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INTRCDUGTION

A malformation of the leg bomes of growing chieks known
as ?3lipp@a tendon®™ has come to the attention of research worke-
ers only recently as a problem of importance, No doubt the abe
normality had oceurred for a long time before it was recog-
nized as a distinet disorder, having been grouped with other
nutritional disturbances in the past under the general term of
"leg weakness®, Only sinece the development of intensive broode
ing conditions has the disorder become a problem of major ime
portance, It interferes with the motility of the chicks, there-
by obseuring the results of nutritional experiments and lower-
ing the market value or breeding war%h?af_zhe ¢hicks,

There is some confusion as to the proper terminology for
the abnormality,., It is wariously known as "slipped tendon™,
*hock disease", "perosis", or "deforming leg weakness"”,

There is also a difference of opinion as to the symptoms which
are %o be included in this condition, some workers feeling that
the actual digplacement of the tendon is only a phase in the
development of the abnormality,

In view of the aaﬁfusiﬁn as to the symptoms which should
be included in the disorder, a brief deseription of the abnor-

melities observed in this study is presented, The joint whieh
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is affected, commonly called the hoek Jjoint, is the tibio~
metatarsal Joint, In the normal chick the tendons at this
Joint glide between %@m lateral condyles on the distal end of
the tibia, whieh is perfectly straight, In ehicks whieh be~
come afflicted with slipped tendom the first observable sympe
tom is usually & slight puffiness about the hoek joint, At
this time the tibia is usually straight, but the metatarsus
may or‘may not be sligkﬁly‘hawaég In certain aaéas, between
thé,ages of two and ten weeks, the tendons, particularly the
gastroecnemious tendon, slip from the condyles to one side or .
the other, Some of the chicks recover ané the hﬁek.aypar@ntly
returns to normal, In other cases the hock becomes flatteﬁed
laterally - and the legs are bowed, Frequenbtly the chick is
no longer able to stand, but rests on the hocks with the feet
extended to the front or side, FHven when able to move about
with 1ittle éiffieulzy, the chicks scot as thaugh'standinng@re
painful té ﬁﬁ@&?\’?ﬁ@ bones of the legs become bent,; particu-
larly the tibia and metatarsus, The epiphysis at the distal
end of the tibia is always bent laterslly im the direction in
which the tendon slips, and the extent of this bending appears
30 be roughly pr@pﬁrtiaﬂal to the severity of the deformity.
This lateral bending of the distal end of the tidbia has not
been observed in ahieks'nﬂt afflicted with slipped terndon. It
is gggﬁghle, therefore, that this bending is the result, rather
than/ cause of the displacement of the tendon, PFor the
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In view of the difference of opinion which exists con=
cerning the factors influencing the incidence «f slipped ten=-
don, this study was undertaken in an effort to clarify the rela-
tion between the calﬂiﬁm and phosphorus content of the ration
snd the incidence of slipped tendon and to determine the funda=
mental ceuse or causes of the abnormality. An attempt has also
been made %o determine the ash content of the leg bones of chicks
afflicted with slipped tendon within a few days of the first
nanifestation of the disorder, Studies of the histology of
the deformed bones and of the thyroid and parathyroid glands
of chicks with slipped tendon were attempted, but inadequate
fixation obscured any differences which might have been
present, These histological studies are being continued with
improved techmigue, but the results are not yet available,

Since the initiation of this work the resulis of several
studies of a similar nature have besen reported, The find-
ings of this study are not entirely originel, therefore, but
they confirm the resulis of other workers and throw a new
light on the apparently inexplicable results of certain ex-
periments, Further study is needed on the "preventaiive fac-
tor® which appears to be found abundantly in rice bran and
wheat middlings, If this factor is vitamin in nature the next

logical step ig its isolation in a concentrated form.



REVIEW OF LITERATURE

Studies on Slipped Tendon

A statistiﬂal treatment of the major portion of the lit~
erature on the subjeet of "slipped tendons" was presented in
Journal Paper No, 87 of the Iowa Agricultural Experiment Staw-
tion (17}, The relation between the protein, ash, caleium end
phosphorus in the various rations reported in the literature
and the percentage of slipped tendon which these rations prow-
duced was studied, At that time the majority of the workers
| were agreed that excess mineral matter, chiefly ealcium and
vhogphorus, aggravates the disorder,  whieh =~ does not maniw-
fest the symptoms of Vypical rickets, as rickets in ehicks
has usually been defined, the ash content of the leg bones
being normal, This study showed that the amount of phosphorus
in the ration was highly correlated with the percentage of
slipped tendon, The other correlations were not signiflcant,
However, the author (16) found that when a simplified diet was
fed the number of slipped tendons which were produced by var-
ioug levels of inoyganic phosphorus was much less than would
be expected on the basis of the phosphorus content of the
ration, When the phosphorus in the ration was inereased to 2.4

per cent there were few cases of slipped tendon, but the
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Schalble, licors and Conolly (21) report that "perosis”
was produced by high levels of bone meal, bone asgh, tricalcium
phosphate, magnesium earbonate, or combinations of calelium
carbonate with sodium aeid phosphate or potassium aecid phos-
phate, Pheasants placed on one of these diets succumbed to the
ebnormaliby, but other species did mot, The suthors do not
say whst other mspecies were tested, Four par'caﬁﬁ of oyster
shell or of sodium acid phosphate did not cause perosis, and
it wag found that soy-bean oil me&i, comprising 10 per eent of
the protein of a high mineral ration was highly protective,

Henderson {9} supggests that slipped tendon is a melforma-
tion of thé leg bones whieh is comparable to the genarally'asu
cepbed definition of riekets up to 19289, He furither suggests
rickets as a tentative description for bone deformities until
elaarﬂm'au$ reasons exist for new terminolegy, especially
where bone ash determinations have not been made in connection
with the studies, He reports that slipped tendon is caused
by excess caleium or phosphorus, or both, The abnormality was
not prevented by egg yolk or chicken fail, A

Heller, Zimmermen and Thompson (8} sitate that skiagrams
of bones of chicks with slipped tendon show that there is a
fauliy bone formation, which is not cured by wvitamin D but by
a phosphorus correction in the diet, They say that correla=
tion of the inorganie Ca:? ratio of the blood serum of chicks

and the occurrence of slipped tendon is subjeet to oriticism
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beeause the inorganic phosphorus iakanly one fortieth af the
total phogphorus of the blood,

