poor nlruscular development, was,-in general, the one with
the less satisfactory amount of subcutaneous fat.

Pot-bel ly.
one of the usual manifestations of poor rnuscular development is

poi-bel lv.  I t  is conrmon krrowlcdge thir t  t l r is f |ecluent ly oecurs in the
br."i."l Of the 578 children for "whom a report u'us obtained on this
itern, 278 (48 per cent) had pot-belly- 119,of the-578 (21 per cent) to a
moder,r te or mar. l .ed degree. As ui l l  be sho$'n later in the discussion
oi1 n" 

"Uni"al 
diu gnosis"of ricltets, t he presen ee of pot-belly,. especially

one of a moderrrte or rnarhed degree, was occasionally.the clinicnl evi-
dence that swung r diagnc,sis frLrn negative 1,o questionable or from
ouerii"nrt te to positir-e." I t ir true that in northein elimatcs pot-belly
ili;;;ait 

"""oinprnies 
rickets, but that it lray accornprny_gther less

"o"i in" 
. i l . i r rrbances of nutr i f ion is often overloo]red. When the

"tifO-;t 
ai.t, 

"onsists 
lnrgely of crrbohydrates, as it does- in !!e Tropics,

in" rii"ot the pot-helly iJ undoubtedly increar"^4 by the.distension of
irr. int"*1i"es. 

' practitrlly hrlf of the.Pucrto Ricah children showed

""ia"""" 
of this poor -.,.6ulature of the abdominal wail. That pot-

["it" iii ifr"*e chiidren was associated with poor nutritio! and riot with
,i"i'"tr i. made clear by the negligible amount of rickets found at
roentgen-ray examination.
Motor development: Age of hotding up head, sitting up, standing, and walking.

The progress in the rnuscular development of a child. T*,y b." ju-dged,

thorrch'peih,rp. somewhut roughly,  by thc aqe at rvhich he-is able to

"*rio?-?.i 
rin,rcts req u iring 

-m,iscul 
ar strength and cooldin ation of

l i in '* ."nt  i "u. . t"  groups, 'srreh"as holding up the head sLeadi ly when the
t 

""k 
i; r"pport6d, ritting up u.rsuppoited on a firm surface, standing

,,lor,*. o.'ti"llrins'rvithoirt iupport. Since the first performance of
ih*.u'u"riors acti t,rlies place usrrally a.t rather defrnite- stages {u1ing
the f i rst  15 or 18 months of a chi ld ' i l i fc,  the-ages at rvhich.such f i rst
performances occur ma.y be taken in a generrl way as an indication of
if-l* 

"roni"." 
of an individual child's nrtiscular development, and thesc

ne".'-ii be used to compare one group of children with another.
lTu=.:"t# development necessar;' to'perform these acts at the rrsual
age is dependent'upon good healih, pio-per nurririon, norrnal.innerva-
ti 'on of the eroups'of m"uscles used, irnd normal mental development'-t-t" 

conEe.oing the ages at which these Puerto Rican children first
held uo their  herds, sat"up alone, stood alone, or walked rr lone were

"t t" l r ia 
from t 'he motherl  at  the t ime of the home ' is i t .  Many of

ifi" ^oth"t* hrd not observed carefully or could not remember exactly
*ire" itruit children were able to do th6se various things; therefore the
ases reported should be considered as approximate.--pracfi.allv 

no sex d.ifferences were found in thc agcs at which each
strge of motbr development was accomplished,.and therefore, the num-
n"t-otUov. and girls have been combined for the sake of uniformity in
oresentriion of [he data.' 

T"bl". 2,3,4, and 5 show the ages at which the Puerto Rican chil-
dren *"." ierjorted to have held irp their heads, sat up, stood, and
*uU"a, in cdmparison with the ages at which a group of unselected
ll"* ff i""" chiidren were reported* to have done these things.3sb The

;g#leiitiJ*";-1*f;-: tE$lJ,lj:l,lrg"J:1":ru;l't'*:"""tt1T#s:"T"flisl3l'x,tff: !11$f':""h''"Bi
and New Ilaven children see Table 12.
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PHYSICAI, CONDITION OF CFIILDREN EXAMINED 29

Puerto Rican children-tended to stand and walk somervhat earlier thandid the New Haven children. The ages at *tii"t lr"""t" Hi"", 
"rril-dren,first,held up their heads and first"sat up are somewhat, more s.at-

lgred 
m therr percentage distribution than the ages at which ihe New-hl&ven chrldren reached the same stages of deveiopment.

Trarn 2.-Age at holding 
", 

Or"Oh"JZt:,ren e.rnminecl i,n puerto Rico ancl, in, New

Ago I at holding up head, as reported by mother

t'hildren examined
ix tsuerto Itico

Children examined
in New "[aven

Number
Per cent
distri-
bulion

Number
Per cent
distri.
bution

< m o n t n i . - - - - - - - -  - -  -  _  - _  _
5  m o n t h s  r n d  o r e r _ - _ _ . _ _ _ .  _ _ .
1 months- -_ - -___-  -  -_
;  months  and over - -_ -____,  __-

no t  repor ted_____
ho ld ing .up  head a t  Oare  o fe iamina i i ;n  _  __  ___ __ .repor ted  $hetberho ld ing  up  heaa__.  -_  _ .  __-  __  _

58.1 t, 186

448 100 597 100

155
152
6lr
56

56
52
28

5
:J5
34
14
l3

t8
108
262
110
39

481
104

4

28
41
l8

,,;*%""1'ng1ri'"f;fiBlHl #fliili,Sii',;Hff;l3"T"#l:;.l.,l3iH'1I,5fi*.J"'"f*'o * 'u aou.,
Tenr,n 3.-,4ge at sitting alone; ch,ilr.lren etam.i,ned in puerto

( -h i ldJen examined I  t ' h i t , l ren  examrned
rn  rueno Hk,o  I  in  N, ,w l la reD

Age t at sitt ing alone, as reported by mother

Age
Not
Not

Rico and in New

*,-0". I "fi.r'f,:'
I bution

Total

Age relmrted

Under 5 months
5 monthsmonths-

montlls_
44
92

200
146
78
a,

215
270

4

59
110

50

20
190

6 montlls
7 months_

";#"""1'o:ili,"'33f'n"sriih,l#1t'i]fiI.T;,""l#irlf-ii!';;i.::f;:,xir;i,Tl% i"Ti:"- ""-. *'

E-
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Teni,p 4.-,4ge at standing

BONES OF CIIILDREN

alone; chi ldren eramined in
Haaen, Conn,

TN PUERTO RICO

Puerlo Rico and in New

Children examined I Children examined
in Puerto Rico I in New Eaven

Per cent
Number I distri

bution

Per @nt
Number I distri- lNumber

bution

Age 1 at standing alone, as reported by mother

T o t a l - - - - - - - - - - - -

Age reported-----

Under 8 monlhs ..
8  m o n t h s - - - - - - - - -

10  montbs- - - - - .
I 1  m ^ n f  h e

1 2  m o n t h s - - - - - - - -
1 3  m o n t b s  a n d  o r e r - - - -  - - - - - - - - - - - - - - - -

Age t at walking alone, as r€ported by mother

1 ' o l a l -  -  -  - - - - - - - - -

Age reported

L nder  10  moDtbs .  - .
l0  nonths- - - -  . .
I  I  montbs- -
12  months- - - -
l 3  m o n l b s . - - -
l4  months
15 months  a t rd  over -  -  -

1, 186

479

50
82

104
76
68

237
466

4

I9
t9
T2
10
4

48
48
m
25
10

31
273
28

5
10
t7
22
16
14
I D

Trnl.n 5.-Age at walking alone; children cxomined in Puerto Ri,co and in New
Hauen ,  Conn ,

Children examined I children examined
in Puerto Rico I in New flaven

Per rent
distri-
bution

5
7

11
m
t4
16
26

rAge is giren as of nearst month; that is, "under 10 months" is actually under I months and 16 alays,
' 10 mont [s " is from g Donl hs and 16 d4] s to l0 mont bs and 15 days, inclusile, and so on.

tr'urther comparison of the average a,ge at which each ste,ge of motor
development was reached by the children in Puerto Rico and by those
in New Haven shows difierences which, though slight, indicate the
earlier development of the Puerto Rican children. The average age
of holding up the head for Puerto Rican children was 3 months; of
sitting up, 6.7 months; of standing, 9.5 months; and of walking, 11.9
months. The average age of holding up the head for New Haven
children was 3 months; of sitting up, 6.6 months; of standing, 10.6
months; and of walking, 13.5 months. There is no difference between
the averages of the two groups with respect to holding up the head and
sitting, but there is a signfficant difference in favor of the Puerto

rAse is siven as of nearest month; that is, "under 8 months" is actually under 7 months and 16 days,
" s mlnthi " is from 7 months and 16 days to 8 monihs and 1,5 days, inclusive, and so on,
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PHYSICAL CONDITION OF CHII,DREN EXAMINED 31

Rican children of about a month in the average age of standing andof walkinE.
It is probable-that.lario.us factors, many of which can not be eval_uated, have to do with_tliis tendency t" iigtrt p.";;;ity oi."ttr" puroof the Puerto Rican.childre-n. It wo'uld ;;ilp6!.iH.,io#i""r, trrutthe slower growth in,.heighi 

""q 
*"igt t ;;d'th"-;ilio".i""o-plutu

-absence of rlckets in.the F.uerto ni.u"-g.o"p -"y ri""" ,lJI air""tb.egr-ing on the situa.tion-, since itG-pr"fty g""oruitv .*"oe"ized thatchildren of the small, .l;;d;;, ;ry"ry;; tend to develop in motorskill-earlier ttran those of th_e igrs", .h"ti 'y itp;,;;;." [r,ii motor
l:I:lgt-.lt Iuy be detayed *r,"-" ii"LetJ ir'iiil?J"ii""".t"*1!. ,t,he
poor muscle tone and th-e greater degree of relaxaiio;;i t"h" j"i"i;and ligaments, observed at-examinatiB" 

"r 
tri...- F".rto niiu" 

"rrl-1_l:l_lptllgntly did. lor afrecr their moror d;;;p;;. ilo what
fl_tTl troprcal sunlight.(apgr! from its antiraehitic 

"fi*"t), 
or dif-terences in ra,ce, or habitual diet may influence ;;r;;lu"'ilw"f"p_ment can not, of course, be evaluated in such a 

"-"tG;;;i, Ji 
"u."r.

ONSET OF DENTITION

. closely associated with the growth and development of the skeletorrin infancy is the developmentTfth;i;;;h. "i;;ft;;i;;r;;;# 
or thcfi rs t d ecidu o us tee rh is o f t e;u;;d ;;; ;;;;;g" ;ipjiyri. 

"i 
;;'";ioi n, 

"n 
r,and delay in eruption is thougLi ;; b;;;; of the evidenees of irexem.Theagebf erupdion or tt'e nr?ci*util"rnii"roported b.y rhe mothers of336 P-uerto Rican children 

".J 
i. rr,"-" - Table 6. Trris tabre showsalso the age of eruption or-tne n.rt idth f;, 706 New Haven children.comparilgn showi that the leeiti 

"i?"L"to 
Rican children rend toerupt earlier than those_ of New Haven 

"tilr^"-gl,_*i{:ift;;" "s"of fipt eruption of te-eth 
".pori"J-ro. 

pue.to Rican chidren'was 7months, and that for New Haven children 7.S monlhs.
Tasl,o 6.-.4se at onset d or1(#";r:l;l!,ffi;:.o*o"rd in puerto Rico and, in

Age I at onset of dentition, as reported by mother

children era-mineO | <.tri lAren examiDeJ
rD fuerto tt ico I in New naven

Per cent
distri
bution

Per ceDt
distri-
butiotr

Age reported

60
108
96
44
28

205

18
32
29
13
8

76

199
126

143
328

9

,,;;',T$"i"'lf,",,"i,llffil*"Tff,r:;.ll,u,j:,^t""f.;j"-*t"jl"#..?*il{,$ou",, **- ,u ,ru*
COLOR OF MUCOUS MEMBRANES

Because of the generaily- poor physical condition of the childrenand because of the Eigh io"iaeln"" di;"r;;b Ri"" 
"irir"rJ"ir" 

noill*orro

E--
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32 DEvEr,opMENT oF BoNES oF cHTLDREN rN puERTo RIco

disease, syphilis, and tuberculosis, any of which may be accompanied
bv anemia. it was thouEht worth while to make a rouEh estimate of the
piesence or absence of anernia as indicated by tlre pallor of mucous
membranes. Thoush it would have been desirable to make accurate
diasnoses of anemia by examination of the number of rcd blood cells
and the amount, of hemoglobin in the biood, such procedure was
obviously impossible because of the limited time of the study. It was
believed, however, that pallor of the mucous membranes of the eyelids
and lips might be regarded as fair evidence of anemia, though not
evidence from which the degree of anemia could be judged accurately.

Pallor of the mucous membranes of the eyelids and lips was found
in 122 children (22 per cent of tine 552 children for whom ihe condition
was reported upon), a proportion strikingly higher than that found in
a study of children in a city in continental United States.3e In the
latter ltudy about 8 per cent of the children from 2 to 7 years of age
showed pallor, and only 2.2 per cent of the children undcr 2 years.
Among the Puerto Rican children examined, pallor was found in 27 per
cent of the children 12 months of age and under and in 16 per ccnt of
those 13 to 34 months of aEe. Pallor of the mucol.ls nembranes in
these infants and young children was found to be associated with the
less satisfactory amounts of subcutarreous fat, with poor muscular
development, and with lack of evidence of exposure to sunlight.
Only 14 per cent, of the 315 children with "very good" or "good"
amounts of subcutaneous fat showed pallor of the mucous membranes,
whereas 49 per cent of the 71 children with the "poor" or "very poor"
amounts showed this nallor.

It seems likely that such diseases as syphilis and tuberculosis and
nutritional disturbances of infancy were the more irnportant causes of
this pallor. Most of the children examined lived in cities where the
incidence of hookworm disease was relatively low. Moreover, only 6
per cent of the children for whorn a report was obtained u'ere found to
have cnlarged spleens-a lorv "spleen ildex" for a country in which
malaria is more or less prevalent. tr{alaria, therefore, rvas probably a
minor factor in the production of this pallor, since the spleen index
of malaria is usually considerably higher in Puerto Rico, sornetirnes as
high as 75 pcr cent in a community rvhere rnalalia is prevalent.s

The association between pallor of the mucous urembranes and lack
of taruring of the sliin is iir all probability a signfficant one. The
presence 6r absence of pallor and of tanning w.-as reported for 545
children. Seventy-tlrree per cent of the children whose mucous
mernbranes were of good color were tanned, whereas only 48 per cent
of those with pallor of mucous membranes were tanned. Apparently
both exposure to sunlight and the grade of the clfld's nutritional
condition as shown by thc amount of subcutaneous fat are related to
the color of the mucous mernbranes. Tlie largest proportion of cliil-
dren with mucous membranes of sood color were those with tanned
skins and rvell-noruislred bodies; the largest proportion of pale chil-
dren were those with no tannirrs and less rvell-nourished bodies.

OTHER PHYSICAL FINDINGS

During the course of physical examination certain findings other
than those which bore a direct relation to the child's nutritional condi-

_ 3e Pht'sical Status. ol lreschool Children, Cary, Ind., by,\nna E. Rude, If. D., pp. 89,78. U. S. Chil-
d ren 's  I lu rexu  Puh l icc t ion  No.  |  |  l .  \ \ ' ash inc to t r .  t92-1 .

{0 Report of the ('omnissioner of Ilealth ot Puerto Iiico for the Fiscal Yerrr 1925. D. 60.
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tion were noted. Evidences of infection were spec,ially so.ght, though
as has been noted, the t i rne at the disJrosal of  

' the 
ciarrr inershra ni t

permit  thc use of spccial  rcsts,  such as the tuber.ul in or t l re wasscr-
mann tests.
. The diugnoses, other than that of rici<ets, w-hich u,e'e nrade at the

time of the physical examination have been gro'ped as follows:
Nutritional disturbances

Mahutri t ion--- - -- --- --- 
-  - t4

Gast rocn ter i t i s_______._  g
Commur r i t ,a blt '  diseases- -

R h i r r o p l r a r y r r g i t i s _ _ _ _ _ _ _  I  l 7
Laryng i t i s_  2
Bronchitis'_ - - 27
Broncho-pneumonia_____ 1
Tuberculosis- 2
Tuberculosis, suspectcd-_ l6
Fevcr, urrexplained (proh-

ah ly  r lue- to  eomrnun i -
cable disease) 7

Erysipelas- - - I
1 \ I r rmps______ I
Ma lar ia -  1
Malaria, suspected______ 2
Nasal diphtliclia, suspec-

t e d _ _ _  I
C o r r g e n i t a l  s y p l i l i s _ _ _ . _ _  B
Oungerri tel s.vphi l is, sus-

p e c t e d - - - - - -  5
D-vser r tc rv__-  2

Diseasr.s of ears- 3

63 l 8

188
t

l l

1
2
o

Chronic ot i t is rnedia____ g
Diseascs of nose and throat_-____ 188

Hypertrophied tonsiis or
hypertrophied tonsi ls
and adeno ids____-_  _  l \ z

Hypertrophied adenoids
o n l y - - - - - - - - - - - _ _ - - -  6

Vagini t is-- i - -  2
I ngu ina l  hc rn i a - -____ - -_  5
Hydroceie- 2

Sk in  d i seases -
hnpe t i go - - - -  45
IJemangioma 1
Othc r  sk i n  d i seascs_____  16

Congeni ta l  defects--- - - -  52
Congelital healt dis-

e a s e - - - - - - - - -  6
Mongo l i an  i d i ocv - -  _ -_ r  1
t \ r 0 l r go l l an  l o l oc ) ,  q l l es -

tionabie- 1
Supernumcrary l i r rgcrs_ -  2' I ongue - t i e___  

4 l
Ha re l i p - - - - - -  1

62

The largest gloup of-pathological conditions is that of communicable
or rntec[rous drsea,ses because of the inc]usion under this heading of
the I l7 ca-ses of simple rhinopharyngitis (common cord). In a num]ber
ot cases dragn-oses ol' tu.b.erculosis, diphtheria, or congenital syphil is
w.ere suspecj"d, lgj could rLot be confirmed. 

'only 
3 

"definite 
clinical

dragnoses of sypJulis r.l-ere made at examination, buc roentgenog.ams
of the bones of the forear-ms showed syphilis to be present 

-in 
6 cases.

The incidence_of positive wassermann"tests in the p^arents ha. 
"t 

--ay
been d iseussed.  (See p.  12.)

of 565 clri ldren'u'hosc tonsils, adenoids, and cervical ]pnph nodes
were-examined. ,427 (76 per  cent)  had no obvious defect  of  tonsi ls
or  adenords,  ,100.(18 per  cent)  had hypert rophied tonsi ls  only ,  3 l
(5.per cent)- had both hype.trophied torisils and hvpe.trophied ade-
noids, 6 child_ren had hypertroft, iea adenoids only]'and t 'cti i ta lad
hypertrophied_ and_ diseised Lonsils, with no invori 'ement olihe ade-
nords reported. ('ompariso!_ of these findiugs with those made by
the,same physicians.in-Nerv Haven shows a considerabiy imaie,. pto-
portton of'children in_Puerto Rico having hypertrophied or diseased
tonsils or adenoids. rn New Haven 39 "pei 

cent oi the children of
al,age eomparable..to the. Puerto Rico gioup had tonsils that u-ere
ertner.entargecl or_ drsedsed, and l4 per cent had adenoids that either
were definitely enlarged or seemed tb be so. whether the differences
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34 DEvEr,opMENT oF BoNES oF cHrr,DREN rN PUERT0 Rrco

in climate between New Haven and Puerto Rico can account for the
difi"t"o"" in the proportions of hypgrtrophied or diseased tonsils found
in these two communities can onl.y be surmised.

AmonE the children examined were a relatively large number with
.t i" itrt"Etions, chiefly impetigenous in nature, and with conjunctivitis.
An unusual numbef of chililren were found to have tongue-tie; no
explanation of the great frequency of this defec-t was apparent'- 

ir 
"otrtr""tion 

wiih these diagnoses made at the examination, it is
of lnterest to note the diseases t"hat these same children were rep,orted
io 5un" had previous to the time of the stu{Y. Five hundred and
thirty-two children v-ere reported- to have had one or more dis-easesl
onlviO w-ere reported to have had none. The diseases reported have
beeh grouped ai follows:
C o l d s _ _ _ _ _ _ _  - - - - - -  4 9 9
Diseases of digestive system------ 356
D i s e a s e s  o f  s k i n - - - - - -  - - - - - - -  - - -  2 5 7
Diseases of respiratory system---- 148
Communicable diseases, Positive

or suspected- 83
Diseases  o f  eyes- - - - - - - -  68

Earaches and otitis media-
Wastins diseases- - --- -
Convuli ions- -
Undefi  ned fevers- - -  -- -  -
Diseases of nervous system------
O t h e r s - - - - - -

K 1

23
q

D I

Colds were extremely prevalent among these children. Some form
of d.iJurbance of the rligestive system was reported for two-thirds of
ihe-. of skin disease foiabout one-half, and oJ respiratory disease for
-o."'ttru.t one-fourth. The group of "wasting diseases". included
various poorly defined conditions, locally k-r1ow1 as -raquitismo, or
feilquL, that rvere probably due to frequent digestive disturbances or
riui"ution or to tuberculosis, undiagnosed. it was noticeable that
ihe digestive disturbances in children under I year of^age -were less
ir.or.it amons breast-fed infants than among those artificially fed.

Thab commujricable diseases other than col-ds lr-ere reported by rela-
tively few mothers probably ryay be accoy+ted for by the fact that
the dnild.en were yolng and therefore had been comparatively little
exposed to such dir"u.""" or by the fact that in many cases of illness
thev were not seen bY a PhYsician.

d*cu,Is* of the well--recbgiized association of the convulsions of tet-
anv with rickets, it is of iirterest to note the high proportion (9 per

"ent) 
of children'reported to have had convulsions in a group l<nown

to show, on the rv6ole, almost no eYidence of active rickets at the
time of 

'examination. 'The 
occuruence of a convulsion instead of a

chill at the onset of an acute infectious disease is common in infancy
and early childhood and may account partly for the relatively large
number of conl'ulsions reported.

Some comment may be made on the large number of cases of skin
infections and of diseases of the eyes, and the question raised as to a
possible relation betrveen them and the inadequate diets that many
bi tt 

" 
children were receiving. The association between vitamin-A

d.efi.ciency and xerophthalmia-among children whose diets are l9w (o-1
entirelv iackine) in milk, butter, eEgs, and green vegetables is well
known; the asEociation between vitamin-A deficiency .and skin and
respiratorv infections is less well defined. That the children examined
*eie teceiving diets deficient in these foods will be pointed out later
( p . e 4 ) .
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INCIDENCE OF RICKETS IN PUERTO RICO

Lt hag already_been pointed out that the stud.y here reported was
rrndertaken in order to observe the. ro_entgenograpliic appearance of the
bones of infants Iiving under the influen"ee oF trbpicaiJr"tiehi and to
r.ake comparisons betwe.en, the roentgenographi'c 

"pp.*^-n.. 
of the

bones of such infants and that of the'bone"s oi i.rrrn'tJ;i;;i;d p;"-
viously jn N.ew Haven, conn. Though the sereclion of F"u.to ni"o
as the place in_rvhich to undertahe this"study of normaf infotrt.' borre.
was based on the presumption that the inteisitv of its sunliEht would
be ad.equate to prevent.the development of rickets, nevertheiess it was
nec.essary to c.onfirm thi.s presumption by a earefui study oI the actual
lncloenee ot nckets ln the rsland before the data there collected could
be used with certainty as a normal control for the aolu 

"oir""ted 
in

New Haven.
In the New Haven study it had been fould that a relatively large

pro.portion of infants, even though given what was thoueht-ib be"a
satisfactory amount of antirachiti-c tr"eatment, showedsoofier or Iator,
tf examrned repeatedly by roentgen ray, ccrfain deviations from the
normal, which were interpreted ai evid6nces of srieht ricl<ets,- rn the
corlrse of that study, moreover, the. question wai continually being
raised whether theie slight bone ehang". *"."-in- 

""*flti ' i ior" 
of

riekets or whether they were varirtions"of normallv sro.,rln; bones.
The study in Puerto Rico was undertaken in th6 fi"ti"f-t'hot tt upresence.of similar slight deviations from the preconceived normal
in a tropical region, wiiere presumablv the sunlight *u" 

"J.orut" 
toprevent nckets, would indicate that iuch devinlions are noL rickets

but are vrriations within the normal, u-hereas the absence of tlrese
changes in Puerto Rico would tend strongly to confir- th";pi"i;;
formed during the New Hav^en s_tudy ttiat they are in reality the
roentgenographic evidences of early rickets.
, r,{o- a clrnrcal pornt ol view, also, questions had arisen u-ith regard
to the correet rnterpretation of certain skeletal findines. was it
p.ossible that some of the slight skeletal signs, interpretuias those of
rickets, u-ere only variatiois in normal"sk6retar.growtht it wat
lroped, when the study in Puerto Rico was undeitaken. that the
roentgenograms. would establish clearly the differentiation biltween the
roentgenographic appearance of the bbnes of normal infants and that
ol the bones ol infants with ,slight- or earJy riekets. Jt was hoped
also that a better understandin[ of the clihical ai"g"*i. of riclieis
could be reached. lt was, of coirrse, essential that ihe studv should
be carr ied out along the l ines fol lowed in New Huven. 

'  - ' r

A review of current literature shows that there has been some
difference of opinio_t on the question of the pre.ralence of riclets in
troptcal -rgql^oir. . Hessar has.. reported lLis observations on r.icliets,
made in 1928 in the West lndies, in Panama, and in Costr Ricrr .  Io
Kingston, Jrmaica, he found arnong the chi ldren at t rre c""*." t  uor-
p|,tal "n3a1,y suflering from mild rickets,. according to clinicar eriteria,
a'Ithough they drd not present a rachitic appea,rance or pronounced

35
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36 DEvELopMENT oF BoNES oF CHTLDnEN rN puERTo Rrco

bowinE of the leEs. This held truo also for the children of the babies'
welfarE clinic." 

"In 
Trinidad, at the General Hospital, ho found that,

t'mild rickets was of common occurrence, but no case of serrere rickets
was seen." Here, also, he found ricliets in fully half tire babies (all
colored) that he examined at the babies' welfare clinic.

In hospital wards in San Jose, Costa Rica, Hess found "considerable
rickets, some even of moderate degree," and on the Isthmus of Panama
he found the same in two hospitals. In the hospital at Ancon, Canal
Zone, conducted by the United States Government, he saw "roent-
genograms of ricliets of mild and even marked degree which had
developed in the Canal Zorre." I{e later studied roentgenograms of
the epiphyses of about 100 children living in the region of t[e Canal
Zone and found that eiEht showed definite sisns of rickets. most of
these children being beiween the rges of 4 anld 6 months; six other
children under 7 months showed questionable signs at the epiphyses.a2

Furthermore, with regard to the protection of infants in these
regions, Hess says: "But even under favorable circumstances, unless
the babies are talien out of doors. thev do not receive sufficient ultra-
violet rays to protect them against rickets." lYith the exception of
tlr.e conclusions based on roentgenogra,ms of children in the Canal
Zone, Hess apparently based his conclusions on ciinical observation
only.

Other observers quoted by Hess apparently had neyer seen rickets
in the lYest Indies or in Trinidad. The differences in oninion were
probably due to differences in the interpretation of cliniCal findings,
a subject to which this report will refer later. An article by Torroellaa3
and one by Gonzalesaa state that no case of rickets 'w-as found during
the examination of 6,000 cliildren in Mexico.

In Puerto Rico, prior to the time of the investigation here reported,
a larEe number of infants were reDorted everv vear to the insular
depaitment of health as havine dieti of ricliets." it hor lons been the
beiief of the physicians of t lre department oI health that th6se deaths
should not have been so classified and that the confusion had resulted
from the anglicization of the Spanish terrn "raquitismo"-meaning
malnutrition-to rachitis or rickets. In actual practice in Puerto
Rico any severe u'asting disease in infancy is called "raqnitismo,"
iust as in continental United Str,tes such a disease is called marasmus.
The ptesent investigation was, therefore, specially rvelcomed by the
Department of Health of Puerto Rico, since it rvould help to clear up
the question of rvhether or not rickets actuallv occurc in the island
and since it misht lead to sreater accuracv in vital statistics. That
the term "rickEts" as used"on death certiheates in Prrerto Rieo is a
misnomer was shown clearly by the present investigation. Its use in
the vital-statistics reports was discontinued ab in the year following the
Children's Bureau studv.

{2 Attention nay be called to lhe fact that climatic conditions in the Isthmu,s of Panama are dilTerent from
those in Puerto ]t ico and may well account for the rickets found there by lJess. In Coton, Republic of
Panama, theda i lyavcrageofac tua lhousofsuDl igh t is6 .6 ,and inAncon,Cana lZone, i t i ss .g ;  bo tho l theso
f r g u e s a r e l o u e r t h a n t l r e a v e r a g e i n e i l h e r s a o J u a n , P . H . , o r N e w l l a v e n , ( o n n .  ( S c e p . 4 . )  D u r i n g
I  he-  ra iny  season,  s  h i r .h  las ts  seven or  e igh l  mouths ,  I  he  nrb t r th ly  averages 'o f  ac lua l  l iours 'o f  sunsh ine  in
Colon range from 4.6 to 6.7 dailf. In -{ncon, corresponding eveiages rdirge from 4.2 to 4.8. Similar low
figures_ are re:ached !! New IIaven orrly in the late fall and wiDter months, and in Puerto Rico not at all.
(See Clir!atological Data for Central -\merica, by \Y. \{. Reerl, in trIonthly'Weether Review, vol. 51, no. 3,
I{arch, 1923_, pq._133-141, publisbe,l by the \f eather Bureau, T'. S. Departnent ofAgriculture, \\ 'ashirigton.)
- _i3'Torroella, I,Iario A.: Raisons pour lesquelles le rachitisme n,etiste pas au-Nlexique. -4.rchives dil
I lede|iDe des Eufants, vol. 32, no. 5 ([lry, lC2r/, ttt)- 262-2a9.
-. {r.GqDZaleq, l lartin: Raisorts lour lesquelles le mchitisrne n'eriste ps au \{erique. I}ullelins de la
Socidte de P6diatrie de Paris, vol. 27, Jzn.75,1g2g, ftp. !.2-54.

,5 See Iicport of the Conmissioner of ljeallh of Puerto Rico for the Fiscal Year 192r', p. 132, and later
leports.
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NUMBER AND AGE DTSTRIBU.TION 
Sn 

CUrlnnEN DXAMINED FOR

Examination for richets rvas made of 584 Puerto Rican chirdren
ranging i? age from 1 to 34 months. Of these, 171 were under Z
nronths of age,_ 149 u.-ere 7 and under 13 months, 180 were 18 and
under 25 months,  and 64 werc 25 rnonlhs or  over ;  thc aees of  20
rvere not known. The preponderance of children under 15 months
o.f .q,Se _was^ a m.atter of selection, silce the first year of life, and espe-
c ia l ly  the f i rs t  s ix  moLths,  is  the pcr iodrr l ron the changes in thc bones
interpreted as the ear l iest  ev idenie of  . ickets had been found in New
Haven children, and t'hereforc the periotl for which examinations were
most desired in Puerto Rican children who lvere presunrablv free frorn
rickets. The nurnber of children examined in ihe .e"ond and third
years was relatively small, but the results of the examinations indicate
to some extent the incidence of rickets at this age.

METHODS OF EXAMINATION FOR RICKETS

\\'hen as accurate a diaenosis as possiblc is desired of the presence of
r" ic l ie ts ,  nol ,onl r -  s l rould q.  lhys ical  

'exarn inat ion 
be made 1o deter , t  any

cl rnr . l l  cv idencc of  the d isct rse,  brrL roentgenogl 'ams o l '  Lhc lonc bones
sho'ld be t,aken to determine r.vhcthel anr- eriidence of the disease is
present and, if so, to deternrine the acti l i ty-and severity of t. lre pr.ocess,
and u lso to obta in a grapl r ic  record of  delormi t ies suih as howing of
l l .  \on. l?  o l ' ,  t l re  legs.  .  Supple.mentary c l remical  exanr inat ion of  

' the

blood u'rl l  urcl I lrc exurrulrer rn drfl 'erentiatinE bctween rn actir-e Droeess
and one t l rn t  is  sr rbs id ing or  heal ing,  and a lso in  making a r .ery enr ly
d iagnosis u ' l ren ' ickels  is  suspected 'becausc of  craniotab" .  o.  * i lo .g." , l
costochondral junctions b-ut is rrot yet dcmonstrable in the roentgeno-
g rams  o f  t he  rnd ius  and  u lna .

^  In the.  invest ieat ion in  Puerto Rico physical  exanr inal ions rvere made
oJ alt cluldren, thc irn-estigrrtors laying speciaI ernplrasis on examirra-
tron for the signs generally accepted as manifestations of rickets.
jtoenl,genogrrrnls \\ ero talten of the bones of t lte foreann onlv, since,
as uil l  be explained later, roentgerrograrns of these bones are t-hc morr
sa.tisf 'uctory ones in rnaking an early diagnosis of ricl<ets. oninions
wrtlr.regrrd to thc raclrit ic origin of deTorrnities such as bowlcgs and
knocl i -knees uere formed f rorn ph.ys i , 'a l  examinat ion a lone.  In  a few
cases, as an aid to diagnosis, chemical tests lYele made to determine
the calcium and inorganic phosphorus content of the blood serurn.

Nluny e lernents err ter  in to a c l in ica l  examinat ion for  r icr ie ts ,  mak-
ilg .it a less reliable method of deterrninins tlre real incidence of
the disease in a community than a roentgenLray examination. The
fact  that  the c i r i ld 's  skeleton is  constant ly  changing u i th grorvth,  thc
fact that many of the eridenees oI mi]d"rickets are but slight varia-
tions from the normal, and the fact that the clinicll . iudgments of
different observers vary because these limits of rrot-dr cin not be
arbitrarily defined_and'because the observers difier in their training
and experie{rce make unrelilble any study of the incidence of ricketi
based on clinical examination alone. t-ln ttre other hand, roentgeno-
graphic exarnination has the advantage of presentins' Dermanent
records of certain attributes of the bon6s, whi'ch can be-studied ancl
reapplaised bv several obselvers and for which the limits of normal
may be more clearly defined.

L--
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38 DEVEI,OPMENT OF BONES OF CHII,DREN IN PUERTO RICO

If a true picture of the incidence of rickets in a community is to
be obtained.-horv".rru., &s many children as possible should be examined
by both -eihods during the leriod of life when the disease is usually
active-that is, the first two ]ears of life-and also during the third
and possibly the fourth year, when the disease is as a rule no longer
actiye, but when the clinical evidences of previous disease should be
{ound' approximately in proportion to the'roentgen-ray er-idence of
activity of the disease in earlier age periods. The incidence of richets
found by roentgenographic examination during the first year or two of
life should form, it is believed, some sort of backsround for the inci-
dence to be found by clinical examination coincidentallv or in later
years. It should be rbmembered, however, that the incidence of rickets
iound at clinical exarnination at any given age is the curnulative
record of the more or less permanent effect on children's skeletons of a
transitory disease rvhich hay have come and gone before that age or
rvhich may still be active at the time of examination. X,{oreover, as
will be pointed out later, the total number of clinical diagnoses of
rickets probably includes a certain proportion of diagnoses of mild
rickets that are incorrectly made, since they are based on skeletal signs
not easily difierentiated from those of normal growth and development.

