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A MICROSCOFIC STUDY OF THE EFFECT OF MUSCLE PULL ON DEVELOPING BONE

i, INTRODUCTION

The effect of Punctional motivity on development of orgams in the
mamsalian eubrye end foetus provides a field of research to which little
oritical attention has been paid., Many studies have been made dealing
with the relation of fumctional sctivity to the development of the nervous
systom, especially in emphibians, The effects of overlead and m:vloe_a
of various porbions of the spimal cord by grafting supernumery 11-& or
by exoising lismb buds have been studied in urodeles by Detwiler (2) and
in the ohick by Shorey (8) and Hemburger (3)s larsell (4) (6) has studied
the eifects on the deweloping optie ‘iu?;e of the tres-frog resulling Iss
eoxpision of ane oye from the tadpole after optie fumotion had begun, but
ot an early stage of growth of the brain., Promounced reduction of develop-
ment resulted, but since the optie nerve fibers entering the optic lobe
were eut and degemerated, the results camnot be attributed alone, with
certainty, te absense of funotional stimuli from theso f&han. The
absence of the fibers themselves would sceount in scme measure for the
reduced volume of the optie lobe, and possibly alse for reduced migration
of other nervous elememts into this pert of the brain,

With referende to growth and orientation of nerve fibers, after the
initial formation of axones and dendrites has taken place, three thwories
have been advamsed, Cajal and Forssmn have rogarded orientation as due
%o ohemicel factors, and the attraction of nerve fibers by substances
diffused in centers of aetivity, EKappers, Child and others have explained
outgrowth and orientstion on the basis of differences in electrical poten=
$ials between the neuroblast and its enviromment, His, Harrison, Weiss



and others have hé1§ that nerve fibers grow along lines of ferce pro=
duced by meshanionl stresses in the developing embryo, supplemented pore
haps by chemicel and eloctrical activities as direstive influences. '

Sinee the nervous system, oven of urcdele larwe, is very camplex,
end since oloctrical factors are probably more motive in the nervous
system than in other parts of the dewveloping body, it was thought
desirable to study the effect of reduced functiomal activity om other
organs, The scapula of the rut fostus provides favorable material., It
probably is as mach affected by mechanieal stimulation as any organ in
the foetus, due to oontractions of the nmmerous musvles atimehed to it.
These contrections begin, as Anguls (1)} has showm, on about the sixteenth
day of development. Up to the sixteenth day the sealpula in the rat is
very smell and undeveloped. It grows repidly fram this stege to birth
at 21 daye after insemimation, The broad, thin structure of this bone
makes it easily messured as compered with other benes, and the arrangee
ment of the trebeculse is also more readily studied. Moreover, the blood
supply is so w& that it is in nowlse affpoted by amputation of the
foetal forelimb.

The mothod of reducing the functional sctivity of the scapula conw
sisted in amputating the foreleg on ane side of fostuses at warious
stages of development, begimning at 16 days, Amputation was performed
by electric ecautery. The sormm of the pregmant uterus wes brought to
the surfacs, after latersl ineision through the bedy wall of the mother,
and & small inoisich wes made in the uberine wall and through the smmion.
The amniotic fluid was allowed %o escape, and the fostus was manipulated
g0 as to bring the limb bud, wsually the left, through the incision. The
bud was then destroyed with the cautery, with as little injury to the



uteorine wall as possible, Destruotion wes effected im warying degree,
affording verying loads on the soapula through the remaining perdod of its
development, The operstions were perfommed by Dosctor Larsell, and he

has placed ﬂur material in my hands for microscopio study. For this I
wish to make aclnowledgement, ’

The changee in development of the emtire ssapuls, with some mioroe
scopic obserwtions, have been described by Dootor lareell (6}, Briefly
the results may be sumariged as followss |