Wilcke {28) found no significant difference in the plasma
caleiwm, imorganie phosphorus and ash determinations made on
chiecks with slipped tendon and on apparently normal chicks
from the same pen, With a limited number of chicks, Ca:P
ratios in the ration of 1:1, 2:1 and 3:1 produced no differ-
ence in the incidence of slipped tendon, with the total phosw
phorus of the ration remaining practically constant at a level
of 0,624 per cent, The percentage of slipped ftendon markedly
inereesed when the phosphorus was inereased to 1,217 per cent,
with a Ca:¥P ratio of 1,18:1,

Bunter, Dutcher and Xnandel {13} were among the first to
report a so-ecalled preventative factor for slipped tendon,
They found that oats and ocat feed posgsessed beneficlal proper=
ties in preventing the malady, not to be explained on the |
basis of its fiber content, Titus and Ginn (27}, and later,
Titus (28] ragﬁrﬁ@é that rice bran contained a substance which
largely prevented slipped tendon, or as they celled 1%, perosis,
They discussed the possibility of the factor being vitemin in
nature, Branion {1) reyarted that corn contained a faetar which
produced slipped tendon,

Sherwood end Couch (24} present data which greatly clarify
gsome of bthe inexplicable results reported previously., They

found that 8 basal ration containing no cereal grain excepn?’
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edrn‘gav@ 10 to 1% per cent of slipped btendon, This basal
ﬁatiﬂn‘gantéineﬁ ﬁﬁlyyﬁﬂﬁi per cent of phosphorus, They fure
ther found that when 12 per cent of dried bubttermilk was re~
placadvbQ an equal amount of meat serap in this ration, in~
ereaéing the phosphorus to & little less than one per cent,
the slipped tendons were increased to over 80 per ceni, Rice
bran and wheat middlings, when added to this basal ration at
the expense of corn, definitely prevented slipped btendon at
phogphorus levels up to nearly one pepr cent of the rafiam‘

They say that there are two or more factors responsible for
the disorder known as slipped tendon, One fmetor is the lack
of mineral balance in the ration, Their results indicate

that as the phosphorus increased the slipped tendons increased,
and as the calcium increased the slipped tendons decreased,

The second factor is a preventatlve factor found in appreciable
amounts in wheat grey shorts and riee bran, and possibly
present in lesser amounts in oat groats and cottonseed nmeal,

It is & rather general belief among poulirymen that

hoavy breeds are more susceptlible to slipped tendon than are
the lighter breeds, Payne, Hughes and Lginhar&ﬁ (18) re=
ported that in the spriang of 1930 at ﬁhe;§§§§gysgg;§% 14 per
cent of the disorder appeared in the Rhode Island Red chicks
and only 0.7 per cent in the Thite zagharn ghicks, This indi-
cates that there may be en horeditary suscepbibility. Ser-

fontein and Payne (21l) have recently reporied a very inter-
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influence the growth of chicks, but the latter did produce
some cases of rickets when fed at a level squivalent to 0.5
per cent of magnesium,

Buckner, Martin and Insko (%) have produced a bending of
the leg bones and swelling of the Joints, but no displacement
of the tenﬁéay by feeding magnesium carbonate. They state
that this condition is not identical with slipped tendon, as
the condyles were in proper alignment with the shaft, whieh
wag straizht, The chieks receiving magnesium carbonate
showed a smaller per cent of ash in thevi&g bones than the
check lots, The suthor {16) 4id not obtain this bending of
the leg bones in one lot of chicks which was fed three per
cent of magnesium carbonate. ﬁaat~¢f thﬁvahieks'&avelapaﬁ
enlarged hocks and the leg bénes of a few of these chicks
were definitely rachitie, Two apparently normal chicks were

not rechitie,
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EXPERIMENTAL

The reaﬁlt& reported herein are basged on three groups of
ghicks which were brooded from November 10, 1932, to Januvary
19, 1933, lots 1 to 5 inclusive; from April 12 to June 7,
1933, lots 24 to S5A, 6 and 7; and from February 3 to March 31,
1934, lots 8 to 15 inelusive,

Object

The primary object of these studies was to determine the
cause or causes of the leg bone deformity of ehicks known as
slipped tendon, An atbempt was made to defermine the ash con-
tent of the leg bomes of chicks having slipped tandaﬁ as
nearly as possible to the time of the first manifestation of
the defomity, savan&ariiy,rit'waa thought desirable to
study the hiatalagy'af'aaf@rm@d bones and of various argana ef
chicks afflicted with the disorder, as well as the age of inm-

cidence and of spontaneous recovery on various rations,

Procedure

It was previously found by the author (16} that with a
basal ration of ground yellow corn, wheat middlings, dry skim
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milk, caleium carbonate and salt, additions of phosphorus from
inorganic sources did not give as many slipped tendons as one
would expeet if the phosphorus were the only causative factor,
It was also found that addition of three per cent of magnesium
carbonate to the basal diet produced many enlerged hocks,
elinieal symptoms of riakata'anﬁfa much lowersd bone ash, but

no slipped tendons, In view of these results it was considered

advisable to feed several other levels of phosphorus, using
the seme basal ration as in the previously reported experiment,
The ration containing magnesium carbonate was fed again in
order te study more adequately the appasrently rachitio condiw
tion of the chicks on this ration, |
In this experiment the basal ration previously mentioned
was altered slightly, The dry skim milk was increased slightly
in order to raise the protein level, A high grade of ground
oyster shell was substituted for the pure ealeium carbonate
previously used, Lots 1 %o 5, inclusive, were brooded from
November 10, 1932, o January 19, 1933, Sufficient feed was
mixed so that two lots of chicks could be fed from the same
batch of feed, On April 12, 1933, a second group of ehicks
wes started on the same rations, the lots being designated as
2A, 3A, 4A and 5A, Two additional lots were included, lots
6 and 7, The composition of the rations is given in}ta%le 1.
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Table I
Percaentage of ingredients in the rations -

- e T e

Teeds

B

P
(&

-

Ground yellow ecorn
¥heat middlings
Wheat bran

Dry skim milk
Ground whole wheat
Meat and bone meal
Ground oais
~@ra?nﬁf?yﬁtﬁr shell
Caz{POgq s