DIAGNOSIS OF RICKETS BY CLINICAL EXAMINATION

Since it seemed desirable to compare the results of the physical
examinations in Puerto Rico with those in New Haven. eyerv effort
was made to interpret the skeletal findings in Puerto Rico just, as they
had been interpreted in New Haven. In retrospect it is believed that
in the effort not to overlook any of the clinical evidences of possible
rickets, too much emphasis may have been placed on slight varia-
tions, and a clinical diagnosis of rickets may have been made in some
cases in rvhich it was not rvarranted. Since. however. similar.con-
clusions had undoubtedly been drau'n in New Haven, the clinical
diagnoses have beer,r retained as made, and have been analyzed in
some detail to show how varied and inconsistent 'lvere the observations
upon rvhich the diagnoses were based. It should be borne in mind,
however, that the phrase "clinical diagnosis of rickets" as used in
this study does not mean that rickets was necessarily present as an
active disease; indeed, in a majority of cases the evidence was only
such as might have been produced by previous rickets of a mild
degree, and few cases of actiye rickets were eyen suspected at
physical examination.

INCIDENCE OF RICKETS AT CLINICAL EXAMINATION AND ITS RDLATION TO AGE

Examinations for clinical evidences of rickets were made on 584
children. The diagnoses made and the ages of the children at the
time of examination are shown in Table Z. 1t will be seen that in onlv
50 children (9 per cent) was the evidence sufficient, to lead to a definit"e
diagnosis of rickets, in 134 it was sufficient to lead to a questionable
diagnosis, and in 400 there was no evidence of richets. Of the 50 cases
in which the clinical diasnosis of rickets was definite, 46 were consid-
ered to bc of slight deg"ree, 3 of moderate degree, and t of marked
de€iree. (See caie t, Appendix E, p. 120.)

It will be seen also from Table 7 Lhat the proportion of children
showing signs interpreted as evidences of rickets or of questionab'le
rickets was considerably smaller in the age group under 7 months than
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in any other, and that the proportion showing no evidence of rickets
was largest in the age group under 7 months. Though this is not
incompatible with the usual increase in the incidence of ciinical evi-
dences of rickets during the later months of infancy and the earll'
months of childhood, the fact that it occurred in these Puerto Rican
children who were exposed constantly to intense sunlight suggests
that in some cases the process of growth and development of the bones
may alone account for the slight signs commonly used as a basis for
the clinical diagnosis of mild rickets.

Trnrn 7.-Ctinical diagnoso:,:!^;;Zh*;""P"#{: 
"io::,to 

at eramination; chitdren

Children examined in Puerto Rico

Clinical diagnosis of rickets

Age l at examination Slight Moderate Marked

39

UDder 7 mooths--
7  to  l2  montbs- - -
l3  to  l8  months- -
l9  to  34  months- -
Nol, reported- - --

1 Age is given as of nearest month; that is, "under 7 months" is actually under 6 months and 16 days, .,2
to 12 months" is {rom 6 months and 16 days to 12 months and 15 days, inclusive, and so on.

2 Per cent not shown whero number of children was less than 50.
3 Less than 1 per cent.

PEYSICAL SIGNS USED AS BASIS FOR CLIMCAL DIAGNOSIS OF RICKETS

The clinical diagnoses of rickets made in Puerto Rico were based in
large part upon certain skeletal signs usually considered to be evi-
dences of the disease, but also to some extent upon certain signs of
muscula,r weakness, which were reEarded as secondary rathei than
primary diagnostic'evidence. Anaiysis of the data shows that both
the number of these signs and the degree of deformity presented by
each were taken into co-nsideration wh"en the diasnosis wirs made. it
is evident, moreover, from study of the recordi, that some skeletal
signs appeared much more frequently than others and that certain
sigrrs.or combinations of .signs.clearly-were given more weight by the
examiners in the diagnosis of rickets-than of,hers. When the di;gno-
sis of rickets was questioned, it was done either because the skeletal
sigprs were few, usrially only one or two having been found, or because
they were present in such slight degree that their significanc€ \\ras
questioned. The difference in the degree in which the signs were
present probably accounted most frequentlv for the differences in the
diagnoses made"when the same gro,ri of sf,eletal signs were present.
Because of the great variety of faitors entering into a clinical diagnosis
of rickets it is to be expected that many inconsistencies in diagno-
sis would appear. Lastly, it should not be forgotten that a diagnosis
often depends on the observer's impression of the child as a u'hole, a
very subjective and unreliable factor. but one that enters irrto nearly
every clinical diagnosis and may account for many ineonsistent.ies.

The skeletal sieis that were considered as clinical evidence of ricliets
were: Enlargem6nt of the costochondral junctions of the ribs, enltrrge-

-L--

Per
@nf, I

ôd-l;

63
59

400

14t
94
65
83
15

134

,;
39
26
39
5

l?l
149
104
140
20
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40 DEV]'LOPMENT OF BONDS Or' CHILDREN IN PUERTO RICO

ment of the epiphyses of the long bones (especially those at, the wrist),
bowlegs, knock-knees, Harrison's groove, pigeon-breast, moderate
enlargement of the parietal or the frontal bosses or both, craniotabes,
and asymmetry of the head. The evidences of muscular weakness
that were considered as giving contribntory evidence of rickets were:
Decreased muscle tone, increased relaxation of the joints and liga-
ments, and pot-belly. 

'A 
scale ranging from what'was consideied

normal through two or three degrees of enlargement or deformity was
adopted for each sign. That diflerent phvsicians should use a scale con-
sistently is scarcely to be expected. In this study the examinations were
made by two physicians who had made many of the examina,tions in
Nerv Haven, and, though, undoubtedly, individual judgment varied
to some extent, the conclusions drawn were, on the whole, fairlv
consistent.
Relation of number of skeletal and muscular signs to clinical diagnosis of rickets.

It became apparent from study of the records that the observers
when mahing the clinical diasnoses took into consideration not only
rvhich skeletal signs w-ere pres6nt bub also how many. Though analy-
sis showed that, the observers were iafluenced more bv certain skeletal
signs than by others, it also shows that, regardless of what the signs
rvere, the greater the number of signs found the rnore liliely was it that
a diagnosis of rickets rvould be made. (See Appendix Table 81, p. 110)
A similar relation u'as found between the number of sisns of muscular
weakness and the clinical diagnosis, indicating probably that these
sisns influenced the diasnosis when it was uncertain on the basis of
skeletal signs alone.
Incidence and degree of each skeletal sign.

More important in attempting to understand the basis for the clini-
cal diaEnosis of richets than the number of sisns is the incidence of
certain-skeletal signs and the degree in whic[ they were observed.
The inconsistencies of clinical judgment in making such diagnoses may
be demonstrated also by analyzing the diagnoses made when various
signs or combinations of signs I'ere present. The following detailed
study of the skeletal signs found in Puelto Rican children is given
in an attempt to throw sorne light on their value in diagnosis, and in
order that comparisons may be made by other observers as to the
lglative fiequency ald severity of these signs in communities having
difiering degrees of intensity of sunlight.

The incidence, in the total group of children examined in Puerto
Rico, of each of the skeletal signs usually considered to be evidence of
rickets compared v'ith the incidence in a group of children of about the
same age examined in New Haven is shown in Table 8. The percent-
age incidence of each sign in the two gToups of children is aslollows:

Puerto New
Rico llaven

16 58
10 55
30 50
28 23
6 2 5

Enlarged eostochondral junctions -
Enlarged epiphvses at wrist--
Bou ' legs- - - - - -
Knock--k nees -
Harrison's groove- - - ---
Pigeon-breast
Moderate enlarsement ol-

Either frontal or parietal bosses-------
Both frontal and parietal bosses-------

Asymmetry of head-----
Cri,niotabes-

lo Less than I per cent. t7 Not reported,

c92
7 2 7
1 1 5
6 (t?)
t 4

Provided by the Maternal and child Health Library, Georgetown university



584 children eramined in Puerto
Rico (1 to 34 months of age)

956 children exarnined in Neu
Eaven (1 to 36 months of age)

Total
re-

ported

Skeletal signs

Signs
present

Signs
abserrt

Not re-
ported

'lotal
Ie-

ported
Signs

present
Signs

absent
Not re-
ported

581
5E3
582

r 303
583

583

551
581

92
60

176

I

43
4

33

489
523
406
218
546
576

odo

518
576

3
1
2

2 281
I

7

1

33
3

95.1
952

951
95{

950
(3)
945

549
5 1 9
27(t
I2i
233

15

259
146
o
37

405
433
271
42\
7 1 8
939

(3)
s08

,409
2 40I

5
2

6

c)
I I

INCIDENCE OF RICI{ETS 47

Tenr,n S.-lacidence of skeletal signs usually considered eaidence oJ rickets; chilrlrtn
eranlined in Puerto Rico and in New Hauen, Conn.

Asymme
Craniota

I Includes onll' children s-ho were standing at date of examination.
2 Children not yet standing at date of e\amination.
3 Not reporied.

It v'ill be seen that the incidenee of each of the signs, with the excep-
t ion of  knock-knees,  is  considerably Iower in  Puerto Rico than in New
Haven. That the high incidence of rickets as shown by the roentgen-
ray examinB,tion in tfie New Haven group (approximat"e]y 30 per cent)
plays en important part in this difference is undoubteC, but that these
signs may occur a.lso in slight degree in children who have not had
rickets is made evident by the occurrence of these signs in Puerto Rico,
rvhere, as will be shown later, rickets is in reality a rare disease.

In a very large proportionof cases in which tire skeletal signs were
found in Puerto Rican children, they occurred only in a very iliEht or
.ilgiiia"g."r 1li. ptoluble that 

"irst 
of the.ig;;;td#;J;;;-

ring to a, very slight degree were within the range of normal and were
given little weight by the observers when making the diagnoses. The
weight given to signs occurring in a slight degree varied, apparently
depending on the presence of other slieletal signs or on evidenccs of
muscular weakness. Skeletal sisns rn'ere reported to har.e occurred
in a moderaLe degree in relativeiy ferv instances; but rvhcn thoy dirl
so occur, more rveight, as would be expected, w-as giyen to each one in
making the diagnosis.

Table 9 shows the degree in which each skeletal sign was present
&mong the Puerto Rican children and indicates the ireclueniy v'ith
which a clinical diagnosis of rickets was rnade in the presence of each
sign. The uitimate diagnosis \vas, of course, mncle 65' consideration
of all the signs, both skeletal and muscular', that were found il each
case. A detailed tabulation of the cornbinations of skelet:rl siqns
found in each of the 584 children will be found in Appenfix Table 82.

Table 9 shot's that a positive diagnosis was made in approximatel.y
half the children with a Harrison's groorre, in one-third of those rvith
either enlarged costochondral junctions or enlarged epiphysos at the
rvrist,, in one-fifth of those rvith moderately enlnrged parietal or frontal
bosses, in one-sirth of those r,l.ith borvlegs or iinock-hnecs, and in one-
eighth of those with as5.rnmetrical heads. It is apparent thr,t the
observers must, have felt that the nresence of enlarEed costochondrnl
junctions, enlarged epiphyscs at the wrist, and a Harrison's groove
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42 DEVEI,OPMENT OF BONES OF CHILDREN IN PUERTO RICO

was more definite evidence of rickets than was the presence of either
slight bowing of the legs or slight knock-knees. As would be expected
when either bowlegs or knock-knees occurred in a moderate degree, a
clinical diaenosis oi rickets w&s more likeh' to be made than w"hen'it
occurred iria slight degree, but the diagnoiis was not necessarily con-
sidered positive just because one of these signs rvas present to a
moderate degree.

Tenr,n 9.-Skeletal signs wually considered euidence oJ rickets and degree in
which these si,gns were present in relation to cli,ni,cal diagnosi,s of rickets; chtldren
lnui.ng these signs who were eramined in Puerto Rico

Chilfuen having skeletaJ signs

Skeletal sigDs

Costocbot rd ra l  juncL ions- - - - - - - - - -  - -

Slight enlargement-- - . - - - - - - - - - - - - - - - - - - - -
Moderate enlargemetrL--- . - -

Epiphyses of long bones at wrists (slight en-
largement) ---- - . -

B o w l e g s .  - - - - - - - -

Total
No

rickets

Clinic

Ques-
tion-
able
diag-
nosls

al diagnosis of rickets

Rickets
- i  

I
rotar I srisnt |tf*""lot

92

89
J

60

t76

153
23

85

68

u
3

1

43

4

3 t
2

5

4
t

I 50 30 2

i
30

30
J

2I

n

28
2

19

28

2

I

190

89
1

45
12

m

l 9
10

1,1

19
I I

I

45
6

3

l4
6

l o

I
5

l 9

4

l 5

I

3

3 l4
I 2

1

10

I
2
I

1

I24 6

13

1

I

7

3

4

I

3

I

I20

18
2

I

I 3 I

2 2 I

. l 2
I

Knoek-knees- - - - -

Elarrison's groove-----

Slight eniargement- - - - - ---- -
M6otirate efitaigenent---- -- -- -- ------ -- -

Pigeon-breast, sligbt. -.-

Parietal or frontal bosses

Parietal or frontal bosses moderately en-

Parieta.l and frontal bosses moderat€ly
enlarged -

As lmmet ry  o f  head- - - -

S l i g h t  . . - - - - - - - -
Moderate

Craniot abes- --

The reports were analyzed to find out whether there was any sig-
nificant difference in the incidence of these skeletal sisns as found bv
the two physicians. With the exception of a more frequent report of
Harrison's groove by one observer and of moderately enlarged parietal
or frontal bosses by the other, there were no significant differences.

The followinE discussion of the incidence and deEree of each of the
skeletal signs usually thought of as indicating rickeis brings out some
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points of interest-in.interpreting their occurrence in this tr.opical
region as compared with their occurrence in New Haven.
__Bowlegs.-Bowlegs_were found less often in puerto Rico than in
-\ew Haven. Though in B0 per cent of the puerto Rican children
examined,bowlegs were..foundi to be present in a degree thrt u.as
eonsrderect out,srde the lrrruts of normal, they were also found in r
lesldegree.in an additional4g per cent not sliown in th; tabie. It is
probrrble ttr.at most of these iases of bowing, whether- considered
u'ithin the limits of normal or not, were in reaiity only exaggerations
of the normal curves due, in many cases, not tb rici<ets 6fit to tun
mother's habit o{ carrying the infani astride her hips. In this position
tlre infant, though sripported b;r^ {he mother,s oi- oi * Jilg,-;;;;
learned. to lelp support himself bv clinging with his leEs"io his
,tlo,th*'p.Pg,a{. The tendency was,iherefore, for the natur"al bowing
or tne chrld's leEs to be rncreased.

No case wasJound. of the.bowing of the lower third of the legs
that is so characteristic of riekets.

Knoclc-bnees.-Knock-knees (estimated only for children rvho could
stand at the time of examination) was found in puerto Rico in-neariy
rs large,a proportion of cases as was an abnormal degree of bott:ind;
but unlrke bowing, it oceurred even more often in puerto Rico than in
New Hrven. since in mrny cases the knoek-knees disrppeared when
Jhe child was placed in a prone position and the knees brdrght together
rt seems probable that the knoek-knees were not due to any boiy de-
formity such as lught be produced by rickets.
. n'urthermore, in no case-were the knock-knees asymmetrical-the
type of knock-knees characteristic of severe rickets. 

-

^,Enlorged costochorullaliu-nctions ond. e pi physes oJ long boncs at wrist.-
lne rncrdence ot enlarged costochondral junetions and of enlarged
epiphyses o.f tl_rg longbones at the wrist wal strikingly lower in pue-rto
Itreo than in New Haven. The difference may b6'attributed, in all
probability, to the difference in climate and the consequent differencc
in the incidence of rickets in the two localities. The faet, however,
that even 16 per cent of the Puerto Rican children e*a-ined 

"'erithought to have had slight.enlargement of the eostoehondral junc-
trops, and 10 per cent had slight enJargement of the epiphyses ai the
w^nqt,(whe5eas,-as wilt be shown later, in only I per cent'ruis evidenee
ol nckets lound by_roentgen ray) suggests either thrt the presence of
such enlargement. does not always indicate the presence oI rickets or
that the observer's impression oi enlargement is sometimes incorrect.
Moreover, it may be pointed out that-in New laven a slight degree
of enJargement of the -epiphyses at the wrist had apparJntrv b"een
present in a number of ihildren who showed no evidehce of hckets
even on repeated roentgenographic examination of the bones of the
l'orearm. There is little doubt, therefore, that in puerto Rico, as in
New Hav.en, a Tumber of cases bf stigt t enlargement of the epiptryses
o{ the wrist, and probably also of the costochondral junctions are"the
re,sult of Rhlsiotogical groryth and development, and are not necessa-
nly pathological. Probabl,y it is impossible to distinsuish with cer_
tainty be.tween the slight 6nlargement due to rickets" and that due
to normal growth.

Har,ison's grooue.-Hanrison's Eroove was found in onlv one-fourth
a,q many children in Puerto Rico as in New Haven. In iS of the 37
children showing this sign hypertrophied tonsils or adenoids, or both,

1603260-$---4
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were also found, and in 14 additional children there rvas enlargement,
of tlre cervical lymph nodes, probably indicating infection, in t[e nose
or throat. This aisociation in Puerto Rican children of Harrison's
groorle with hypertrophy of the lymphoid tissues of the nose and
f,hroat suggests that obstruction of the respiratory passa,ges due to
simple hvpertrophy or to infection may be one of the underlying causes
of tiris d"eformitv. " The greater incidtjnce of Harrison's grobvdamong
New Haven children indicates without much doubt, however, that
rickets increases the frequencv with which this sign occurs.

Head sions.-The shape df the children's h6ads in Puerto Rico,
probablv i, racial characleristic, was very different from that most
ircquettily seen in New Haven, although in the Iatter city heads sim-
ilar'in shipe to those found commonly in Puerto Rit'o were occasion-
allv found amonE both negroes and 

-u'hites. 
A hrge pioportion of

thc Puerto Rican children-hrd heads that were narrow and low in
the frontal region, broad and irigh in thg parietal,-and more or less
flat in the occipital; the Nerv Haven children's heads were character-
isticallv squurer or'rounder in shape, with prorninent or high fore-
heads." In Puerto Rico this usual'bieadtli-of head in the parietal
region commonl.y gave the impression that the parietal bosses rvere
soinewhat enlarged"; but unless bither the prrietal or the frontrl bosses'
or both, appear6d to be at least moderatel.y enlarged, thc child's head
was not considered abnormrl. Moderatel.y enlarged frontnl bosses
were compa,ratively rare in Puerto Rico, the great majority of diag-
noses of abnormal heads havinE been based on moderate enlargement
of the parietal bosses only. 

-It 
is doubtful, however,-'rvhether the

heads should have been considered abnormal unless the frontal bosses
were enlarged also, since even moderately enlarged parietal bosses
were nrobiblv onlv exaseerations of the ihape charaiteristic of the
Puertb Rican headi in se"ieral. On the whole, hou-ever, neither mod-
erately enlarged parietit nor moderately enlarged frontal bosses were
comnion in Puertb Rico as compared wiih New-Ha'ren.

Craniotabes was found in fivre Puerto Rican children. For two tho
roentsenoslams showed rickets (see case histories 1 and 4 in Appendix
E, p. 120), and for these two clinical diagnoses of rickets were also made.
Three children shou'ed no ricl<ets by ioentgenogra,m. They were ?,
3. and 4 months of age and showed slight craniotabes as the only
ciinical sign of the diseise. Positive clinical diagnoscs were not made
in these ih.ee cases. None of the five children showed evidence of
syphilis either at physical examination or by roentgenogran.

RELIABILITY OF CLINICAL DIAGNOSIS

That the clinical diaEnoses of rickets made on these Puerto Rican
children were bascd in larqe part on relativelv slight evidence and
were not, made consistcntli has alrerdy been indicated. This may
be seen even more clearlv'by studving the various combinations of
skeletal signs and the diasnoses matie from each combination, as
shown in Appendix Table B2(pp. 111-112).48 Though in retrospect the
basis for diaqnosis seelns inadequate in a number'bf cases, it should
be rememberid that a similar basis for diasnosis is often rned in tem-
perate climates and is assumed to be justified because a relatively large

18 It should be pointed out, however, that this table does not include signs of muscular rvea_kness, such
as Dot-belly or pobr musele tone, which no doubt influenced th€ diagnosis in many cases, nor does it show
tbd degrec of t he skeletal signs, s does Table 9.
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proportion of sucLdiagnoses can be corroborated by otlier nrethods
of  c -x r rn ina t ion .  The facL  (as  w i l l  be  po in ted  or r t  lu ie r )  thn t  t l re l t , i s
no basis for belief that ricl<ets exists among the Puerto Rican children
c-rrlmined excellt as & rilre disease, togethcr lrith t,hc fact thnt nrost
of the clinical diagnoses of lickets made in Puerto Rico could not be
corroborated by roent{enograms,- throws doubt not only on the diag-
noscs made in Puerto Rico but also on a certain number of the dia;-
noses made on similarly slight evidence in l,emperate climates. proS-
ably it is impossible to distinguish clinically between the skeletal
changes in the long bones that are within the iimits of normal srowth
and development and those that are the result of a slight delree of
rickets.

That the clinical diagnoses of rickets in Puerto Rico, based on
skeletal si-gns that deviated but little from the preconceived standard
of ?ormaf rvere probably unrehlble will be shown in the following
analysis of the roentgenographic findings.

DIAGNOSIS OF RICKETS BY ROENTGENOGRAPHIC EXAMINATION

Roentgenograms wele taken of the radius and ulna of the bg4 chil-
dren who rv.ere ,given _phlsical_exarninations by the sarne technique
as. that previously used in Nerr' Haven. (See Appendix C, p. 1 l B.) 

'Of

all the long hones the rrdius rnd ulna arc tl ie mosL satisfactorv to
use for the early diagnosis of rickets, since the examination of tirese
presents fewer technical difficulties than examinations of other bones.
Though rickets plobably always develops in the ribs before it
develops in the ulna, the diff icull,y of obtaining good roentgenogrurns
of the costochondral- junctions is-so great thaistudy of th"e dcielop-
ment of rickets in tl ie rib by this method is pracficall.y out of the
question. Besides, the thichness of the femur or tibia and the
i r regular i ty  at  the d iaphyseal-epiphyseal  junct iorr  makes the use of
these impractieal. Because of its smaller and more uniformly regular
epiphyseal surfaee, the ulna is even more satisfactory than the ridius
for t lre early diagnosis of rickets.

INCIDENCE OF RICKETS AT ROENTGENOGRA?HIC EXAMINATTON AND ITS RELATION

. lttg diagnose: of ricket,s made from the roentgenograms are shown
in Tahle 10. That rickets is actually r-ery rafo in"Puer[o Rieo as
compared with New-Haven is shov.n by the fact that for only 5 chil-
dren was there definite evidence in t,he roentEenoErarns that ihe chilt l
had rickets or had had it previously. Three of- these ch_iidren (all
less than 6 months of age) showed clianges in their bones computuirlu
to t,hose found commonly in young infants in New Haven and inte.-
preted there as very slight oi slig[t rickets; t, who had lived all his
Iife (until 2 weeks befoie examination) in ; sione cellar apartment,
llghted only by electric light, showed severe, active ricketis; and 1
showed the scars of an old process (probably one of moderate degree
at the time of its activity) which had occurred when she lived in Nerv
York City and which had healed some months before the time of the
study. The total incidence of ricliets in the 584 children exarnined
was less than 1 per cent.
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46 DEVEI,OPMENT OF BONES OF CIIII,DR,EN IN PUERTO RICO

Teelo 10.-Eoentsen-ray dias":;:il:Ir7":;r'o#,0r"'ortoildate o! etamination; chil'

Children examined in Puerto Rico

Rocntgen-ray diagnosis ol rickets

Rickets
Age I at examination

No rickets Doubtful
diagnosis

Num-
ber

i0

n

72
5

6 /

E
6ri
E3
E4
95

100
98

Num
ber

Per
cenl

Per
cent

Num-
ber

Per
ceDt

Under 4 months----
4  to  6  months- - - - - -
7  t o  I  m o n t h s - - - - - -
10 to 12 months- - - -
13 to 18 months- - - -
19 to 24 months-- - -
25 to 34 months- - - -
Not reported-----

1 '

16
30
16
16
5

rAse is siven as of nearest month; that is, "under 4 months" is actually under 3 months and 16 days,
" a td o months " is from 3 months aird 16 days to 6 months and 15 days, inclusive, and so on'

Because of the ra,rity of rickets in Puerto Rico, the case histories of
the five children shoil"rnE roentgen-rav evidence of the disease are
given in detail in Appendl'r E (p. tZO; and are summarized as foliows:

Case 1.-.5. M. was a 7-monfh-old, full-term male infant who was born in a
cellar of one of the large stone tenements of San Juan and had lived tlrerc ttntil
iwo weeks before examfnation. The apartment in which he lived had no oltside
$'indo\[.. At no time had he been talien ont of doors. He had been fed practi-
.4lti f.ottr birth on a cow's milk mixture and hacl been given no cod-liver oil.
There 'to-a. a historl' of frequent attacks of bronchitis and daily convulsions for
three or four months.

Phvsical exanrination shon-ed broncho-prieumonia and evidences of severe
rickets. Chvostek,s sign was not elicited. 

- 
Roentgenograms of th-e bones of the

forearm (f is. 1) shoseci-advanced r ickets with a marked degree of osteoporosis.
Blood studies showed a ealeium content of 7.1 mil l igrams per 100 cubic ceuti-
mcters of serum and a phosphorus content of 4.1 mil l igrams. A diagnosis of
scyere active r ickets rvas made from the cl inical and roentgen-ray examjn$tions.
and a diasnosis of tetanr. from the chemieal examination of the blood. Figurcs 2
and 3 sho"w the result of treatment with sunlight alone-Figure 2 at the end of
18 days, Figure 3 at the end of 3 months'

Case 2.-W. \r. was a S-month-old, futl-term male infant who rvas taken out of
doots very little-aboul half an houi a day-in the shade. He *'as on a mixed
feedine of breast mrlk and condensed milk.

Phv"sical examination showed sliehtly enlarged costochondral junctions, on the
basisbf which a clinical diaenosis of qirestiontble rickets was made. The roent-
genogram showed evidence 

-of 
stigtrt rickets rvith a slight degree of osteoporosis.

Case 3.-J. L. was a 5-month-oid, full-term female infant, entirely breast fed'
Physical examirration showed none of the signs of rickets. The roentgenogram
shon-ed evidenee of very slight rickets'

Case /1.-M. S. was a 3-month-old, full-term male infanl, wholly br-east fed.
Phvsical examination showed a widely open fontanelle, a moderate degree of
c.a',riotabe., anri slightly enlarged cost6chondral junctions. A clinical diagnosi:
of stighl, riikets was made. The roentgenogram showed verl'slight rickets-

Case 5.-M. G. was a 25-month-old, full-term female infant who u'as born in
Ne'lv York Cit;', lr.here the first 21 months of her life were spent.- H.er diet was
mixed. No c6il-liver oil had ever been given. Physicel esrmination showed
slightly enlarged costochondral junctions and slight knock-ktrees, but the evidence
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INCIDENCE OF RICKETS 47

\\'as not sufficient to make a clinical diagnosis of rickets. The roentsenosrarrr
showed evidenee of old, healed r iekets. T-hough this case is included in ' l 'alr i"  l  o,
it can not legitimately be counted as a case ofrickets developing in thc Tropics.

W. V., J. L., and M. S. (cases 2, 3, and 4) were all young infants
rrho showed evidence of slight, or lrery slight rickets by'roenigen r'ay.
The changes in their bones-were com"par;ble to thoseiound iir rnanv
infants inNew Haven. It may be emphasized here that neither S. X,I.
nor M. G. (cases 1 and 5) developed rickets under the influence of the
usua.l environmental conditions bf Puerto Rico-S. M.. because the
disease lollowed completeisolation of the infant from sunlight; M. G.,
because the disease 

-undoubtedlv 
developed whilc the child iived in

New York City. J.1,. and M. S. (cases'3 and a) had apparently led
the usual exist-ence of young infanis in Puerto Rico; W.^V. (caie 2)
probably had been taken out of doors less than was customary.

Of the remaining 579 roentgenograms, 50g were classed &s"nor-
mal ' ' according tolhe New Halen"criteria, and 70.tor one reason or
another were classed as doubtful. Detailed studv of each of the
do.ubtful roentgenograms has led to the belief that'the findings that
raised some quistion as to tbeir interpretation were nearly all"due to
moyement oi the child's arm while'the roentgenogram' was being
taken, to a position of the bones that allowed the epiphyseal surfaces
to show more than was usual, or to improper roentgen-r-ay technique.
The roentgenograms elassed as doubtful, though tabulated separately
in Table 10, in;ll probability should be thoug6t of as showing normal
DOnes.
- The_almost complete absence in Puerto Rico of the slight deviations
from the normal commonly found in New Haven and dii,gnosed there
as rickets lends Ereat weisht to the opi:rion that these deviations are
in reality the ear-liest evid"ences of tha€ disease. Thoueh it is believeC
that their absence in Puerto Rico mav be attributed primarilv to the
proteclive influence of the sunlight arid their presenc6 in New Haven
to inadequate protection, neveitheless, the f'act that the relatively
slower growth of tne Puerto Rican children may play some part must
not be overlooked. Though the Puerto Ricair children ai a group
were shorter and lishter in weisht than white children of contiiental
United States, as has been shorirr in Charts I and II, it has also been
pointed out (pp. 21, 22) thaL the differences were comparatively slight
in the first sG 

-monihs 
of life, the period when the bone chang6s most

commonly made their appeara,nce in New Haven children. Ii may be
slpposed, therefore, that many more than three Puerto Rican chil-
dren would have shown chanses similar to those found in New Haven
children, had these changes been due to physiological growth alone.
Slower growth was probaibly a minor facbor"in th6 prev"ention of the
changeJinterpreted as rickeis, as compared witn tn,i intense sunlight.
Age incidence.

The aEes of the children at the time of examination are shown in
Table 10. It will be seen that 3 of the 5 children showins rickets were
under 7 months of age, and that 1, the child with severe rickets, was
between 7 and 9 months. The child with a moderate healed Drocess
was o-ver 2 years of age; and since the aciive stage of the disease
must have occurred when the child was in New York-. the case. as has
been pointed out, should not be classed as rickets dev6loping in'Puerto
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48 DEVEI,OPMENT OF BONES OF CHILDREN IN PUERTO RICO

Rico. Of the 246 Puerto Rican children 9 months of age or under at
thc time of exur nination, only 4 (ess than 2 per eent) showed roentgello-
sranhic er-idence of rit ' l;.ets, u'hererrs in a group of 407 New Haven chil-
Ereir of the same age who had been given no treatment to prevent'
rickets 142 (35 per cent) shorved such,evidence. Of the Puerto Rican
children iO to fS months old, none showed roentgen-ray evidence of
rickets. whereas 79 of 249 Nerv Haven children of the same age group
(32 per cent) showerl such evidence of the disease.

TNTERPRETATIoN or cLrNrcal 
"t#rtERStsrJ" 

rHE r.rcHr oF RoENTGEN-RAY

The proper interpretntion of the clinical signs usrrally eonsidered to
be mariifcstations of ricliets is of praclical importance, since in most,
corrrrrrunities il is inrpossible to provide roetltgen-ray or ehemical
exar[inalion for al] cjrildren suspected at physical examination of
having the disease. A clinical diagnosis of rickets when the disease is
modeiate or severe is relativelv easv, and few tnistakes &re madel
but the diasnosis of n'ild richets is ofien difficult and is probably
rnade on minv children rvho have not had rickets. In the study
made in Puerto Rico considerable doubt may be thrown on the correct-
ness of the clinical diagnoses because of the discrepancy between
the incidence of rickets as shou'n by roentgen-ray examination and
that shown by clinical exanrination.

When atteinpting to interpret the rcsults of the clinical examina-
tions in the nsht oI the roeritgenoeraphic examination of the radius
and uha alondit is necessary to bear in mind some of the facts regard-
ine the deyelopment and eourse of the disease and the limitations of
bo'th tvoes of 

^exarninations. 
It should be rernembered that rickets

rnakesi'ts appearance first in the ribs and soon afterwards a{lects the
other long 66nes at their more rapidly gr-o-rving ends. The-oretically,
then. roentqenograms of the ribs should provide one of the best
means of making a very early diagnosis of rickets, but the technical
diftic,rlties of obtainins satisfaetory roentgenograms of the costochon-
dlal iunctions malte-the use of- this method r-irtually inrpossible.
The ioentgenographic nrethod of diagnosis is, moreover, not delicate
enoush to reveal the truly incipient changes due to rickets, and it is
not illtil the process hus piogre.sed to the stage at which the
chanses in the i,ltta a.e suffrcient to cast a shadow 

-that 
a diagnosis

can b1 made by roentgenographic examination.
There is a biief peribd, then, of one or pt.rssibly two months at the

beEiruring of the disease when roentgenography does not assist in
the diasnosis of rickets. At this stage, too, the clinical evidenees of
the disdase are usuallv indefinite anil clinical diagnosis is unreliable.
In certain cases of incipient rickets definite clinical evidence may,
however, precede roentgen-ray evidence, as in the case of craniota-
besae, but' more often clinical evidence accompanies the roentgen-ray
evidence or follows it closelv.