The develomment of the seapula om the operated side of the fostus
as compared with the opposite normal side was found to have & direct
relationahip to the mom of fore-limb destroyed and to the ctage of
gestation at which the injury wes infliocted, The greater the amount of
forelindb destrustion with corresponding lessened musculaer pull, the smaller
was the soapula st torm, Likewise, the earlier the upuhﬁm wns pere
formed in the development of the foetus the smllor was the scapulas,
whoss muscles were affeoted, at tem, as anipund with that of the intact
side, Dr, larsell ccncluded that these results pointed to a direct
effect of the action of the muscles comnneeting forelimb and seapula om
the development of the latter., In a study of the seotiomed seapule his
ohnmti.o:ah, based upon a sompayriscon of the scapula of the operated side
with that of the opposite un=cauberized side whioh served as a control,
rovealed l reduced growth sotivity in the experimental scapula. The
patterns of the bony apiqule; and the marrow spaces of the scapular neck
wore different in experimental and controlled hones. The former were
relatively fewer and m'hu‘ba & trabeculation ummodified by muscle
pu.'l.i, whils the marrow spaces were correspondingly lerger and fewer.

The some of cartilage fommation was found to be narrower.



In the present study more doteiled attention has boen given to the
interral developmemt of the bone, the arrangement of spioules and the
changes observed in the latter,

Il. MASERIAL AND METHODS

The operated ret footuses wers fixed at term in Bowin's fluid and
preserved in 80 lpar cent aloohol, They were obtained as late as possible
on the twembyefirst day by killing the mother with ether and removing
them from the uterus, This was found necessary because the mothers

dostroyed those born naimed, In addition to the rat fostuses two opossum
pouch young were also used, Those had been operated by Dootor Lareell by
amputating the forelimd by ligature,

Por tlv prosent study the scapulae snd attached bomes of the am
wore dia-sMod out and m&alu rencved, With the aid of an Edinger-leits
projectoscope an outline of each pair of soapulae was made, The bones
wore then decaloified in o tnmlﬂtrta aoid solution containing & pes
cent formmlin with 7.8 o 16 ve. nitric acid added per 100 ccs of solution.
¥When the bonos bhecame soft, which took from two to seven days, they were
placed in 5 per ocont aguecus solution of sodium sulfate for 24 hours to
ronove the seid lnlk thep washed in rmumning water for the same length of
time, To ald ﬁﬁi‘bﬂiﬁy in orientation and sectioning surface l‘bﬁn,
in & dilube solution of borewecarmine for 5 to 10 minutes, was used. The
bones wers then dehydrated, imbedded in paraffin and sectioned seriallys
The slides were stained with the Heidenhain's agan technique which used

ascommaing Gx as the stein and a counterstain of Orengs G and aniline blue.
The celle and nuclei retained the red stain while the bone and cardilage
matrix took the brillient blue, The sections them were dehydirated and

moumted in dmuamar,



Using the projestoscope, & resonstruction of these serial seobions of
each scapula wes made. A4 section approxiuately mear the cenbter of oue
geapular sories was selected and an outline of the neok and the spieules
extending into the marrow cavity was drmwm. In tumm, sdjacent sestions
were projected upem this outline meking it pessible o eantinue the spicules
or to introduce new cmes into the drawing as they appeared in the serial
seoticng, As many sections were used in this mamner ss could be supoer-
imposed easily without making the drawing ‘oo complex. !'h- drewrings
then were shaded eccording to the arrangement of spicules shown in this
roconstruotion, Becawse of the comparatively simple arrengewent of the
spioules the nock of the sespula only was used, A reconstruction of the
blade and its epieules was ntbempted, but the spiouls pattern proved 0o
camplox %o insure sufficient accurasy by the methed used,

From these reconstructions the mmber of definite spioulss projecting
dom inte the marrow cavity in the neck of the scepula were counted. Also
the width of the neck of ssch soapuls was measured at the level where e
trabeculae camenced.

The serial seotions were measured, Using & microsecope with an ooular
miorempter the diameter of the neck of each secapula in approximately the
game level as mentioned abowe wes taken, The spioules of the same seotiom
wore measured likewise, including all of those whieh prutruhl'l dowm into
the nook of the seapula, Three sections of the same soapula, somowhat

near the cenber of the series, were meagured to secure greater fcournoye.