ﬁaﬁgFﬂz 2

1gC0o3

salt

Cod liver oil

* v
o
HHOOOO

1
58
20
O
20
o
0
0
4]
g
0
0
1
1

HEHOOOWRO OO
OO OOO

100 100

e

Total 100 100 100 100

The percentage composition of the rations is given in
 table II. Beginning at the eighth week of the experiment,
semples were taken daily from the feed which was placed in the
feeders of lot 3A in order to test the exbtent %o which the
particles of the heavier ingredients setile to the bottom as
the chicks bill the feed, These &aiiy samples were then
mixed and a sample taken for analysis, At the end of the tenth
week of the experiment the feed remaining in the troughs of
lot 3A was mixed end @ semple taken for enalysis. On the

basis of these two analyses there mppears To be some separation
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of the heavier, mineral ingredients of the ration, However,
the chicks ate apoproximately 9000 grams of feed during the per-
iod, and the residue remeining wac about 1000 grams,
Therefore, the composition of the feed actually eaten by the
chicks was es follows: protein, 15,28 per cent} aalaium; 1,46
per centy phosphorus, 1,89 per cent, It i3 apparent that this

is practically the same as the original composition of the feed,

Table II

Percentage composition of the rationsl

Lot * Noisw v Ash * Pros ¢ Caleium * Megnes- ' Phos-
Ko, * ture ¢ *  }ein t ' ium * phorus
E £ 3 k 4 ¥ ¥

5.89 '&.44 - 15,26 1.64 . 0,18 9 57
6,18 7*?ﬁ 15,68 ‘l*ﬁﬁl .l? ‘ l 58
5,65 7,54 15,27 1.71 0.89 D155
5,36 6,57 21,78 080 0,285 0.50
7508 7416 17.91 1.7L 0,16 1,04
8.79 15,32 1,49 1.31
8,67 15,8%7 1,75 1.46

R 1
P SOp
A i

*Sarple for analysis collected dally before feeding.
**sample of feed residue collected at end of two weeks $ime,

1‘?&@3@‘ahaly$&s were made by the laboratory of the Animal

ClLenistry and Hutrition subsection,

The chieks usaé‘%hraug&aut‘this and subsequent experi-
ments were Single Comb White Leghorns from the Iowa State Colw

lege general flock mating, The chicks for lots 1 to 5 were
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from pullets, while those for lots 24 to BA, 6 and 7 were from

the
hens, OJinee the pullet egzs were amall/initial weight of the

chicks in lots 1 to 5 was somewhat lower than that of the
chicks in the other lots,

The chicks were removed [rom the incubastor on the morning
of the 28nd day of Incubation, and 250 were selected on the
basis of vigarg They were then divided at random into five
lots of 80 #hieka each, banded, individually welighed, and
placed in the bdrooder., The chiecks were weighed at bi-weekly
intervals, and observations were made of any abnormalities at
the time of welghing, The ohicks were deprived of feed in
the evening and were weighed early the following marning.

An eleetrically heated sixz deck brooder was used for the
first six weeks, At the end of the sixth week the sexes were
separated and placed Iin seperate, unheated brooders, The rToom
temperature was keplt as near 70 degrees F. as was practicable,

In most of the studies previously reported the bones of
normal chicks and those having slipped tendon were taken at the
end of the experimental period, and the chicks afflicted with
alipped tendon were compared with the nomals from the same
lot, There are two disadvantages in this method. It is ene
tirely possible that the chick which one chooses as normal
might have developed slipped tendon within a short time and is,
therefore, not really a normal chick, This difficulty can be
somewhat obviated by choosing a sufficiently large sample, The
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nethod of analyzing the bones of chicks with slipped tendon
only after the chlicks are eight or tan'waeks of age is open 10
- the eriticiom that a rachitic condition could have been |
present at the time the tendon slipped, but became healed be-
fore the end of the a;ggriment*. |
Al chieks which developed slipped tendon were killed at
the enﬁ of each bl-weekly period, and the right femur, tibia
and meﬁatarsas~remﬂvﬁé, freed from adhering flesh, and placed
in 95 per coent alechol until it was convenient Ho proceed with
the anelysis. The bones were analyzed separately for ash ac-
cording to the mebhod of Hart, Xline and Keenan (7}, Four
chicks of each sex were removed from lot 2 at the seme btinme
and their 1ég bonee were anslyzed to establish the normal, By
this method the ler bones were removed from the chiek not more
than two weeks aflter the tendon actuslly slipped, and the ash
scutent of the leg bones of chiecks from the control ration W@:é
taken as the normal, preventing any possibility of choosing as
normal a chick which might have developed slipped tendon within
a short time, The control ration used has consistently given
practically nommal caleification in the presence of sdeguate
vitamin D, and has never produced a case of slipped tendon,
The same-pr@cednfe was followed with lots 2A %o DA, 6 and 7,
lot 2A being the control., At the end of their respective ox-
perimental periods Tive chicks of eaeh sex were removed frbm

lots 1 and S, and B4, and the right femur btaken for ash analysis,
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Experiment IT

In axgafimﬁnt I rations high in phosphorus eensiaten%ly
produced slipped tendon., All these rabions had practically
the same caleilum content, Ration 3 gave thﬁ highést percent-
age of slipped tendon in these two tests, so this retion was
chosen, and while the phosphorus content of the ration was held
practically constant, the calcium content was varied from a low
tc a higﬁ,la?al,, Ration 2 was continued as the control ration,
Ration 5 was altered by decreasing both its caleium and mag-
nasiam-nantan%‘ Rations 13, 14 and 15 were ineluded in an at-
tempt to confirm the results of Sherwood and Couch {24).
Ration 13 is the same as ration 10, with the wheat middlings
replaced with rice bran, Ration 14 is practically the same as
the basal ration used by these workers. In ratien 15 the phos-
phorus was increased to the same level as in ravion 10, This
is a muech higher lﬁ?ﬁl.@f phosphorus than Sherwood snd Couch
fad, The composition of the rations is given in table III.



Ingredient

Table III

Percentage of 1ngréﬁiaﬂt& in the rations

Lot numbers
— i

1 -

AL

N SO -

Ground yellow gorn
 Wheat middlings
Riee bran

Dry skim milk

Saltb

Ground oyster shell
Caz(POy4)y

NeHgP0,

Alfalifa leaf meal
Cod liver oil

20,0 20,0 2040

1,0 1.0 1,0

1,0 1.0 1,0

53,0
20,0

20,0
1,0

5,0

1.0

53,5 55,0

20,0
20,0 20,0
1.0 1,0
1,0

3.0

1,5

1.0 1,0

20,0

1.0
340

5,0
1.0

20,0
1.0

Total

100,0 100,60 100,0

100,0

100,060 100,0

100,.0

- 18 -
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The mineral analysis of the rations is shown in table