From the time that rickels is first seen in the roentEenogra,m of the
ulna-usually at about the third or fourth month-lnd throughout,

,e Though a slight enlargement of the costochondral junctions theoretically n'!ay be the earliest sign of
rickets an"rl may irecede roentgen-ray evidenc€ of the disease in the radius and ulna, the_diagnosis of rick-
ets on this basis i; ihe absence of any other clitrical signs of the disease has not been considered safe because
of the great uncertainty of clinical ludgment and the lrequent errors made in the attempt io differentiate
by pal"pation alone ihe'costochondrtl jarnction that is normal from the one-that is just over the border of
tfie pafhological. In a majority of cases in which enlargement of the costochondral junctions is suficient
for c-erl,ain diagnosis, the roentgenogram also shows evidence of rickets in the radius and ulna.
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INCIDENCE Or' RICKETS 49

the period oI activity and healing of the disease, roentqenosrams of
t l re l r , rr .s of t l re foTarm Jrave.thl i r  greatest value in conf ir f i ing t l ,c
clinical.diagnosi.s. _put, when the diseise has subsided and the Plocess,f lcpnir has wiped out the scars in the radius and urna, roentgeno-
grrrplrrc exami::ations of these bones are no longer useful in iudginq*'lrt'tlrer tlre clinical signs commonly thouglrt of ai signs of mild ricier=
arc. + individual cases, sequelae 6I tlre disease or "normal r-ariations
as:ocinled with growtb. sbme Iight can be throrvn on these later
clrnrnrl dragnoses by comparing tlreir incidence with that of active ol
herrling.rickets .as showr \l rbentgenogr-arys in eariier age periods.
-\s lrrrs beel pointed out, the^ineidence"of ^rickets fourd b] roentgen
n.r- in the first year or two of life should form a backgrorind for The
incitlence of rickets found by clinical examination eitfier coinciden-
trrllv or later. since,. moreover, the incidence of ricketr ro""J by
clinical examination ut uny gi;;;;g; G""t ,"pr"*;;;;"n;;"ral an
accumulation of current cases and 6ases that'have o""^,ri"a at one
til'e or another previorrs to the_age in questio_r, !t is to be expecteJ
tlrat after the early mg1lhs of_infancy are passed ihe clinicai irr.id"rr.n
ol rrct{ets would be hrgher than the maximum incidence found bv
roentgen-ray examination at the same time or in any previous e.ge
period. This maximum incidence found bv roentgen-rav examinatiSn
in a cross-section study must fall- short of the t"rue tdtai il;id;;;;;
lirst, py the number of cases of incipient rickets not .vei advan"e.l
cnough tq *gr in.the,roentgenogram, and secondly, lj, tlre nrrmber
of *lses of rickets that have already receded and hen"ce o"o lorrE". .ho*
irr .the roentgenogram. How mrieh allowance should be--ilade in
orrler to arrive at, a true estimate of the total incidence of rickets is
not knowa. . If, however, a great disproportion exists belween the
arrrount of rickets demonstra-ble by roentgen ray during *"- p"rioa
*-lren the disease is usuallv active-and thd amorint of rici."i. 'fcund
e.oncurrently or later- by clinical examination it is believeJ that this
rlisproportion probably'represents a certain amount of error in clinicai
rlirqnosis due-to the ditHbulty of differenti"tii ig iir. .l i; i;"i '. ig;; ;ir' i ld rickets from the variations of normal grofth 

""a-al*t"Dmcnt., ll l9:.11C:l9flrq-,.*uy b.e expe.cted, thenf to-hetp_in .onn.-ing;;
ln(tr\touar clrnrc&l dragnosls or nckets nrost often drrring the nge of
c,roatest.activity of the discase-roughly from B to lb -"iltii.. A1'ter
urrs pe'od rs.passect, and in many cases of mild rickets durins thcriril.er hart oj rp, {ogltgenogr_ams maynot help in the confirmati"on oflndrvrdua[ clrnrcDl dragnoses because tlre rachitic_plocess has subsided,
le*r-ing oniy the bonv deformities on wrrich the .ti"i.ol-aine"6Ju, *"r"lused.* When the incidencu ot ri"t"t.l. b.G ;;;AI;;;";;;;,-""_
ill b-l:t:; !o.yo""ol, the roentgcnograplric {gTh."g ,i Ai.g"*i, gir",
llre mosr, satrsleetory prcture of the total incide,ncc of the rii icase
drrring the period rv"hed it is in its active stages and pr.ovi,le" a basisfor interpretation of the, clinical diagnoses -ido oo it,; t"t"l group.
-.In a"n attemp.t to understand rhc great prept;J.;;;";"i; puerro
j:]:"jl.l i*lcat rtragnoscs oI nekets over those made by roentgen ray,tr'o methods ol studv have been used: First, a direci corrcli,tron orthe clinical with the'roentgen-ray diagnosis_ rirod" oi iil;;;;-;il;;
Ln9, .g.qlj, a comparison 6f the resul?s of r[;;;;ip;;;f ;;mrna_tron at drfl-erent age levels.
,  Table, l l .g ives ihe cl in ical  diagnoses made on 5g4 chirdren andslrows whether or no.t, they, r.r'ere corroborated by the roentg.rr-raydiagnosis made coincidentdlly. It will bt;; tl '"t"f"rii*o"in p",
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INCIDENCE OF RICKETS 51

cent') of the clinical diagnoses of rickets were corroborated bv thc
ro.entgenograms.. one..of these diagnoses was of a case of rrrarkerl
clrnrcal nckets rn a chrld 7 months of agerthe othcr a cBSp of r.e1.y
slight rickets-in.a child.3.months 9f age.t- iJoth cases (cases r ancl +i
rvill be found discussed in detail in the case reports in Appendi-r E
(p. 120).- 4 similar correlation of clinical and roentgetr-tuy di"grro..,
was made for a,group.of g56 l.[ew. Haven childreilof th-e sanrc age
group rvho had been given no specific antirachitic treatmr.nt, and'it
was found tlat 37 per cent of t'he clinical diagnoses of rickets were
corroborate$..by^roeltgen-ray examination, a striking contrast to
rne ruerto t(rco nndtnss.

The relation between the incidence of rickets found by roentgen-ray
examination and that found by clinical examination in differEnt aE"e
periods is shown in chart vr foi 564 children exarnined in puerto RiEo
and 956 children of a similar age group examiled in New Haven.
The contrast in the incidence oI ridkets^ (both clinical and roentgen
ray) in the two communities is marked.

reeLe 11 ctinicat o'"o,ifr';:,:d.;';y;:;r::, 
i'Jtl,lf"o,',2 

rcentsen-ralt diasnosis;

Children examined

Clinical diagnosis of rickets

Question-
No rickets I able

diagnosis
Roentgen-ray

olagnosrs

Per
cent

,i'i"-l uer
t ion

Per I I Per
cent l^,--_ | cent
dis- 1""1Y-l dis-

t r i bu l  " " ' l t r i bu

Per
ent
dis-

tribu
tion

Very
slightNum-

ber

509
?0

ber
tion | | tion

584 | 100 l 0 0 l  5 0 1  1 0 0

1  t - ,  -  _ _ _ -

I Per cent distribution not shown as numb€r ol children was less than 502 Less  tbxo  I  per  cent .

ff,. h_owever, the relation of one type of eramination to the other is
studied. for.the two groups.considered separately and the resurts com-
p.ared, it u' i l l  be seen that in the Puerto Rican lroup the incidence of
rickets found by roentgen-ray examination in The barrv aEe periods
would seem to be far too small to account for the incicience found at
clinical examination in the later age periods; whereas in the Ne.v
Haven group, the incidence of rickels found bv roentgen-rav exami-
nation in corresponding early gge periods is so large as t"o acco"unt very
well I 'or.the proportion of the cases shor.ring i l inical evidences ol
rlgkets_ d.uring the following years. The vefy small proportion of
clrnrcaldiagnosesofrickets in Puerto Rico that were coirodorated by
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roentgen-ray examination, the discrepancy between the incidence of
roentgen-ray manifestations in the ea,rlv age periods and clinical mani-
festations iri the later, and the almost codplbte absence of roentgeno-
graphic evidence oJ rickets at any age period strengthen the opinion
[hai many of the clinical diagnoses wl.e- iocorrectlyinade.

As has already been pointed out in the discussion of the clinical
diugnoses, errors i-n tire diugnosis of mild clinical rickets are probably
made because of the difEcufty of differentiating the skeletaf changes
due to mild ricliets from those which are the result of nolmal Erowth
and development. How much such error in diagnosis may acco"unt for
the excess of clinical diagnoses over roentgen-ray diagnbsos in New
Haven is not known; in Puerto Rico, howevei, in the face of the
almost complete absence of roentgen-ray evidence of rickets, it
would seem probable that a great majority of the clinical dia,gnoses
of richets rvere incorrect.

DETERMINATION OF AMOUNT OF CALCIUM AND PHOSPHORUS IN
THE BLOOD OF 34 SELECTED INFANTS

Chemical examination to determine the amount of calcium 60 and
of inorganic phosphorus 51 in the blood serum was made for 34 infants,
most of them 8 months of age or younger. Nineteen of the samples
came from the group of inf'ants Tor rihom roentgenograms showed
unquestionably normal bones, I from the group for whom roentgeno-
grams showed bones rvhich rvere probably normal but which fol one
reasonor another were classificd as doubtful, 5 from the group forwhom
roentgenograms showed severe osteoporosis or atrophy of the bones,
and 1 from the infant u,ith marked richets. Unfortunatelv it was not
possible to obtain samples of blood from any one of the three infants
u'ho showed slight or very slight roentgenographic evidence of rickets.

The findings on these samples of blood, as *ell as some clinica,l and
ro_entgenographic data regarding the infants from whom they were
taken are given on pages 54-55.

There are not enough cases to warrant, drarvins anv definite con-
clusions-u'ith regard to the relation between the"blood findings and
the child's diet or his nutritional condition. It is of interest to observe,
however, that of the 32 sarnples of blood for which the calcium contenf
was reported 15 contained 11 or more milligrams per 100 cubic centi-
meters_of serum, 11 contained 10 to 10.9 milligrams, 5 contained 8 to
9.9 milligrams, and I (the blood of the infant with active rickets and
tetrny) contained .only 7.1 mill igrams. The great, majority of the
calciunr fi_ndings f_ell in or abovelhe upper raige of what i i  usually
considered norrnal-9 to 11 milligramii,er 100"cubic centimeters o'f
senlrn,- the averag_e amount, being 10.6 milligrams.

Of the 34 samples of blood eximined for iirorganic phosphorus,28
contained 5 or more rnilligrams per 100 cubic centim-eters of serum
(each,of 3 samples containing 6.4 milligrams, the highest reading), 9
contained 4 Lo-4.9 milligrams-, and 2 coitained just Iess than 4 ;illi-
grams. Both of the last-mentioned samples of blood were from
illants the roentgenograms of whose bones showed severe osteoporosis

,50  Kramer .  Ben jamin .  and Freder iek  F .  T isda l l :  A  S imple  Techn ique fo r  the  Determinat ion  o f
Ca lc iu ru  and I laencs ium in  Smal l  Amoun ls  o [  Serum.  Journa l  o f  B io log ica l  Chemis l ry ,  \ .o1 .  47 ,
no. 3, (August, 1921), p. 475.
^tr Briggs, A.-P.: A Xlod,if ication of the Bell-Doisy Phosphate Nlethod. Journal of Biological
Chemistry, yol. 53, no. I (July, 1922), p. 13.
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but no evidence of rickets. The average amount of inorganic phos-
yrh,'pq15 rrns 5.? mill igrams per 100 cubic centimeters of serulrl.' 

The product obtailred by multiplying the calcium content (in milli-
grarns pcr 100 cubic centimeters of serum) by the phosphortts content,
the criterion suggested by Horvland and Kramer 52 for the differentia-
tion of rachitic fiom nonrachitic blood, is also shown on pages 54-55.
In the opinion of these authors any product falling below 40 indi-
ortes rickets. In 25 of the samples of blood examined, this product
\\-as rnore than 50; in 4, betrveen 40 and 50; in 3, between 30 and 40;
for the other 2 samples the product, was not, determined, as the cal-
cium content was not reported. Of the 3 rvith product below 40, 1 was
lrlood from the infant with active rickets and the other 2 were fronr
infrints with severe osteoporosis, but no evid.ence of rickets. The
average product of the calcium content and the phosphorus content
in these 34 samples of the blood of infants living in the Tropics was
56 .2 .

:r IIowland, John, M. D., and Benjamin Kramer, lI. D.'frausactions of the American Pediatric Society, vol. 34, p.
Factors Concerned in the Calcification of Bone.

204. \Vashington,1922.
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ADDITIONAL ROENTGENOGRAPHIC STUDIES OF THE
RADIUS AND ULNA

In addition to the study of the incidence of rickets, special study
was made of the roentgenograms to show the incidence of osteoporosis
and of transverse lines in the radius and ulna. The frequent associa-
tion in temperate climates of osteoporosis rvith rickets-adds interest
to the fact that osteoporosis was found to be present in a climate where
rickets was fourrd to be practically nonexistent. That, an inadequate
amount of calcium in the diet is the most probable etioloEical factor in
the produetion of osteoporosis in these Puerto Riean childrcn and that
poor nutrition and irregular growth account for the high incidence of
transverse lines will be brought out in the following discussion.

INCIDENCE OF OSTEOPOROSIS

The most striking pathological finding in the roentgenograms of the
bones of the children examined in Puerto Rico was the presence of
osteoporosis. Osteoporosis is a rarefaction of the bone tisiues, which
may be secondary either to decreased formation and increased resorp-
tion of bone tissue or, as is more common in temperate climates, io
lack of calcffication of newly formed bone tissue, as in rickets. It, is
believed that in this group of Puerto Rican children a great majority of
cases of osteoporosis were due to decreased formation of bone tissue
rather than to a lack of calcification of nervly formed bone tissue, since
in only two cases (S. N'f ., case 1, and \\r. V., case 3) was the osteo-
porosis associated u'ith ricliets.

Roentgenograms of the bones of 59 children-approximately 10 per
cent of the total group exarnined-showed osteoporosis-l9 to a rnild
degree, 40 to a more se\-ere degree. fn many of the latter the osteo-
porosis w&s so marl<ed that it was described as atrophy. Border-line
cases were found in large numbers, but unless the rarefaction ryas
definite a diacnosis of osteoDorosis u'as not made.

Detailed study of the roentgenograms shorved a general rarefaction
or thinning throughout, the cancellous bone tissue. (See figs. 4 and 5.)
Thoueh this rarefaction varied considerablv in deqree in the cases
studierl, in the majority of cases it lvas of nioderate"deg.ee; in a ferv,
very marlied. \lrith the exception of the trvo children with rickets,
in c'i-erv child studied the cortex of the shaft r.as thin and delicate.
beins iii some instarrces not more than a nrillirneter in thicliness and
tapering off torvard the ends of the shaft to the thinness of paper.
The coitex. as rvell as beinE thin. usr-rallv anneared rcrv dense 

-and
as. rvell as. being. thin, usr-rally_appeared very dense andv \ - u r 5 ! r r ! r '

solidly calcified. In the children rvith rickets the cortex was rare-
fied but thicker than rrormal, appearing layered, as iis usual with ra-
chitic bones in which osteoid tissue laid down by the periosteum is
not beine calcified normallv.

.In neally all the case..of atrophv. the marrow cavity was relativelyIn nearly all the cases of atrophSr the marrow cavity was relatively
de and long, encroaching upon the spongiosa. fn some, the mar-wide and lo

row cavitv u'as nearly free from trabecula and the spongiosa so lare-
fied as to iuggest the i'ground-glass" appearance describEd by Pelkan
as characteristic of the early stages of scurvy.53 The preserrce in the

63Pelkan,K.F.: TheRoentgenograoiqEarlyScutyy, AmericaqJournalofDiseasesolChildren,yol.30,
no. 2 (August, 1925), pp. 174-188.
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spongiosa, horvever, of rarefied trabeculae or of poorly calcifietl trrrns-
verse trabeculae showing in the loentgenograms as transr-erse lines
<lillerentiates this extrerne rarefaction of atrophv from that of the
ealll- sttrge of scurvy, in rvhich usually no bony trabeculae are visible
in the rnarrow cavitv. The absence of definite rinss 5a around the
ffrlters of ossification of the epiphyses, and the absenio of any broarl-
eririg of the zone of calcification are firther evidence that the rarc-
frrction lvas not of scorbutic origin. Occasionally fine penciied lines
\rcre seen around the periphery of the centers of ossification in these
utrophic bones, which, though suggestive of rings, q'ere too delic.are tq

ROENTGENOGRAPHIC STUDIES OF RADIUS AND ULN.{. D I
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CEART VII.-Weights of individual Puerto Rican children having osteoporosis, compared with arer-
age v'eights oiau boys and girls examined in Puerto Rico

be so interprete4. In some cases the spongiosa appeared to consist
of rnany very delicate trabeculae which cast but pooi shadows; in the
most se_vere cases,described as atrophy, the trabeculae were relatively
ferv and very slender, forming a delicate tracery of lines parallel to the
long axis of the bone, or sometimes & co&rse network, with the prin-
cipal lines mnning parallel to the long axis. In many of these atro-
phied bones transverse lines (figs.4 and 5) were seen crossing the spon-
giosa at, right angles to the long aris of the bone, indicating, as will be
pointed out, the frequent interruptions of growth that had taken
prace.

The general physical condition of the children who showed this
osteoporosis of the bone was for the most part exceedingly poor, as

c \fimberger, Ilans.: Zu Diagnose des Siiuglingsskorbuts. Zeitschrilt fiir Kinderheilkunde, vol. 36
(19!3), pp. 279-285.
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58 DEVEI,OPMENT OF'BONES OF' CIIII,DREN IN PUERTO N,ICO

judged by the amount, of subcutaneous fat found and by their weight
and heieht. More than half were markedly undernourished and some
were edaciated to an extreme degree. Thb r,l'eight and height of each
child with osteoporosis have bedn plotted on eharts \rII and VIII,
accordinE t'o the child's ase at time of examinat'ion. to show the re-
lation of"his weight and h"eight to the average weight and height of
all the Puerto Rican boys or girls that were examined. The retar-
dation in srowth of these children is strikins.

The generally poor nutritional condition of these children and the
almost complete absence of rickets suggest that the rarefaction of the
bone tissue was due not to inability of the organism to calcify newly

t r r r r t l l l l l
- Puerto Rican boJs (ae?) | | | t I
---- Pwrto Rican jl i . ls (265)

Dax Individual Pue;te Fican child.en havinsosteopordis (51)

z.
4 x

t ' x .
x

4
6 ' 1

: t
x x Height-

/)' x

/

ro re 14 16 18 ao 2? z+ 26 28 30 3a J4

cEARr vrrr.-rleishts of individuat 
"""rr" 

t,llll,ilrlf"n"","* osteoporosis, compared with ayer-
age heights of all boys and girls examined iD Puerto Rico

formed bone tissue, as in rickets, but to some profound nutritional
disturbance resulting in slow growth of bone wiih decreased deposi-
tion and increased r6sorntion 6f lime salts. Whether the nutritibnal
disturbance bringing about, this slow growth was due primarily to a
generally inadequate diet or to a major deficiency in calcium is not,
E ro*n, "but it is probable that a low cblcium intakb in the diets of the
Puerto Ricans (see p. 82) played a defirite part in the production of
the osteoporosis described. Experimentally it has been shown that
diets deficient only in calcium result in osteoporosis of the bones.5s
Osteoporosis or atrophy of the bones was described by Alwens 56 as

5t Korcnchcvsky, V.: The Aetiology and Pathology of Rickets from an Experimental Point of View, pp.
53-73. lledical Research Council, Special Report Series No. 71. London, 1922.

s -\ls-cns, Dr. [\Y.]: iiber die Beziehungen der Unterernahrung zur Osteoporose und Osteomalazie.
]I l inchcner f,Iedizinische \1'ochenschrift, vol. 66, no. 38 (Sept. 19, 1919), pp. f071-1075.
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ROENTGENOGRAPHIC STUDIES OF RADIUS AND UI,NA 59

occuffing in aclults as a result of starvation follorving the JYorld War.
The diets that he described \\.ere \rery similar to fhe Puerto Rican
diet-s-they were._lacking chieflv in calciurn and protein containing
foods, such as milk and milk products, green veget,ables, fmit, and
eggs. The roentgenographic appeara,nce of the bones descr.ibed bv
Alwens is apparcntl.v ycrv l ike thrrt found in this stud.y.

S_o, too, the a.trophy of the bones forrnd in coeliac disease is appar-
ently very simiiar to that, here discussed. Parsorrs describei-the
roentgenographic appearance of the long bones in coeliac disease as
follouls:

If the child be under 7 years of age there probably wiII not be
a_qy eviderrce of rickets, but the bones look undrrl;i small, even
allol.ing for tlie small stature of the chiid. The trab6culae may be
rvell formed, brit should the disease havc beeri present for arry
length of time the trabeculae appear to be thinnei and the l-hoie
bone more osteoporotic and fragile than normal. The cortex also is
thirrrrer than rvould bc e,rpected, but the epiphyseal linc is quite
sharp and distinct.sz

Since in coeliac disease the growth of bone is greatlv retarded, oste-
op_orosis or atrophy results rather than richets; but when impror-enrcnt
takes place an4 grorvth starts, rickets rnay be superimpoied on tlie
osteoporosis. fn Puerto Rico slow Erowth of bone and adeouate ex-
posure to sunlight combine to preveirt the developrnent of richets in
these atrophic borres.

INCIDENCE OF TRANSYERSE LINES IN LONG BONES

The narrow transverse lines of clense bony tissrie fi.equently seen
crossing the spongiosa in roentgenograms of 

-long 
bones are believed

to be er idence of-periodic or intermittent grorvtir. Each line is the
shadorv cast by a thin plate or latticework of rveli-caicificd trabeculac
which has fornred at the end of the bone at a tinre when srowth of the
bone in length has temporarily ceased. The anatomicai condition re-
s_ponsible for these transyerse lines in the roentgenoglanls has been
described in the literature.ss 5e It, is further believed that lines occur.
more frequently in older children and in those ryho have been chroni-
cally ill or have had some l'asting disease. Though transyerse lines
tr?y be found in roentgenograms of children with riclrets, it is not
believed that rickets is respbnsible for thc fornration of these lines
except as it interferes u-ith thc grorvth of the bones.

Study of the roentgenograms made in Puerto Rico seerned to offer
_an interesting opportunitrr to obserye the incidence of these transverse
Iines in q group of young children living under tropical conditions,
a group in which nrany i 'ere retarded ii ph.ysical der-clopment brrb
practically none had richets. The incidenc-e of these lines in children
examined at specified ages is shown in Table 12 both for the Puerto
Rican group q1i_d the New Havcn group. ft is apparent that the pro-
portion of children under 3 years of age shorving transr.erse lines in
their long bones is greater in Puerto Rico than in New Haven and that

_6? Parsors, Leonard G.: The qone Changes Occurring in Renal and Cocliac Infanti l ism, and Their
Relationship to Rictets. Part II. Coeliac Rickets. -A.rchives of Diseasc in Clhildhood, v6l. 2, to. 10
(Iugust, 1927), p. 200.
_ i3 Eliot, ltartha I{. Susan P. Sorllh€r, and 8..4. lark: Transvosc Lines in X,Itay piates of thc Long
Bones ol Childrcn. Bulle.tin of the Johns Ilophins lIosl)ital, vol. 41, no. 6 (Decembci, 19:t?), I)p, j i j .1-BE8:

_ 60 Asa{ia, ' fame-voshi:. t iber die Intstehung und pathotogische Bedeutung rlcr in ItrJntgcnhild des
R o h r c n L n o c h e n :  r m  D i a p h l s o n , . n 4 e  z u m  V o r s c h o i n  K o m m ,  I d o n  f r r L l h ' 1 ,  i l  ( l r r o r l i  r i ,  r , i  i l , i r r i r g .  - \ l . r -
teilungen aus der l ledizinischen Fakulti i t der Kaiserlichen Kyushu-UrrivcrsitJt; r,rl. r. ro. -t (1921), pp,
n'-"' 

t*r*"-rr-u
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60 DEvELopr\{ENT ol' BoNES oF cHTLDREN IN PUERTo Rrco

the difierence occurs chiefly after the early months of infancy are
oassed. Nearly half the Puerto Rican children more than 1 year of age
ihowed lines. In New Haven in no group of children under 3 years did
so large a proportion show linesl -but t'hen children betr-een 3 and 6
vears"of age w.ere studied, it rvas found that 48 per cent shorved iines.
The.e find'ings are to be expected if interruptions in growth are the
pathogenic factors.' 

Am6nE the Puerto Rican children transverse lines occurred more
freouentl-v in children u'hose nutritional condition was poor. In the
eroup of 

"72 
Puerfo Rican children reported as being greatly uuder-

iourished, 39 (more than one-half) showed transverse lincs in their
bones; of ihe 332 children rvho seemed to be r,r-oll nourishc!1,-only one-
fourth shorved them. It is also of interest that o{ the 59 childlen rvho
had osteoporosis or atrophy of the bones, 42 (nearly three-fourths)
shorved transverse lines in fheir long bones, and of the 525 who rvere
not, classified as having osteoporosis less than one-third showed thern.
When malnutrition u'as so severe that osteoporosis developed in the
bones, either interruptions in growth became more frequent or' be-
cause'of the thin texfure of the bone, the scars \\'ercmore casily seen.

Ttntn 12.-Transt)erse lines in radius and ulrta of children etarnined at specified
age periods in Puerto Rico and in' \'eo llatcn, Conn.

Children examined in
Puerto Rico

Lines present

Childrcn exantined in Ncrv
lIaveI

Age I at examination

Total

Under 8 months-
8 to 13 months, -
14 to 34 months- -
35 to 60 monlhs- -
Not reported - -

Per cent

Lines
abscnt

847

'xn

243

Lines I)rcscnt

339
=
54

105
122

29

,o
rt
30
48

lAge is given as of nearcst month; that is, "under 8 rnonths"-is actuall l '  lrndl r 7 !rorlttrs and 16 days'
" S to- 1A m:ontns " is from 7 nonths and 16 de] s to 13 months and 15 rlal s, inciusiYc, and so on'

2 Per ccnt not sho\yn because Dunbcr of children \Yas lcss than 50.
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socro-ECoNOIvJIC COI{DITIONS AS FACTORS IN THEIIEALTH OF PUERTO RICAN CHITDREN'-

- Beca'se of thc influence that certai' social and economic conditions

Ll^'^:-',r^ff.perate climrres on the incidenc" o"a .""".iit ;;;i.;q;
:lr;1ll:^1,,^q{ Ii: made of the enr-ironment of these child'ren Lvrng rn
.11'"g.i l  cl irnate. That poverty and ignorrnee and the ac.o,npany_,^l,ip:^lt.llfll"l" nnd rnndequacy of. dict contribute in temperare
cnmates to t,ne devclopnrent of rit,kets in its ser.ercst forms is senerallveonceded,  l ru t . thr t  these factors r re not  pr imary in ih; ; ;G; ; i " ; 'J f
the clrseflse is shown by thc essentialry complete ab*ence of the disease
:l^f,i*".ljico, u herei aceording to tfie data. presented i-n ih" i"fi"rvi.g..i j?:-.:rlli^l*olt""_ l,:g \-ery poor and the diets of the lowesr qualit-vl

rnrormfttron on tcmliy groups, income, h.ousing, and diet wn.'soug6tin Puerto Rico. as in Nei, Hriven, p.i-'r.ii;;i?h1h; iin*'r?'o*-o"_
srtmtrng wrrel,hor ony rchtion. exists betu-een the socio-eeonomic con_drtrons rnd the presence o_f .rickets, and secondrr' i. l .y as of interest in'e lnrron. to tne genernl  heal th of  the e l r iL l r r .n  s t r rd ibr l .  s i .ce,  as hasbcen potnted ouL,  no er idcnce of  r ic l ie ts  r r - rs_fourrd i r r  the 

"" . i - r ;o" i iyof the Puerto Rican children 
";;i";i; 

trr" or*.".u oi;-h;;i.;*;" under
_!,oldition? th,at, in a cojde'rncl less J,,"rt Ji;;t", 

""rt.ib"I 
mate_natt.v to rl,s developrnent in the severest fbrms, is extremely strikinE.t he,grect amo.unt of severc ricliets reported cmong pue"rto ni"r!r-(-nrroren [vrng._rn crorvded tenements in the city of New yorl< makeseven mor€ striking the absence of ricliets in tf,e 

"tritare" 
,i"ai"a i"Puerto Rico.

, 4p h": been pointed o't earlier in this report, the children incrudedrn,the,stu$y r,r-ere bro'ght for examinatibn through the efiorts ofpuhtrc-health rrrrrsc:, .  rnd most of them had been br6ught preuiou. iv
by their mothers to tire child-rverfare 

"onf"...r"". 
ortrr" il."t, i;;;;i-tnent of health. Tho drta may be regarded, th;i;*,;. Jt,u"u"tor-istic of fa'rilies tl.rat u.ere i'telligent 

";;;glr-;; 
;;L;;;;'h*il;;;;i;;,

prohubly re.prescntirru tjrc mid-rlle rnd lo-wer eeonomie Eroups of thepe.p le -o f  P_or rcc  and o f  Sr r r  Jur r r  nnd i t s  u , , t=k i . i= . -  U i i t ! . "  t *ocities, san Juan not only is the rarger but is the ."nt o}-tt 
"lnsurargo'errrment and the port at which nearly all ships doci. i" s"".1""",therefore, ther-e are grecter opport'nities for tot ot"t.^u"J skilledartisans to f;nd worl<, and. in general, 

"--*iii 
fr".-.fr"",ri fr, in" autuon incorne' the people of san iuuo 

"]"'rot 
so poor as thd people ofPouce.

- trome visits rvere made to 506 of the 534 families havins childrenincl'ded in the srucly; 28 famities 
"";d 

;;;;;;i l itd. 
'ni.r#or 

tn"families visired each"had z children il;t;A i" irr" ,iii.ru,'it'" irrro"_mation collected through.hom" ui.itr,-it"."f;;";^iil';'ao r-itt ssoof the 584 children examlnecr.

SIZE AND COMPOSITION OF FAMILY AND OF HOUSEHOLD

The households in which these puerto 
$,ican children were living

).i.::d ^..-"1:i9:3 f]y in rnembcrship. 
.- 

Besi cles housenot J s * o.rr,rn g0r an o.crrnary ramrly-mother, father, and their children-many
61
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62 DEVET,opMENT oF BoNES oF CHIT,DREN IN PUERTO Rrco

houseliolds rn'erc visited that included various persons not members
of the family 60-childlen and adults, some relatives, some not. In
many houses, because of economic pressurg, two families had moved
in toeether to form a single household. The houses u'ere small, and
the elou'ding s'rs thercfole great, as rvil l  be shown irr the section on
Housing (p 69)

Households 'l-ere visited also from rvhich one or more members of
the family u-ere absent. i\ number of children were being.cared for
away from home because of the poverty of their ow-n families, and a
nunibe. of frthers were living 

-away -from 
home. Sonie of these

custornarilv rernained arvay for months at a time as the seasonal
demand for labor arose iri different parts of the island, and sorne
because by local custom family ties are loose. Ma,ny of the marriages
rvere consensual or common-law marriages; but though it is possible
that some of tlte fathers did not feel full responsibility for supporting
the family, in general such families were relatively sttble units of
society. Th" .hildr"n of such marriages, t\ougb reported as illegit-
imate-in the vital statistics, 'ivere considered legitimate in the social
group to rvhich they belonged and were accepted rvithout question as
membcrs of  the fnmi l r ' .

Table i3 shorvs thb size of the family of rvhich the child under
obserr-ation was a nember and also shorvs whether or not the house-
hold in rvhich he lived included persons other than members of this
farnily. It rvill be seen that nearly one-half the families \vere com-
poseci of 3 or fel'er pemons living at home, abou.t.oneJifth of 4, and
one-third of ir or more. The size of the familics ranged from 1
person (the clfld under observation, cared for arvay from home) to
15, the rnajority being composed of 3, 4, or 5 persons. The.average
nurnber of 

-persons 
in-these families u'as 4. There w&s no difference

on the rvhole in tlic size of the families in Ponce and in San J,ran.
Of the 503 faniilies for rvhich information rvas obtained on this

point Table 13 shorvs tlna.t 241 rvere living in the same hortsehold
lr,-ith another farnily or with some person or persons not members of
their orr.n familics." As r-ould be expected, the srnallet'fatnilies u'ere
rnore lilrelv to take other persons to live u'ith them in the same house-
hotd than were the larser families. The nurnber of persons in tlie
household u-ho rvere no1 members of  the f lmi lv  of  the chi ld  r rndcr
observation varied considerably. Ninety-one honseh,rlds htrd but
1 rnember in addition to the family of the child untlel observation;
45 had 2:  41 had 3;  and 64 had 4 or  more.

60 The term "family," cs used in ttris study, includes the child under observation, his mother, his full
lrrotirers a1d sisters and his maternal half-brothers and half-si,sters l ir. ing witlt hin and his nlother, and
rhcmanwith$'hom the nother was l iving,s'hether they were legdlly marrie,l r lr nlt. Plternal hall-
hrothers aDd half-sisters and other relatives are not considered i lelnbers of the faurily eyen tbough they
!rere l ivi ls in the sane houseiroid.
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Tenr'n 13'- N'umber in crtild's o,wn lamily and, presence in hottsehohl oJ orher.s thartmembers oJ Jomi ly: jani l ies u is i ie i ,d in p"rr t i "E. ; i ' " " \ !  
eJ , , " '

Families yisited

Group in household

Number in family

q

l 0 o r m o r e _ - _ - _ _  - _  _

4
55

1 7 8
r05
7L
35
29
1-1

6

3

;i1
iil1i

- - l I
" -  i  ' tI

FANfII,Y INCOME

fnformation was sought_as-to the total ,family incorne for the yeurprecedins the stud v for"eac h f u-if 1,-"i=i[i,-tfr"'i" ** [ f it];r'; n 
"o,,, ",the number of neisons ;;i;;;il;h';;"ir-d,";1,""";;;p"r*" ir r,orr,father 6' and moih"r, 

""a 
u"ip.."iia"oi rn"-ploymcni oI the r.rtrrer

*"-"irrq the year' Btrort 
"-as"-;;;; i.tu.-in" rhe rerarion of either.the total or the ner capita income to various s;"i":.;;#i;iacto.s,such as housind. unehplovmen; 

";1. 
1r;;- jrtir..lti.*.iiiy 

io. tr,"mother's workin"g, and adectuacv oi aiei."

rhiltift"H,Hr?;l lfttiot- 
for-tlreinvestisators to intervierv the fathers,

mothers at the fror.*."rr1$r".and 
unemployrnent rvas obtaineJ?-- ilr"

The total -[arnilv incorrres fo' trre yea.r precetling trre study are showrrin Table 14. I t"wi i l  he seen trrai  ar i iost harf  the famir ies studietrwere existing o'incorn"flf ]gr iti* gibo u y.u" unJ^h-t orrry roper cent had incomes of 91,000 u y"o.-o,,ro"". Of the 89 farniliesthat had an income 
"f 

$j,00g;;;r;;,";"iv i'rr"j'sii'dob"#,rro...Many families with very,ld;"i";,;;;;git i," 
"it"J;;;l 

f; J*urrpr",a mother and child who-had u drur i"c;n* 
"r 

r"r- iil"" Iidilo, trr"year and two familie."ol.3 por.on, oo.ii 
"-*i.iiog 

on^'$i,l"i"o"u" r.o.each familv' Eaclr of 14 ̂ f;;iii"r iip"i.t"cr a t-otar annuai-irr.orne
ii l"::i.lll, $r00. T'ese fisy*.-;.p;[u"ent csti,nates of ,re irr.orrre
iTST:{-g-ryI; any assisrance in.the_fbrm of food, 

"lltt,i"s, ""iir,.tt.r.Ed;;'yffi+;f, :l{""il?Ji"bTii:t3:"Jf,"*ll;i'."ltf ilfil*:l:":i
*:]ff€,.',?ii,il',5',"#J;":tliiliisT!il';".}:"Hi,';l?J;,i,l:'J,',l,",jlll,lill.,ll,ll#T,
froli l  home.- 

-- ' '  d' uerrucrs or [ne lar]lr ly or boarders or whetller t lreJ,l rrere l ir.,ug ,,*.,,1
i l  F o r  t h e  p u r p o s e  o f t l r i s  s l i l { l y . t l r e  l e r ! r  " f a l . l r e r "  i s  u s c r i  t o  r l p r i g r r r t '  r } r r . r r r a r r  r v i r i .  r , l , , r , ,  r l , ,  , 1 , . . r  p 1

x o t l l . i ) " ' t [ ; ] n r t n e r o r u o r s h e w m m a r r i e d r o n i u i r n d n i i e i l e r o r n o r r r c s a { r h e f . , r r r , . r , r . r i , c r r , : r , r r , r . , r t r

I Per cent
Number I distribu-

I,'amily and others

Per cent
distribu-

lion
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sreat rnaioritv of the families studied were exceedingly pool. Thc
ielative sinallness of the incomes reported mey hl judg"-d lrv the [act
that food prices in Puerto Rico foi staple supp_iies s-uc-!r as rice and
beans were about the same as in continentrrl United Siates, but it
should be noted that rents r rete a srnall item in the budget, that the
nroblem of heat for the house did not exist, and that little rvas spent
lor clothinq.