IIl, DFSCRIPTION AND RESULTS
The resulte of this micrcseopic study of the effect on the deweloping
seapula produced by waried Mla pull ere demonstyated in Plates 1 to 22,
The scapulae, of which the reconstructions ere shown in Flates 1 and 2
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{foetus BH 9246), are from & mt footus in which part of the forsarm only
wes destroyed at 16 days of gestation, There is same setusbion in sise of
the exzperimental left scapuls (Plate 2), as compered with the wmoperated
right seapula, This is indicsted by the measurements of the neck diameter
of the seapulao takenm from the microscopic slides inm Table 2 showing a
doorcase in dismetor of the exporimental of 2.5 per cent. The pattern of
trabeoculation iz somewhnt more wmorpanised on the experimental side, with
the spioules end marrew spaces beconing larger and fewer, Tuble 2 shows
an inerease in the eise of spicules, 8,7 per cent, on the operated sids,
while Table 1 indiontes n deorease of 13,1 per cent in the mmber of
spicules,

A more marked difference between the two scvapulae shown in Plates 3§
end 4 is cbeerved, These are reconstrustions of a palr of scapulae from
fostus BH 9114 in whioh most of thw leoft forelimb, leaving only & small
portion of the lmerus, was destroyed st 16 daye. The atrophy is decidedly
more mariked on the experimental side, As showm by the tables there iz a
doorease of 8 per cemt in neok diameter in the lef% seapula with an inorease
of 1448 per cent in sige of the spioules amd 27 por comt decreass in
spicule number, The arrangsment of the trubeculse is not orderly as ocoe
pared with the normal, and the some of cartilage formation is decidedly
lessened,

Flates 5 and 6 show the seapulae of a foetus (BH 6945) from which
the forearm and epproximetely cne-half of the huserus was removed at 19
days. The nmormal bome pattern is somewhat disturbed but not to the extent
of those opereted et an uéiiqr stage and with & greater amount of the fores
lﬁuh amputated, as in the ense of BR P114, However, sploules are lsrger
@ the average showing an inorease of 32 per oent as compared tiththt left
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nomml woapula, There iz o deorease of 2l.1 per cent in spiocule mmber.
The sise of the neck chows a desrease of 8.9 por cemb,

m-mofmmammﬁmm 7 end 8 are the results of

the removel of part of the left humerus on the ssventeenth day of geste=
tion, However, whem the mother vat wns killed and the foetus removed 1%
.was found that the right forelimb, which was to be the canbrel, projected
through the uterine wall, According to nnu%w" Iarsell {8) this must have
placed an additional musele pull on the scapula which wos found slightly
larger than same of the nomal scapulae of the other foetuses. The possi-
bility of variation in size of the different individusl enimals st birth
may give misleading comolusions es to th- ineressed size, In accordance
with the obserwations of Doctor larsell {6), ‘nnlur-lu.ta from the serial
seotions of the neck diemeber show a greater poreentage decrease of the left
experimental seapula a8 compared with the right, than ocecurs in the other
poire measured, Howewer, this comparison of disparity does not held true,

for the spiocule sipe in the experimental is only 18.6 per cent and that of
tho deersase of spicule numbor, 22.5 per cent, The same lack of organiga~
tion of apioules, nobiced in the other experimental scapulas, ocours, In
each pair the direotion of the spicules in the norml 1o at & decided angle
o the sides of the meck while in the experimental %lpﬁuﬂu ™ in e
direotion more parallel to the neck, This differepmee in spicule Lines s
shown very clearly in the reconstructions (Flates 7 and 8).

In the serial soctions of fostus W2Sl0~1 the newmal loft seapula was
out transversely and the experimental scapuls wns sectioned longitudinally,
as shown in Plates 9 and 10, In thls foetus park of the left forslimb hed been
removed on the seventesnth day leaving a portion of the lmerus. The



normal side was more campletely developed at teym than the opposite experie
mental side, The neormal éy&ﬁulm_nn smaller and larger in mumber and
there was an increase in the size of the normal neck., Graphis reconstruee
tions of linos were made at different lewels of the neck and measurements
were taken at the first lewel shown, which seemed %o correspond as nearly
as possible to that lovel measured in the longitudina]l sedtiocns. Tables
1 and 2 give the resulis of these measuremente. ‘