IV

Table IV
Mineral analysis of the rations*

* L4

Lot Mo, ! Ash * Calciuvm ' Vagnesium ¢ Phosphorus
: 3 4 k 3
— _ s st —

8 7045 1.863 0,180 0,562

@ 6,148 0,343 0,182 1,280
10 7.508 : 1.401 0,179 1,426
11 9.166 - 8,855 0,207 1,540
iz . BL725 0 0 1,411 0,253 1.5%0
13 6,398 0,788 0,731 63,,595
14 6,809 3.,.,‘536 0,185 0,432

15 7.861 1,405 9‘*3;,:35 | 1,:52? -

* These analya&a were made by the 1abaratory af the
Animal shamistry and Nutrition subsection,

The chicks used inm this ézpérimaatvwar& siﬁg&e Comb White
lLeghorns Trom the Tows Stabe Sallege flogk of highly inhrea
pullets, mated %o cockerels from vigorous inbred lines. T&s
same procedure and egquipment were used as in experiment I, The
results af the ash analysea in @xperimen% I were 8o conclusive
that it was n@t deemed maeeagary t0 repeat them., The right
f&m&r was ramﬁve& from rapr@aem%ative malas»ané femalea of 1at
iz, whiah x&aeive& m&gn@aiam earbanatﬁ, and from lot 8, the
eamtral, and an&ljze& for ash by the same method ag in experi-

nent I.
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smmawhét less then that of lot 2, but the dirfference was not
significant,

The phosphorus content of the ration fed lot 4 was 1,59
per cent, This slight increase in phosphorus over that fed
lot 3 had prectically no effect on the number of slipped ten
donsg, Bight males, 33.3 per cent, and three femsles, 13.6
per cent, developed the abnormality. However, the growth of
the chicks on this ration was markedly depressed, as compared
to lot 2, Although the phosphorus eontent of the ration fed
lot 4
1ot 3 §e¢eiveﬁ, the weight of the males at ten weﬁksrwaSumnly

was only 0,2 per cent more then that of the feed which

368.9 grams, as compared with 615.7 grams for lot 3. There
was & carresponding difference in the weights of the females,
Eviﬁantiy the tolerance limis of the chiakskfnr phosphorus on
this ration lies between 1,4 and 1.6 per cent,

Lot § was fed three per cent of magnasiu&‘ﬁarhanataw
There were no slipped tendons in this lot and no bending of the
leg bones, such as Buckner, Mer¥in and Insko (3} obtained on &
similer ration, There were several cases afianlarga& hoeks .
and many crooked breast bonmes, A few of %ha chicks showed
cliniecal symptoms of rickets, The growbth was significantly
lower than thet of lot 2,

As was previously mentioned, lots 24 to 5A, inclusive,
were fed the same rations as lots 2 to 5, inclusive, These
lots were diseontinued at eight weeks, Though the chicks were
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The growth in lot 5A was significantly less then that in
the control lot, but was practically the same as that in lot
5, 'The general condition of the chicks appeared to be better
than that of the chicks in lot 85, There were fewer cases of
enlarged hooks, and no chiecks sha#ﬁé glinical symptoms of
rickets., One male developed slipped tendon, this being the
first and only slipped tendon §r9§ua®a on a ration containing
0.89 per cent of magnesium out of a btotal of 180 ehlcks reered
on such & ration in this and the previauﬁiy reported work of
the suthor (16].

Lot & was fed a xatian,@ant&ining«éﬁ per cent of dry skim
milk, This ration was relatively low in aalﬁiam@ containing
only 0,80 per ecent, but it contained sufficient for normal
caleification, It contained 0,90 per cent of phosphorus, the
increase over the basal ration coming in part from the wheat
bren which was added, but largely from the inereased milk,
Though the chicks showed pronounced dlarrhesa %hraaghﬁut the
experiment, the growth was practically the same as that of the
check lot, Seven males and two females developed slipped ten=
don, representing 30,4 per cent of the males and 9.1 per cent
of the fﬂm&l@a, Kost of these cases developed between the
ages of four and six weeks and were not severe.,

Lot 7 was fed a ration sinmilar to many practical farm
rations, the base being made up of equal parts of ground yel-
low corn, ground whole wheat and ground whole oats, The
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source of the mimeral content of this ration is largely the
meat and bone meal, The ratiaﬁ has practically the same cal-
eium content as lots 2, 5, 4 and 5, and the yhaagk@rua_isvinu
termediate between that of lots 3 and 64+ The numbers of slip-
ped tendon were elsc intermediste between the numbers obtained
in lots BA and 6, There were 1l males and four females af~
flicted with the disorder, this being 52.4 per cent of the
males and 16*? per cent of the females, Appevently the ground
oats had no beneficial effect, |

From these results it is apperent that, with rations
containing about the same level of ﬁ&l@iumﬁ‘ﬁhare ig a fairly
@Qnsisﬁaﬁ% relationship belween the amount of phorphorus in
‘the ration and the nusber of slipped tendons which it will pro-
duce, Lots 53 and 44 gava‘mmré glipyaéltﬁn&&nﬂ than lots 3
and 4, though the feed for the corresponding lots was mixed in
one batcli, This variaﬁiam;may be explained in several ways.
It may be due to vaiwiag,suseeptihﬁi&%y of chicks from differ-
ent sources, I% is %Qasib1a that seasonal differences or dif=-
ferences in the environment of the chicks may have some effect
on the number of slipped tendons, It is also coneeivable
that the preventative factor which Sherwood and Couch {24)
 found im riee bran and wheat shoris was partially destroyed
during stﬁragﬁ af the feed, These explanations are purely
S@ﬁ%ﬁi&ti?@,.aS-@hﬁy can neither be proved nor disproved from
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_ Tables V to X, inelusive, summarize the welights of the
¢hicks by bi-weekly intervels and the number of slipped ten
dons which developed during each period, The probable error
of the mean is given only for the initial weight and for the
weights at eight and ten weeks, The summary of the mean
weights of the chieks in %hs'varimustle%s»at the end of the
experiment is showm in table XI, together with their standard
deviations, and the number and percentage of slipped tendons,
The percentage of slipped tendon is based on the number of
ehicks of each sex in the lot at the begimning of the experi-
ment, The mean differences between the various lots and the
check lots, lots 2 and BA, are given, together with their
stanfard devietions, Twice the standard deviation of the
mean difference was conslidered a8 the least significant
value for the difference between two means, and three times
the stanfard deviation of the mean difference as the least

highly significant value,



Table V
. Bummary Lot 1

m—
weeks ¢ &i‘
*mles

\ * alirpa& ' I‘%‘@g‘ of? ¥ No,. of slipped
Mean weight ' tendons * f&males* Mean waight ' tendong
and its P,E, 'New ¥ t and its P.E B
"**aa%a'%ml’ e i Hew cases' Total

I T |

Initial 82 30,6840, 29 . 28 50,22£0,16
2 22 68,73 23 65,91
4 22 168,86 | 23 155,36
6 22 277,14 28 252,87
8 22 441,7549.55 23 B97.43£7,90.
10 22 613,88£15,27 25 549,44813,50.
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Table %

smry* Lots 6 and '? ‘,

Age in ﬁm ' lean ﬁzeigm *‘ vtan&em  'No, of * Hean weight ' tezx&fma
weeks * of ' and its P,E, YTHEW T rtremnlest and its PLE, Y

‘malest ..t eases ‘*Totalt v ” gas&g {_@pm}«;.