Table lf also brings out the fact that incomes in Ponce lvere signifi-
cantly smaller than those in San Juan' In Ponce 6.3 per cent of th.e
families had incomes of less than $400 for the preceding year, whereas
in San Juan only 41 per cent had sirrrilarly low incornes.

Tesln 14.- Annual in'conte cJ Jamilies rtisitetl, in Sart' Juan' arul in Ponce, P' R'

l-anli l ies Yisitcd

San Juan
Annual income I

AmouD! rePorted

L e s s  t h a n  $ 1 0 0  -  - -  - - - - - - - - .
$i00, less Lhrrr $200-
$200, less thrn $400- - -
$ 100, less I lran $C00- -
$600, less rhsn $800. -
$E00, less I han $1. 000- -
$ l , 0 0 0 0 r m o r e  - - - - - - -

Amount not reported - -

Per cent
distribu-

Ilon

Per cent
Number I distribu.

t IOn

r00

lt

t 4
4+
I E
t 0
5
4

1 3 1

7
18
57
24
l 3
7
5

1 Aggregate anount contributed to familt support.

Tabie 15 shorvs the nunrber of persons maintained on the incomes
renorted. Comparison of the inComes of the srnaller families (four
persons or  fe tvcr-nra inta ined)  wi th those of  the largc l  farr r i l ics ( f ive per-
ion* o.  mor.e mainta i r red;  shotys that ,  thorrgh the srr ra l ier  farr r i l ies
tended to have s l ight lv  smal ler  incontes,  on lhe l -hole i t rcot t tcs d id r rot
increase significan'lly v-ith increase in uurnber maintained. In other
words, as 

"would 
be expected, the larger- th-e group rnaintained the

smaller was the income per person and the less satisfactory the eco-
nomic conditions in general.

T.taln 15.-,4nnual i,ncorne of Jamily and number oJ persons mai,ntained on lhis
income: fatnil'ies u'isited'in Puerto Rico

Familics risitcd

Annual income t
Numbcr maintained on family income

6 o r 7 S of Dore
Not re-
!orre0

I,'-t*"," *,*r m"*"* to famil]- support
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27
18
12
4
3
6

1 )

30

I
5

I

8
22
13
T2
5
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SOURCE OF INCOME

The source o{ income-tha_t is, the persons rvho firrnished it_rvaskrrou'for 498 of the. ,loo famiiie,s;i.i;"5.' For 4.4farnilies it rras alsoI<norrn rvhether rlrn l 'rr,hcr;;ih;-;ii l;; or some orhcr pql.s.rr u irs rhechicf supnor'l. rrr rrr,r.r,rrr z+oi' i ir.." i.,- ' . ' l i i". i 'n";;; i,J;;. ' l ' ir i ,.r,n.,rr.as the sole or the chief.support. AJ ill ir" ."ur,-io'iulrl; il;in 899families the father *,as.the ilt" ;; 
"ili"t'.upport, and iu 17 rre contritr_uted a srnaller proportio. to thu-i".-o"ri. rn 51 families the rnotherx'as the sole or chief s.ppo.t, u,"rl"^liO she contributed a smallerproportion to the incoinc.

of the b06 farnilies tirat-r'ere visited onry about thrce-fourths (37g)reported their rotar a'n'al iu"ot,rc.. 
" 

df-irr*- ,ri ;;il ;;;iled arsothe so.rce of inconre. e*"r,s 
"ilr"'37i farnilies whose i'icr're" ',.croreported and fo. n'honr .orr.""-nf in";-";;; i;;;, ,t ,*.'ui"i" trr"tas n rr  holo t l iose rr  hose sole or 

" t i i " i* i , l ipo. l  *  as the_frr trre 'hrr t lgrr .rr te.tneotncs thnr r  t i roseu-hosesoJeor . , ,h in i . ' . ' u i , ' pnr . l  r r -as lher r ro th t , ro r .somcother persorr. of the B;JZ"lirrnit;ri:h;;.' incorne '.as rino*n arrcl rvho\fe.e snpported sorerv ol !1,::+)- b-,- t.fre iather, rrlor.c than o'c-half hacl1o1a i  a r r r r r r r l  i r rcor r rcs  
L r .^ l l , l l l  

. r " r r ro ' r ' ;  , ; i ' ' l i " ' i ; ' f , , , ; ; i i i ; . ' : ; ' i l ,o , . r .a-"oleiv o. chiellv br. trrc rrother ol.sonrc othc'pe'so' less t.ha' one_thirdhad incornes of $iOO or. lnolc.
' l ' - r u r - u  

10 .  -P r r su t t s  r o t t l r i l , . , r l i r , n  I . o .  [ , t t t i l y  s , , t , p , 1 t . l - . und , . pe rso t r  
! u rn i sh i ng  r t r t e !d t t  p l t u r l  :  J cu r t i l i r , , , i s i l , . t t  i  i ' 1 ,  uv r t o  i t t co

- : _ -
Families visited

fersons conlribuiing to famill, sl ipp0rl

t Includes rclatit-es ancl ouisidc atsenctes.

258
i l6
iJ7
20
I 6
39
12
6

r,-3.iil'Ti,$',:*lJ;'t^fffi ffi -*t-t,^"i'-9I:,ti'.dinrhis.study
l:a{Fi;;it,iii:"li*?#-,fl .f i.ft *,3iffi 'h'"",i"^'"j[%f liT;
iri!T"3$"ii?i;,,'Jlj!::iillT[:;i.:1;1:l;1i"ii",-x$?{i1iffi }j j?f
*"f;{l'i,ilF;[1Jii'J:*ri]i+**iTf #*t#,'':.tr'g.Tf
,"'ll1%i"H:T1?il;fri:r;T,f ii."#i;fJl'"ri;b".q"F,andrhevrn
1.".1'1i1.9'i' zl.""i' 1dl1ro $1.25 6i '^ iiflifiA",llxii il"ln iiii:higher ' .  \ l r rny jobs, horr e 'er ' ,  beci trrs" or 

- . . r .on; i  ' ; ; " ; ;h; ; ' i , , r . iotr ic

-,,,'"g1littlir**$,,"tlrp$:,EXy.'1il.r',.$1,".["j,"", .,1:t*;S5e,;,,,.,*;r,*,

Person furnishing chief s[pport
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r.ariations, provided a relatively small amount of work during the
I'ear; and m&ny, though lasting the year around, provided only two,
three. or four davs' lr-orlt a rveek.

In addition, because of the long-continued habit of subsistilrg on
an extremely small incorne, manybf the men volultarily worked only
a few days a rveeh. The oversupply of laborers, their gerleral lack of
physical"vigor-for rvhich hooliw'orm, malaria, and inadequate diet
weie prnbably larsely responsible-rnd their lack of knowledge of
any *ode of  l i fe  othei  than that  prov id ing the barest  subsistence were
rr.obablv the underh'ing causes bf this intermittency of work' The
ioor ph"ysical condiiion-of the average laborer rvas alone enough to
i . .oui - r t " fo t  h is  lach of  rnrb i t ion fora stead.v job.  He was usual ly
satisfied with just enough to provide the trailiiional rice, beans, and
coffee for his family.

The s'omen of tlie family frequently attempted to supplement the
income derived from the men's wages, but they lv-ere eYen more under-
paid than the men. In the fields-and factories wome-n might receive'as 

little as 40 to 50 cents a day, and for home needlervork the pay
was often less. A minimum-\vage law attempted to meet the problem
of lov' w&ges for factory rvorkers. It did not, however, -meet the
problem oi  handrvork done in the home. \ l rny \ \ 'omen who had to
itay at home to care for children spent long hours at embroidery-or
oth"er forms of needlework, earning $f .Zl to $2 a rveek. Consequently,
even the mothers rvho urcrked sleadily could add but little to the
family income. As a rule, the mother-rvlo worked probably.earned
$25 6 g100 a year. Some earned as l itt le as $10 a,Jiear, others as
much as $200 br $300. Since it often happened that the mother
worked when the father \!-as unemployed, the income of a family to
which the mother as well as the father u'as reported to be con-
tributing might not be very different from the inCome to u'hich the
father a]one-cont'ributed. Other members of the family sometimes
added a little to the family income; but since they had to meet the
same labor conditions as the father and the mother, the amount they
were able to contribute rvas usually small. The majority of the women
who rvere employed were engaged in domestic labor or in sewing.

UNEMPLOYMENT OF FATHDB

The income rvas lorv in many families, partly because the father was
unemnloved much of the time. The duration of the father's unem-
plovtrien"t, the total annual income, and the source of the income are
i*n*o foi ag+ families. X'or these families it rn'as reported that 140
of the fathers (42 per cent) had been unemployed for varying periods
of time during the past year-42 fathers for Iess than 3 months; 51
for 3 to 5 monlhs; 38 for 6 to 8 months; and 9 for 9 months or more.
The figures for duration of unemployment jnclude botb long periods
of une,rnployment at a single stretch and the estimated aggregate of
unemplojrnent of men employed regularly but for part of the tirne
only.

iable 17 shou's the duration of unemployment of the father and
also the annual income for the 334 families-for which the data with
resard to unemplovment and income were known. Of the 194
frriniiies in ll.hich^the fath.t was regularly employed, the total income
fell belorv $400 in only 62 families (32 per cent); whereas of the 140
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families in which the father -$-as unemplo;'ed for various lengths oftime, 86 families (61 per 
"u"t) 

r,roa-i""ofius berorv $400. 
J

Tanr'n 17'-'4nnuot 'in"o!f,^!ro!:trilny";i,,"]".'ii,7 to'"the Iather's unentptovment;

Ituli l ies i. isited

Annual incomol

I Aggregate amouDt contrihuted to family sLpl)ort

I;nenplo]'nlent of fatlter Father
dead, not

l iving
with fam-
ily, or not
contrib-
ullng

I  months  l
0r Lrore 

I

I ]

13
4
2

i
z

33

6
5ii
45
4u
l 7
ii0
36

50
134
85
1t-
23
3li

128

{MILY INCOME IN RELA,TION TO DIET

,,f il,f,3J'sif.,!f T,i:Ti.'.ffi,t1n:,",",#:Ji#:;i"r1Jf iu:,:Tf;i;will.be discussed ;n tiie se"tio;;; Fffiil
"oy n.." ir,ii,,i,i." ;ia b;;#;i;i,;';'Iol ii:., [:; Ji]; ",f #;iJl,..,;between the size or the i"",rif t;;,#;;i'l'd; iiil'"i.'l?",ttl .,uni"nthe essential foods uri i i r" -i " " ui i#ii,ii* *ffi*{# ;fi liiilif, iT ti.* k n l:*:and some further ed_u^cation, ih.i'irrilriiy of the puerto Rican dietswould rapidly improve.

As the per capira r""J;:^;il;:n", into considerarion noronly the ramilv'i uo""ot i""o-L pilfxffi the nurnber of persons main_tained by it, a bett,
?,upport {" ii,dt,.r.i;,'1""3:::HTJl,Jt,",*T:"n' or monev o"uii"ur" t
tha n by.fa mily incom e. t" tn" =t r.r -:,; i",i; i'i: :,"^ l':-'l fltltn eo n I edietandthechi,d,sn#t*T*$,'r:l**.j-,:li*j*Ti:h',",fi.1;
rncome is used instead of tt'u rrn-'i ly i""J"-". since it has arreaoybeen shown that the,totr l .annurtTr i l i fy ' i ,. "' tiv f i ii, iii" l "- r,, * o r p_ers ons - "ih t*iro"T,' :rt#"t"* JJ.T*t'f;
,'"",!";lH'if t1#irsi"triiis:tp#;ffi $""t",ilthqTJJffi :?ilf ".o,,aSome of the ner 

"apita i"coil;- ;.* ?orroa to be extraordismall. . ln t2 fainilies,'v.aifi";:;;;t;; ;tg,1nfu,i,i""ry1;#ili" than g25 a year. etdiiT;*ffirdil;Jthat these figures ar*o. ;;i; # ;; ; ; i i li"J " if,Bl";lli3 l"'" #iti"", ;. * l;jif*"ili ;fl".*
ll:"ilr::9ille imallness oi-tne rdffi J"r*g us ii sti'rrlus ro rhern\restrgators.
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Teslo 18.-,4nnual per capita income anrl number o.f persons mahr,tained on annu.ul
'LrLcome: lamilies oisited in Ptterto Ilico

Families visited

Number maintained on arrnual inlome I

3 or less
Annual per capita income I

Total

Inconrc reported

Income not rellorted

Ium
ber

Per
cent
dis-
ribu
tion

8
27
22
t7
2t-

Per
cent
dis-

tdbu
tion

\r--lDer 
I

c€nt

tribu

66
130
91
38
52

t n

Less than $50-
$50, less than $1(x)- --

$100, less than $150- - -
$ | 50, less thaD $200- - -
$ 2 0 0  o r  m o r e - - - - - - - - ,

10
33
27
2 l
33

2'2

18
34

l0
l 4

I Aggregate amoilnt contributed to family support.
I Pei cent distribution not shown because number of families was less tllan ,10.

Per capita income and diet of mother.

The relat ion of the ner caDits incotne to the qual i tv of the mother 's
diet rviil be discussed in a liter scction (p. 88)' Siniilar siudy of the
relation of the per capita incoine to tlre child's diet provcd to be not
feasible, as at the time of the studS' the-ilumber of children who had
been rveaned and were, therefore, dependent on the family budget for
their food was too small.
Per capita income and physical condition of children.

The physical status of the ghil4ren, as judged clinicall.v by^ the
amouniof subcutaneous fat, varied rvith the per capitn lncgm-e of the
fumilies to rvhieh thev bclonged, rvhen the group of relrt ively rvcll-
norrrished children rvr"s eompired rvith the group-of poorly notrrishcd
ones. Of 247 children witli amounts of subcutaneous fat, estinratecl
as ('very goocl" or "good," 122 (45 per cent) It-ere in fa-milies-with a
per  capi ta" income of less than $100-a year ,  * -herens of  51 c l r i ldren
ir-ith subcutaneous fat estinrated as " poor " or " very pool'" '  35 (69 pcr
cent) came from families rvith sirnilarlv low incotrles' - ' \s the gtoup
of chiidren with " poor " alnounts of iubcutaneous fal, is small, tire
difference in the pr-oportions is probnblv not grclt en-ottgh to be eon-
sidered defi nitely signifieant, bJt this fi nding certtrinly- strggests that
lolv incomes had a 

-direct 
bearing on the poor phvsical condition of

rnany of these children. That iuch a large proportion of children
(- t9 per  cent)  who showedrvhat  u 'as est imaled tobe a "good" grade
of subcutaneous fat should be found in farnilies in rvhich the per capita
income fell in the lower group is surprising until it is remcmbered
that the standards for estimating amounts of subcutaneous fat were
in ail probability lorvered to fit the group in Pue-rto Rico, and that
the " sood " grades of subcu'raneous fat should be thought of as " fair "
ac.oriiing tot-usual standards in continental Lrnited States, and the

" firir " giade as poor.
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HOUSING

fnterest in the hotrsing conditions of the famiiies included in this
inv.estigation was center6d in the amount of crowcli"g i"-ih. hou."
p,nd,itt the possibiiity of exposure of the chiiclren to *itigni, 6oth in
the houses and orit.of doors in the yard or patio.

CROWDING

. Tb. degre.e of-crorvding in these Puerto Rican households is shonn
by the relation between the number of rooms in the house or apart-
ment and the totai number of persons occ*pying them. (since the
kitchen in some houses-was part of the house"u"i i" otn.rJ *as in a
shed 9r in_ the patio, _it has nbt been counted in the 

""rot 
., oi .oo-,

]r*gq by the household.) From Table 19 ib is seen that in gg house-
holcts of 5 to 6 members each and in 54 of 7 to 10 members each the
members of the household were crorvded together in one o. i*o rooms;
one household of 11 members had only tiio rooms. This .roiudi"g
r:::Jr.u:i?llyse"rious in consideration of"the size of trte roo^r, ,*rurffi
about 8 to 10 feet !y tQto 14 feet. In connection with this crowding
it shor-rId be remernbered that the risli of transmis.io" of 

"o--"nicaUlEdisease. is very greath' increased by such close contact. It is not
surprising that tuberculosis, u'hen once introcluced in6 rii.hl house-
hold, spreads rapidly.

Tabie 20 shows tlte relation between the number of rooms occupied
by the househol4 ir1la the presence in the hous.rrota-oip;;;"* oihu"
than members of the family. That nearly one-third 6-t tn" louse-
fo\cts,living in one roonl on"d trto-fifths of itor. ti;G i, il; rooms
lncltrded somg. person o-r persons other than the membeis of tire child,s
f3ntily- ts.striking gvidence of the econornic pressure under which
these families rr.eie living.

T'{sLr 7q.-Nttrnbcr of .persorLs in ho:tsehokl nnrl ntntber of roonts (erclttsiue of
ki'tchen) occttpied by hou:sehortt; fatnirics tisitecl in Puerto aii

Families r.isited

Number in household Number of rooms occupie<1 by household

I

r l ,^ i
I

J

66

I
8
I

t6
72
16

J

a

7
2/

4 or more Not re-
ported

6

l l
5

I 7
A D

8
D

2
o

I
2

3
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Tesr,p 20.-Namber of
presence' in hotrsehold
uisited in Puerto Rico

OF BONES OF CHII,DREN IN PUERTO RICO

rooms (erclusiue oJ lti,tchen) occupied bg household and
oJ others than, membcrs oJ child's own family; families

tr'amilies visited

Group in household

Number of rooms

70
59
30
25

FURNISHINGS

Not only did the famiiies lack the household water supply q,n_d sani-
tarv conveniences usual in cities and towns in continental llnited
Staies, but their homes $-ere bare of the household furnishings and
utensils that, are ordinarilv considered essential. A ferv families had
beds, but the major i iy of  ihe horrses that rvere vis iLed had only canvas
ot top" hammocts that couid bc taken down and put aside driring the
duy. In the city dwellings and in some of the larger frame cott,a,ges
chairs rvere found occasionalll'. Nearly every house had a small tablc
or a built-in shelf that could 6e used as"a t,abl"o, and most of the houses
had a small charcoal sto\.e on rvhich all the farnily cooking was done
and on which the x'ater for rvashing clothes and the flatirons lvere
heated. In the Doorer families tin cans were usod as cookinE utensils
or even as a substitute for the stove itself.

DXPOSURE TO SUNLIGHT

The majority of the famiiies includecl in the study lived in the largest
cit ies on the island, San Juan and I'once, and some lived on the out-
skirts of San Jttan. The children in Ponce had much better opportu-
nities to get sunlight than did the children of San Juan and its out-
skirt's. The types of horises r.aried considerably in the different sec-
tions of the cities, but tliey had one characteristic in cornmon, namely,
a complete absence of windou'glass. The great mrjority of the houses
v-ere provided with latticed siiutters for ri.indorvs and"doors; and as
these-doors and windorvs \vere almost invar{ably open except in stormy
weather, sunlight entered most of the houses or apartments at some time
during the day. A few apartments, mostly in-the tenements of San
Juan, admitted no sunlight at any time. These will be discussed later.

More than four-fifths of the dwellings investigated had direct
access to a yard or patio where much of the family housework
was done and where the children could play. Such yard space was
sometimes inclosed within a large building as a court, or between two
buildings, or, as in the suburbs or barrzos, it was frequently a small
plot of gronnd surroulded by several frame houses or huts. Of the
dwellings reported to have no patio or yard, a majority were either
huts crowded together or city tenements,
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Types of houses in relat ion to sunl ight
The houses in rvhich the fariil ies rived 'ariecl in tvpe consirlerrbrr.with their tocarion. rn,rhe .ity ;i"S;"J;;^;;;d;,'1ff;i'ii charac_teristic dx'ellings rve"tedr,n-;id="s,1;ir"."f^1""tii1ill"tLft i""#n"ir'f ili,ti?$.'..nc'n-r" th;b;;;;;;;;it;* s;ff;;","J;f as s,anturce o,,a nu.,iifff,L11{:small frame houses und,ronrioii,";;-;;-h;;.;i'ilil;1i"rt"a. T;the poorer districts on the_ outskirt. 

"i 
S"" .r""",";;;;;;'iP';it;a; rfi;';; b;;; r "u[il.l'"i'a 

-ih 
* .."u-p dis tric r, rh;" h:i,:?Jrvere largely huts or shacks, tru.iiiy 

""a 
poorly_constructed. rn ponce

dii;'??l"".'##'.1x?"Hsi:;J"T:;ffi trfi***l"yn.dr_lf, l:are^the tenements of San Juan_
Of the 556 children whose-Lomes rvere visitecl, i13 (20 plived in the tenements of San i;;;;;;;r,u - " Lo u.", ;; ;; ;;/, ;, ; l; ; i ;; ; i; ; ru;l ir; ii I j*, fil [t ii."il;fiIived i' huts in the poore.sr ai.t i"t"^"" ;1,";;;fi;ir';i ii;' iity, and

itt-tifi L:ffi 1"1,1il*il,l,:"t;;'1':.:11lle"t'o'u..t.'i'ii"'i';..iii'li;;
atir"l"t i"-"r,i:h;ir"J. lived rvas ,rot ,.".jirltlfn 

livi'g i' s.rr Jua-n thc
San Ju(rrL prope ,.LTI'" a";;;;;;. ;iib;;r"n p_roper *_ere of fourkinds. one kind corrsisted ofi.""-#t. conr,-e_rtetr fionr oillponi.h

l:,Llt_: dwellingp.. tr{ost of ti ;;;,;;;"o.o" ttrr." .io.i", ligrr; u,ra,ffi ',jfi ,:f 1?"".:':i,tt"ry*,m:#;"xir;*iH.iTl,J.lt*#Tihi3i
an adi oining buildin g, *n.e .mdf a,Ji""; i; ;;.. 

^"irrrprli"t'u'.nua.a.
Freq uen tlv'ihere rn'n i an o'erlr angi"s-b;r.ony a'o rrnd tlrepa tioon t * o ort l r ree sidei ,  so th a b t  t , "  .uotn. t ," to-* t i  . . "  -  r .n darker trran l  rrose a ho'e.In some of these tcri,i,i " s' i r ; i"i i' r, "'lli l3 I i Ji: tiT \l i,?r #i l{"'nl| nl li i,", l#r u::i','r""1{1\J,,::ff 'l:f fr_f t?'ili..J$*;1,".x, j*,t',lniiT1f ;l:1grside ancl rvere dar'rr. *-ith the excepti"rr""ltr,"se o, .the top floor, rvrrichhad skylights.. ,'I'his.t.yp" "t 

ti".r5"'i;;jj".* sunshinc l,rrarr any otrrer.a second kind consist"d of 
"utrr..ti.a r-r.,ii"'i,.,,kii;d;'-;i "n" r,,orr_asteries o1 palaces. These ,re'" 

-;;;t'i;

s ro n e, *i i r,''. t" " "- n " " ̂ - i" tr, " ;;"" # T; J JL:;j "'tli"':f,hl i",t ldjrooms had been divided r,y iow, ihin p"ttiii""r-i"t" 
"p"rtfi"r.tu, tt "larger rooms being turned"into ih;;;'J;i,ones _ into o,'" o" -t*ro. 

Th;;; ;;;;;;;rtr"l#jil1T,:T-ajl'r:iflft;;
small rooms, each room being ;til;S*;; 10 by 10 to 14 feet in size.x'requently one room opan"a'on u pu"tio"o" barcony, and anoilrer onthe street. . Those apariments haviirs iirr

lli$st*+nrff1'ffi.,il:His"r#?ii**:ur*ti""'*iru
i!T-:'s:'#,H*,1li,j*_,ifiry;:*it;#;t.;;il;[tintrtt
:"6i:"lr1y,t*li jx"x.*:*r"t,"#fi1Jl'T:[iT;f L:]:it;than either of rhe kinds preii;;dyd"""#b;i,-i,,i. rr"iit"oL*tir"".ra. ota hill, .with a series of pa?ios 9" [in".*i'i*a- ;;;it]r'"";#i; on theground floor and reced-ing, balconies-on ;h; 

"pp;; 
fr;;;.:" 

''iirl 
.,p".,_

i11lii" the buildings ha"d one to ro"' too-.,ili;ilri;ltn nf ii.., o,r.opemng on a, sunny patio or balcony, In sornc of tt,..., triiiiai"n.
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thcre v'ere dark apartments that opened only on a hall; but, even if
the sun did not actuaily enter the house, there was opportunity for thc
occupants to have easy ac-cess to sunshine for several hours each da5'.

The fourth kind, recently built and few in number, lyas constmcted
so that sunlight entered all apartments and u'as easily available in the
patios. Such buildinEs were one to tlro stories high, and each sur-
iounded a goor l -s ized,  sunnv pat io .  fn  many cases apartnrents of
three or four rooms extended from the street to the patio. with an
opening at each end. As the partitions betlr.een the robms it"re u.u-
ally low, considerable light reached the inner rooms from the door or
windows that opened into tire street or patio. The tenements that
were placed on the three sides of the patio away from the street were
divided into one and two room apartments, the front room of each
_opening on the pat io .  L 'sr ra l ly  the pat ig  was large and the l , r r i ld ing
low enough so that it v'as sunny nearly all day long. Moreover, mosi
of these apartments had sun shining into one or more rooms for part
of the day, so that on the u'hole they constituted the sunniest type of
house in San Juan proper.

It should be pointed out in conclusion that a great majority of the
apartments in al] these tenements had access to a sunny patio or to
the street and that only a few of the apartments theinselves v'ere
totally dark.

Outshirts oJ San Ju,qn.-Santurce, Barrio Obrero, Sunoco, and Rio
Piedras were places on the outskirts of San Juan from rvhich children
were brought to be examined. The houses there were smaller than in
the tenement districts and rvere in general of four tvpes: Frame cot-
tages, huts, ranchons, and 2-story houses.

The majority of the people in these places lived in little frame cot-
tages that were constantly exposed to sunlight. These houses had
one, two,-or four srnall rooms averaging abouf 8 feet by 10 feet in size.
Usualy there rvas a door opening fi.onieach roorn to [he outside, and
each house had two to four u'indorvs. The hor-rses l','ere raised'from
the ground on stilts, some only a ferv inchcs, othcrs several feet. In
Barrio Obrero and Rio I'iedras the houscs were arranged along streets,
each house having its oln yard. Sorne of ther housei were siraded by
trees, but the great rnajority wcre yer)' sunny. fn Suno<'o and San-
turce many of the houses were lilrc thosc in Barrio Obrero. In sorne
sections, holever, thcy werc not built along the streets but lvere
grouped togethel irregrrlrrrlv.rvith openings heic and therc reserrrbling
pfltiog.ol yarcls. occasio'ally the housci were fairly clcsc together]
with litlle or,no yard space, but since they were low and rttruil they
were nearly all very sllnnJr. A feu'small huts, similar to those in th-e
swampy districts, to be described later, rvere found scattered arnong
the_other types of drvellings in Santurce

Numerous rancllons, or iows of one-story houses, were found in San-
turce. They varied somewhat in size aird shape and were divided
usu-ally ilto_apartments that were four rooms deep with a door at
each end. The rooms were r'_erysmall, so that light passed easily into
the inner rooms. Despite ths fact that these"raniluons were"often
built, close together, it rvas found that usually one room of each apart-
ment was sunny for a part of each dav. \fost of them opened into a
sunny yard, so that sun was easily aciessible to anyone living in these
nouses.
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. In adclitit,', thcre \\.ere a fe* srnall 2-story houses in santurce.
P:T:. :  l l :  

occrr l r i , ,d . l l l .  on"^ farni lv,  rrrore by two famil ies, 
" ;A 

; ; ; tDy lol l r  or nrorc lnrrrr l rcs. - \s n rule, eaeh famih- occupied one room.tr-lost of thesc ho.scs \\'er(, s.nnv, t ;a ;-;-;i^irrl-"tT*f i,ire built
:P:S^*i"ll]:i-,lll"s ttre nrain sireers l-ere not sunny 

"o" 
h;A ;h;tavar l rh lc  sunnv  Dt t ios .

^ In-the pooteit ,li.t.i.t. on ilie outskirts of san Juan (La perla and
P*:^Yj^*:i*i XITI" dc.rierra, ;A'C,;; r"rn.*.i *\""rf ,, "r""g: l f^ .gg:r_: f  

Sr ,n l r r r .ce in ,  r l rc  srvrr r r rPr . region,  the houses were,  as aru le ,  t J )e  poo rcs t  t r - pe  o l  h r r t  o r  s l r l c l t .
_  La Perh rnd Srn. \ l iqr rc l  : i re  t \ \ -o  t l is t r . ic ts  that  cxtend dor , ,n the

: lT 
f:"^l-tJ,:. . . jp^ rrr l t  1o rhe edge of_r.trc sea. Ttro tr i l l  isi ."rrr.t*"p,

ano many or  _the houses st lnd on l r igh st i l ts  on one s ide and a iecrou dcd togeilrer, on th. In.e of rhe criHe, 
" 

iiii"i,t ;ir;;i. or'J;a'"*-utt,..
j:1::l^li.-, tt:"ullly hnd but one roonr aborrr 10 feer scluare: rhey uereconstructed of all sortq of material, such as pieces of bor"s or"sheetsof iron. sometimes there was u *-ioao*', rvilrr or ;ith;;;-" ;h;it;;b*t ordinarilv ihe only openi,g rnar tiic i"o". if. ti.;;; ;;.-; secondroom tI  n9d, l l  a rule, .no opening to the outside. In thesc huts oneor more families lived, crowdedlogerher. fli"""l;;;; 

^vard 
inwhich the chiidren might play. The-sanitatl"" 

"iirr"." 
aiJ"i"t. *u,v-e{r poor,. J'eu'lat.incs r'erc providcd, and ga.bage una 
"niu." "*""rnrown ouL lnt . ,  t  he pcssrgewa5's bet*een the shacks. However,  bothdistricts \\-ere sunnv.; ut d th6,,gh th;;; \,\-as litrle'rpu.*""*i 

""" 
tn"childrcn could play-in the .rn, fL,"y n;;.t h;;;"h;"ifr;i l;ht of a

::i::3:::r]: l i lg,ylt ot rhc sunlighr that cntered the huts through()oor\\'ays or \4 tnclol\-s.
.  Puerta de Tierr l  u.as dividod into trvo parts.  Tho uppcr part  wasdry,nnd sunn.y, u. i rh l i t t le frrrrrre house, ui iJ u" i"* i_rt" i#i .#"menrs.

rn l rro rower s\ \-0rnl ly part ,  an open se\4-crran dou.n the nr iddte of thesrrecr and oYerflorved rrnder the lrorrscs u-hen the tide rvas high. Thehuts rese'rbled those in La pcrla, ei""pi llTi tt 
", 

;-.;;;*n=op, 
"rr"r,tnsls di] apidateri. Thcy rr-ere:_ll qo st'rs, ancr rne ground undermany of thern ll.as r-er;r *.et_. The h.ts \\ er_e exposed "."o,t;"tt;

sunl i* t ,  hut, there \ \"es"no 1, lav .pr"c }n,"  . . t  i ia*, i  
"r"1,; ; 'Th;, , .fn Tras Tallicres ytl tf1slja"rpyr9gior,. oi Sa"i"i.ce it e-sanitaryconditions were sonlc\\ha-t-better,'a"s trr?re were no open sewers here.on the h igher gro rrn d stood little frarn" hou."., rnd 

"r 
tifi"*..,h,,t. ri--ilar to tho-sc a,lrefldy described. sornc of the houscs stood on ili its overrvl te.  cnci  oi l rcrs lvcre on l i t t le mounds srrrrounded by a di tch andnrorsh.; these had to bc approached by n'oon";i;;;r;oi,rril i. wuil.,

:I::llit-ll",,lqy_l'i.l trtany of the fiouses hrd ;; .;;i;i;y ,pu""about them, hut the horrses themscrves rnnro ar'rroii;r*"r;otii '.r""u.
- fonce.-'r'he tvpes of houses found in ponce were verv .ihil;i;tlose found nr tfie outrying distrr.i. rr--S"".-j;;":'' ir.,!r?"]"r" u t"*

!lq*. of 2-stor;' brrildiirgs'in the downiou'n section; but'-*i of thepeople lrved ur small fra,nre houses, in hrrts,.or, occasionalry, in 2-storyhou.ses, rvhich were scatelg-d ovei itr" pirii" i,;,r il;;llJ'rrlil *iu,
lol,!i"S to,shade Jhg-. The grouncl ripon which it,"."-jinu*". *or"
?l tur. \v:rs 9ty,alct  the sanitat ion \ \ -as mrrch hetter than in the urorerdrs t ' rc ts  o l 'San Juan. . , .Nea. r l4  a i r  the  houses  o f  po 'ce  h ld  p re i i t v . r isunshine avni lable within rhe"house.
,, It is readily seen from this discussio'of tvpcs of honses that *-ithtne exceptron of some of the worst of the lenement ]iouscs in San
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Juan, practically all the Puerto Rican houses that were visited had
some srinshjne easily available either in the patio or in the house itself .

In the tenementi of San Juan proper, ivhere the apartmentswere
dark, sunlight rvas usually available in the neighboring patios; in the
huts of the sr-ampy districts, rvhere sunny play space !!-as more or less
lacking, sunlight _x.as usuaily available insicle the house or in the door-
way or on a porcn.
Availability of sunlight in houses and diagnosis-of rickets.

Each of the houses studiedlvas graded according to the approximate
iensth of time that sunliEht entered bv either door or windows. At
thdtime of year when the-study was mide, every house had both win-
dou's and doors open all day long, and most of the mothers stated that
they closed them only rvhen it rained hard or when it rvas very hot.
Table 21 shows the leneth of time that the houses'lr.ere reDorted to be
sunny.  A lnrge propoi t ion (512,  or  92 per  cent)  of  the chi ldren stud-
ied lived in houses that rvere sunny part of the day at least. About
65 per cent of the rvhole group lir.ed in houses into rvhich the sun shone
through the open door or through unglazed windolr-s for fir'e or more
hours a day. These 'rvere chiefly the frame houses or huts common in
the suburbs and sx'amD districts of San Juan and in Ponce. One
hundred and trventy-sixihildren (23 per cent) lived in houses or apart-
ments that had sun tu-o to four hours a dav. I{ost of the anartments
were in ronclrons, tenements, or 2-story houses, with the sunny doors
or windol.s on one side onlv. so that the sun shone into the apartment
only part of the day.