The drawings on Plates 1l and 12 are from the secapulas of foetus
PH 6200, Upon amputation of most of the left forelimb on the sixbeenth
dey approximately one half of the humerus was left. These seapulas were
sectioned transversely and the four reconstructions of the experimental
on Plate 12 correspond approximately to the mme level as that talem for
the drewings of the normal on Plate 1l. This angle of sectioming shows
to better sdvantage the presense of a greater mmber of spicules in the
normal while the enlerged marrow spaoes are portrayed intthe sxperimentale
The dismeter through the lmg axis of the neck eross section is greater
in the normal than the experimental, the latter showing an atrophy of 4.1
per cent, The measurements and the mmber of spicules in the transverse
sections were mich more difficult to take than in the longitudi ol slides
am the width, considered through the long axis of the crose section, morges
with the depth, talen through the short axis of the nseik. These wuluu
vary greetly to show s very intricate network of bone which does :m#
readily differentiate botween spioules, However, those lipnes which secmed
to run at right angles ¢to the flat surface of the bone and near the center
of the seotion were vensidered to correspond to those spicules recorded in
the longitudinal section, and were measured and counted os suchs

In the studly of the two pairs of scapulse from the opossum the gress



cbserwtions reveal a slight atrophy on the experimental eide, thus agree=-
ing with the results ahsrn@d[ in the rat, Flates 18 and 18 are outlinesof
these gross strustures showing tho elight imerease in size of the control
in both cases, The microseopic studies expose a spiculs pattern much less
complex than that of the rat but with similar results, Flates 14 and 18
are reconstruotions of different segtions frem the same control seapula of
opossun #6568 in which the foreamm and part of the Immerus was removed 8
days after birth. The pouch young wee killed at 51 days. The spioules
showm in Plate 16 especially, take e direction with & definite emgle to
the neck while those of the experimental in Plates 18 and 17 run approximatow
ly straight up end down with a more primitive bony pattern. Prem the
tables it is obeserved that the experimental spicules are larger showing

an inerease of 37.6 per eont over the nommal and the mumber decreasing

Ss1 por cemt lesa than those in the comtrel. The diametor of the neck

is likewise sualler showing o decrease of 2,5 per oemt as compared with the
sige of the control,

Plates 19 to 22 compare the sontrel and experimental scapulse of
opossum $766+1 killed ak 51 days afber birth with the left forelimb having
been amputated near the middle of the hwmerus whem 8 days in the poush,
These show results similar to those found in G5-2 mamely, the patberns
of the experimsntal shaw a trend of the spioules to parallel tho sides of
the seapulas the spioules are 8,7 per cent fower and show a 11,9 per cent
inorease in size over those ef the ecomtrol.

The measurements from these drawings of the diameter of the seapula
neck givem in Teble 1 do not seem to be im proportion to the figures recorded
in Teble 2 from the microseople sections, This is most readily accoumted for
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by the fact that tho seotions for the rescnstructicng were selsctef for
theoir reopresentation of the trebeculas and were approximately in the senter
of the seapula, However, in all cases but one those meagursmants show o
percentage decrsasze in the sige of ﬂu nack in the experimental, The exvepe
tiom, #Bsca.whiah shows a elight inoreass over the normal ean be explained
boesuse the seotions for one refonstruction of the comtrol wore those nearey
the surfage of the seapule, which is much narrower than those of the center,
These were selectod beocause they illustrate very well the slanting direction
of the nom spiculea, In reality the figures for this seapuls, taken

fron the mioroscopio measurements in Teble 2, show this oontrol larger than
its oxperimental, Despite this diserepancy, these figures illustrate the
atrophy of the experimental seapulas which is apparemtly due 4o the lessened
muscular stresses,

The mmber of sploules counted in esch omss from the reconstruetions
{Teble 1) were fower in mmber in the experisental seapulae, These were
counted by inoluding sll of those spieules extending from the cartilage
dommard which could beo seen as if the bone had been out in half longituw
dinally and pprellel to the blade to give o more acourate figure. The number
of spicules in the sontrol scapulae renge fram 25 to 18 in the rat and from
23 to 19 in the opossum, The experimental range was from 20 to 13 for the
rat while the opossum showed & smaller difference of 21 %o 13, The largest
decrense in mmber was found in the rat fostus in which the greatest amount
of forelimb was destroyed end at the earliest stage operated, tims giving
the greatest per oemt in decrsase, 27,8 per gent, a8 ocompardd with the other
- rat scapulse, Alsc it is interesting to note that the least in mmber and
peroentage difference, 13,1 per camt, ocourred in EH $246 in whioh a very
small portion of the forelimb was removed making e slightly lessensd muScu=

lar pull on the seapuls. The deorease in the opossum was epproximately thw
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seme. for Mh oxperimente, 9.1 and 8,7 per cents ' <