Lot §

Iﬁitial 2% 37 48540 ,30 22 37,590, 40
25 75,00 28 70,58

25 165,22 , 22 152,64

21 294,34 21 2?3 .38

16 496,38+16,14 20 422,75+7 71

oo
&

~33 00
w

WL

Initiel 21 356 ,454+0, 40 24 36,8340, 42

2 2l 78,10 o 24 78,62
4 21 186,19 B 5 24 183.50 | 1 1
6 16 »-348*&3 '8 10 3 382,85 3 4

mm w—«mwmmm«.u nww»tﬁn iAo mm-mmmmm i Mmmmmmmmmwaﬂmﬁnmmm onatiecneic
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Table XI
&mangmwmmmtI

LU , ‘fwﬁar‘
'Standard ; ﬁean‘&ifm Geviation'Signifi~'No, of !
Mean ‘tdeviation' ference ' of mean ' cance ‘tslipped!

' No, of
Lot' chicks
.

ORS¢ §

S s mae e

Per cent
of slipped
Sendons

' of mean 'from lot 2'difference' . ‘iendons!

o

22 615,88 22,642 36,86 50,348 ¥
19 650,68 20,208

22 615,68 18,557 35,00 27.436  *
19 368,94 12,756 281,74 23,887 o
18 531,853 25,592 118,85 52,608 ¥t

SLOOD

]

23 549,44 20,017 34,06 30,440 K
20 585,50 28,933 |

23 551,43 15,196 32,07 27,511 ¥
28 352,59 21,108 230,91 31,167  *F¥
19 465,48 17,669 118,08 28,950  **¥

22 495,32 31‘15§ 0
11 439,82 28,175 55‘49‘ 35,234 ¥ 14
14 272,89 21,519 223,05 30,177  ¥** 16
26 337,31 17.554 158,01 27,478 ¥ 1
16 496,38 25,925 1,06 51,937  * 7
11 635,64 41,666 40,38 46,789  * 1

gg&@ A LR D

st
o o

E e

8 447,12 48,393 | 0
14 427,57 16,074 19,55 45,338  * 11
18 256,06 17,508 191,06 45,866 2 F** 8
21 341,05 15,348 108,07 45,086 ¥ V)
20 422,75 11,436 24,37 43,908  * 2
20 504,85 19,207 57,58 46,541 % 4

lsa DB g

*nan~aignificant **gignificant ***highly signifieant ,

- 58 -
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The mean ash content of the leg bones from the chicke on
the vari@us rations is shown in table XII, The ash was deter-
mined by the method given by Herd, Kiine and Keenan (7). The
probable error o£ the mean was not caleulated, since it is not
the most reliaeble test for differences with such small numbers,
All the chicks except those from lots 1, 2, 2A4; 5 and 5A were
afflicted with slipped tendon, For testing the signifmamé of
the observed variastion Fisherts (4) method of analysis of vari-
ance was used, The value of the ratio of the larger to the
smaller mean square was calculated and compared with the values
which Snedecor (25} gives for the five per sent and one per
cont points on the probability curve, For the purpose of
analysis, all the ash analyses in each sex and age group were
combined, o ‘ 7

For the femora of the males at four weeks, camprising lots
2, 3, 4, 84, 34, 4A, © and 7, the value of F was found %o be
1,72, wmle the five per cent wvalue is 2,45, The Vaﬂaﬁaﬂ
is, therefore, not significant, For the tibiae at four weeks,
comprising lote 2A, 34, 6 and 7, ¥ was found to be 8,65, |
while the one per cent value is only 5.42, The variatiaa is
highly significent, ané casual observation of the means shows
that the only group w‘mah is out of line is lot 6, it is a§~
parent that the iwo males in lot 6 have a significantly lower
bone ash than that of the chicks in the other two lots, The
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Table ¥IT
Ash content of leg bones from chicks on the various diets

1ot ' Age ! —.Jemora :

Ko, * in ° ~ pe: n per i D
*smai;s* No, * cent ash ' ﬁa. * @m ash m,& ' aent agh

; aa
é&;@?
44,48
4§¢88
44,63
45,83
40,24
44,56
45,62
45,09 .
46,01
45,39
45,91
45,82
43,79
46,45

41,82
48,70
43,56
44 ,40

41,21

o] |

s
B

46,48
47,24

44,90
47,51
46,48
46,36
48,63
46,43

47,01
46,35
48,09
43,10
46,71
46,351
47 448
47,71
46,24
47,78
48,06
é&,ﬁ@

BB P

mmmm@mmmm&&@%%%%@
T 00 TUICE s D100 B OO

1 i
o O

44,64
45,14
48,09
42,73
&?,98
47,26
féﬁﬁé?
48,01
48,33

46,63
45,35
46,77
44,01
48,02
47 .39
49,30
47 73
47 ;37
49,75
49,92
49,62
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fa@mx& of these ¢hicks were also low in ash, as were the
metatarsi, but the differences were non-signifieant in the
tase of these bones, This is the only case in the entire
group of analyvses in which the ash content of the bones of
chicks with slipped tendon was significantly lower than that
of the controls, The statistical analysis was not made in
the case of the Temales, since 1% is obvious that the varie-
bility of the means is less than that @fvﬁhé means of the
femora of the malés at the ssme age, with the exception of
one or two cages in which the bones of only one chick were
analyzed, _ , ;

It is evident that there are no significant differences in
the ash content of the bones of the chicks in the various lots
at six wesks of age, The means are as frequently above those
of the control lot as they are below,