The 26 apartments that were sunny for less than two hours daily
rvere nearly all in the tenements of San Juan.' Thev had doors or
rvindows opening under balconies or on patios surroinded by high
buildinss. In some of these houses the surilisht entered onlv foi'a fdw
feet. Ts-entv-seven children lived in house's into rvhich t[e sun did
not shine at dll but which were near a sunny patio or open space. A
ferv of these houses were fairly dark, but as the sunlight was easily
accessible, they l'ere graded as slightly better than the 14 houses that
not onlv u'ere dark but also had no sunny yard nor patio. Three of
these 14 latter houses opened into smalli dark patios, 6 opened into
narrow passage\!'ays, and 5 opened only into hallrvays.

reel-n 21 -chitdren':'"xr:]!,nx:!f:;:flf;'of:::l'#T:"' ot ttottrs o! suntight

Estimated mrmber of hours a day of sun
light in hoNe

Clhildren in farnilies
visited

Nunber
Per cent
distri-
butioD

T o l a l -  - - -  -  - - - - - - -

IIours rcported---

i hours or more -
2 t o 4 h o u r s  - - -
L e s s  t h r D  2  h o u r s - - - - - - - - - - -
None in house, but sun esily acces-

s i t  l e
Nore- -

Hours  no t  re .nor ted-  - - -  - - - - -

556

553 100

360
126
26

27
14

3

65
23

5
3
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The almost complete absence of roentgen-ray evidenee of rickets
goes to show that the amount of sunlight received rvas adequate to
prevent the disease in neariy all the children. N,{oreover, it is obvious
that there \Mere too ferv cases of rickets to make it possible to draw any
conclusions regarding the effect of tire different amounts of sunlight
that were available indoors. The fact that sunlight rvas available in-
doors as rvell as out is, however, probably of greater significance in the
prevention of ricliets among the infants, rn'ho spent a large proportion
of their time in the house, than among the older children, rvho corild
go out by themselves. As has already been pointed out (see p. 46),
only one infant showed severe ricliets, and it is of interest to note here
that this child lived in a house that received no sun at an;z time and
that he was not taken out of doors at any time. The group of children
for whom a clinical diaqnosis of rickets v'as made is also too small to
show rvhat part was played in the diagnosis by the amount of sunlight
available in the house.

The influence of the arnount of sunlisht ar.ailable in the house on the
preventicln of rickets may be shown i-ndirectly, howel,er, through its
relation to the presence of tanning of the skin, which is evidence of
direct exposure lo sunlight. A larger proportion of children who were
tanned than of children rvho wele not tanned lived in houses that rvere
sunny for more than four hours each day or had a sunny yard available
as play space.

100326.-33--6
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Poverty, local customs, and elimatic conditions in Puerto Rico tend
to liniit the diet of the people. The basis of the diet was rice and
dried beans, rvhich, though largely imported, were the cheapest foods
availnble. Tuberous vegetables and small amounts of meat or salt
codfish were also used, and fmit in small quantit ies. There was not
an adequate local supply of such foods as niilk, butter', eSgs, and fresh
vcgetables, u-hich in continental United St,ates are considered essen-
tial for the health of adults and for the health and normal srowth of
children, nor corild the people as a rule afford to buy them. 

- 
Besidcs,

most of these families had no wa)r to keep these perishable foods frorn
<iay to day, and they had to buy them in small quantities if at ail.

The diets of the farnilies visited were unbelievably monotonous:
thcre rvas vcry l i t t le  var iat ion f rorn day to day an. l  i rom fami ly  t6
famiiy. The diets rrele poor in minerals, l-itanrins, and protein;
many were low in caloric yalue also. The daily diet for the average
family can be summarized as rice and beans trvice a day-usually in
Iarge amounts, cspecially of rice; colTee twicc or three times a day,
with unrelined sugar ancl rvith or without a small aniount of milii;
bread in very smal quantitics, usually without buttcr; tuberous vege-
tables; and fruit in srnall qnantities, the fruit chiefly fcr the chilclren.
Some {arnilies had nothing but rice and beans. and a few 'lvere found
that  d id not  cyen have bolh l icc and bcans evely r l r rv .

The traditional dish of rice and beans was Lept-from beinE too
monotonous by varying the nrethod of coolting the rice, by using rtif-
ferent types oi beans (such as black beans, kidney beans, and navy
beans), and by using peppers and spices for flavoring sauces rnade
from the beans or by using olive oil on thc rice in piace of bean sauces.

Nearly ali the fanrilies visited during the study-all except thc very
pclorest-used some vegetables other than beans scveral times a rveek
at least, as well as srnall arnounts of meat or dried cod{ish. By use of
these additional foods tirev added sorne vitarnins antl rninerals to their
diets, but rrot enough to l;r'ing the diets up to recognized standards.'Ihe additional foods u.ere often servecl as sterv or a cold dish simiiar
to sterv that rvas called "sala,d." A small amount of meat or salt cod-
fisb, rarely lrole than a quarter of a pound and often less, was custorn-
arily cooked'lvith tuberous vcgebables, such as white potatoes, sx'eet,
potatoes, or yautias, or v-ith green platano (plantain), and sometimes
with a small amount of tornato, cabbage, or beans. \Vhen such a
stew or salad was served it was iikely to take the place of rice and
beans at one meal or to be selved with rice in place of beans.

In many households enough rice ancl beans were prepared at noon
to serve at both the noon and eveninq meals. The lack of cool<ins
facilities made it impossible to have mrlch variety of food at any meal".

6{ For further information on Puetto Rican diets see the series of bulletins entit le<l Tropical Foods, by
Rlsie IIae Willsey, published by the University oI Puerto Rico, Rio Piedras. (First bulletin of series dateil
1925.)

/ o
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As there \r-ere no facilities for storage of food or for refrigeration,
only the staple supply of rice and beans could be hept on hand; all
other foods-vegetables, meats, fruits, and milk-had to be bought,
preparecl, and eaten on the same da;'. In the market w-omen \lrele
seen buying a part of a tomato, one onion, a ferv tuberous r-egetables,
or a few pepperc as the daily supply for the family. Milk u'as often
bought in very smali quantities-even a cupful at a time-from street,
vendors. Milk for the baby may have been bought from a dairy.

The families who rvele better off than the averaqe and .n'ho lived
near enough to a market so that they could go there often were able
to add moie variety to their diets in ihe wayif fruits and fresh green
vegetables. Among the r.'egetables added were string beans, water
creis, Iettuce, cabbige, celerf root, as'well as gandrrles"(pigeon peas),
chayote (a vegetable resembling summe-r squash), and other vegetables
sro\yn on the island.- 

Fruits-oranges, bananas, mangoes, pineapples, and cherries-
rvere used mole ol less regularly by a large proportion of the families,
althoueh the aclults did not eat fruit so often as did the children. As
thcre *ere no facilitics {or baliing in the avertlge home ancl as baliely
food was both expensive and not easilv available, bread ancl pastry
rvere l itt ie used. Cereals, cxcept rice', rvele used onl1- occasionally.
Raw sugar-cane lras eaten as a sx.eet by both adr-rlts and children.
Sweets other than sugar \\.cre used hardly at all. Granulated suga,r,
unrefined, was used freely in coffee, but not for other purposes.

Coffee was used customarily in ali the households onc or more times
a day by the adults, and frequently by any ol all of the children who
were no longer breast fed. \trrhen a child was rveaned, he was all too
often given co{Iee, sornetirnes with milh, sometimes black. \{ost of
the adults drank their co{Iee black, although some added a little milk.

Practicallv ali the, rnilk talien bv the adults was the srnall amount
that they pirt in their coflee. Though some milk rvas provid.ecl by
many families for the children, relatively little rn'as bought for the
adults. Some families. u-ho boucht no fresh cou"s milk. used small
arnounts of condcnsecl , 'cvaporatid, or dried cow's milk,'or of goat's
milk.

The price of biittcr \\'as so high as to be practically prohibitivc.
Eggs were used vely little.

Detailed inforrnatiorr was souEht from the 506 families visited
regarding the use of cerbain {oodJ that in continental United States
are considered necessarv for an adeouale diet,. Estimates were ob-
tained of thc arnount of"milk used daiiv. the amount of butter and the
number of eggs used rveekiy, and the number of times a week that
meat or fi.sh, fruit, leafy vegetables, and other vegetables were used.
Effort was made to ascertain that the amounts reported w-ere approxi-
mately those that w-ere used customarily.

The data on these {oods will be taken up under the following gen-
eral divisions: (1) The diet of the family as a wholel (2) the diet
of the mother of the family, with special emphasis on the food taken
during periods of pregnancy and lactation; and (3) the diet of the
child, as reported by the mother.

It should be borne in mind that nearlv all the families studied
lived in cities or on the outskirts of citiei and therefore had easier
access to markets tlian did manv rural families. and that thev were
practically all families that were 

"being 
taught by public-health nurses
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to use such essential foods as milk and leafy vegetables. The diets of
these families were probably better, therefore, than those of the
aYerage Puerto Rican family.

FAMILY DIETS

MILK

Information with regard to the purchase of milk rvas obtained from
487 of the 506 families visited. Onlv 10 of these families bousht no
milk at all; 15 bought fresh milk forihe use of one special medber of
the family only, usually the youngest child or the mother; 393 bought
Iresh milk foi lhe use of t]ie w]iole family (both these groups \yere
able to report with fair accuracy the quantity purcliased daily); 69
bought canned milli, but reported the quantities so roughly that no
attemnt was made to record them.

Of the families who reported the quantity of fresh milk purchased,
it v,'ill be seen that nearly two-fifths bought less than 1 liter 65 a day
(as a rule about half a liter, or 1 pint). Neariy one-haif the farnilies
bought I liter a day or a little more. Only about one-sixth bougiit
as much as 2 liters a day. Considering the fact that each of these
families averased four members and that each inciuded at least one
child under 3 1'ears of age, who should have had milk as the basis of
his diet, or a child who ivas still breast, fed and rvhose mother there-
fore should have been drinking milk freely, these quantities are small.
Comparcd, holevcr, with the per capita consurnption of milk by the
popnlation of the island as a 'lvhole-namely, I to 2 ollnces daily-
these quantities seem relativelv sood and ilhrstrate rvhat could be
ucco-fli.h"cl etlucationally by ihdnursing sta{I of the clepartrnelt of
health throughout the island if the supply of milli rvere greatel and
rnore easilv available.

Familiei rvith incomes smallel than $400 yearly purchased consid-
erably less milh tharr those u'ith incomes of $400 or rnore. Less than
one-half the farnilies rvith the srnaller incomes and more than three-
fourths of those rvith the larger incomes bought a liter or more a day.

BUTTER

Butter rvas rised irr vcry srnall arnounts by the rnajority of the fam-
ilies interviewed; 31 per cent of thosc reporting used no butter at
all, 23 per cent used less than a quarter of a pound a week; 35 per
cent, a quarter of a pound to a poundl and 12 per cent, 1 pound or
more. No farnily used nrore than 3 pounds a rveek; and though in
general the larger families used somewhat more butter, some of the
largest, even those consisting of 10 or nore members, used less than
a quarter of a pound a week. On the whole, the families that used
very little milli were the ones that used very little butter also.

As with milk, the poorer the family, ihe less butter was used.
About two-thirds of the families whose total annual incomes were less
than $400 each used no butter, or less than a quarter of a pound a week,
and about one-third of the families'lvhose incomes were 9400 or more
used similarly small amounts.

EGGS

\rery few eggs were used by the famiiies interviewed. Thirty-eight
per cent of the familes reporting had used no eggs in the week before

05 A liter is approximately the equivalent of 1 quart.
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the interviey^i 35 ner cent had used not more than half a dozen; 1gper cent, half a dozen to 2 dozen; and g per cent, more than 2 dozen.
As with mill< and butter, thc poorer the^family the fe*"" eggs were
used' 

M'AT AND Flsrr

Meat, or more often dried.codfish, rvas reported. to have been used.
several times a week by ali but four of ihe familie. i"t".it"*"a;
geally half the Jamilies ieported using it less than five times a week.
In this connection it should remembeled that meat und.ooc.t *.r*
usually, use{ in -very small amounts, c}riefly as flavoring in .tews
or salads. Rarely .was more-tha.n a quartei oi rpounJlsed daily
by the ayerege Iamily. The families rvith incomes bf lcss than $-10bwere reported to use meat somewhat less frequently than those with
larEer lncomes' 

r'Rurr

_ l ly i t ,cJr ief ly"ci t r .us frui t ,  was used by thc chi ldren in a l rrg, ,pro_
porr ' ron oI the lamrlres rntcrv^reu'ed, only g per eent rcport i i lu i l r l t
no_fruit at all was used and 12 per cent reporiitrg thot ?.i it ii:o, 

"..aat least olce a day. Tlie farnilies rvith incbmes oi t,*t tl,n" s+bc Lrsecl
trurt less frecluently than dicl those rritli incornes of [i400 or rllore.

VEGETABLES

_91:: l  vegetables, su,eh irs lct t rrr .c,  u.nter.cr.r .ss. s lr inrrch, crrbbrrge,
and stnng beans werel i t t lc uscd by thc fr  rrr i l ies intcr.r i i , .*-cr l .  T* cnty-
gi9,pp,.  cent reported that they never used srrch r .egetrbles; 36 per
cent, that they u.sed them once or t,wice a r,'.eek; 24 p]"r cent, th.ec or
four trmes I  ueek; l td lS..per cerrt ,  f i r .e or mor.c t imes a 'eci i .  L i l ie
[ne orner artlcles ot d]et drscussed, green Yegetables rvere rrscd more
oft_en by,farrilies whose incomes wer-e $400 a-year o",r.o"L. 

---

In addition to the inquiry on gleen vegeta"bles, ioq"i"v .,l,as rnatle
with regard to thc rrse. of  o-ther ' [ 'pcs of "vegetubles, ln. t ' , 'a ing a. i"a
?ea,ns.lTrcr.root vegetrhles. such vegetrrbles were used lery frequently
and wth nee iorured the busis of the gre:r t  mr. ior i ty of thc diets.  only
J per cent of the furnilies intervieu-ed reported usiug tjrese rleEetables
less often than 7 t inres r  *-eek,44 per icnt rrsed thern from'z to l0
time,s.a week, and_49- per cent used tirem l 1 or more times a iveeli. As
$'ouLcl be expected, these vegetables, rr-hich, tugcther with ricc. nrc the
c.heapest-foods obtr inable and hirr 'e her.orrre i r .v crrstom thc basis of the
diet of all Puerto Rican frrmilies, were used ubo.,i ;;;it* t; tte tar,r-
ilies vith incomes smrller than 

'$+00 

" 
y"". u, iry iir*" *tti, irr.orrr"u

of $400 or more.
^ rn general the fanrily diets lvere found to be deficient in many of tlie
foods considered esseritirl to 1 diet for growing 

"hiiar."" ""a-?i. 
pr"g-

nant or lactating mothers. Poverty seimed io be the chiel cause of
t..he.rn&dequacy of these family^dietq. Larger amounts of milk, butter,
and eg_gs were bought by the families with incomes of $400 oi more a
year,than by thgqe with incomes of less than $400 a year. Xrfeat or
I:l,l l-u,uf{ vegetables, and fruit were used more frequenity by the group
wrth the better incomes; beans and tuberous r.egeiables"abbut eq-ually
bv the two groups.-The 

families visited in Ponce used less milk and butter, but consicl-
erably more beans and tuberous vegetables than did tlie families ,i.it.d
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in sanJ'an, who onthe whole, had lar^ger incomes. Apparently leafy
v_egetables, fruit, and small amounts of meal *-or" ,."d about, equally
rn the tv-o crtres. -tr'erver of the families visited in ponce than of ihos'e
visited in San Juan used eggs.

DIETS OF NIOTHERS

rnformation was sough,t,regarding the diets of the mothers during
periods- of pregnanqv and lactrtion] with the idea thrt sturlv of thi
drets oi those perio4.s.might throw some light on the gencrul health of
the mothers and children. As a basis for comparison-with these diets
information _was sought also regarding the diets of the motirerc wler, ,rot
pleC.n1nt or lactating - Tftrt ihe diets of the nrothers were very poor
at all the times studied rryill be shown in the discussion on pages sz-ss.

Each mother was questioned as to the amo.'ts and kints of food
she had eaten on the day before the intervielv and also ivhether this
food di f fered from thefobd eaten during hcr reeent pregnancv nnd, i i
so, in rvhal respects.. lf she was not lactrting, shc ri:ns i.keJiuhetlie.
the food eaten on the day before the intervie-# differed from the food
eaten when she rvas la_ctaiing and in what respects it difiered.- inquirv
lvas ,11a$e,with regrrd to foods considered csscntial to. gooJ n ut;iti;i l
emphasrs bcing phced on ihose containing earciunr,  pro"tein, rnd vi t r l
mrns rn.largest amounts-milk, butter.,.eggs, meatl fruit,'and leafy'i 'egetables. Inquiry *rs also made *{th-rigard to'tn" u'." of a.i"a
beans, tuberous_ vegetables, and rice and othei cereals. The amounts
oJ sugar ald other sweets and of breadstuffs *'ere not recorded, as at
the time the data were.gathered it was not intended t" ;;;p;ie the
caloric content of the diets.

Exact amounts of food tale^n b,r the mothers were not measured,
but approximate amounts of foodi eaten by the -oit;;; weie esti-
mated from the total amount coolied for the familv ."a ttr" nor.tions
served to tbe menrlrers,  the rnother in prrt icrrhr."  Ti l  in inl , , r t iorr
obtained fronr the nrorher regarding her 'diot  * , '*  

"onir ,r ."a '"- i in 
tn, , t

ob ta ined fo r  the  d ic t  o f  the  f "ami lv ' rs  a  r r .ho lc .  
- " - ' - I ' - '

^ I l }en inqrr i ry was rrrade conceirr inq the foods eatcn durius Deriods
p: l  pJ:Cl j l l " .v_cnq laclr t ion, specinl  errrphasis u-a_s lr luccd on clrungcs
ln tne i lmounts of mrl l t , .hrr t ter,  eggs, frrr i ts,  and lerf .y vegetables.

The staternents rnade ly t\" inot-rrers as t_o the r -oi,,,ti l nJiup"= orfood used were so much aliire tha L the si'g.le dny's ai"t., *t 
"" 

*.rJia"."a
lgsether. prgbably gir c fairly accurrtc inro.mhtion"ti ltt" ii.*i di.t orthe ruerto Krcrn mo{hcrs with respect to the specirl items listed.

Diet histories for the day beforeihe intervieiv n:.." olioi""Jtr a8a
of the.506 mothers, 28r oi rvhonr were stil l nu,'.ing 

"t-i[; 
i i;;" of themter'rew' a-nd 197 who were. no longer nrrrsing.' As 50 of the 506

ngll:t ea9h,b5.ogs!t trvo children td be 
"rrmil"dl-a"d 

u;'mo"y orthem reported diets for the two pregna.ncies or the two periods ofiac_
litl"l; p. f,q!h, the diets were recorded for each period'of pregrruncy
and of lactation. Diets, thdrefore, were .reported fo. 5Bt 

'nerlods 
of

Ll..C"ilg1.rn{ for^50i periods of hctation. 
' 

Of the S0S didts i"r pe_
l1o9: ol lactatron, 287. were for.period_s not yet completed (that is, ihemother was strll nursing her child at, the time of thointerview). arid in
these.cases the diet repirted for the period or lactatio" i" ln"'Ju-" u,thediet for the d.ay before _the interview; the remaining 2 r g dieis were
Ior lac.tatron pe'ods completed at varying lengths of time lrrevious tolne ]ntervlew.
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Refore the discussion of the nrothers' diet, a l,ord shor-rlcl be slid
with'egurd to the gencral health'f these \\rornen. No data ivcre col-
lected rnth rcg'rrrt l to rveight, ]rut it.was the irnpression of t]re eranrin_
rng ph1 sr . i r r r r  t l r r r t  the u 'orncn'* -ere in  generaI  pbor ly  nour . is l rer ] .  - \ lost
o f  t h . rn  r l s , r  r i ' e l e  s r rL l l l  i n  s l u tu r .e .  

' - { s  
r v i t h  rn . " . t i l J i . . " , - i r i ; .  , i o r -

hrr  o hccn due 'ar t ly" t :  
_r ' f lce end par l ry ,  to  pr-o longeJ-rn i " r t "n, t ing.

The r r ' , , r r ren of  2s o i  B.9. .yen.s of  age lo"ox"o oro and.uorn, , rnc l  n, , ,11:
of  t l rcm *-erc l is t lcss.  Though moJt  of  thcm rvere 

" : . l l  
t r i ln . j  ; ; ; ; ; { .

shor'ved pallor of the mucois mernbranes of the iip-. 
..ii^i,:,i.';.;?

mated that the a'erase mother probabry ''eighed riJ rnoi.e than so
ki log*rr rs  . ( l  10 porrndi r ,  ont l  l  . . t  e ight  of  so l , . iog i " - .  t  

" . 'u . " "  
u."a

as  t l t e  h t s r s  o t  eompu t l t r ons  conce rn ins  t he  d ie t s .
In order that the djets might be cofrpared with one another and

i r - i th  recognizcd s l r r r rdards and that  r .e lat ionship bc1* lecn t le  d ic t*
and suel i  lactors a*  farn i iy  income rn ig l rL be studicd,  earh c l ie t ,  had
to  be  g radod  hy  a  de r i n i t e  p lan ,  ucco . , r i ng  t o  i t s  adcc j  u r "u ; "  co r ra in
rood o ic i i len[ : i .  ln  the co_rrrsc o l '  tu 'o  pr t ' r . i ,us s l  udies,  onc in  \ \ - r rsh_
ing ton  gnd -cne  i n  Neu 'Ha r - cn ,  Lha t  l nd  t , - ,  , r n  t t l i r l r  t r i , ' ] i i " i i i , , , , . , ,  , , t
r i c l <e t s , .  a  p lan .  f o r  g i ' a r l i ng  r l i r ' t s  l r r i d  hc r .p  11 .11 t .1 i6 ,11  , , r 11  1 l r , r l  r i l , r *  l r , r sed
upon the foods usrri i lJy eaten in contincntal L-nitccl strrtes. .rhcse
diet gratles rvere-itasc,i 1;l imrrl i l l  t,n the c,rl. ' irrrn 

"ri. i  1,,,ri. i i i  corrteri l
of foods rather than on'theil caloric valu..

Though the vitaniin co'te't of t l ie diets *-as talicn into consicler.-
atron to some extent.in.plannirg.the rl ict grades, no estiriratcs ,. the
vitamin content, of incliviclual diets rrave-bee''r,ruau. i i ., i :ns soo'
{9u . l d , t ha t  t l Le  g .ada t i ons  p . l anned  fo r  j r r dg i i r g  J i . r - .  i n ' . on i i , , nn r r l
I r n r t ed  S ta tes  ' r - e re  no t ^su i t a ] l e  f o r  j udg ing  rhe  d i c t s  i n  p r re r to  R i co .
The e.xt .enr0 povor ' r \ -  o I  rhe pucr to f t ic in  j rc ts  , , * " . . . i i r t . , i ln  ** , " , , -
sron do\ \ ' l l$ 'ard o i  the usual  scale,  s . , r  as lo  prov ide l 'or  the inc l r rs ion of
dief 

!\qt'\r-ere poorer in calcium'and protein tna" a"ylo",'J'i" co"ti-
nen la l  L  n I ( cd  S t tLcs .

ANALYSIS OF 112 SA}TPLE DIETS

rn order to determine the r-ariation in certain consfit'ents in the
f^1":P, l l "n diot*,  to be rser l  in thc j , rc jrrr l i io i i " f*"g;" . f" i ; ; t ] " ; ; ;
detarted st , t idy $ rs rrradc ol ' .a_sarrrple grorrp of I  I  ? rnothei. '  d iet .-* .  Thecases rncrudt 'ct  rn l l r rs spr.r .rrr l  strrr l ; - \ \ 'cr .c tal<cn at randorn from threcgroups of orses di f l ' t ' rcnt i r ted l ' rorr i  one another orrJy uy i t r .  dingno. i=
madc nt roontgcn-rrr '  c- \an) inf l r ion of the elr i r t . rrcn;:  #n;; .  Tia-r f  thcdre(s  $sq 'g  those ea len  by  nro thers  o l  ch i l t l ren  shou ing  en t r rc ly  nor rna l
bone.s, a (r..al'tcr, by moihers of child.en * lrosc ro"'ite;n,,g;i*. *-*."
consrdered sor r re lJ raL  doubt fu l  (sec  p .  47) ,  and a  ( r l ra . r ie r ,  by  mothe ls
of chi ldrcn l r  hose roentgenograms sirowed' rnrcfaci ion 

"" '* i "ono.o=i"ol .,*"4 a degree that it r.vas described as atrophv. The-JiuiJ to iru
studred rvere sejected at landom *- i thin the gior ips descr i l recl ,  those
eaten by mothers-of children with no'nal bon"es,being."1".tli i";;:
prorima.tely equal numbers fi'om the children i'san.l-uo" u"J-po""u.
uf the diots so selected, 59 .were those of mothers who were stiil lactatinj
at the time of the intervierv and bB of mother. ,ro lnoe.l d;ilrn,;".

I t  was bel ie 'ed that such a sanrpJing would r"pr"r"?i  th* ' i lur i rr io, ,
of all the motirers' diets in calciurn c"ontent ancl ptubablv in other
:9i'-t-' j]]_.11., a nd that possibly sonre in re.esr ing facr's rr righi bc-br.o rrgl, t
out \ \ -r tn rcglrg to. the relalrorr  betueen the nrothers,diets arrt l  t l re de_
velopment o1' the children,s bones.
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The approximate amounts of protein and of calcium in each of these
112 diets and also the number of calories were calculated from the data
recorded with regard to certain foods eaten on the day before the
interview. These will be found in Table 22.

T,Enrn 22.-Caloric, prote,in, and calcium content of diets oJ 112 mothersr on day
preuious to interu,iew antl roentgen-ray diagnosis of coniliti,on of chilcl's bones

Total
Calories Protein (gms) Calcium (gms)

dition of child's boD€s motrn
EIS

,\ver-
age

NIaxi-
mum

I{ini
mum

Aver- N{axi
mum

1 \ t t n l -

mum
Aver- I Max! trIini-
a g e  l m u m ] m m

' I o i a l - - - - - - - - - - ,  -  - - -
Normal -- --
Doubtful
Osteoporolic- - --

712 870 441 220 34. 11 66.08 12.02
"r&r l;.-,m i r*,

56
28
28

880
890
831

441
31u
075

390
357
220

34.67
34.62
32. 48

06. 08
51.  51
46. 57

1 5 . 3 8
12.  18
t2.02

. i s 6 l . z 6 0 l  . o z

. 3 4 4 1 . 7 8 9 1  . 0 6 4

.217 | .524l l  .05(

ii fftli', |ltffl"tv 
c': chemistrv or Food and Nutrition, pp. 22r-222. New York' 1e32.

1 For foods recorded and for rnethod of selecting these 112 mothers see pp. 80, 81.

Protein content.
The number of grams of protein in the food eaten bv each mother

on the day before ihe interview \,\ as estirnated, and, as the amounts of
practically .all the protein-containing foods, except bread, were re-
ported, it is likely that the estimates give a reasonably eccurB,te
picture of the protein content of these diets. The rnaximum number
of grams of protein estfurated for a single diet .was 66, the minimum
12, and the alerage 34. According to Sherman,66 who summarized
data from 25 independent inr,.estigatiions, the ar'erege protein require-
rnent is 44.4 grams per 70 kilograms of bod.y u'eig:hr'per day, or 82
grams a day lor a unman rveighing 50 kilograms." Sherman"further
concluded from the studies that if only the Fest data were used (those
rvhich allol.ed a /(reasonable period for adjustment to such a, lo\y
protein, diet"), the._average.-requirement u-ould probably be lower, or
about 0.5 grarn daily per kilogi'am of bod.y s-eiqht. Usins this latter
figure, then, as more suitable for estimating the requiremen"t for Puerto
Rican women rvho are customar-ily on a low protein diet, it is found that
for a person.weighing 50 kiiograms, the daily_maintenance require-
mcnt u-ould be 25 grams. The "standard" allol'ance recommtinaed
p]' Sherrnan-one that permits a reasonable margin of safety-is,
houever,_I  gram dai ly  per  k i logram of  body *e i -eht ,67or  approxr-
male ly  50 grams dai ly  for  a person rveighing '50 k i lograms.  Such a
standard is somewhat more than 50 peicent aboye f,he averase re-
quireurcnt of 32 grams for a *'oman weighing 50 kilograms ind i.
twice as much as ihe estimated requiremeit of"2b qru-*- a dav. The
avera_ge nurnber of grams of protbin taken by th"e mothers"in this
sample group,  then,  ivas probably adequate fo i  maintcnance but  was
considerably below thc standard and obr- iouslv  d id not  prov ide the
rnargin o{ safety pemritted by such a standartl allou.ance as that
suggested by Sherman.
Calcium content.

The amount of calcium contained in the foods eaten bv each mother
tb" 4+.y before the interview was calculated; and since the quantity
of milk, the chief calcium-containing food, had been obtained with
the greatest care, &nd careful estimales had been made of other cal-
cium-containing foods-vegetables, especially dried beans, and fruit-
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it is believed that the information regarding the calcium content of
these d iets  is  reasonablv comnlete.

The maxirnum amoi.nt of calcium in any of these diets v-as {ound
to,  be 0.79 Sra]n, .  the min imum, 0.05 gram, and the a\ .erBge,  0.2E gram.
This average falls slightly below the amount arrived at u'hen the inain-
tena.nce requirement as estimat"d .by Sherman for a person *eighing
70 k i lograms,-namely,  0.45 gram,68 is-ad j t rs tcd to the neet ls  oI  a |erson
weighing 50 k i lograms,  namel .y ,  0.32 eram. I t  shorr ld  he horne in
mind, moreover, that sherman states t-hat t l i is maintenance require-
ment "approximates the minimurn of actual need ratl ier than r nor-
ma l  a l l owance ,  "  f l nd  t l r a t  "  l  l r e  r r r r rq in  f o r  s r r f , , t '  s l r o r r l d  t r r ob lb l r
be  a t  l eas t  as  l n l ge  fu r  c l l c i r r r r r  t s  f o r  D r , , t t , i n . "  t n

.Shcrman sug'gests that a__50 per-ccnt increnso above the ar-r,rage
mrmmum rerquirernent be allori-cd.i '  l f this is done, s<i ls to nn.i i-c
a t  a  " s tandn rd  "  n l l ou  l r r ee  o l ' ca l c i r r r l ,  i t  u  i l l  h t '  f o r rnd  t  l r r r t  t l r c  l r \ . { , r r t go
womano f  t l r i s  Pue r toR ie rng rou l ) . sho r r l r l  l r nvc  l r cc r r  r r . ce i v i nc  r l ) l ) r o . \ -
ima te l y .0 .48  g ram o f  ca l c i um 

' da i l v  
i ns t cad  o f  r vJ r r r t  s l r e  r , , i r r r " l l ' , -

reeeived,  namEly,  0.2E gram. To p i 'o . : ide . [or  thc in . r .o. " . l  ; " ; ; ; ;a
for calcrum_ during p{egnancy or' lactation, moreover, this stanr.lrrrd
allowance.should again be liberally^_increased, probabl1,- until it ap-
proaches trhe amount suggested by-sherman as thc dail-i reqrrirernent
of  a grorr ing c l r i ld ,  I  gram per  dav. / t  No sucl r  inc leasc in  t l rc  ealc i r rnr
content was evident in the diets of the 5g women who rverc lactating
at the time the diet, r,vas taken. The averaEe in the diet of thesc 59
women_was 0.30 gr .am of  ealc ium as.against-an ayerage of  0.26 gram.I'or the 53 u'omen who r,l 'ere no longcr laitating.
Caloric content.

Tloug{i at the time n'ben the dietary data were gatherecr it was
not the plqn !g calculate the caloric conient of the m"other's criets, ii
was later d_ecided upon because the diets rvere {ound to i le so inade-
qua te  rn  o t J r c r  r espcc ts .-  

Thc calor ic  conient  o- [  cacl r  dai l l 'd ic t  t . rs  ost i rnntcd r rs  c los, , l r -  ts
possib le j rom 

.aver lge l re lp ings o i  repor tcd fo ' t ls .  TLe nrar i r i rum
estimated number of calorics per day in tt lese 112 cliets u-as 1,4-l l, the
minimum,220, ,  and, t l re  avcrage Sib-  T.hat  t l r is .nvc l ,nge is 's , ,  , . , ,1 .y
Iow ls  at - least  par t ly  uccountcd for  by t l re  faet  thr t  t l rc  arr rorrnts of
sug-ar  and_other  sweets and of  b. re.ad,  ar t ic les o l  d ic t  thaL are ohr iously
high in calories, werc not recorded. 

' 
Though sugar was probablS. usgft

very freely i? coffec, bread and such sweels as fastry aild cakes were
used relatively Liitle. rf the amounts of these foods-uscd rvere added
to the total, thi,q-addition would, of ,course, raise the average number
of calories considerably. rt is possible, doreover, that th-e mothers
whose diets were lov- in the recorded foods increased the caloric con-
tent of t lreir,diets,bS' using sugar, and possibly bread, proportionaliy
even more than tlrose rvlLose diets were high-in thc iccoidcct foodJ.
I-f this_is true, the number of calories would'be increased -ot" itr th.
drets thrt were low in the recorded foods tlian in those higher in the
recorded foods.

Tbere, is  no rvay of  est i rnat ing exact ly  the calor ic  varr re of  the srrgur .
and smat l  amounts o l  bread that  rvere eatcn;but  i f  the genert i l  a \ .emge
of 870 calories were increased 50 or 75 pei cent to a-riow ioi sugar,

ll f}".-rt' 
Ilenlv C.: Chemistry of Food and Nutrition, p. 28?"

70 Ibid.. D. 512.
,r ro.
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bread, and slveets, or eyen if it were doubled, it would still fall belorv
the minimum energJi requirement of approximately 1,800 calories 72

for a woman of 50 kilograms in body weight, who is in normal health
and rvho spends eight hours in sleep, eight hours in serving, ironing,
s\yeeping, or other types of light houservork, and eight, hours in sitting
or standins at rest.

That the Puerto Rican women rvere able to maintain their bodv
v'eight even at, a, poor level on such a low er-Lergy intake may perirapi
be accounted for partly by the fact that on the s'liole theirrvork was
Iight and the climate is warm. It is probably true also, as suggested
by Sherman,Ts that "chronic undemutrition in adults, ol' even simple
rristriction of food consumption in healtli, if continued su{ficientiy,
may bring the organism to a lower level of energy metabolism than
would be indicated by the rveight or snrface. "

It should be remembered. hov'ever. that 59 of these 112 rvcrrnerr
not only had to maint,ain their ou-n u cight but had to pror.ide food
for a nursins infant. \{oreover. the unsatisfactorv nutritional con-
dition of thJ women indicated tlat the caloric coritent of tireir diet
was probably inadecluate.

It has already been pointed out that Table 22 shows for each diag-
nostic group the average and the range in calciurn, protein, and cal-
ories. It will be seen that on the averase the diets of the motliers of
the children sho$'ins atronhv of the bones were but slishtlv lorrer in
calories ancl protein ihan eit[er of the other groups. Tliey n'cre, irow-
eyer, a,pproximately one-thild lowcr in c,alcium thrn the diets of the
mothers of the childrcn rv-ith "doubtful" roenfgeno€lrams, and one-
quarter lower than those of the mothers of childrcn with normal
roentgenograms. 'Ihe nrimbers in each group are too small to allow
any conclusions to be drawn. It shoulcl bc pointed out, moreover, in
this connection that most of the chilclren in the gloup showing osteo-
porosis (18 out of 28) had been weaned and thtrt the calcium in the
mother's diet can not, therefore, be regarded as indicative of the cal-
cium in the children's diet. It may, how-ever, indicate the amount of
calcium in her diet be{ore weanini'tool< place and thus have sorne
bearins on the child's condition.