‘mbla 2 gives the measurements m» the individual ﬁpd.nulu ina amg;n

soction, nd the average sise of these. The m’hr of lpiwln measured

‘ for a seotion is Mi&awls at the top of the colwms. These figures in ome
solgmm do not pertain $o the measurement of & corresponding spicule in
another seapuls, for sush ® compariccn of an individual spioule would re=
gquire & more seourete technigue than wms feasibdle, The average aize ’ar a
spicule in the normal rat wae found to vary fram 0,64 to 0,98 and in the
opossum 1,17 to 1,19, with 1 equal %o 0,0016 ma, The experimental was
0486 %o 1,01 in the rat and 1482 to 1,60 for the opossum, The percentage
increase over the vantrol mr:l-h groatly with BH 5846 apgain having the
lowest value of B.7 per cent inerease only, Tho highest peorcemtage difference
is not in BH 9114 as might be expected bub in W £510-1 which was oporated
at 17 days with only a saall porticn of tho humerus removed. This percenmbage
inorease was 55.0 per cent, '

For a comparison of these changes in spicule sise with the average
mmber, 8 graph was charted of these values for each the normal and sxzperi-
mental (Chart 2), These nlatioﬁhipu iu the nopmal ind experimental are
sonevhat sinilar as shomn by the Iileness of the two surves, The dosrease
in spicule mumber and increase of apicule size shifts the wperimental curve
below and %o the right of the noyual, This imcludes walues for both the
rat and opoSuun,

The proportions of the peroentage deorsase in :p&eulo number to the
percentage inecrespe of npimla gige is showm in ﬁ‘ublq 3.. Also Charf € wes
taken from these walues. The inscnsistency of the m, together with e
wide variance of ratio values betweon the different speeimens, points to

little if any relationship between the deorease of spioule mmber to the
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“inoremse of spicule sige in the individual oxperiment regardless of degree
of masele pull,

As o thé ompariden ii eise of the seapuls meck, Teble 2, it has
already been stated that the greetest differences are in that cxpz;rhnui
in which the least muwsele pull was exerted, HN 9114, giving an 8 per oent
dooresse bub this ismob considered of velus as the nommal seapula had an
inoressed strain which was produced by the forelimb protruding through and
pulling against the uterine wall, likewige, the least amount of decrease,
245 per cent, was found in BH 0246 which developed with only a slightly
lessened strein on the soapuls, Tho other soapular neck sizes wvaried
sinilarly secording to the amount of amputation and developmental stapge
at which it was porfum :

Theso values for the neck sisze were plotted agninst the average
sige of the spicules for both normal and experimemtal (Chart 1), The
two curves follow & oourse similay to each other, with the inoreased size
of spicule values causing & shift in the experimental curve to the right,
Chart 4, which pouperes the pereentege h\imu of spicules with the
percentage deorsase in seapular neck gives & wary wmeven surve showing no
apparent connections betweoen the reduced sise of the soapula and enlarged
apioules of different superimental specimens,

The wolationsghip of the mr of spigules to the avernge size of the
meek in the experinental and eontrel are illustrated by Chart No. 5, Both
faotors in the experiuental wary to o greatey extent than that of the oontrel
and give a curve with loss resemblance to the mormal then those which
ocourred when the mmber and sise of spiculesin the control were campared
with those of the sxperimemtal, The percenteges of decrease in the neck
sige and spicule number were plotted against each other in Chart No, 5 to
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give another irregular curve. These mumbers, together with the wide variaw
tions in retio values for these same Pigures given in Table 1, de not show
# direct proportion between the percentage degrease afmakm:nﬂaf
spivule mumber,

IV SHBMRY AND CONCLUSIONS

In the aforegoing du@aian an atteapt has been made to deseribe the
effect of various amowmts of mnsole pull om developing home, Tt has hﬂi
shown by Doctor larsell thtﬁ;rn: struoture of the seapula varied in
gise directly in proportion to the amount of stress exorted on the bome by
the musoles, the less the muscle pull the more the resulting etrophy of the |
bome, Aflsa, the sarliey ihe stass im whish &hs nommal pull i lessenad the
greator is the arrest in further develomment of the bone, Purther influences
of extermal forcee are indicated by the enlargement of the spioules und the
 smaller mumber formed when thess forces are decreased.