Lot 5A was fed a ration containing three per cent of magw
nesium carbonate, The ash content of the femora of these
chieks st eight weeks of age is seen to be below that of the
femora of the eontrols at the same age, while there is no
marked variation from the control in the ash content of the
Temore of chicks afflieted with slipped tendon, In the case
of the males, omitting the one chick in let 7, F was found to
be 2.89, The five per cent valua of ¥ is 3,?&, The low bone
agh of the femora of the males in lot 54 was not statistically
signifiecant, In the ¢ase of thg females ¥ was found to be
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8,60, while the one per cent value was 8,02, The bone ash of
the females is, therefore, significantly beleow that of the
eontrols, |

The ash analyses of the faméra of chicks in lots 1 to 5,
inelusive, at 10 weeks of age show that the ash of the bones
of both males and Temales is low in lots 1 and 5, In the case
of the males, for these five lots, F was 4,50, while the
least highly significant value was 4,31, In the females F was
found toc be 4,67, while the tabular values are 3,41 for the
five per cent point and 5,74 for the ome per cent, It is evi-
dent that both the males and femsles of lots 1 and & have a
lower bone ash than that of the chicks in lois 2, 3 and 4,

From these analyses 1t is clear that there is no signifi-
cant difference in the asgh content of the femore, tiblae or
metatarsi of chicks having slipped tendon and of normal ehiocks
on a control ration at the same age. The low ash content of
the bones of the males in lot 6 at four weeks of age can be
ressonably attributed to chanee, since they are only two in
number out of 8 total of 91 femora, 69 tibise and 37 metatarsi
of chicks having slipped tenﬁaaﬂ  It is algo evident that in
lot 1, which received a ration low in calecium, the bone ash is
below normal but not definitely rachitie. The same may be
saild of lots 5 and 5A, The difference between lot 5 and the
aaﬁtrai,ﬁas more marked than that between lot 5A and its con-
trol, since the chicks in lot 5 were two weeks older than

those in lot BA,
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Experiment II

Growth and sbnormalities

The growth in lot 8,‘thskaﬁaﬁk lot, was good, being in~
termediate between that of lots 2 and 24, The females were
fairly uniform, Buﬁ the maiaa wﬁr& guite variable in size,
This high variability was due to the fact that seven of the
nhiéka in the lot weighed less than 400 grems at the ond of
the experiment, It is rather unusual to find so many stunted
chicks in one lo%, The other ehicks in the lot were quite
uniform, The probable error of the mean was larger for both
malas~an&‘famal$$ than that of any other lot of chicks in
the @xgerimﬁgt* ag shown in tablé xz:z* Ho cases of abnormal
leg bone &awélﬁgman%-wara observed, MNeny of the chicks
developed crooked breast bones, but practically all of the
h?ﬂaat baﬁes were sﬁ%&ighﬂ at ﬁ&a end of the axyarimgn%;

‘i@$~%rreeﬁiv@a*a ration very low in ealeium, &;34 per
eent, and a high amﬂaﬁt of phas@haruﬁ, 1.28 per eent, This
ration produced a marked diarrhea in th@yshigka, In spite
of the high variebility of the weighis of the males in lot 8,
the mean difference b&@wﬁa& the Tinal weights of lots 8
and 9 1is sigﬂifiﬁant* There is no signifiﬂantvéiffarenaﬁ |
in the weights of the females in the %wo lots, Four
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in the respective lobs would have been significant if the
variability of the males in lot 8 had been eamé&@ahle to that
of the males in the other lots, There were 13 males and 10
famalesfwhich &eve1épa&)slipy@é tendon, Of this number,; four
males and six females recoversd. The total number of slipped
tendons in lots 10 and 11 were identical, but the percentage
was slightly lower in lot 11, due %o the fact that there were
two more males in this lot, There were no enlarged hoeks in
lot 11, and about the seme number of erooked breasts as in |
10t 10, |

Lot 12 received the same mineral supplement as lot 10,
but the wheat middlings were replaced by an equal amount of |
rice bran, In spite of the Pact that the addition of rica ,
bran inereased the phﬁspharus content of the ration somewhat,
no slipped tendons developed in this lot of chieks, Only one
male and one f&ﬁazé‘haé crooked legs, and there were Tew
erocked breasts, The growuth wasféigﬂifieanﬁly greaber than
that of lot 8 in case of the females but not in case of the
males, In the 1attaﬁteaae the difference was rendered statis-
tioally non-gignificant by the high variability of the males
in lot B. The behavior of this lot of birds appears to con-
firm the cobservations of Titus (26} and Sherweod and Couch
{(24) with respeet to the beneficial effect of rice bran in
the ration, being even more conslusive than the resulis of the

latter because of the higher phosphorus eontent of the ration,
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Lot 13 was fed a ration containing two per cend of mag-
nesium carbonate and one per cent of ground oyster shell,

The celcium is lower than that of lot B8, and with this some-
what more favorable Ca:P ratio the added magnesium did not af-
feaiﬁ the growth unfavorably as did the three per cent of mege
nesium carbonate in lots 5 and 54 of experiment I, In fact
the growth was significently higher than that of lot 8 in case
of the females, There were no slipg@& tendons, only one |
¢rooked leg, and very few oroocked breasts, In né cage 4did the
level of magnesium which was fed produce the bending of the
metetarsi whieh Buckner, Martin and Insko (3} reported on
rations high in megnesium, However, they added five per cent
of magnesium carbonate to their rations, which gave the

ration a magnesium content of 1.4 per cent, It is apparent
from the growth of lots 5, 5A and 13 in comparison with the
econtrol lots, that the tolerance limit for magresium, above
which growth is depressed, lies somewhere between 0,73 per
cent and 0,9 per cent, The limlt above which seriocus bone
deformities develop appears o be between 0,9 per cent and

1.4 per cent of magnesium,

Lot 14 was fed a ration very sinmilay to the basal ration
usedl by Sherwood and Coush (24}, except that three per cent of
ground vyster shell was added instead of one per cent of bone
meal. | The growth was very poor on this ration, It is prob-
ably scmewhat deficient in some member or members of the water
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soluble vitamin group. Goldberger and coworkers (5) found
both white and yellow corn to be deficient in vitanin G, and
Plimmer, Raymond and Lowndes {20}, using pigeons, found that
corn wag much poorer in vitanin B then wheat niddlings. The
latter workers also point out that different samples of greins
may vary considerably in thﬁir'viﬁamiﬁ B content. Hunt and
Krauss {12) found that cow's nilk was re&ativaly‘é@@r in vita-
min B snd richer in witamin G. This ration might be deficient
in either B ar ﬁ, therefore, if the samples of feed which were
unsged hapyanéé to be relatively low in th@ir vitamin content,
It is possible that %his,xatian;may~be:éafiai@mi in the growth-
promoting factor which Keenan end coworkers (14) found in
hog liver, The §hms§haru§~e§ntﬁnt of this ration is also very
low, being Qnig 0.43 per cent, Eight males and three females
developed élippe& %enéan, af‘whieﬁ three mﬁl&& regovered,
There were many crumkéa bfeast bones and only a fow of them Tow
coversed,