No explanation of the grea,ter amount of calcium in the diets of
mothers whose children had doubtful roentgenograms is suggested.
On the whole this group of children were younger (mostly uirder 6
months of age), and most of them were breast fed (21 out of 28). In
the New Haven studv doubtful diasnoses were made more often in
young infants, and it 6ad been sugeeited at the time of this study that
it was perhaps less easy to be ceftain of the condition of the 

-bones

when giowth rvas takin$ place rapidly. It is possible that this factor
of rapid growth entered into the doubtful diagnoses in tlie Puerto
Rican clildren. The hiEher calciurn content-'of the diets of the
mothers in  th is  groul )  mig l r t ,  under srrch c i rcrunstances,  be nssociuted
with more rapid groivth 6f the child. Thcre is not enough evidence,
hon'ever, to subslrrntiate suc]r a hvpothesis.

The diets of this sample of ll2"mothers were deficient in calciurn,
p-rotein, and calories, bui the deficiency in calcium is in ali probability
the most serious, the calcium content falling approxirnafely 40 pe"r

?2 Calc_ulaled from figures in Chemistry of Food and Nutritiol, by llenry C. Sherman, (Neiy York, 1932),
pp. 195-196.

73 Ibid., p. 184.
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cent  l re low the opt imrrr r r  for  mot l rers no longer ]nctat ing rnr l  even
more l ,e low. t l . re  opt inrr rm for  mothers who are l te tat ins. -  The def i_
c . re l l eJ . l ' c . i r l , ' i r rm  i n  t l r e  mo t l r e r s ' d i e t s  p robah l y  i nd i ca tes  a  s im i l r r
deficiency in tlie dicts of the other member. of ihe tamiji:. *itt tt u
exception, perhaps, of children who were breast fed or *i,6 *""" 

""-cervrng nro i 'e , t l r ln  a eup of  cow's mi lk  u drrv .  Though i t  can not  be
demonstr r r ted.  r l . is  suggested thnt  the osteopo'os is  of  the bones found
rn so mflnv o[ the clri ldren mrry- be_a reflection of this deficiency of
calc ium in the d iet .  (See pp.  SC-Sg.)

CLASSIFICATION OF DIDI'S OF ALL MOTIIERS INTERVIEWED

. u-sing the I 1l sa,mpie diets to show the variation in foods eaten and
tn the. calciun and protein content of these foods, five Erad.es were
estrrtrhshed, into rrhich the diets of all the rnothers #ould f"all. These
{fades were brrsed prirnarily on the calcium and protein content of the
drets.'. 'r'he ave-rage and range of the calcium and protein co'tent of
ttre drets ur each of these grades and the combinations of foods that
fell within each ranEe are is follows:

I 
ttilciurn (grams) 

I 
proiein (grams) i

T)inr or.d^ l----r- -- 
l-. r-- 

---i--l Combinations of .food fsll ine within range of cal-
l . \ rc r - l \ Jc \ i - i l l i n i - l  t \ .e r - l f te r i - lM in i_ l  c ru r l  l l o  p ro io rn
I  r l r "  l ruuu uru i l r  i rg r .  ln ru ld  l l l u r {  I

I  i  I  I  I  I  l f M i l k ,  l c u p o r m o r e a d a y .
I  I  I  I  l l t . t s g s , 3 o r r n o r , . r j m . s a w r t k .
I  I  I  I  i  t  l l l o n f r v " g " t a b l n s . 3 o r n r n r , t i n " s a F e p k .

c o o d - - . - - - l  o . o n l o . a z l u  r r ;  
I  

s o l  c s i  , u f {  " l t l r l t r u b c r o t r s v o s ' ' r o h l ( s , T 4 2 o r n r o r c t i m e s a
|  |  I  I  I  I  l lR . ico ,p_ot r lo ,o rbr .nd2ormorer i rncsarhy .
l r l l l l l l l o f l t , t o f n l o r r ' l t u l P s a u e c k .

- - j -  -  . r  - ' - l  - ,  - l \o r ' rna .s ,  3  o r  moro  t in tos  a  q 'eck .

I  I  ]  I  I  l f . \ t i l k .  f , . s  t . ( , rs l ,oonfu ls  ( in  co0ce)  ro  I  , .un .
I  I  I  I  l r _ g e s ,  l o r 2 t i m , , s r s . e n k .
1  I  |  ]  i f . , r t ] r e c . ' r r h l n s , l o r 2 r i r n o s i u e e k .

Eai r - - - - . . - l  o . ;z  
lo . ; ;  io  rx  I  

. r '  
|  ; ;  I  r .  { t ' f l i . " ,  

tubcrous  vcser i rb l ( ' \ .  7  o r  rnorc  t imes a

I I I I I rlf,':l;i,'fli ':lll,il.lJlil;u'.-n,or,rim.sRdnr.
.--i-.l- --i -i_] _]tot""-.r, t t" . ,it

I I I I I ii)Jil5,:':il'i;:-^**.^,^"

{  r l c iu r !  lg rams)  J  l ro r , ' i n  (g rams,

t-i--r-t-l-ti
| | I I ll.tggs. or lcafy vcgetablcs, 1or more times a q.r.ek.

B . p o o r - -  l o r ] o . r * l o . t r ]  r t ]  i 0 i  , r l / n l , l J . " * l ' t u b e r o u s v e s c t r b l e s T o r m o r e t i n e s e

i I I I I i ilii:l;;,'ii;,l1lfJ.o;i$:';*1-n,or{,i"imcsedav.
- l  -  - 1 . -  - . - ] - l ! l l r "  n L " ,  I  l r '  I  I i : i r '  s  a  $ r ' k .

|  |  
:  , f l r t , ; l  L i l j l , o , , r l u l l  t i n  c , r t f ' e ) ,

|  |  i  ]  l l : s ! s '  o l  l o r f j  r " g '  t r b l p s ,  n o r p  o r  I  l u  2  l i r i L e s a
I  I  I  I  i  l l _ $ o , . r i .

1 .  \ - n r y  poo r - ]  o . l s  I  o .Z l  I  o .Oc  I  rS  ]  : -  |  ;  l { u : l l ' - , o r  t uh " ru r r s  \ i r , l r b l , s . 3  o rmoro  t im , ' s  a
l l l l l l l l s l p K .
I  I  |  |  |  ]  ] l R . i c , ' , p o r ' r r n o s , , , r b r , , r d . r o r 2 r i m i l s a d e i .
I  I  I  |  |  l l . v r o a r . o n c o x \ r a c h .

--.__-.--l-=- - l_l_ _l\orauscs I to 4 timcs a week.

i  I  l / l l i t k ,  none.
I  I  I  |  ,  ] lELcs  or  L ,a f r  r .egetab jcs ,  nonn,  o r  onc , ,a  week.

5 . l i r n n n r ; i n - -  l t ^ ^ .  l ^ . .  l ^ ^ -  |  |  l l l i ' r r s  o r  r u b e r o u s  v e g , t a h l e s ; J o r m o r e  l , i m e s x
Iti,;;; l lu. riE | (r. l1 I 0.0: I 15 | 2,i i  .t l( rv,.ek.

|  |  |  |  I  I  l R i c { , , I ) o t e r o e s , o r h r e a { l l o r 2 l i m p s a d a v ,
I  I  I  I  I  L l  \ ' I ' a t ,  none,  o r  once a  woek.
|  |  I  I  ]  |  l \ u r a n s ( , s , n o n o , o r l t o 2 r i n c s a s . e c k .

#"ii{itfll,Al{rdirli.";ifi:}ii'i,q#:r"i""!lliiq[[x]il?j#*1"*tr$'sr"dJi..:rjf*ltii jf;
potatoandthetnrniD.bothofwhichtheyaut iarescmbtcs.  Cniouet l iJubi"q," , i t io*r . r . i l . r i l reyaut ianasbcen fourd to bcrct'il,xllr.- rnuch !o'er ircarc!iim-ih;;;;. 

"s;i;;r,; 
'Na;iii";;;i 

"r 
striov.' tsigniri-!i,:;;"i;Yl"inil,l,ll3.'31's h lr:[H,"ilv.*;i,T'-1?,i;]l:i,;[l"ll,l;'ill;lxl^lll:i"j,imll:;iliil

lili,Ji,Xl';l' *';''"lnii: .*,:l ,lf, 
"'l 

,f,ll; hli;]di,sr '-i"i. I 'rhe an,,unrioi r ni,'i,rni in'i n*s" .ri,'rs,
/ '  rnougtr t lrt i iL'ts in the tl ' . ird grade_contain no uilk, tLcI aie slightl l 'bctt,er than thosf in either thefourth or tire hlth, because they inilude larger amounrJoi iat-cim a,iii piiilein-ci,irial"'iug'ioooJotrrerirra,i
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On the basis of calcium and protein content the diets that would fit
rnto the first grade could, on tle average, be called,'good', and those
near the top of the range within this grade',very goid.,,, Whether
those near the bottom of the range should be called',sood" on the
basi ,q ef  but  one cup of  mi lk  a day is  very doubt fu l . "  The second
grade, called "fai!," provides for the dietslhat on the a,yerage con-
tained at least the daily maintenance requirement of calciu-m and
pro_te_q. for  a woman of .50 k i logranrs;  the d iets  in  the t l r i rd ,  lour th,
and fifth grades are all lhree poor, and fall progressivelv lower.
The diets in the fourth and fifth grade are both very poor, but may
be distinguished from each other, as the fourth contains a very smail
amount of milk and the fifth contains none.
Diets reported for day before interview.

Table 23 shows the grades given to the diets eaten by 484 mothers
on the day before the intervierv and also the calcium content of each
diet group (calcium content not calculated for 2 mothers' diets). The
povertv of the diets is r.'ery striking. That only l0 per cent of the
total group of mothers had eaten foods that couldbe graded as ,,good,,
is no less worthy of note than that nearlv g per cent were so eiceed-
ingly poor as tofall in a group belorv the u.uai "very poor" one.

The average amounts of calcium and the range-calculated for the
different diet.groups indicate the quality of each grade from the point
of vierv of calciurn content. As *as done in stu-dying the samfle of
112 mothers'diets, the average amount, of calcium in tt ie day's food
was calculated for the total group of 482 mothers. This was fbund to
be 0.29 gram, an amount almost identical with tlie avera,Ee for the
sample and therefore also slightly lower than the amount cal"culated as
a daily maintenance allowance for.a lvoman of 50 liilograms, 0.82 gra,m.
(See pp.  82-83.)

T;.snn 2}.-Calcium content of..mother's diet on_day preuious to i,nteruieu, and,
Lliet qratle; tantilies uisited in, Puerto Rico

Famili€s visited L'alcim content (sms) of
mother's dietl

Diet grade

'l 'otal_.

Grade re|orled -

G o o d - - -  - - - - - - -  -  - - - - - - - -
I 'a ir
I 'oor.
Very p00r
Xxc ie i l ing ly  poor -  - - - - - -  -  - - - -  - - -

Grade nol repofl ed

ioo l-- --

XI in imum

. 456

.183

.067

.048

Per cent
distri.
bution

48
19.1
9ll

2 \07
2 4 2

22

1 For foods recorded see D. 85.
r Includes 1 diet for which calcium content \vas Dot reported.

Diets reported for periods of pregnancy and lactation.
With a v iew to deternr in ing rv l re lher  any improvement  was made by

Puerto Rican women in tbeir diei duriirg periods of lactation, th"e
foods recorded as eaten orr the day before tfieinterview by the mothers
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who were still lactating rvere compared rvith the foods recordecl for
tl.rose no longer llctating, and almost no difference \\-as foLrnd.
Apparently, ils a general thing, mothers in Puerto Rico do not or can
not get a better diet during lactation than that which they tarre
usuallv. \roreover, no signiEcant difference rvas found betl-ecn the
laela l ing_and the nonlactat ing \ \ 'omen rv i lh  rcgard to t l rc  inc lus ion of
mi lk  in  thei r  d iets ,  and the average ealc iurn c6nlent  of  the t l ic ts  *as
found to be about the same in the [rvo groups, the diets of the motrrers
who were stiil lactating averaging 0.2g gram and those of mothers no
longer . lactat ing a lcraging 0.28.  gram.-  As uas tnre of  the snmple
diets already discussed, the calc-ium content of the diets of ihe
mothers u l ro were carry ing the extr .a burden of  lue lat jon u.as.  t l rere-
fore,  not ,onl .v  far  below t - i re  "s tandard ' ,  a l lorvance (see p.  gB),  but
even farther belorv the allor,r'ance desirable for lactatins *i-err.

Table 24 shows a courparison of tlie grades given to 
-diets 

eaten bv
mothers drr' ing. 531 periods of pregnan"cy_ and"dtrring ,,-r05 pcr.iorls of
lac [a I ron (eom brnlng complete and ineom pleto pcr . iods)  rv i t  l r  1  l r0  grad r .s
g iven to d ie ls .e ' r fen on tht -  d11'prev ious ' to in i r .^ ierr j  1 ,3-  tgZ mothers
rvho u-er,e no ionser.lactating.- The latter group probairlv represents
the usual grade of diet eaten bv Puerto Rican -*-onlcn.

. ,  Co,1t1nry, to * -hatmight  be expected,  holc . , .er ,  i t  c l 'be sccn t l ia t
t h e  d t e t s  i a l i e n  b v  t l r e  r n o t l i e r s  d r r r . i n g . l ) i . c g l r n n c l  r r - r . r . e  : l i g l r l l r ,  l r u t
de f i n i t e lS - ,  be t l e r  i l r l n  l l r csc  t r r k r ^ .n  on  t l r e  J r r . i '  1 l r : ev io r r s  ro  r l r o  i r r t o r , -
v i ew  and  a l so  be t te r  t l r an  t l r e  d i c t s  t a l i en  d tn . i ng ' l l r c  l r r c t r r i on  uo l i t r r l s .
The greatesi difference was found in the prop-ortion crf r.otlrirs *-ho
during pregnancy took enough milk to have'their diets chs-.ifieri :rs
gooq, .  TI rorrEh tho d i f feren, 'es found are s l ight ,  they r r re h.ge errorrurr ,
in  a l l  probrb i l i ty ,  to  bc enr is idercd s igni f icant  and io indicnte r  tent l -
ency  on  the  pa r t  o f  some  Pue r to  R i can  women  to  i n rp ro re  t l r e i r  d i e t s
during pregnlrne.y, though the same effort apparently was not'rade
durinE iact"ation."'

Tenr,n 24.-Diet.gratle of nnthos"during. pregnn4,cy, during lactation, antl on d,ay
preuiot ts to i r , ler t ieu,  Iur  lnotht  rs rnt  lactut ing on that  dat t '

Periods of
pregnancy l)eriods of lactition

\{others not la0tat-
iDg on dal'previ-
ous to irierview

197

l 5
i6
41
15
1 7

1 6

Per cent
(iistribu-

t to l

Grade reported -

Good ____- , 60
908
89

109
:J9

21

100

19
39
l 5
21
7

98
205
82

10-r)
37

25

-rT
39
22
23
9

) 2
4 l
18
22
o

Fair
P o o r  -  , - , -  - _ _ _ - , -
Very  poor , - - ,  _____
Exceed ing l t r  poor - ,___ _____ __- -_-

C r a d e  n o t  r " l ' o r l o ( l -

1 Of the 506 mothers in fanli l ies visit_ed, 50 had two chil. lren examined, and infornation lvrs sougltt withrega-rd to these mothers,diets during boih pregnancies.
' Ol the 506 mothers in families visiteO, ib laa two children examined; of t,he 5i6 children e-\arrined, l0were never breasi Ied.
3 of the 506 nothers in lamilies visited, 29a were ]actaiing on the clay llrevious to inl,erview.

Nu i l lher  ld is t r i t ' u -
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Grade of mother's diet in relation to income.
That the quality of the rnother's diet is closely related to income is

shown in Table 25, and has already been refelred to in thc. section on
Income (p. 68). Since individual diets are under consicleration, tho
income per capita has been used rather than 'r,he total family income.
As would be expected, income influenccd the quality of the mother's
diet to a great extent. Of the mothers reported as receiving good or
fair diets, nearly two-thirds were in families with per capita incomes
of $100 or more; of those who had poor diets, only one-third ltad
incomes as hish. The hish cost of milk in Puerto Rico and its
scarcity ate piobably respdrrsible for this, since the arnount of milh
was given qreat rveight in grading the diets, but the high cost of eggs,
butter, meat, and fresh green vegetables is also without doubt a colr-
tributory factor.

Tl.eLs2l.-Mother's diet gradefor day preuious to'interriew and annttal pcr capita
inconte oJ fantily; fanilies t'isited i.'n Puerto Rico

Diet $ade

T o t a l - - - - - - - - - - - - - -

G o o d - -  - - - - - - - . . - - - - - - - - -
Fair- ---- - ------- - -- - - - --
Poor - -
Very poor--- - - - -
Exceedingly poor
Not reported----

DIDTS OF CHILDREN

METHOD OF COLLECTING INFORMATION ON DIETS

Ifhen thc information on Puerto Rican chilcL'en's diets w-as beinq
collected, an effort rvas made to collect it in such form tha,t a general
description of the diets from the child's birth to the tinre of the exam-
ination could be siven and that the quality of the diet at the time of
examination coul"d be studied in relation to the pliysical condition of
the child. The diet information for the child was oblained from tlie
mother at the tirne the home rvas visited, x'hich was, as a rule, a fcr'r'
days after the physical examination of the child. The food eaten by
the child on the day before the home visit v'as recorded and also a
statement from the rnother giving in as great detail as possible an
account of the child's diet from the time of his birth to the date of the
visit. As the rnajority of the children were 1 year of age or under at
the time of the visit, and the rest in the second or third year, it was
uossible for the mothers to remember w-ith a fair deEree of accuracv
the t ime at  which eer ta in events took p lace,  such as iveaning and th-e
addition to the diet of cow's milk and oJ various solid foods. 

- 
The ase

when certain foods were first used was recorded in months. It was
realized, however, that there could easily be an error of one or two
months either way; the time of such changes in diet has, therefore,
been considered as only approxirnate.
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The exact .qrrrntities of food eaten by the chircr craily u-ere not,recordcd.,  ui t l i  t l rc e.rcepl ion of rni l l i ,  l ,ut  ;h;  i ; i l ; . ; l iyr , l jn u tr ichsuch articles of dier 
11fr."t eggs, realy t"g"i"l,t* 

"i;h& 
i:"git-rrr".,and cereals (including rice)_fdre 

"t".1 
un?,tir" ilr*""-r,""'iiiny *."rofirst uscd were recorcled. The dail5. q""irtiiy 

"il;r"b;iik;1irr"th.,in a forrlula or otherwise, orra *t 
"it "]ii;c;;.;effi ",i"lt;a;a;';;.ii';";#f;ii:'ff 1',1y"1?H"trij;,"$

to Period' 
METH.D oF GRADTN* DrETs

-,fr ,"i'lll;,il:,lTt,t-ll;";|,"*"tX;,*1":,IlH,".T*$i,i,lli?',i j
studied in rela;tion to such facrors ;l;;"i"..;;i;lr;ri'# 

"o'.,-aitror..*.":1:'il:jl_1i.1 oceur rt shortel ini".rrt. dru,irig the first ycrrthan rn lnter one.s, lhe {iT! yea-r of the child's lite *,astiiriJeJ-ior" the
3"#:1if i,$;::'#':ul+':"$"tt'i1r'*1*:lytl"*,i'J;",ni;l'*:
instead, a whole ,,eAr, or th"i po.i-ilr"ugn #ni"n trr"-"rritJLut n,,"a,was used as tlre irnit for g.rdl"g. A"j['p",,io J,- "0'"n ii' it' *'u. inconrpletb. rnu, 

tu 
ffiff ;'tr"$in:ilf i,.:iitreceivecne grqde.;q gracle fbr ttre nrsll_m"rril. Gi;;, ""._",.irro"gr,ff Ti,f li,lsqri:1','#rti,i;T""j.,,,;ij#x;'ei:{glt*,-;i"Tm:

:f i!:iili-[.1],il","#_xts.gn'e:t*'.11.;i;i*j,,{#f, ,*,'x:
of the first vea,r.

The secoird vear. r-hether cor'plete or incornprete, u-as treated as1, sinsrc 1';c iocr '*I r:*ur:.T,*i*;\11if,,J.Jff J;|J;I,t;';Jeti"l':{;h il';i," + con,plele-j--o'tr, periods or the r[.st year
lg.r l  u grnd,c- for rtrc sccond y"rr,."r"n-ib;Gi; i i . ."r"pr-i l . ' - . f ,  chi jd
3j:y,,:i,:,$or'lJ."l,i",iliiur o g.ade,i+'io, ihe first j,""r,'r ?br the

, ,  P{^tT:^ ' : i l iqd " lgr.rding 
thc chi ldren.s diers at vrr ious age Jer.els,l [  \4as possrblc to studJ'  t l re.  r .deqrrrcy . f  diets at aineient- iges, tocompare differeni groups of childr.en .'ir nn .g. n".i.J"i,lo"oltirion,

!,xi:i,1**m*t""t"".'#i.Xi"e!::J: jli*jffi ;:;:",TJl'f "i#jtiicondition of the child ar tt'tu ti-u 
"f 

;;;i;;ii""."'ri-?"u'be saidhele. that essenrialty no dilrere,nc; ;;J-];;;d illt"^;;;litr."or tn"children's diets raken cluring u gi"u" p"ti"iliiiii;".d;%".iether
the period rvas cornplete or incoirpletd.

BASIS FOR GRADES OF DIETS AT DIFFERENT AGES

3i:xr $:_l:-*: i: jl:L: _{{:l:"1 age perio ds were _based in gen_eral upon sta,ndards ' " - -.-;--^--^" *"",j;;;;:;ii-,Y::":tu sen-
rrsprr i n nnn ri ̂ ^-+- 1 +?:.|:idtJg -tnfants,and young children generilly
".;d 

il-;""tilil;i :Yr.rLr_urllrs uua.uL,5 a'ilo young cnrrctren generally

n'qrnn,o i- D,.^_.^ 
Umtccl-States, with some adaptation t"o nt tt l,:,H.Tf ':Li,I'l:in^l-i9g:,..,FJ-".^gl-"-o::_y;"%s":J;i-:;6#;il;t

lig::-9, l{li"," "gooct, " lar'." " Door," rrrrd ,,veiy_ poor..' Fdr each 
"s"-p"".iBi 

tn"very- good'' grrd'e represents u r.bl,iriu"iu sood fvnc nf |oodino h,,+tery, good' gracte represents a rel:rtiyelv
not  ahvnys.qo3 gO,,U1 to u lnt  u. t iu ld be"

leJrr l,ively good. type oF I'eeding but
\\'outd be descnbcd as ,,very good"

filTl'^Tilit ll,"it94 Stares. This i. ".p""irriy i""" "iirr".."t,r?"Xladi,a-ffi ffi ;iJ,fi,T.i.ii.:i;,";:ff.i:."i5,'1Ti't,i#",,l'.ltfi iTs*,t*
?6 rnfant care, p. i8, u. s. child.ren's Bureeu publication N0.8. \yashington, 193J.
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90 DEVEI,OPMENT OF SONES OF' CHII,DREN IN PUERTO RICO

have been kept lorv in an attempt to adiust the sredine to local
custo.ms.  The "good,"  " ta iT,"  and , ,poor t 'grades a" lso crE l r rscd on
standards louer  than {hose aceepted in coni t inentr l  un i tec l  s t r les.
x'or example, the diets_ in the very good grade for periods two and three
(especia l ly  in  per iod three) ,  are not  up ' to the u iual  s tandards.  rvh ich
l'gguire that vegetables and eggs, as well as c-ereal, be begun'during
these morrths. Thc poor and ver.y poor grades include [ranv diet!
that  r re exceeding. lv  low jn bot l r .qual i ty  ind quarrr i t .v .  For"grrdes
given to diets at diffelent age periods sei: Appendix Tdblcs Dl io D6
( p p . 1 1 4 * 1 1 9 ) .

. Thg diet. grades u-ere based first on the type of milk feeding-
F.g":l feeding.or artif icirl fce.ding-and, if th"e'child rvas urrif ici i l ly
fed,.the qq&ntity_of cou-'s milk and secondly, upon solid foods-bhi
kinds of solid.foocls, the number of times a u-eek-they lr.ere used, and
the age at .wl r ich lhey rvele begrr .n.  ln  generul ,  as the chi ld  grerv o lder , ,
brerst  mi lk  u ' ls  g iven decr .e is ing uc i ih t  in ' the cr : rd ins."and cow's
nr i lk  and sol id  foods,  increasing u 'e ieht .  S incc nenr ly  ev i iv  ch i ld  r ras
found to receive some orrnge iuice or other form of iresh fiuit alrnost
dui l l ' ,  f ru i t  * rs  not  taken ihto considerat ion in  qradine.

ln the glading of rnilk feeding, blerrsb mill i  rva"s consiter.ed 1he rrrost
s. r t is factory t5pe for  u chi ld  dr i i ing t l re  f i rs t  g  rnonrhs ot ' l i le .  This
was decided upon u.ith-{ull recognition of the fact that in many
instances the rnothet''s diet rvas so inadecluate as probably to afiect
the quality and quantity of her milk. tr'of the firsti-r'onth period of
the first year breast nlilk, unsupplernented by cow's niilk, 

-was 
con-

sidered tlre mosl salisfactory ti ire of milk {i 'edinE; for the sccond
3-rnonth period (4 to 6 nronths)'and the third :-nro"nih period 0 to 9
months) bi'east feeding, either alone or in nrajor part,?7 u-as considered
most satisfagloty. n'or the thi_r'd 3-month leriod (Z to S months),
if breast feeding rvas found to be the minor-part of the babv's nrilk
feeding and.1 pint or more of co.w's milk a day rvus given to supple-
ment, it, o^r if .an ayerage 9t 1)4 pl"t. of cow's'mill< ajone wns giicn,
the milk feeding was consideredsatisfactory.

After the first g rnonth-q of life, breast"feeding, unsupplementecl,
yap rlo longer considered the most satisfactory type of milk feeding,
but instead, an adeq^uate amount of corv's rnilk (tJd pints to 2 pintJ)
or a small amount of breast milk v ith 1 pint or moie a day of 

-cow's

milk in addition rv&s so considered. DurinE the second and third
yerrs the grading of milk feeding rvas based-on eow's nri lk alone, I)1
pints or more a.day being considered a very satisfactory lnrount, of
milk, 1 pint satisfactory.

tr'or children under 3 months of age no solid food rvas reauired to
have the dict considered very good,-a very satisfactory rnilli feeding
alone being enough.

Irr the glading of the diets for the age periods after the first three
months, hou-ever, increasing u-eight wai gircn to the addjtion of solid
foods to the child's diet, nrrrnell.y, cerei' l  (usuall.y rice), veget.ables
(usually some form of dried beans, but occasionaily fresh ve[etables
such as string beans or lettuce), and eggs. The uie of rice ri'atel in

?? \Yhen a child s-es-parily breast fe' l rnd partly rrt if icially fed, it was not possible to tell exactly what
proportion of his milli lecding wti frrur tirc brirst. lf a child \ras breast fed for-more than haif of a 3-'monr,h
Period or.jJ he receired au lrcrrge_ of o_nl-v -1 cup ol cow's lnilk a day (less than 1? ouncos) in addition, ihe
breast milk_$-3s extpirically crrnsidered to be.tha major part of his total nilk feeding in that period. if he
$'s breast fed less than haif of a 3-noDth period or receiVed an average of I pint of co-r's rniik a day (12 to
20 ounces) or more, the breast milk was considered lo be the minor lnrt of llis miik ieedirrg in ibaf pbriod.
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feeding formrrlas during the first g months of life was counted as theuse of cereal, though, the.inr-estigators rearized tha;-rJ;ii\-eh, littlevalue rr-as addetl to the diet in tfris wav.
For chilclren 4 to g rnonth"s of age only"one-solid food had to be givend.ailv in addition-to a satisfacrorj'milk fe;di;gl"'ilr;" ifr" jin, 

"orr_sitlerecl verv sood or. good. - That this standar? t"" ."]il]ooi',ilGthe pc-riod lroin + ro e-mo'rhs *"r t"* i" iii;iihr;T;lJidJiu'oo"a.
for infant fee{ng was.recognized ; but-it'prori".r ;; ;;;;,ilir."ly highfol the usual Puerto Ricadinfoni's di"i. 

'

.  , In.  the age period r0 to 12 rrronths the 'ery goori  diet  grade incrudedrrhat l r -as considered--a1,adeqrr. te amount" bt  ot t  t t , i "% .oi iJ f ;" ; ; ;that is,  eggs and veget,abics rr ied 2 ro 6 r i rnes o,r-e"k-fu"hjoJ*-* l l  o=ee'eal once o. trvice daill-- If _such foods we'e eate. i' cJrntinationrvi th, l ) i  p ints of corr ' 's t ' i i lk a day or; l i [  
"  

pint  of  .oi i : . .  i i , i j j .  n ao"

;[i5 iT' iTil f "? T";i,'iii !";;sll,'-.;l;ll"*::,".;l,jr';il :it:;:1"'"T{cup. supplementing breast feeding, o., iF tn" 
'.t.,itJ;.-'.irr.'i"".riig 

u o,entirely from the-breast, and c6real, 
"gg*, 

rnd t"goioti.. iilern ulr
ll*t-i: iq"lr:l:, amorrnts, the dier n. il"noJ" *;;";;;;;.;,t'gn,,f .
,1{,i i li, in" ?i; i i i.l,ii] f"i i l,liii 1:: i:Hi T: j "j,fi ; i :, J: i,: i*,lu:The grades flor the nse of solid foods during tn" ri"ri"a-i""liii6 to rzmonths rvere given as follow-s:

O n e c  o r  t u i c c  a  d a . r ' _ - _ _ _ _ _

Eggs and vegetal) les

Each food 2 to 6 tirncs a l,cek.

Either food 2 to 6 tirnes a rveek
or

One food orrcc a l'eeli, flre othcr
I to 6 titres a, u,eek.

Either food oncc a rveek or
nei thcr  g iven.

, During the second,year also th^e g.rade oJ the,chilc|s diet depencleclboth on ihe kind and"quant iry of , f i r t . 'nna 
"" 

in" r ."  oi ' "" . int .  or"r . .
::*^:",s:JiTl1:, N9 diet rvas considerect 

"i.l 
h;".,,;ri.;il-;; ;:A,iunless bolh corv's nrilk and these specified. solid foocls u-ire wcll repre_sented." To. be .SIud..d as very.good, a diet naa to contol,-r'i 'pint n"nrore 01 eow's mllk a day, arrd all three solid foods had to be used to anextent considered 'ery satisfactory. To be graded u. sioJ, a diethad,to.contain I pint o' more of corl,'s mirrr ani aiiirr."" t-v-rr""i 'or solirlloods rn arnolrnts considered sat isfaclory. \ \ -hether the"u'se of sol idfoods rvas satisfactory dc-pended not oniy on the 

".,"ruu-i 
iirrr". uweel<, thar eaeh u'ns gi1-en but on h'w carly in rife the ;;.u ;i t"hese l ,ods

)y:.^ ?ifly.- 
'J hroughout, the gr.ading of the second_;_ear diets, therune,\ \ l ren ,eggs and vegetables uere started was given consideluble

uerght rn delernr ining the.grade of . the diet-  .  \ \ -6en, as frequcnt ly
happened, cggs.or ve' [eirblol  were gi 'en in fair  or po.t : i i , ,L int .  orwere not started until the child was 1l months o" oi.l"" til ;;ade ;ithe diet as a whole was low.

160326o_33_7

Bordcr l ine- - - - - - - j  Oncc  or  t rv ice  a  day-______

l
Poor - - - - - - - - -_ -_ l  O" *  o r  t r v i ce  a  day_______
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Eggs and vegetables

Ilow often eaten EIow often eaten At what age begun

1 to 2 timcs a day-

The grades for the use of solid foods during the second year were
siven as follows:

(lereal

t o 2 t i m e s a d a l ' - -

Each food 5 to 7 tims a *-eek

F)ach food 3 to 7 tims a we€k

Both foods at or before 12 months,
OT

One food at 12 months, the other at 13
to 15 months.

Both foods at or before 12 months.

t o 2 t i m e s a d a y - - -

t o 2 t i m e s a d a y - - -

1 to 2 tines a day-

1 to 2 times a day___

I to 2 tims 3 day---

t o 2 t i m e s B d a y - -

to 2 times a day -

t o 2 t i m s a d a y - -

t o 2 t i m s a d a ] : - -

t o 2 t i m e s a d a y -

Each food 5 lo  7  t ims a  reek .

Eaeh food 3  to ;  l imes a  week- - .

One food 3 to 7 times a reek, the
o t h e r 0 t o 2 t i m s .

15 months.

Both foods at or before 12 months.

t_1 l5 ..rj..

One food at or after 16 months, the other
belore 16 months.

Both foods at 13 to 15 months.

One food at 12 months, the otber 13 to

One food at or after 16 months, th€ oth€r
before 16 months,

or
Both foods at 16 months.

Both foods at or before 12 months,
or

On€ food at 12 months, the other at 13
to 15 months,

or
Both foods at 13 to 15 months.

F

=

t o 2 t i m e s a d a y - - Each food 3 to 7 times a week

Each food 3 to 7 times a week,
or

One food 3 to ? tims, the other 0
to 2 times.

One food 3 to 7 times a week, the
o t h o r 0 t o 2 t i m e s .

Each food 3 to ? times a

one food 3 to ; t ims a Feek, the
o t h e r 0 t o 2 t i m e s .

Neil.her food in diet
or

Either food 1 to 2 times a week.

One food 3 to 7 times a week, the
o t h e r 0 t o 2 t i m e s .

Neither food in diet
or

Either food 1 to 2 times a we€k.

c E ) -  -  - -  -  - . . - - - - -  - - -

One food at or after 16 months, the other
before 16 months,

or
Both foods at 16 months.

Both foods at 13 to 15 moriths.

One food at 1! months, the other at 13

One food at or after 16 months, the other
belore 16 months.

One food at or after 16 months, the other
before 16 months,

or
Both foods at 16 months,

of

One food at or after 16 months, the other
before 15 months.

/76 \

?s Neither eggs nor vegetables

The diet srades for the third vear also rvere based on the use of
milk and sofid foods, the same standards in general being used as for
the second vear.

" 
cRADEs cIvEN To Dlnrs

Chaqt- IXTe shows, for successive periods of the first two yea,rc of
the child's life, the percenta,ge distribution of the grades given to the
diets talien by the ihildren for whom diets were relortedl It will be
seen that in these two years, according to the gradlng plan used, the
diets deteriora,ted rapidly in' adequacST. In th"e early" feriods, as has

7? Fot data upon whicb Chart IX is based, see Appendix Tables Dl, D2, D3, D4, and Db.

- - - l
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already,been pointed-  out ,  the most  important  e lement  that  i r f for . rer l
rne grades grven to the diets was breast milk; in later periods it rr-as
cow's rrrrlk and solid foods-especially solid foods.