The leek of organisation in the bone pattern of the experimental
seapule probably has its explanation in being the primitive arrangement of
spigules wmmodified by museular pulls The gross size deorsase of the opersted
scapule does not seem to show any relatiouship to the decremse in spicule
mmbey and inorease in spicule sis#, while no apparemt ratic ia betwoen the |
enlargesent of the spicules and their nusber decrease in all of the seapulse,
Howsver, this latter comparison in the experimental and ite sorrespending
eontrol indicates & possidle relatimship between tle two tupam of the
sane footum,

The cpossuz exporiments gnve the same results as those observed in the
rats The mioroscopic structure of the spessum, however, was found to be
more primitive, the spicules being much larger and fower with very simple
norual pattern as compared Lo the more camplex one of the rat.
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In the experimental seapulae the haphasard fomuation of bome shows &
slight temdemey of tho s;:iepﬁlu to take a il.ullal position in rélation to
the seapuls surface, while those of the normal arvange thoemselves in &
dofinite angle pattern aloug the probable lines of forece prodused by the
msele pull,

Am axphu:&im of th- reshlts desoribed u probably nh'bod %o the lines
and plamms of stress produced in the developing bane by the motivity of the
attachod musoles, These lines of stress are regarded es gones of imoreased
motabolic activity or zouegbd u‘rih‘bﬁm That irritation sauses ons of two
things, either & neoresis or a pmufmﬂm of gells is well established,

It is tlms probable .thnt in this case these so called ronee of irritation,
or increased metabolism, cause & proliferstion of sells, the csteoblasts,

Fram the many theories of caleification that have besn put forth,

Robison (7) offers ome that seems wory pleusible, His theory holds bimt o |
vory sotive engyme, phosphatase, in preparetory areas of cssifiecation hydrolyses
the phosphoric ezters of the bdlood to bring about & local inerease inm the
phosphate ion concenbrations This in tumn exveeds the eolubility of the
ealoium phosplate or ite compoumd, which is comsidered as the bone salt, to
cause its precipitation in this region. m and Molean (5) agree with
Robigen in that the mobiuts and hypertrophic cartilage vells have sssuned
the funotion of synthesis and exeretion of phosphatase, If this theory
proves trus, it scems probable that through this proliforation of osteo=
blasts o possible explamation for the fommation of bone along such lines of
foree csn bo offered, In some similer manney this inoreased metabolism
would enlarge the mumber of ostecdlasts and inoresse their sculpturing action
to mu}.*b in the highly organised spicule pattern of tht normal bone, With
no inereased metabolism it is prababla that the Mtian of cstecolasts frem

g



oateoblaste or wandering body oells is not thewoughly stimulated. Thus,
without this check on the work af the osteoblasts the large irregular spioules
of the experimental result,

It is apparent fram the dats horo oollected that thers is a definite
‘and deolded arrest in the develomment of bone when deprived of stimulation
nomally afforded 1t by the pull of the developing suscles, Such arrést is
demonstrated by decreased sise grossly and variamce in spicule sige, pattern
end mmbor, mioroscopionily, From thie it is shoms that musole pull determines
the direction end pattern of the forming spicules.
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MICROSCOPIC MEASUREMENTS OF DIAMETER AND SIZE OF SCAPULAR NECKS AND SPICULES FROM

TABLE 2

SERIAL SECTIONS, WITH AVERAGES AND RELATIONSHIPS OF EXPERIMENTALS TO GCONTROLS
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CHART NO. 4.