Lot 15 was fed the seme basal diet as lot 14, to which
was added %hs»samﬁ,mineral supplement incorporated in the
rations of lots 10 and 12. This mineral addition inereased
the phogsphorus from 0,43 ﬁ@r cent to 1.535 per aéﬁt, but left
the caleium almost unchanged, On this ration 26 males and 13
females became afflicted with slipped tendon, representing
78,8 per cent of the males and 76.5 per cent of the Temales,

There were six cases of enlarged hocks, two echlcks had
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sbnormally short metatarsi, and all the chlicks except two had
erooked breast bones, The growth was about the same as that
in lot 14,
| With retions containing about the same level of phosphorus,
variations in the caleium content of the ration had an interw
esting effect on leg bone deformities, On s ration very low in
ealeium, lot 9, 15 per cent of the males and 30 per cent of
the females had mild cases of slipped tendon, of whieh all but
one recovered., However, in lots 10 and 11, which received
rations conteining 1,40 and 2,26 per cent of calelum, respec-
i:i#elyﬁ,\, the numbers of slipped tendon and tm extent of the
deformity inereased. This is not in agreement with the work
of Sherwood and Coueh (24), who found that the numbers of slip-
ped tenlon decreased as the caleium in the ration inereased,
Their rations did not contain as nuch vhosphorue as 4id these
three ratima, ’ , B

Another interesting comparison is emong lots 10, 12 and
15, These lots received the same mineral supplement, but the
basal ration was varied., The basal ration fed lot 15 con-
sigted of ground yellow corn, alfalfa leal mesl and dry skinm
milk, Nearly 80 per cent of the chicks were afflicted with
slipped tendon, In lot 10 the alfalfe leaf meal and 15 pounds
of the corn were replaced by 20 g@@ﬁs of wheat fﬁiﬁélings,
and in this lot the incidence of slipped tendon was only about
45 per cent, In lot 12 the wheat middlings were replaced by
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lot at the beginning of the experiment, since a few chicks
were removed from thﬁ lots for study from time to Bime, The
mean @ ifferences between bhe various lots and the check lot,
lot 8, are given, together with thelr stendard deviatlons,
Twice the standard deviation of the mean difference was cone-
sidered as the least sipgnificant value for the difference bew
twoen two means, and three times the standard deviation of the

mean difference as te least bighly significant wvalue,
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Table XV
ﬁmmg:wta l% and 13

e S A 57 Al ?3?‘ s R N s
Age in * No, ' Hean weight ! tenﬁanﬁ o, of ' Hean weight ! tén&@zéa

weeks ' of ' and its P,E, Vv Tew ¥ tfemales® and its P,E, ¥ New
'males! Y weses . v Y wases "

Lot 12

Initial 22 5%,4140,51 26 BB 8550, 47
22 94,32 26 95,85

28 184,27 26 182,96

22 353,18 26 337,62

22 ﬁé&;Vﬁilﬁ as 26 §6?;65&8,84

wm@xw

Initial 21 33,2040 ,47 28 B2 (4640,45
2 21 91,87 | 28 87,71
4 21 178,71 U .28 164,64
6 21 355,33 o 28 505,25
8 21 542,14£10,27 28 ‘465 “3649,89

~0g =



| ~ Table XVI
) smm:m u amm

a : , %
Age in ' No, ' Hean waxghﬁ ' mg _ He, of ! &ﬁan,ﬁﬁight * 1 :
weeks ' of ' and its P,E, ¥ L8\ ~ ecowaemﬁlﬁs’ and its P,E. ¥ Ne '
‘melegt o Y aasaa tered ! R 1 asias *ereﬁ

Lot ¢

xmma}, 22 31,9540,53 | 24 52 .8640,43
a2 61,77 24 64,67 N
22 110,27 3 24 114,50
22 205,82 4 24 213,62
22 357,55212, 69 i 24 568,00%128, 71

o

mm@w
006
T

33 B80.06 17 80,82
55 134,91 .19 17 131,47

33 227,85 6 N & A 213,18 |
32 348,75%7 ,46 1 1 16 300,19+9, 80

Initial 33 58.8740,31 7 33,0620,61
2
4
8
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Table ZVII
3ummary, Experim@nt Iz

' Ho, of * MNean *Sﬁaﬁdaré r %ﬁan dif*' a$viatiea‘8igmifiu'k¢* of ? Par cent
Lot® ah&aﬁs * waight *deviation' ference * of mean ' cance 'slipped' of slipped

AR A A ef mean *f@@m,zmt sfd‘ffaranaa' e tendonsgt  tendons
8 20 476 445 36;3?6 : : 0 0.
9 85 408,48 14,942 87,97 53,852  ** 4 15,38
10 21 506,95 19,658 30,50 36,182 * 10 : 435 ,48
11 28 526,76 17,860 50,81 55 237 * 13 52,00
12 22 - 544,73 20,534 68,208 36*@65 * 0 o

13 21 542,1% 15,832 65,69 33,981 * 0 0

14 22 387 .55 183,809 - 118,90 35,788 Rk 8 56,36
15 B2 '3&8*?5, l&*@ﬁﬁ 127,70 52,588 b 26 ?3;?9
3% : ;

8 25 éla.%t 19,%&8 , N 0 €

9 20 399,55 @ 16,784 13,006 25,683 * <] 30,00
10 20 4ﬁﬁgéﬂ 16,545 8,00 25,527 * 13 50, 200
1l 26 480,65 1&,:&85 88,25 24,184 o 10 3@&%
i2 26 . BO7,65 18,008 95, 23 23,441 i) 0 o
15 28 466,36 14,667 534 .96 24,358 *x 0 o
14 24 358,00 18,840 ﬁéﬁée 27,071 ok 3 "~ 12,50
15 16 3@9.1§ léiﬁza 112,21 24,269 ¥ i3 76 ,4%