Oiet Grades

---V"[I$"od 
Good Fair^ poor Veg],poor

PeF
cent

Period I
(under + months)

reriodz
(4-6 months)

Period g
(z-s months)

period4

(lO-l? months)

2og child.ren
period E

(re-2.+ months)

cEARr rx.-Diet grades during specified,age.periods in the first 2 years of life; puerto Rican children1 to 34 moDths of age

.Breast feeding, either alone or supplemented with feedings of corv,smilk, was corti[ued for more th"" 
'h;ii;h-e 

ctritaren ;;-ril;?",,;'of the
S.t yq.ut.- Qq4ng the second y"u., o" ihat part 

"f 
it tfir""sh u.hichthe child had tive-d up to the iime'"f i"t"rir"*,;;r;l;3irg rru.continued for about trio-fifths of the children. ii tri" p"ri"jI"tlu""o

367 chi ldr€n
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94 DEVELOPMENT OIi BONES OF' CHIIJDREN IN PUERTO RICO

10 and 12 months, only about half the children receivcd v"hat was
considercd a relatively satisfactory amount of cow's milk (1 pint or
more), either alone or as suppiernentary to breast feeding. Nearly
all the rcst of thc children rvere still breast fed, either entirely or with
supplernent,ary feedings of less than l pint of corv's milk a day; a
very ferv received no breast milk and an inadequate amount of corv's
mili<. During the second year (or that part of it through u'hich the
child had lived) half the children received 1 pint or mole of milh daily,
the ma.iority of the rest receiving only an ayerage of 1 cup of corv's
millr daily, eitlicr alone or supplementary to breast milh. A very {ew
children l'rere still entirelv breast fed in the second year.

For infants durins their first three months of life solid foocl did not
enter into the grading, the diet grade being based on the type of milk
feedinE onlv. In the diets of children 4 to 6 months of ase the use of
anv so"rt of'solid food in addition to milk rvas relatively"uncorrrnorr.
Of"the 469 children graded for this second 3-month period only a srnall
proportion (19 per cent) had receivcd cereal in any form. Two chil-
dren only'lvere rcported as having had vegetables in this second pcriod
and 1 as having had eggs. Since, however, the diet grades in this
period \r'ere planned so as not to depend greatly upon the addition of
solid food, but more upon breast feeding, a large proportion of the
diets of children of this age were graded as "good."

In the thild period, from 7 to 9 months of age, only 144 of the 367
children u'hose diets rvere graded (39 per cerrt) received any solid food
in addition to milk. Ivlany of these received cereal only; only 32
received vegetables, with or without cereal; and only 3 received eggs.
In the fourth period, from 10 to 12 months, 172 of the 293 children
lr-hose diets w-cre gladed (S9 per cent) received some solid food in addi-
tion to milk. Of these, 98 received cereal only (usually rice); 69,
r,'egetables, (usually dried beans, but occasionally a green vegetable)
either alone orin combination'with other foods; and g, cggs, either as
the onlv solicl food or in combination u'ith others. In spite of the
fact, th6n, that by the end of the first year of life about half the children
u.ere receiving 1 pint or more of colv's milk daily, very few could be
graded as having very good, good, or even fair, diets because of the
extreme lack of supplementary foods.

In the second year only 2 of the 203 children received all three solid
foods in "very satisfactory" anrounts; 9 received all three foods in
satisfactoly anlounts; 27 received vegetables or eggs or both in bor-
derline amounts, as well as enough cereal; and 165 in unsatisfactory
amounts, o.r none at aII. Ten received no solid food at all, not even
cereal; these diets were in the very poor grade.

The diets taken bv these Puerto Rican children were. then. far belou-
the standards usuallv acceDted in continental United States with
regard to the quantiiy of mitt< and also with regard to the use of
other foods usually considered necessary. It is not, surprising that
during the peliod 'rvhen a full diet of corv's milk and solid foods should
have been established the nutritional condition of the children becarne
increasin gly rrnsa tisfactory.

VALUE OF BREAST FDEDING IN RELATION TO MOTHER'S DIET

The classification of the children's diets has been based upon the
empirical assumption that breast feeding, regardless of the adequacy
of the mother's diet, is, when supplemented at appropriate ages by
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certain additional foocls, the best method of feeding chiidren untler
10 months of agg, and that after 10 months an adeqtrate amount of
corv's milk, rvith liberal use of certain solid foods, conititutes the best,
diet,. As the mothers' diets during both pregnancy and lactation
were on the whole poor (see p. 86),it may .tteil be queitioned whether
b-rg-agt feeding should have been considered very satisfactory for these
children. Recent experirnental work has shorvn that the cluality of
the mother's diet influences tire nutritir-e value of her rnilki0 A."s SS
per cen1, of the children were breast fed either entirely or partlv during
the first 3 montlis of life, and 77 per cent duling the feriod from + to O
months, there rvould seem to be ample opportunity io show the effect
of inad_eqlacy o{ the mothers' diets on []ie ability of the mothers to
nurse their children.

Comparison, however, of the diets eaten during lactation by rvomen
r,vho rvere able to nurse their children through s]r rnonths utth those
rvho did not nurse them after the lirst three-months shorvs little dif-
ference in-the qua!i1,y of the diets. Indeed, a larger proportion of
mothers .w.ho nursed their children through six monihs 

-than 
of those

who nursed their children for less time fran that reported diets that
fel l  in the tu-o poorest groups. The qual i ty of the nrother 's diets
durrng lactat ion apparent ly did not inf luence thc length of thenursing
perrod.
.  So, 1oo, the diets calen during p-regnancy could not be shou n to have
ir f luenced lhe length of the nuising period. The Iact that the'e rvere
so J'elr \{-omen u'hose diets coulrl be-classified as really good nrrry ac-
count for the lack of contrast betrveen diets ofgood quitity and of poor
qullity.i-n their effect on the length of the nuising ireriod.

Consid,ering the.poverty of these motl_rer's dietls,^the question may
lerv uell be raised rvith regard to the desirabilitv oI giading breasl
feeding as very good, but since the real qualitv of ihe bieast frilk ttu.
not_knorvn, and since many of the artificial formulas substituted rvould
probably have been erren more inadequate. as can be judsed from the
few reporl ed d uring t hese first 6 rnonths (see Appendii 'tintes D I nnd
D2), it seemcd hest to consider breast milk as the most satisfactory
food on the u-hole for these children in their early months.

CHILD'S PHYSICAL CONDITION IN RDLATION TO DIET AT TIME OF INTERYIEW

The assumption that breast rnilk was on the whole the best {ood
ma)i.b.e sholvn t-o be reasonably correct by cornparing the nutritional
coldition of children who were examined'durin[' peri-ods rvhen breast
milk was the chief part of the diet ivith that irf children rvho were
examined.in later age periods-, r,vhen breast feeding .l'as less common,
a_n{ also by studying the relation of the diets ai a whole that the
chrldren rvere receiving at the time of examination to their physical
condition.

.I,t hap.already been pointed out, in the section on physical condition
o{ th^e chi\lren (see p.^2.q) ihat the_children rvho u,-er6 exa,mined during
the first 6 months of life shox'ed on the l'hole more satisfactori
amounts of subcutaneous fat than those examined during later months,
and also (see p. 22) that the children under 6 rnonths m"ore nearlv anj
proached the average weight for age of u-hite children in continlntal

v 
80 Mccollum, Elmer v., and Nina simmonds: 1'he Newer Knosredge of Nutrition, pp. 41F432. Ne\c
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96 DEvELopMnNT or BoNES oF cI{TLDRHN rN PUERTo nrco

llnited States than did those over 6 months. This alone u-ould point
to the {act that the breast milk that these children tyere receir.'ing,
regardless of its quality, was in all probairility a more satisfactorv food

Per cent
.+0 50 60

Breast feedin$
only

lzll children

14;xed feedin.{ '
(breast  mi tx aXd'  

cow's mitk)
105 chi ldren

subcutaneous fat

Il-] uooo Nl ,"i" ffil poo" and verJ Poon
cEAnr x.-s,rbcutaneous fit t 

ii]ii:ilJi,fr,Jl""iirl?:J8Tlti,Xt 
time of exeminntion; Puerto Irican

for children of this age tiran any food that the older children were
leoeiving. \'Ioreover, rvhen children I year of age _or, und_er \Yere
studied,-a definite relation was found between the food that the child

Cofs mitr
feeding only

85 chi ldren

Per cent
50 60

Very5foo.d and
good dtet

164 chi ldren

Fain diet
63  ch i ld ren

Poor and verJ
poon diet

104 chi ldren

€ubcUtaneous fat

fl oooa Nl r"i" W| Poorand verypoor

cEARr xI.-subcutaneous fat t. *tlliljlrt'..lFl?3:SI,li 
Li.l?ij "xamination; 

Puerto Rican children

\^ras receiving a.t the time of examination and the chikl's ph5,sical con-
dition as shorvn by the amount of subcutaneous fat. This relation
may be seen in Charts X and XI. From Chart X there \vouldseem
to be little doubt that durinE the first vear of life children who rvere

l

I

:
I

I
I

l
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DIE'IS 97

entirelv.breast fed up to the time of examination, that is, rcceived noco'w's milli at all, *'ere the most satisfactorily noni.n"d, ,i-n.i"-"u. tnor"on co''s 'iilli alone were the least satisfactorily 
";";i.h;;. 

''ln 
this

19nnqci. ign, ho*-ever,  i r .  shorr ld be l roinred orr thrr  70 b;; lent oI  the14r chi tdrcrr  rv lro u'erc ent i lety breast fed nr ihel i - ;  ; i ; ; ; ; lnrt ion
u-ere nt that t ime urrder 7 months o.[  age and thatonl i i i 'p"" ' . .nt  otthose receiving no bleast milk nere eq"uallv vo;;;. 

' '

,,]t^[:]\the Sl1dc for tlre entire diet (soliri fbod is yell as milk) thurthe chrid rvas recerving at the time of the home visit was consicleredin relation to the amoint of subcutan"o* fut, 
" 

,i-iil, ir.oir"nil .o.r."-*-hnt less,str ik ing relat. ion *as Iounrr; tni . l .  i r rorrr  r" ' inr. f i r
, ,  {rof  the st .( [y o[ i l re nutr i t ional condit ion of rhe chi ldren ancl of
:?1T:i:l il ::?t.,I'r] _lppuar thar breast, feedin g,_regardless of the cluality01 , tne,1not.he.r-s r l ret ,  *-as the diet t l rab bror ight relat i r .elv the hest re_sults;  l )ut  r t  rs i t lso app.arent,  thal  af ter the e- lr i ldren becamc 6 monthsol age even thcse resrrlts *'ere not satisfactorv accordin[ to general
standards in use i'. ssntilental united state.s." ii tii;?th"i', di"th,o$,f".1 better,.lrd if adeq-uate solicl foods l"a r,rl* i".ir["a i" trruchrld s dref ur adctrtron to the lrreast milk, the n'tritio'al conditionof the children rvould, without much doubt, have t 

"""-f"tt.".'
ECONOMIC CONDITION OF FAMILY IN RELATION TO CHILD'S DIET

The grarlc of the child's diet as a .ivhole and_the type of milk feedingrvere stur l ied scparately i rr  relat ion to scueraI e." , iJ- i . ' .o" i i i i r " . -
tlre pcr t;}ptta il,.oTs of the family, clre nunrber of pe.sons ,rlhu **r"
:,i.i:IC_tng lamily dret, und, rI the father.had becn-urrenrployed, the.,u-rarron 0r his unernployment-brrt no relation rvas found'. The an_
::i:',?1,1X{jli:l -relation is probably due ro the fact tirat the greatmaJor'lty ot lncomes \vere so lorv that contrasts could not be drawn.
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SUMMARY

The main part of this investigation consisted in obtaining roent-
genograms of the forearm bones of nearly 600 children under 3 years
of age living in Puerto Rico, where chiidren are exposed to sunlight
all the year round. These were obtained so that thev might be com-
pared with roentgenograms of children of the same age g'roup livine
in Nerv Haven, rvhore rnuch lcss sunlight is available. Besides the
roentgenographic exatnirrutions, physical exarninations \vere given to
the childrein.

As part of the physical examinations, the weight and height of each
child were taken. In l-eight the group of Puerto Rican children
examined fcll considerably below a, group of children examined some
years before in continental United States, and in height the Puerto
Rican group fell sornewhat belorv it. The diffelences for children
under 6 months of age u'ere, however, less than those for childrcn
ove r  6  n lon ths .

N{any of the children examined seemed to be poorly nourished.
From sludy of the final tabulations it is apparent thutih* point of
view of the physicians became warped as they proceeded r,'ith the
examinations and that their standards for the various srades of
nutritional condition rvere unintentionallv lorveled bv the prevalence
of poorl5' nourished children. Grades foi subcutaneous fat are given
in the reDort in order to show the variation within thc Puerto Rican
group, but these estirrrates should not be compared grade for grade
rvith estimates for children in continental l lnited States, since the
grade "good" given to the group in Puerto Rico is probably com-
parable rvith the grade "fair" as used in corrtinental LTnitcd States,
ano so on.

Special clinical and roentgenographic exanrinations were made in
order to determine u'hether rickets \\-as &s infrequent in this region as
lvould be expected on account of the sunny climate. At clinical
examination 50 children (about 9 per cent oi those examined) were
thought 1o shorv (usually in slight degree) the physical signs that are
comioniy considered evidcnde of 

-rickets. -Ai 
roent[enographic

esaminat ion,  onlv  5 ( less than 1 per  cent)  shou-ed evidence o1 ' r ickets-
3 in a slighf or-terv slight degree and l in an advanced degree; 1
shorved a healed process of manv months' standing. Studv of the
roentgenographic incidence of rickets and of the relaTion of tie rocnt-
genographic incidence to the clinical has led to the belief that many
of the clinical diagnoses of ricl<ets made during the present study were
\ \ - rong and that  ihe ph1 s ica l  s igns upon whi ih  they u 'ere basel  were
in a l l -probabi l i ry  u i th in thc l i r i i ts  of  va l ia t ion of  normal  gro l - th  and
dcr-elolnment.

Theilight deviations from the pleconceived normal which had been
considered sign! of slight rickets in a previous study made in New
Haven by the United-stales Children's Bureau in cboperation with
the departmcnt of pediatrics, Yale University School-of Nfedicrne,
were alrnost totally absent (3 chilclren rvith such deviations out of
584 children exarnined). It is therefore concluded. that thc deviations

9E
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SUMMARY 99

found in the New Haven,stud;' were properly considered signs of
rickets and that the standards"of normal used in thalrf.,,ly ,""r"
not too limited.

, *,r.porr, is gir-en of 5g cases of mar]<cd- osteop_orosis ocr.urrirrg in
chrld.en_ who.,  rv i lh the ercept ion of 2,  had no r ickets,  and i t  is iug-
gested that the osteoporosis,w-as due to gross inadequacies in itre die?,
especia l l .v . inadr.quacy of ca lc irrm.'r'he rncrdence of transverse lines appearing in the roentgen.grams
of the bones of the forearrn was st'die'd. Tfrese litreu are ih""!ti t"
be evidence of interrnittent grou'th and, as was expected, .ll'ereiound
more frequentl)-,p these Puerto Rican children than in children ol
the same age in Nerv Haven.

The socio-eeonomic conditions nnde.'vhich the families w.ere living
at the time of the investigation were stg4ied-the size of the familie{
h-o111ing facilities, income, and diet. The diets of the r"olh..r un.i
chrldren were considered of especial interest because of the relation
of the content of these diets to-the growth of the childrenanJ to the
roentgenograPhic appearance of their bones. The low calciurn con-
ten t  o l ' the  mo{hors 'd ie ts  u -as  mos l  s t r i k ing  and l r .as  due pr in rar i l y  to
the fact that alrnost negljsible ,arnounts 

"of r''ilL *;i; i;1.; ;"y 
-;

majo_rity of the \r-omen. 
-The 

calci'm content of the ctua.enr. a"l"ts
could not bc calculated, b-ut it.is probable that the inadcquacy of
caloium in the mothers' diets is characteristic of the diet"i of" the
children also.,The,qualityof_the chilclren's diets deteiitr"t",i t"piary
altel the lrreast-feeding period ],\,'as ovel. unsatisfactor-y amoufts of
corv's nilli u-ere given-to at least half the older cnildreir. The solid
19od !h.at_]'as give' rvas added to the diet later than is us.ar in con-
trnenta[ Ltnrted States and was insufficient in amount arrd variety;
the. use oI green vege{ables and of eggs was relat iverv rare. The
basts oI thc average chi ld 's diet  af ter ueaning was r ice, beans, and
coue€,  u ' r th  a  l i t t le  mi lk  and,  occas iona l l y ,  g reen veeetab les .  

'The

diets of both nrothers and chi ldren.*"rc gto. l l !  inadeqiaie,-" .p". iutry
as regards milk and green vegetables.
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102 DEvELopMENT oF BoNES oF cHTLDREN rN puERTo Rrco

T.qeru A3. . ln roge l ,e iqht  of  eoch n 'otr th o{ .ogc:  b i ,y*  ut , , l  g i r ls  I  !o JS rr torr t l t . ,  r , !
t t l in  ( , rqnt( i led lo i ' t le t ' lo  l t tcu

Avenge hcishl (centimeters)

Age 1 at €xamination

28 months- - ,  _ i l
29 months i l
3 0 m o n r h s .  - - -  . .  1
3 l  m o t r t h s .  - -  - -  |
3 2 m o n t h s  - - , - ,  -  _ _ _ _ -  _ - _ l f
33 monihs I

I loys

Observed SnootIeL] Obserre{i

Ciirls

Smoothcd

2 months
3 months,
4 m o n t h s - - -  - -  -
5 nonths -
6  months  -  - ,  -  l
7  m n n t h s .  -  . .
8 months
I  m o u t h s
10 months
ll months
1 !  n r o D l l r s  .  -
13  nonths-  - - -
14  months  - - -
15  nonths  - - -  __  -  l
16  months-  . -  -
I  /  montns
18 monlhs-
19 months-  - ,  -  -  -
2 0 m o n t h s - - -  -  -
21  months- -
2 2 m o n t h s  - - - -  , _ _
23 moor l l s
24 months
25 months-  - - - -z S m o n t n s _  _ _ - -  _  ,  _ _ _ -  I
26months  - -  - -  _ - ,  I
27  months- - - -  __-  I

E{J. 1

85. 1

E6. 9

) .1 .  J

56.2
5 E . 6
62. 8
62. I
64. 0
61. 5
66. 6
67. 8

52. 8
55.4
58. I
6 r .2
1r0.7
o l .  i

61. 0
6.1. 5
6 8 . 0

68. B
63. 6
72. A

73. 1
7 5 . 2
7t). 0
t '3 .7
7 1 . 1
79. 0
7 i . 6
75. 6
;8. 4
;E. 3

52. 9t
56. E3
5 9 . 3 r
61. 23
6?. E4
64. 2rl

66. 73
67.84
68. 89
69. 39
70.85
7 1 . 7 t
72. 69
73. 56

7 i . 2 5
7{i. 0E
76. 88
t'7. t'7
78. 46
79.22
79. 98
E0. 7.1
8 1 . 1 3
t t  21
32. 94
83. 66
84.33
85. 09
E5. 79
s6. 49
E7. 19

51.  91
5 5 . 9 1
5t. 14
60. irl
62 .00
6i.r. 41
6.1.69
65. E6
66. 96
67. 99
6tt. 9E
69. 92
1'0.82
71. 70
72. 55
73. 38
74. 19
74.99
75.7e)
76. 5:t
77 .28
78. 02
7E. 75
1'9.17
60.18
ii0. 88
E 1 . 5 3
82.27
82. 95
rJ3. 63
E4. 30
81. 96
65. t'3

68. :
69. 8
72. 0
69. 8
75. 3
r'5, i'
75. a
7 1 . 9
76. 0
t ' i .0
74 .9
7 5 . 5
78. 1
80. 6
81. 0

8 1 . 1

84. 0

6 4 . 0

Equetions of curves used in snoothing:
Roys, y - 52..119651+0.51818l.f+ 111.1)76643 loc. :r.
(i ir ls, y: 5 1.131797-l-0.5078dir+ I i .4?s762 loi. .r.

, reprosenting age in months, t represcntiDg heighl in centimcters.

N:'l1iiiil::i t;' S"111is'"'"'iilli',";:li'lii;.,1.8'3lll",j.,l1if.i: ll{il&li'lit:l,:i, 15 davs, incrusive'
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APPENDIX A 103
Tenr,p A4.-il-eight and age; boys 1 to ss months of age eramirted i,, puerto Rico

Boys 1 to 33 months of age

Age I at examination

Age reported_

3 months

6 months

Weight (kitograms) reported ?

55

' ,1 ',

I

g

5

l f i  nonths_
17 months
18 months

2
4
5
4
3
4
2
I

l 1
16
19
18
16
13
16
13
15
1 7
12

8
E

t 1
t 2
6

10
7
4
5
7
4

1,1
7
6

'12

9
1 l
16
19
18
l6
1 3
T7
13
1 5
1 7
t 2
I
B
8

l l
1 2
6

1 0
7
4
5
7
4

t 4
7
7

1 2

19 mol ihs  - - -_ ,_  -
2U monihs
2 1  n o n t h s _ _ ,  _
22 monihs_ _
23 months  _-_  _ ,_
24 months _ ,
25 to 27 months_ _ _
2E to 30 monlhs _
31 to 33 months _-

Age nOt reported_ _ _ __

uordO.fl*.atu"" 
as of nearest monilr; that is, ,,1 mont

2 lYeight is 1,o ncarest kilogram; that is, .,8 kilograms
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Tanr,n A5.-Wei,ght and age; girls 1 to 33 months ol age eramined in Puerto Rico

Girls I to 33 months of age

\\ 'eight (kilograms) reported ?
Age I at examination t"r"tl

272 40

7

:
t
4

...1
I...1

1l
I
I
I

I
l
I

Total
re-

E
17
1 1
!2
18
1 5
72
13

t'
1 t
I
9

t 3
7

13
5
5

5
4
I
5
I
6

24
5
5

6

19

36 36

_l-
___.1,_,

r  l - - -

2  t . - - ,
2 l  r
2 t  2
o  t _ _ _ -
3 t l

i

2 t  2
6 1 4

i

3

2 1 3

1 
.ABe is Biven as of nearest month; that is, ,, 1 month,, is from 16 days to I month and 15 days, inclusive,

ano so on.
: \I'ejght is to nearest kilogram; that is, .,3 kilograms,, is from 2.S0 to 8.49 kjlograms, inclusive, and so on.

19

2i4

266

;
J

T7
l 1
t2
16

l 5
12
13
7

l l
10
I

13

1 3
5
5
i
5
4

5
I
7

5
5

8

i
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Tesln A6.-Aaerage weight at each month of age; bogs and gi,rls 1 to Ssmonths oJ
o,ge eaamirted in Puerto Rico

Average weight (kilograms)

Age I at examination

Observed Obserred SDoothed

I rnonth-
2 months
3 months

4 . 0
5 . 0
5. ti
6 . 6
6 . 5
6 . 5
6 . 8
7 . 3
7 . 2
7 . 8
7 . 8
4 . 7
7 . 9
9 . 5
9 . 0
9 . 5
9 . 3
9 . 3
9 . 5
9 . 7
9 . 3

to.2
10. 3
1 0 . 0

4 .
4 .

6.

6.
6.
o.
7.
7.
7.
8.
8.

9.
9.

3. 79
4.  81
5. 44
5 . 9 1
6. 30
6. 02
6 . 9 r
7. 18
7 . 1 2

7. 85
8. 05
8 . 2 1
8 . 4 2
8 . 5 9
8 . 7 6
8. S2
9. 08
9.24
9. 39
9 . 5 3
9 . 6 8
9 . 8 2
9. 96

10. 0g
10. 23
10.36
10.49
10.62
10.75
10. 87
10. 99
i 1 . 1 2

4 motrths
5  months
6 months .
T m o n t h s  -  - . -
S m o n t h s . - . -  -  -  -
I months
10 nonths
11 months
12 months
l3  months .
I I motrl hs
l 5  m o n l l r s

21 months
22 months
23 months--
24 months- - .
25  rnonths- - -
26 months_'  , t  Ao;i t i l  -----

16 nonths
17 months--
1 8 m o n t h s - -  -  -  -  -  - , -  - - -  - - - - -  -  - - - - - - -
l9  months
20 months. -

28  months- .  .
29  moDths .
30  months
3 l  months
32 months
33 montbs

9. 1
8 . 8
9 . 8
9 . 3
8 . 6

10. 1
9 . 0

1 0 . 4

1 1 . 0

10. 8

Equations oi curves used in smoothing:
Boys, g:3.96636110. 116496r+2.701817 los. r.
C i r l s ,  y=3.7134$+0.080924r+3.1168& Io f .  r .

I represeoting ago in monlhs, y represenlitg weight in kilograms

__l Age is given s of nearest month; that is, "1 month" is from 16 days to 1 month 1b days, inclusive.
Noto that from 26 months ouward each observed averase includes a 3-motrth interval,
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Snroothed

4. 08
5 . 0 r
5. rig
6. 06
6. 4.1

7. 07
7 . 3 1
7. 59
7. 8ll
8 . 0 6
E . 2 8
8 . 4 9
8 . 6 9
8. 89
9. 08
9 . 2 7
9. 46
9. 64
9.  8 l
9. 99

10.  16
10. 33
r0. ,{9
10. 66
10.82
10. 98
1 1 . 1 4
1 1 . 3 0
1 1 . 4 J
I . 6 1
t 1 . 7 6
1 1 . 9 1

------
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Trnr,e A7.-lYei.ght for h,eight of bogs 1 to 33 months of age erami.ned 'in Puerto
R'ico

I leight (centimeters)

55

1 2

I

_1

!

a

1'otal

3
4
4

t0
8

1
I

484924 30

6
13
5
4
2

2
I
I

l t
t2
I4
2
2
I

302

1

t
1 t
10

l 5
2()
2t
19
28
2u
27
21
23
i5
l4
1 1
7
4
5
3

--i

1

2
1 I
10

t5
2()
21
20
28
28
27
2 l
23
15
l {
t l

I
5
3

,

i
7

12
7
7
2

2
t'

5
t 7

5
t
2
l

2

l3

2
1
t

I
I
2
I

13
I

13
1 7
!0
14
26
1 3
18
i9

23
T7
10
t4

I
I
2
1

1 3
I

l3
1 7
a)
1.1
26
13
18
19
24
2?,
1 7
t0
1.1
3
E
2
1
I

2

Ileight reported- - 1 6 1 2 4 1 3 0

l
I
I
I ' t
t

li
IIeight, not reported- -

T.q.er,o A8.-IYeight Jor height; gi,rls 1 to 33 months of age eramined in Puerto Ri'co

Girls 1 to 33 months of age

\Yeight (kilograms) reported

Ileight (centimeters)
Total

re-

5 7 ,  u n d e r  5 9 -  - - - - - - - - -  - -
59 ,  under  6 l -  - - - - - - - -  - , -
6 1 , u n d e r 6 3  - - - - - - - - -  -
6 3 ,  u n d e r  6 5 -  - - - - - - - - - - -
6 5 ,  u n d e r  6 7  -  - - - - - - - - - - -
67 ,  under  69-  - - - - - - - - - - -
6 9 ,  u n d e r  7 1 -  - - - - - - - - - -  -
71, under 73- - - - - - - - - - - -
/ J ,  U n o e r  / o _ _ _ _ , _  _ - , , -
/0, UnOer
7 7 ,  u n d c r  7 9 -  - , - - - , - - - - -
79, under 81 - -
8 1 , u n d c r 8 3 - - ,  - ,  -  -
63, under 85
85, under 87
87,  under  89- - , -  - - -  ,
89 ,  under  91-  - -  - - - , -
91, under 93-

Height not reported. -------

1
1
2

1 t
E
7
6

i

Boys 1 to 33 months of age

Weight (kilograms) reporte(i

Provided by the Maternal and child Health Library, Georgetown university



APPENDIS

Tlnr,o L9.-Aaerage weight Jor height;

A ra7
Puerto Rican boys anrl girls

Average weight (kilograms)

Boys Girls

Ar-reage weight (kilograms)

Boys (iirls
Average hc ight

(cent imeters)

6\a
l u _ , _ _ _ _ _ _ _  _ _ _

-
a

L

Average heirhi
(centineters)

l i
2 .65  l l  72_
3 .  l 0  l l  7 4 _ _
3 . 5 {  l l  i 6 _
3 .ee  l l  i u_
4 . 1 4  l i  8 0 _ _  _ _
4. Ee l l  82_ _ _-
5 .33  l l  I , l _
5 . i 8  l l  86_
6 . 2 3  l l  8 8 _ _ _ _
6 .68  l l  e0_
7 . 1 2 l l 9 2 _
7 .57  l l  e4_
8.02 

l l

c

!

a

,
al

4 . 0
4 . 5
4 . 8
4 . 3

6 . 3
6 . 6
7 . 0

8 .3

t. ae-
. t . , f i )

3. 83
4. 30
4 . 7 7
R  O l

o .  / l

6.  18
o.  b i )

7. 12
/. Dv
8.06

2 . 0
1 . 0
4 . 0
4 . 0
4. I
4 . 7

6 . 0
6. 1
6 . .1
7 . 2
l . D

/ . 6

8. {i
9 . 3
v . 5
9 . 6

10. 7
1 1 . 1
1 1 . 3
1 1 . 8
i2. 6
13. 0

8. 53
9 . 0 0
9 . 4 7
9 . 9 4

1 0 . 4 1
10. 88
r 1 . 3 5
1 1 . 8 2
12.29
12.76
13. 23
13.  7 l

8 . S
8 . U
9. I
9. 1

10. 3
r0. I
1 1 .  3
1 1 . 6
t2.5
1 i . 0
14. 0

8 .  {7
8. 92
9. 36
9 . 8 1

r0. 26
10. 71
1 1 . 1 5
1 1 . 6 0
12.05
12. 50
l?. 94

Eqrrations of curves used in ,qnroothing:
Boys, ?:2.4 1i280*0.235?07r
G irls, u : 2. I 99633*0. 2!:J$l,ir.

o representing centimeters of height above 46; y representing weight in kilograms.

Tanr,n AlD.-HearI circumference and age; boas 1 to ss montlrs of age enamt,ned,in
PtLerto Rico

Boys I to i i3 uonths of age

Age I at examination

I  m o n t h _ _ _ - _ _ _ _ l  9
2  r n o n t i t s _ _ _ _ _ _ _ l  t t
3  m o n t h s _  _  _ - _  |  t o
4  r n o n t h s  _ _ _ _ - _ l  t S
5  m o n t h s _ _ _ _ -  _ l  t S

l lead circumference (centinlel,ers) l

42

28

,J

45

307

t i  months_ -  _ -_  |  t6
T m o n t h s - _ - - _ - _ l  t S
8 m o n t h s _ _  _ _ _ - l  t Z
I  r n o n t h s - _ - _ _ _ _ l  t a
l 0  r n o n t h s _ _ - ,  - l  U
1 1  m o n t h s - - - _ _ _ l  t 7
l 2  r n o n t h s _  - - - _ - l  t Z
1 3  m o n t h s _ _ _ _ _ _ l  9
1 4  m o n r h s _  _  - _ - _ l  U
1 5 m o n t h s _ _ - - _  I  8
l 6  r u o n t h s _ _ _ _ _  i  n
1 7  m o n t h s _  _  _ _ _ l  l z
1 8  m o n t h s - _ - - - _ l  6
1 9  m o n t h s _  _ _ _ _ - l  t O
2 0 m o n t h s _ - _ _ _ _
2 1  m o n t h s _ _ - - _ _
2 2 m o n t h s _ _ _ _ _ _
2 3  m o n t h s _ - - _ _ _
2 4  m o n t h s , _ _ - - _
25 to 27 months-
28 to 30 months_
31 to 33 months_

Age not reported_ _,

urrlos*.*tten 
as of nearest month; that is, " l month " is from 16 days to I month and 15 days, inclusive,

z rlead circumference is given as of nearest centimeter; that is, ,,34 centimeters,, is from 33.50 to 34.49 cen-timeters, inclusive, and so on.

160826o_33_g

-"
z
A
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108 DEvELopMENT oF BoNES oF cHTLDREN rN puERTo Rrco

Tasr,n All.-Head circumference and age; girls 1 to 39 m.onths ol age eramined
in Puerto Rico

1 7

1 - A g e i s g i v e n s o f  n e a r e s t m o n t h ;  t h a t i s , " l n r o n t h " i s f r o m 1 6 d a y s t o l m o n t h a n d l 5 d a y s , i n c l u s i v e ,
ano SO On. F

2 Elead circufhference is given as of nearest c€ntimeter; that is, "34 centimeters" is from 33.50 to 34.49
centimeters, inclusi!e, and so on

Provided by the Maternal and child Health Library, Georgetown University

Gir ls  I  to  33  months  o f  rge

Ilead circumference (centimeters)

- - r  r ^ ' . ^ l r  - l  ^ l  , ,  l o n37 
|  
38 

I  
3e 

I  
40 

|  
4r  

I  
r2 

|  
a3 

|  
++,  +o

;t;l;l;l;l;l;i;l;
r u I r o I r r  r s l  r s l : l l z s l r ;
r l r l l _ _ l ' -
4  3 , r  3 l _ - . . _ _ _ _ _ _ _  I
2  2 l 2  4 l  l l  , . .  l _ .

2 1 2  3  3  |  . _ _ _ l  r
?  I  I  q  9 r l ' -  r

_ _  1  3 1 3  :  5 1 1.  "  t i?  : t i  j ]  i
.  - :  i  i  l  l  l  l  i

r  . .  l l ,  r , 3 l 3 l . -'  - - - l - - - - l - - - . r  3  1 l  2

l . - .1  , i  1 l ' - l  ?
I  i i  - - l  s - i  i

I  t? l l
rl i l l?

-  i  l  l l l - ,

. . . .  1. 1r |?I3
. l  | . i1 | i I  '

l l  l l l ' l i
l l r l

l l l , i l r. . ' t ' - . r . .  
i  r o l t

I
I

i

t l
j totat l-p ,  ,
|  1 3 4 1 3 5 1 3 6 1
t t t l
l-t-l-t-
I  z z t l  z  I  , |  * l

2 6 6 1  2 l  2 l  8 i

' l  1 l  , l l
1 7  1 t -  5 l

i l l  I  I
. l

I i
l o  , - -
1 2  - - -  r  l l

I  1 3  _ -  r l
l J l

I r i - ,  -  t
I  l 0 - , -  - r  i
I  I  - -

1 3  _ _
\ 1

r l 3

t  5  - - -  I  - - -
l 5
t 7 -
t 5i ; - r
I e
] K

( j  _ -  .  _ .
I  _ _ _ -  _ _ _ -  - _ _

24  , - -  i - - -
l ( l
I  u  - - - - t  - - - - - - -

i "
J  8  - -
t l

Age 1 at examination I
l t ^ .

t '""
I

T o t s l _ _ _ _ _ _ _ _ _ _ _  -  _ l  2 ?