PERCENTAGE DEGCREASE IN SIZE OF SCAPULAR NECK OF
EXPERIMENTAL IN RELATION TO PERCENTAGE INCREASE IN SPICULE

SIZE IN EXPERIMENAL ( TABLE 2).
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Flate leeiiicroscoric recenstrustion of ceonbrel seapula from
rat fostus Bt D348, With part of Teft Poreain destroyed leaving
mmerus and head of uina with adjeoent struotures st 16 days of
gostation; using 24 mm, ab&mmi- and 10 per ocular lenses; x 5O,
¢ ~~cartilage; BS,w-beny spicules. ”

Flate 2ewloft experimemtal of same footus. Sems magnification,
Syeufow spiculesy My--large Darrow Spaces.



PLATE L

Y B.H.9246

SLIDE | - 2

i RGC.

400y




B.H. 9246
SLIDE 1-2
L.EXP.
SOOP.

P|__ATE 2




v

Plate 'SMamuayié MMW of right sontrol seapula
franm rat fm BE ¢1)4, operatod on sﬂhﬂtk day of gestation
to remove most of left forelisd leoaving smll portion of humerus;
using £ mue objective amd 10 por ocular lonses; = 50. 08, organe
igzed spiculos.

Flate d-eloft exporimemtal soapule of semo footus. Seme
o nification. US, wmorganized spieules; SC, emall certilage sono.
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Flate Sw-lficroseopie rocomstruction of left mormal scapula
from rat footus BH 6049 of which the forearm and approxismatoly
ono half of the hmerus was removed et 19 days; using 24 mm.
objestive and 10 per ocular lensos; x 5O,

Plate Geelight experimentel scapuls of same Foetus with
same megnificetion. SN, smaller neck.
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PLATE 6.




Plate 7=-ificroseopic reccnstruction of right normal
sospule from rab footus W 2810-2 with part of the loft
mmerus mputated on the seventeenth day of dovelopmemts
using 24 mme objective and 10 per oculsr 1@@#; x BO.

D0S, direction of normal sploules.

Flate Oeeloft experimentsl seapuls of swme footus
and magnifivetion. DES, parallel direction of experinontd
spicules.
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Plate Ennni.awaacyis resonstrustion of normal seapula
fran foetus W 2310«1 in which part of the hmerus was
removeds The seetions were cut trameversely end were
reconstructed from four different lovels of the nook using
24 mm. objective mad 10 per ooular lenses; x 80, IS, memy
sploules.

Plate 10w-Right experimental from foobtus W 2510~1 at
came magnifioabion. Seotions cut longitudimmlly. S, few
eploules,
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Plate lle«iiicroscopisc revomsitruchtions of right sonbrol eeapula
. sectioned transversely fram Poobus BI 6290 in which most of the
1oft forelinb was removed at 16 days; using 24 mme objective and
10 per ooular lensess = 60s IS, many spicules.

Plato 12-«Bxperimental left scapula of sams foetus seetionsd
transvorsely mnd repanstructed at approximately same levels as
those of plate 1l OSemo magnificetions I, large marrow spaAces.
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Plate 1lSe-Cross enlargement of seapulae Iwrom opoamun
Pootus {56«2 with the right fovelimb sxpuitated loaving &
portion of tho humerus 8 days after birth and kidled at 31
days; using 64 1. ocbjective and 6 per coular iensesm x Ui
PA, polnt of amputation.

Plates 14 and 15--ifloroseopic reconstructions of loft
contirsl seapula fram same foobus using 24 mm. ub;}outimm&
10 por ooular lonses; x 50. DCS, direction of cortrel sploules.

Plates 16 and 3?mﬁuom%miﬂ of right experimontdl
ot ssme magnifiostion aa control. DES, parellel direction of
exporinmeddal spioulcs.
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Ylate L8=<Cross cutline of opossum seapulae from foslus
%Iummmwmdmmémnmbw
mm.mm&zaaw; uging 64 mm. cbjective and 6 per ocoular
leases; x SeSe T4, polnt of smutetion. |

Platoz 19 and 20w-=lticroseopic recmetrustions of right normal
mwmrmmmnmwmxwmmpumm
iemgos; x 50s 058, mumsller sploules.

Plates 21 end 22--Rovonsbhructions of left experimental st
seme magnificntion as contpel. I, large merrow spaced.
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