*nanmsignifiaan$
**aignificant

*¥*highly significant
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Figure I is & photograph of c¢hiek No, 1856 from lot 11,
The tendons of both legs are badly slipped, being displaced
to the right in both legs, The chieck was photographed with
the legs held over the e&gefafkthe table in as nearly a natural
pogsition as possible. The ehlek was wneble to stand erect
long enough to be phobegraphed iﬁ the standing position, Fig-
ure IIIA is & photograph of the tibiae from this chick, whieh
shows olearly the lateral bending of the distal end of the
| tibiae, Figure II is a photograph of chiek No, 1265 from the
same lot. In this chick the tendon of the right leg is slip-
ped to the left, while the left leg is geifeatly normel, In
figure IIIB the tibiae of chick 1265 are shown. It can be
clearly seen thaﬁ the lelt tibiakia‘yerfae%ly straight, while
the distal end of the right tibia is bent o the left, These
two chicks arc typical sgeﬁim@na of the abnormality as ob«
served in these experiments, Some cases were not as severe
as these but many were worse, ‘The ghieks were eight weeks of

age when the photographs were nmade,
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Figure IT



Figure III
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Graphic Presentation

Figures IV and V present the data of the first experiment
graphieally; bringing out the essential facts about the growth
of the chicks and development of abnormalities more cleerly
than does Teble XI, It can be clearly seen that lots 4 and 44,
5 and 54 are the only lots in which the growth differs markedly
from that of the control, The practically identieal rates of
growth of the chiecks fed al different times on the same ration
is brought out clearly, Total mortality is shown on the curves
of both males and females, sSince the sex of the chicks whieh
’ﬁieﬁ'éuriag the first two weeks was pot determined,

Figures VI and VII show graphically the data of the second
experiment, IT 1s clearly shown that the growth of lots 14 and
15 was much below that of the control, lot 8, IV% is also
shown that the males of lot 9 grew less rapidly than d4id those

of lot 8, while this was not true in case of the females., The
mortality was practically confined %o the first two wesks and
is shown on the curves of bolh sexes, since the sex was not
determined of the chieks which died during the first two weeks.

The total number of chicks in the first experiment which
lived long enough to have theilr sex deternmined was 505, of
which 265 were males and 242 were Temales, There were €5
85 whi@hr&a?alwpeﬁ slipped tendon, The sex

males &ﬁé 28 femy
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ratio of chicks which developed slipped tendon was 69,9 males
to 31,1 females, The %total number of c¢hicks in the second
experiment was 386, of which exactly half were males, O0f the
chicks which developed slipped tendon, 61 were males and 45
were females, the sex ratio beling 57.5 males to 48,5 Temales,
0f the total number of chieks which developed slipzae& tendon
in the twe experiments, 63,3 per cent were males and 36,7 per
cent were females, This ratio ls in agreement with Payne,
Hughes and Leinhardt (19), who found the sex ratio of chicks
afflicted with slipped tnedon %o be 63,1 males to 36,9 fo-
mnales in thelir experiments,
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SUMMARY

When varying amounts of phosphorus from inorganic sources
wers added %o & basal ration of ground yellow ecorn, wheat
middlings and dry skim milk, in which the smount of caleium in
the various rations was held practieaslly constant, the inciw
dence of slipped terdon inereased as the phosphorus increased,
Though the trend was very definite, the relation between the
amount of phﬁ&phérma~in the ration and the perceniage afvgltpa-

ped tendon was not linear, indicating that factors other than
the amount of phosphorus in the ration may have been opersting
to influence the ineidence of slipped tendon, Two groups of
chicks fed on the same ration at different times gave very
similar growth responses, and though the incidence of slipped
tendon was not of the same magnitude the relation between the
numbers of slipped tendon on the various rations remained the
same, The lowest amount of phosphorus in the ration which
produced s&ip@ﬁéLtaaéen was Q‘Q per eent,

When the amount of phosphorus in the ration was held
practically sonstant at about 1,4 per cent and the celcium wes
fed at levels of 0,34 per cent, 1.40 per cent and 2,26 per cent
there were fower slipped tendons on the low level of caleium

than on the medium and high levels, The per cent of slipped
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tendon on the medium and high levels of calcium wes practically
the sanme,

When a basal ration of ground yellow corn, alfalfa leaf
meal, dry skim milk and ground oyster shell was fed about 24
per cent of the chicks developed slipped ten&an,‘thaugh the
phosphorus content of the ration was only 0,43 per cent, With
this base, when the phosphorus content of the ration was increased
to 1,33 per cent by the addition of iﬁarganie phosphorus, the in-
cidence of glipped tendon increased to 78 per cend, With nearly
the same amount of pha%@ﬁmﬁusi 1,43 per cent, a ration aant&in#
ing 20 per cent of wheat middlings in place of the alfalfs leaf
meal and part of the corn in the ahave\b&aﬁ‘proéﬁaﬂdyonly about
45 per cent of éli?p%& tendon, A ration in which the wheal mid-
dlings were replaced by rice bran produced no slipped tendon at
all, ; ,

The per cent of ash in the dry, fat-free femora, tiblae
and mebatarsi of chieks afflicted with slipped tendon did not
differ significantly frﬁm‘thak of the corresponding bones of
chicks of the seme &ge on a control ration, The ash of fenora
of chicks ten weeks of age on @ ration containing only 0,36
per cent of caleium and 0,59 per eent of phosphorus was sig-
nificantly lower than that of chicks of the same age on a con-
trol ration, but was not @s low as the Tigures generally glven
for the ash conient of the bones of rachitic chicks, The per
cent of ash in the femora of chicks which received a ration

containing three per cent of magnesium carbonete was
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significantly lower than that of chicks on the same ration

without the magnesium carbonate,
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CONCLUSIONS

1. With rations otherwlse adequate for normal growth, ex-
cess phosphorus appears to be the chief causative factor »w, the
production of slipped tendon,

2, The percentage of ash in the dry, fat-free leg bones
of chieks affliclted with slipped tendon is not significantly
different from that of the wmm bones of nommal c¢hieks on a
ration which produced no slipped tendon, |

3. Rice bran and, to a lesser extent, wheat middlings ap-
pear to contain a substance which tends to prevent slipped
tendon, the balance between the amount of the preventative
factor present and the amount of phosphorus in the ration ape
parently determining the percentage of slipped tendon which
will develop in ehicks from a given source and under a given
set of envirommental conditlons,

4, A ration containing three per cent of magnesium
carbonate, the tobtal content of magnesium {as Mz) being 0,89
per cent of the ration, wgm,mnmm neither slipped tendon nor
mearked bending of the leg bones, The growith of the chicks on
this ration is significantly lower than that of chicks on a

somparable ration without the added megnesium carbonate,
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5. When & ratlon containing three per cent of magnesium
carbonate is fed to chicks the ash content of the dry, fat-
free femora is significanily lower than the ash content of the
femora of chicks on & comparable ration without the added mag=~

nesium carbonate,
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