A g e  r e p o r t e d - - - - - - - - - -  X ,

1  n o n t h -  - - - - - - - -
2  u o D t h s -  -  - - - - - - - - - - ,  I
3 months, - 1
4  months-  - - - - -  t
5  m o n t h s -  - , , ,  - -  -  -  - - -  I
6 months- - I
7 months- - I
8  months- -  I
9 months- - I
l0months  -  - - - - -  I  1
1 1  m o n t h s  , , - - - - l  I
1 2  m o n t h s  - - , - - -  - l
13  montbs ,  -  I
14  months , ,  ,  - ,  - -  -  -  I
15 monlhs I
1 6 m o n t b s ,  - - - - , - l
l T m o n t h s  - ,  . l
18 months - i
1 9 m o n t h s - - - - - - - - - -  |
2 0 m o n t h s , - - ,  -  -  i
2 1  m o n t h s - - - - - - - - - - -  i
2 2 m o n t h s - - - - - - - , - -  l
2 3  m o n t h s - - - - - - - - - -
24 months- -
25 to 27 monihs- --, I
28  to  30  months  - - - - -  I
3 l  to  33  months- - - - - - -  I

Age not reported- i

2

I
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Tarr,n Al2.--Arerage^head ci_ramtference o.t each month of age; boys ond girls
1 to 33 ntonths of age eramined in Puertc, Rico

Age I at examination

1 month ,-
2 montbs--
3 months--
4 months
5 months-
6 months--
7 months-
8 months
9 monl hs
l 0  m o D l h s
1l months
l 2  m o n i h s . _ _
13 months---
14  monrhs .  .
l5 months-,-

Average head circumfereuce (centimeters)

Girls

ObserYed Smoothed

35. 33
37.77
39. 19
40. 19
40. 96
41. 59
42.12
42.57
42.97
43. 33
43.64 I
43. 93
41.20
44. 44
44.67
44. 88
45.07
45.26
45.43
45.59
45.i5
45. 89
46. 03
46. 16
46.m
46.41
46.52
46.63
46.73
46.84
46. 93
47. 03
47.  tL

36.25
38. 62
40. 00
40. 99
4 1 . 7 6
42.38
42.91
43. 38

44.15
44.48
44.78
45. 06
45.32
45.56
45.i9
46. 00
46.20
46. 39
46. 58
46.75
46. 91
4r'. O7
47.22

47.64

47.90
48. 02
48. 14
48.26
48. 37

16 months-
17 months,
18 months
19 months
20 months
21 months
22 months
23 months-
24 months----
25 months
26 months

47.4

48. 7

46. 8

46. 8

4 $ . 2

Equations of curvs used in smoothins:
Boys, g : 36.241792+0.00669tu+7.839603 loc. r.
Girls, I:35 346534-0.019527r+8.173E1? los. r.

r representjng age in months; ? representing hcad circumference in centimeters.

- _1 Age is gjven as of nearest monti; that is, "1 month" is from 16 days to 1 month and l5 days, inclusive.
Note tbat from 20 months onward each obierved average includes a'a.monttr ' i" irri i l . 

-" -*'-"

36. 8
3 8 . 5
39. 7
40.7
41.  5
42.0
4 r i
43. 3
43. I
44.0
43.i
45. 5
44.6
46.4
46. 3

4 6 . 5

4 6 . 5
46.7
46. 0
46. 8
47. O
46. 3

provided by the Maternal and Child Health Library, Georgetown University
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Appendix B.-SKELETAL SIGNS OF RICKETS

Teer,n B1.-Clini,cal d.i,agnosis oJ ri,ckets in relation to number o! skeletal signs
usually cons'itlered eaidence oJ rickets; clti,ldren eranrined,in Puerto Ri.cct

No rickets

Children, examined

Clinical diagnosis ol rickets

Questionable

!

Number of skeletal
slgns

I Less than I per cent.

1 1 0

Number
Per ceDt
distribu-

llon

Per cent
distribu-

tion
Number

Per cent
distribu"

tion

1
51
38
8
1

100

5'
34
6
I

4 l
36
T7
5
2

238
203
97
30
I
2

t
22
i i

8
2

. -. -. - -..;
o

44
30
16
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APPE}IDIX B 111

Tasln 82.-Cli,nical d,iagnosfs o/ rickets in relation to combinations of skeletal signs
usualtA cons'idered eu'idence of rickets; ch,ildren eramined in Puerto Rico

Children examined

Clinical diagnosis of rickets

Skeletal signs

Costochondral iunctions- - -
Epiphyses-- -
Bowlegs- - - - -
Knock-knees
Ilarr ison's groove-- -
Parietal or frontal bosses moderately en-

l a r g e d - - - - - - -
Craniotabes-
Asymmet ry  o f  head- - - - - - - - - - - - - - - - - - - - :  - -

Trso skeletal signs- - -- - - - --

Costochondral

L4
J

18

: | -1-1. ... -1.--:-- -
ill.... --.t..---.. t..... ..t.. ..-..

--------l--------t--------l--------

Rickets
Ques-

di?q-
DOSIS

584

2^
2.'

,

I

- to

24

238

208
=

ZD

15
87
J I

s

I
1

1

2

69

;ZJ
l l
t 2
D
I

7

D I

1
o
o

1

I

3

Costochondral junctions and epiphyses-- --
Costochondral junctions and bowlegs- -- - -Costochondral junctions and bowlegs- -- - -
Costochondral junctions and knock-Fn ees -
Costochondral' junctions and Elarrison's

qroovo- -  - - - - -
Costochondral junctions and parietal or

frontal bosses moderately enlarged----- --
Costochondral junctions and cra'niotabes'-
Costochondral junctions and as5rmmetry

o fhead- - - - - -
Epiphyses and bowlegs-
Ebibhvses and knock-knees- - - --- -- -- - - - -
nbibnvses and I larr ison's groove---------
nbibhvses and asymmetry of heed- ------
Bowlegs and knock-knees- - -  -  -- ---
Bowlegs and llarrison's groove- -- -
Bowlees and parietal or frontal bosses

modErately enlarged- - - - -
Knock-knees and llarrison's gtoove- - - - - -
Knock-knees and parietal or frontal bosses

moderately enlarged-- - - -
Ilarrisou's groove and pigeon-hrea-st - - - - - -
Asymnaetry-of head and parietal or frontal

bosses moderatelY enlarged
Parietal and frontal bosses moderately

enlarged-----

Three skeletal signs- - - - ---

Costocbondral junctions, epiphyses, and
parietal or frontal bosses moderately en-
l a r e e d - - - - - - -

Cost5chondral junctions, epiphSrses, and
bowlegs- -

Costochondral junctions' epiphyses, and
knock-knees-

Costochondral junctions, bowlegs, and
asymmetry of head- -----

Costochonfual junctions, bowlegs, and
parietal or frontal bosses moderately
dnlarged-----

Costochondral junctions, bowlegs, and
Ilarr ison's groove--- - ---

Costochondral junctions, bowlegs, and
knock-knees-

t

'I

' ,
L7

I

I
I

13

I

I

2

I

------i'
1

------i-

10

I

-::_:-:_l_::_____1. __-__:-1._.:_-:_

1 3 1  3 l  3 l _ - - _ _ _ - - t _ - - - _ - - -

I  l - _ _ _ _ - - _ t _ _ _ _ _ _ _ _ t - _ _ _ - _ - - l _ _ - - - - - -

3  l - - - - - - - - l - - - - - - - - l - - - - - - - - r - - - - - - - -
3 l  2 l  2 1 . _ - - - - - - l - - - - - - - -

I

I E

1

2

t

'I

3

,

I

3

t

1

3

3
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7L2 DEVET,opMENT oF BoNES oF cHrLDnnN rN punRlo Rrco

T.tsln .B2.-Cli.nical ai.agnosis,of riclcets i.n rel{ition to combinations oJ sheletal sions
vsttally considered et,idence of rickets; children erantine,i, ,in pu.erio itico.-Coi.

Children crarnined

Clinical dilsnosi-s ol rickelis

Skeletal signs I
QUeS-

-Li.rckets

,1i;il

il

Provided by the Maternal and child Health Library, Georgetown university



Appendix C.-TECHNIQUE qF -ROENTGEN'RAY
EXAMINATION

The tcchnique of the roentg,en-ray exa-mination of the bones of the
ior""r* f"tto#eil in everv det;il thal used in Nerv Ha,ven. Thg roent-
**nost, i t " t iuere taken ot S Uy l0 inch superspeed-f i lms, placed in f iat
ti;firi l;;. *itnout screens. " lb had been forind thrt the detail of the
bone structllre was partly lost if screens 'lvere used, and though the
length of exposure w;r tr.6e.rarily Ionger without screens, the resulting
roentgenogfaln was very much more s.atisfa.rc-lory. In order to,keel.'
1hc tfine 5f 

"*po.u." 
aJ short rs possible, filtcr:s rvere not used. A

iltr"-foc.,s eO-niilliampere radiator^tube was used with a target-fi-Im
Ai;il;;;,;iio iii"tt".l The target-film distance rvas-kept unchanged
i"fiio"ntio"t the examinations. "A current of 40 milliamperes with a
ip. i t .?tp of 3) i  inches wrs t tsed. The t ime of erposure,var ied from
.".-foiiit-, io t-hrce-fourths t-'f I second, deperrding' on ihe thickness
;f ; ;hiiA'"-ri-rist, the smallest wrists'requiring-a bare^ one-fourth
*o"""J"ra the lalgest, those of rvell-nourished children of lE months
;;-;;;;;'iht""-io"t1tt.'of a seco'cl. ExPerience in New Haven had
shown that it ll'as of utmost, importance that the child's arm should be
ir"ia ot *ot"1"ly sti11 during tie e-xPosure' If any movement took
oluce. er.en thL verv sl iEhrcst,  the detni l  of  the bone structure was
tt".,"i* 

""4 
lfr" intdrpre-tation of the fihn made more difficult or im-

oossible. To rr .oic l  t i r is as fnr as possibie. one of the physicians held
i"" f t - . f t i ia iot  in".o.ntsen-ray ernrninrrt iorr .  The hanci wus placgd
pnlrn up with the arm &tending at r ight arrgles to the body and in
i i i ; i , " ;J 

" i i " i "oi  
rotut ion, so thrt  the i ivo bones of the forearm rvould

ti" p"t*ta io 
"".h 

other'and not, crossed. {p- -o{te-n as possible the
roentgenogr:lnrs \\-ere cleveloped before the child left the c.linic, and,
i i  thej ,  rvere not srt isf lctor.v,  f rrr ther ' f i lms rvere tr l<en. In this wny
roent[enograms were obtairied rvhich we'e on the whole satisfactory
{or diaEnosis.

l'urtler experience has shown, howeve_r, that the detail of the bone
.tr',r"iio.-to"itibe clearer and the chance lessened that movement w-ill
innl t  t t r"  roenlqerrogrlms i f  the l i lne of exposurc is sholte_ned.to one-
i i ;n in of r  sec'ond,- i f  r  current of  100 mil l iamperes- an{ a ki lovolt
ucr l< of 75 are useh, and i f  the trrget- f i lm distanceislengthened to 30
i;il.. 

'ff 
i1. 

".pd..r.e 
is accuraiely tirned to one-tenth of a second

n,n.Jtt 
" 

liilovolt peak is 75 or less, ioo mil!,rmpe-res may be passed
illro,"rgh a 30-nriiiiampere r.adiator tube without darnage to the tube.

113
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Appendix D.-GRADING OF CHITDREN'S DIETS

Appendis Trbies D-1 to I)-6 sho*. the srades given to the children's
diets for each of the f 'our 3-tnonth periods.of thc first r-ear tnd for the
rvirole second rrnd thild 1-ears and sirorv nlso the diflerent combinations
of milli and solicl foods that fall r.ithin the range of each grade. The
number of children rvhose diets fell in each erade is shirrvn and in
aclclition tlie nurnbcr of children in each gradd for x'horn the period
rvns complete and the number for x.hom ib u-as incomplete"- (See
p . 8 9 . )

It shouid be remembered in studving these tables that together
they represent diet histolies for 554 cliildren (2 diet histories r,r.ele
lot r_cp,orted). Tb" diet histories of 293 of these childi'cn were reported
for all fo^ur 3-month periods of the {irst vear; of 367, lor three periods;
o_f 469, for trvo periods; and for 554, ior I period. \{orc than half
the children appe&r, therefore, in all four ttrblcs reprcsenting the first
year.

It will be seen in each table thrt the number of cliildren tirat had
n_ot yet cornpleted tlle diet period (those l'hose ages at the time of
the intervierv stili fell withirithe age runge of the period) is conrpar.a-
tiyeJf small and that the differcncis in tlie distribirtion of diet giades
of the two groups ale insuiiicient to be considered signi{icant." The
total number of diets irr erach grrrde, thercfore, lrrs b6en used in the
comparisons, regardless of whether they aro for complete or incoruplete
perrocts.

'IasLE 
D1.-Diet grade anrl tgpe of ;feeding of cltildren dttrinll f,rst S-m,onth,period,

lbirtlt, to 3 rnonths); child,ren irt, fantili.es uisited ,in Ptierto R.ico

T-Ype of fe€ding Chilriren in families visited

Age at dato ol hone visit

Cow's
milk

(average
anlounl
da i l y )

Total
i 4 nonths and
I over

322

121

Pcr
corlI

distri-
butiorl

Num
ber

Per
cent

distri-
bution

Num-
ber

Num-
ber

cett
distri-
buLiorl

3E5

140

6li

2ti

20
0

4

96
28

I

1 7

1

1 1 0
30

20

Fa i r  - - - -

P o o r _ _ _ _ _ _ _ - ,  - _ _ _

Grade not reportcd---

1 1 4
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Tanrn D2.-Diet grade
neriod, (fourtlt' to sirth'r;ritert 

in Puerto Rico

APPENDIX

and type oJ feeding
month); children 4

D 115

of ch'ildren during second 9-montlt
months of age and ouer in farnilies

Chiidren 4 months of age and over
in families visited

Age at date of home visit

Diet grade

Poor - - - - - - - - - - - - - -  -

Very  poor - - - - - - - - -

Grade not reported---- -

Milk feeding

Breast milk

,r"*"-";;--
None- - - - - - - - - - . .

None- - - - - - - - - - -

N o n e - - - - - - - - - - -

N o n e - - - - - - - - - - -
N o n e - - - - - - - - - - -

4 to 6 months 7 rnonths and
o\:er

Cow's milk
(average
amount
dai ly)

Some
forrn

o f
sol id
foodt Num-

ber

Per-
cent

distri-
bution

Num-
ber

Fer-
cent

distri
butio

38

2

Per-
cent

distri-
bution

=:
1C0

Num-
ber

an2

o r l

23

?
1 6

23269

J

4

64

;
o

4

o

o

I

4

&3

37
n
6
2

13

212
6 l
2 l
o

175
38
1 5
4

45

I

t 6

3J
26

19

30

+

4

4

I

1
1

4
5

4

4

t

29
9 1

23

28

I
2I

a

a

20

2

I "+" indicates that some solid food was givsn; "0" that no solid food was given. The kind of soiid
food was not considered.
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Tesr,n D3.-Diet grade and type oJ feeding of chi.ldrert during tlird S-rnonth Tte,riorl
(seuentlt, to ninth month); children 7 months oJ age and ouer in Jamiltes u,isi,ted,in
Puerto Ri,co

T-vpe of feeding Children 7 months of age and over in
famiiies visited

Age at date of homc Yisit

Diot grade Some
form

of
solid
food 1

+
U

i  cup , -  - - - l
-  dn - - - - - - - l

I

7 to I months l0 moDths
and over

Breast milk

Cow's mil
(aYerage
anlount
dail-r) Num-

ber

Per
cent

distri-
b u t

Good-  - -  - - - -  - -  -  - - -

Fa i r -  - - - - - - -  - - - - - -

1

l3

0

trution

iu)

8
10

211

l0.i
30
23
30

2ti

2 1

25

l 1
14

b

29
d

8
12

j

5

1
4

n
6
6
I

1

5

4

1;3 16t

24
I t -
2T

Entirely- - - -
XIaiDIy-- -- --
Small aruount -
None- - - -  - -

N o n e - - - - - - -  - - -

None- - - - -  - - - -

\one- - - -
1 cup
I  p r D l  _ , - .
trIore than

i  p in t .
l  p l n t - - - - .

Poor--- - - - - - - - - -  - -

Very poor--- - - - - -

Grade not reported- -

I  p in t - - - -

1 "*" indicates that some form of solid food was given; "0" that no so.l id food was given. The kind of
solid lood was not considered.
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Milk feeding

I ''"'
Nun- I cent

ber I distri-ber ]rl istri-

I 
Dur,ron

-*l-373

tt

3ii7

.19
* z z

27

58

:r-::i;
,: t!
21 )  7
, r ]  8

4 5 1  1 5

ti- 8
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Age at date oI home
visit

T-qnr,-i:,D4.- l)ic,t orele.and !111ry of tee,linc o.f aLtildren d,u,ring Jourtlt S-ntonth periotl
,r!{,1i,,!:,,ln,i;,i,t,h t,tontlt); cltilrlren, 10 nt,Lnt,hs oJ age antl ouirin fam,ilies uisited irt

T5'pe oi fce,l ing Childron l0 months of age and
oler in families yisil.ed

l\I i lk ice(ing

j n,.".t -lt
Corv's milk

(average
amouni
daily)

r\,Iore thal 1
l ) jn t .

1  i ) i n t - - - -

NIore than i

Solid food I

t insatisftctory_ _

z

; . 9
; !

; . 9

g_5
! i

3

2

I

€

233

; . 9

o 5

t 0
1 5
10
1 3
12

4,1

14

1 ;
l 1
l4
3
{l
0

2(t 55 21

;i ,
1 2 5
11 I  6
7 1  3

Ii ' l  -

t 5
5
3

i

2

2

1

5
8
6
E
5

10
1 7

z

d

2
2

?00

t l i
2l
1 7
22
r.1
28
50

72

-
1 5
16
I

ti

( i l l , l t '  r r i , t n  l r ' , i

\ -er: , '  : i to, l  -

N o n e - - - -  - - - - -

Smlll ar!ount-

Srrl l l  nrrrount
llainiy

None
- \ l t t n t f
l l  ntirel t -

08

1{)

2
2
2

,t
63

?
7
I
6
5

1 l
19

Cirade not rell0rted

I  I r " r  l r i ? t  h u , l  u f  r " r ' r d i n y  s o l i , l  l u u r l  $ e e  p ,  9 1 ,
;  l ,ers t l luD I  l jer cent,

10 to I 2 13 nronths
Donths and oyer

D o - - - - -  . _ t  - i i o  _ ,
Ent irei-v \one _ _ ,

I )o - - - - - -  - - l  None- -__-

0
I

4
ti

l 7

Provided by the Maternal and child Health Library, Georgetown university



118 DEVELopMENT oF BoNEs oT cHTLDREN rN puERTo Rrco

Tenr,n D5.-Diet grade awi h1'pe of Jeed.ittg o.f child,ren du.ringl second 11ear; ch'ildren
13 nonths o.f oge utLtl, ouer irt. fantili,es uisited'ht Pu,erto Rico

Diet grade

T o t a l - - - - - -

Grade reported- --

Very good - -

G o o d - - - - - -  -

Rreast milk

N o n e  - -  - - - - - -
Smtll i imourt-,

l lainlt '  --- -

D o _
Ent i re l ) ' - - -  -

D o

Solid food I

Ycry satisfactorJ

\-erJ unsaLisfac-
tor-v.

\ -one-  -  - - - -
Vcry unsatisluc-

to r ! .
I lnsatisfrrctor] 'or

Yery unsti l is-
l0ry.

None-
Ver-v unsatislac-

lory.
LrnsaLishctor-r or

vefy unsirlrs-
frcLorl '.

N o n e  ,  -  - - - -
Unsalisfactory or

rery unsatis-
factory.

None-

('hikiren 13 iDonihs of age end
or er in funil ies visiled

-\ge at dste of hone
Ylsit

i03

Type of fecding

ll i lk fecding

Cor- 's tr i lk
( [ \  erag(!
alnouri l
dai l l  )

l l i  to 2 pints
I J)int

!

F a i r - - - - - - - - -

Poor - - - -  - - -  - - -  - ,

None

\one-  -  -  -
\one -

I
. l
N o n e - - - - - - -  |

Srrall rmourt I
l l a in ly - ,  -  i

- t lo
t  pint ,

I crlp- _

- - -  r1o-
I  p in t - .

I cup- -

2

6

l
5

2?'

i

4
J

71

10
2E

4
Iri

I

l 0 L

2

,1

6

12

I
9

3

3 3 0

1,Lf to 2 l)ints

3
3

32

Crade not reported

1 l 'or rnethod of grading solid lood, see p. 9?
r Less than 1 l)er cent.
3 Includes 20 clrildren for shorlr diet grrde \vas not, relrorted as they hatl lived only ore month itto this

peri0d.
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APPENDIX D 119

Tenr,r D6.-Di,et grade and type of feetling of children during third year; cltild'ren
25 months oJ age and ouer in families uisited in Puerto Rico

' Iype 
of feeding

Diet grade

Chilclren 25
months of age
ancl over at

date of home
visit

rage amount
dai ly)

Tot : r l -  -

C r a d e  r e p o r t e d  - - - - - - - - - - - -

Yery  qood- - - -

G o o d - - - - - - - - -

F a i r - - -  |- - - - - - - l

I
I

P o o r - - - - - - - - -

Very poor----

G lade no t  repor led- -  -  -  -

I  For method of grading sol id food, see p. 92.
z Includes 16 childreu for whom grarle was Dot reported as they had lived only I rnonth into this period.

i\ 'I i lk feeding

1
6
2

20

1 8
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Appendix E.-CASD HISTORIES OI' CHILDREN SHOWING
ROENTGEN.RAY EVIDENCE OF RICKETS

Because of the rarity of rickets in Puerto Rico the case histories of
the five children showing roentgen-ray evidence of the disease are
given in detail.

Case-1.-5. M., male, age, 6 months, 16 dar.s. Ful l  term, fourth pregnancy,
normal birth. Three olderchildren s'ere_dead;-the first at 10 clays, of h6mdrrhag"e,
the second, at 9 months, of "meningitis," the third, at 3 months, of colie .

S. M. rvas born in a cellar of one 
-of 

the larse stoie tenements bf San Juan. in a
l-1ooq apartment that had,no l.indorvs opening to the outside and r.vas lighted
only by electricity. He had been sickly from birth, rvas breast fed only a few
days, and was never taken out of the cellar for fear he would "catch cold.t Tl.o
t'eeks before examination he rvas rnovcd to a nerv and lishter tenement. Until
this time he had literally never becn exposed to daylighi; nor, because he was
artificiall5,'_ fed, lrad he received the benefit of any antiiachitic.vitamin through
breast milk. His diet consisted of a cow's milk formuia, rvithout additional food
of any sort._ N-o_codliver oil had ever been given. There rvas a history of fre-
qlent attacks of bronclitis, and, for the past three or four months, daily convul-
sions associated rvith what rvas thought by the local doclor to be meninlitis.

Physical examination showed a fairly-s'ell-nourished infant; weigh[, 7 kilo-
grams; -h"ig.h!, 64*centimeters. He rvas pale, cyanotic, breathing rapidl5r, and
obviously sick. There t'as no evidence of tanning, and his muscnlature was
flabby and rveak. He could not sit up. His iread ivas large and hydrocephalic
in type; the anterior fontanelle rvas full, and measured approximately 7 centi-
meters in its anteroposterior diameter and 7 centimeters irrlaterai diarneter; the
sagittal, coronal, and lambdoidal sutures \\'ere open. There I'as slight cranio-
tabes in the parietal bone just behind and above the left mastoid process. The
frontal and parietal bosses were moderatelv cnlarged. Examination of the chest
showed moderately enlarged costochondrll junctions and a Harrison's groove
lvith_ accompanying flaring of the eostal margins of the ribs. The epiphyses of
the iong bones at the wrist rvere moderately errlarged. There rvas a moderate
degree o-f pot-belly, and an enlarged spleen. The legs showed no rachitic deform-
ities. _ Chvo_st-ek's sign for tetan5' *'as not elicited. Examination of the lungs
revealed a definite broncho-pneurnonia, rvith signs of consolidation at the right
upper lobe. Roentgenogram of the chest corrolJorated the diagnosis of broncho-
pneumonia. The heart rvas ncgatir.e.

Roentgenograms of tlie bones of the forearm showed advanced rickets u'ith a
mg,r]<ed degree of osteoporosis accompanying it (fig. 1). The corter was poorly
cqlcificd; the periosteum, faintly visible, rvas elevated on both radius and ulni.
There rvas no evidence of deposif of calcirim in the zone of primarv calcification of
the io'n'er cnds of radius and ulna, and there s-as a smali amount of frayirrg or
fringing of the distal cnd of both radius and ulna, but the rachitic iuternlediary
z_one, sometirnes called the rachitic metaphysis, l'as not defined by lime-saft
dgposit at its peripherv. Tliere nas, therefoie, essentially no cuppin!, and onIJ-
slight spreading of the ends of both bones. The trabeCulae toivarilihe end oi
the.shaft *ere irregularllr placed, and, at the extreme end of the shaft, lay at
v-arious angles, forming & dense irregular line, such as is commonly seen in severe
rickets. The picture rvas that of the type of rickets described by Wimbergerst
as occurring in inactive children, a type lvhich though very seveie, sholr.s com-
paratively little evidence of cupping and fraying, but marked osteoporosis of
the bones. Such a pioture occrrrs r.l'hen the disease is so severe thal there is
inabilif on the part of the organism to reinforce the rveakened bone by laying
down lime salts in the periphcry of the rachitic intermediary zone.

Blood studies were made in dhe chernical laboratory of the School of Tropical
Medicine and showed a calcium contc'nt of 7.l milligrams per cubic centimeterof
serurn, and a phosphorus content of 4.1 rnilligrarrrs. A diagnosis of severe active
r icke ts  $ rs  m&de f lom t l rc  t l i r r i ca l  a r rd  roentger r - rny  exa tn i r ra t ions ,  and o f  te tany

- _il. \f irnbcrger, ]Ians: Klinisch-radiolische Diagnostik von Rachitis, Skorbut, und Lues inn Kindesalter-
[ ( . ' l i n i c a l  a n d R a d i o l o g i . a l L r i a c n o . i s o f  H i ' k e l s . S c u r \ ' ] , - a n d C o o g e D i t a l  s y p h i l i s i n C h i l d h o o d . j  E r g e b -
nisse der innereu i{edizin und Kinderheilkunde [tsertin], vol,28 4i925), pp. ZOS-ZSS,

120

{i

l

i
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from the chemical examination of the blood. Treatmcnt s'ith srrn iratlis s'a"s insri-
tuted in thc Presbvterian Hospital. The diet n'as kept the sanic. \,r c,rd-lir-t'r
o i1 l -as given.  At  the end of-18 da; 's  heal ing had Lregun i f ig.  2, .  as.r r ' r - ' *  sh,r*-n
by the dcposi t  of  l ime sal t  both in the subper iosteal  t issues and in end:rrorrncl  the
intermcdiary rachitic zone af both ends of the radius and ulrra, aud [r't]re ilcrelsc
in the blood calcium to 8.3 milligram,s and in the phospliorirs to 5.2 nrilligranrs.
Three months later advanced healing had taken place (fig. 3).

- Case 2.-W. V., ma1e, age 5 months, 12 days. Full term. Hc n'as breast
fcd at night lvith supplemeritary fceCing'of cond-ensed rnilk ancl rice 1'rter clurirre' I  l i c  day .  He  r vns  l l ken  ou l .  o f  doo rs  vc r . y  l i t l l e ,  ahou t  ha l f  an  hou r  c l r i l r - i r r  t l r t '
shade .  H  i s  t no l  l r e r  \ \ ' enL  ou t  o f  doo rs  ve rv  I i t t l e .

Ph5'sicai examiiation: \Ieight, 6 kilograrns; height, 64f centimeters. Thc
amount of his subcutaneolls fat and his muscular development were estimatecl
as fairl the color of his mucous mernbranes rvas good; l..iS skirr was lightll. pig-
mented,- but there lvas_no_tanning. The costocliondrai junctions uei,: sligliti]-
enlarged; therc l-as slight boling of thc lcgs, u-hicli rvas probably not abnolmal
at his age. A clinical-djagnosis-of qrrcstioiiable rickets ivas maile o1 the irasis
o f  t l r c  s l i g l r t I 5  cn l a rgc ( i  eos loc l r ond ra l  j unc t i ons .

TIre rdcntgeno-grim sho.w'ecl a fairlj ' thick t3rpc of bone u-ith a slight degree of
osteoporosis. The cortex \llag poorly calcified and tirick, apparcntlyha.r,irtg been
Jaid.9own in layers,_a condition frequcntlv seen at this age when fronth i-s r-cry
rapid; the periosteal surface of ihe shaft was not e.r.ervrl'hcrc lr.eil definert: thc
, , , i 'c* 'o f  p i in i r i .u  

" " r . in"ot ion. f  
hoih redi i  un. t  u i 'n i ' i : " ; : ;  i r " ; ; i i ; ; ; ' ; i l ' ; ; ' ,1

i r r eg r t l a r l v  ca . l c i f i cd ,  l hc re  *as  s l i gh t  cupp i r r g  o f  l r o l h  u l nae ,  a r rd - i r r egu la r  ea l c i f i ea -
tion rvhjch suggested fringing. A roentgenographic diagnosis of-slight rickcts
lYaS maoe.

Case 3.-J. L., female, age 5 months 13 days. Full term. Rreast fed entirel.r..
Phvs i cu , I  c xam ina l  i on :  Wc igh t ,  6 . 24  k i l 6g ran rs ;  he igh { ,  6 l  c cn l i t r e t c r s .  A

l e l l - nu r r r i s t r ed ,  p l um l )  i n i l n t , 1v i 1  h  good  n ruscu la r ' devc lopmen l  and  good  eo lu r
of mucous membranes. Her__skirr,r'as lightly- nignrerrted and rvas tairred only
on the knees. There rvas no clinical er-iderice of ricliets.

Itoentgenographic examination slio.n'ed a less heavy t-"-pe of bone tl-ran that of
the prcvious case, arrd one which r.as fairll- r'ell calcified ihroughout. The corter
rvas of,average thickness. Thcre rvas definite though slight cupping at tlie distal
ends of botli uhrae. The zonc of primarv calcification l'as not quite Clearll' definecl
nor everywhere complete. There n'ere certain breaks in the contour nhich sus-
gested verl' earl5' rickets. Thc ulna side of the distal end of thc radius showe-d
a slight decrease in densitl'; othcm'ise the distai ends of the radii appeared normal.
A roentgenographic diagnosis of ver5' slight rickets was rnadc.

Case !.-M. S., male, age 2 months 26 dar-s. Full term. Breast fed.
Phvsical exaniination:- \\'eight, 4.88 kilograms; height, 56 centimeters. A

fairly rveil-nourished infant wi[h good rnuscui-ar deielopirent, pale rnucous nlenr-
branes, IighlJy pigmented skin, and no tarrrring. The anterior fonlanelle l.as
4 centimeters long and 5 ceritimeters .wide. There I'as a moderate degree of
craniotabcs,,r,hich l'as biiateral. The costocliondral junctionrs were slighll-r en-
lalged. A cliriical diagnosis of slight rickets r.as rnade.

Roentgenographic eltaminatiorisholved bones of average thickness. The shaft
s 'as l -e l l  ealc i f iec l ,  rv i lh eortex of  r . rormr, l  densi lv  and {} r ie l incss.  Tl rerc uas s l ic l ' f .
cupping of  the dista l  ends ol  bol  h utnae.  f l i "  )on""  cf  pr imarv .oLin.ut  io ' i  

" i '? i i "ttltr.'e show'ed slight irregularities arrcl'what appeared to be breaks in calcification.
The distal ends of the iadii were also not clearly defined. A roerrtgcnographic
diagnosis of vcry slight rickets was made.

Case 5.-M. G., female, age 25 months. Full term. Born in Nerv York Citr-,
l-here the first 21 months of life l.ere spent, and taken to Puerto Rico 4 lrrrltirs
before exarnination. She l.as breast fcd for 3 months, then given a clict at
first of frcsh corv's milk and latcr of condensed miik, supplenented by soup, egqs,
potatoes,  varr t ies,  cereal ,  arrd fmi t .  No cod- l iver  o i l  had ever been given.

Physicei cxeminatic,n sho'wed a wcll-nor.rrished child-rveieht, 12.02 kiloqrams:
h e i g h l ,  E 5  c e n t i m c l c r s .  H e r  s k i r r  a r r r l  n u t e u u s  m c n r b r a r r e s  u e l e  u l  g , , , ' , 1  r ' , , 1 , , r ,
ancl  she s.as tanned on facc,  neck,  arnrs,  and legs.  There * ,as ver l ' l i i t l t  c l i r icr l
er.idence that would lead to a diagnosis of rickets, sligirtll ' cnlargcd costochonclml
junctions and slight knock-hnees being the only signs present.

The roentgenogrant of the bones of the forearm taken on thc da\- of erarrrinr-
t ion shor.ved evidence of  o ld healed r ickets.  Thc shaf ts of  the.  l r . i r re.  l t . rc  nt ' l l
calcified, there l-as no osteoporosis, ancl the corter rras clcarll- clefinerl arrr:l lf
about average $'idth. The diaphyseal-epiphyseal jurrctions rrere rvell calcified
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and clear11.- cle$ne1l. The -zones of primary ca,lcification rveie 'nbroke,. fhetrabeculae at the distal cncls of both'radii rina itri*i,:ii"il ."g,,r;i,"ir:"rii 'a1cifiecl,
lnd cl,crrlv visil;le up to thc zone of primarv calcificatron.

ln rne sr lDstrr rce () r  i l re spo.gi .sa,  about 2 cent imeters f rom the dista l  cncl  ofboth the right and left u1nle, tiiere ^l-as an irregutar, railrer poorlr,: a"drrla ,nr,"of i.crceserl derrsit'r'. annroximately 3 nri-llinieterii.i*ialt ,lirifiJi# ,,i'#.is"ru.t].: rnr l  rather  e losc l r "pheer l  r raL,ecui ie .  . l th ; ; ; . , ; ;  r  . f i "nr , ' rn ic f , i ,n i i ,g , , i ' i i , "  , , ,n" .srrrface of tlie coite-r in thri region 
"ira:,i.i-rrr"i;", 

.ttitfi.o"i" i"."fi,iuri,u..oouirrgof the medullarv sDace. In t-he. raclii, "otro, rri.''rti,,. ,;r;,-ih;;;i,'"i*"i"r" .,u.u
defined, could b"e secr at approximatell'Z 

"criii-et"rs 
frorrr the rlistal ends of thebones. In both radii at ilid region or ir'i. ,one.-il';;;;;;';";i;s[iii"rsiJe .r th"shaft.  The zones of increased clen"it l 'probablv'represent ar olcl  healecl rachit icprocess, *'hich *as of moderate severitl: q-hen ictirie. Tnea-orrri;-f:bone ttrathas grorvn since thc zone formecl *bulrl inclicate thut ih;-.".tiiti""p.u"..,

l_?^Lq:?lP_Iv t.rccurrcd i' the rvintcr u.i,r ii""i.la i"-rl;;;;il';. iri.i-io'u, t. t,"eramrnattcrn.
Though.this case is incrucled in Tabre l0 it ca. nr-rt rcgitirnatcly be countecr asa case of rickcts deleloping in lhc .fropics,

a)
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