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l . INTRODCJC'rI ON. 

The effect of change~ in the circulation of blood on the 

metabolism of bone in general is .ell kno.m to urgeons. The 

bonos adjacent to an acute inflo.m.matory proces~ mny :.,h:.,ro in the 

regional hyperae1t1ia and. undergo considerable ostco )orosis. One 

of tho most notabl~ ex mples of this proce~s htls hoen observP-d in the 

upper cervical vortebrde in association ,,1th acute inflaITunatory losions 

of the pharynx und of the gland::. in th(J neck which may leod to osteonorosis 

of such a e"'.ree us to proJuce spontaneous fr. cture of 9 vortebrii . 

Oonversely, with u jiJninution in bloo supply, e see osteo clerosis. 

For instance in uyphilis of bone, ti1though te1nporJry ecalcific~ tion may 

result at the onset of tho dise:ise when the bloodflo • is increttsed, ldter, 

,lith the evelopment of end-artoritis obliterans, as the vascul· rity of 

the bone di.mini.she.,, ;;Jcl0rosis of the bone rcgult:.rly takes nloce. .bile 

in the adult clwngeo in bloodflo manifest themselves mainly in terms of 

osteoporosi:; or osteosclerosis, in the young another factor i . e. the effect 

on the rte of growth is being introduced. It ia ell kno n that in 

Cuses of con~enit~l arteriovenous fistuln (or in acquired ortcriovenous 

fistula uring the growth period) there occurs typical len ,thening of the 

regional bonfls. The same is kno~n to occur in chronic tuberculosis of 

bone or •••••••• 
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bone or from E ny other cause rod.ucing longstanding hyper' emic ne r 

the gro"in~ ends of young bones before the epiphyses have ~nited. 

1'he bu.sic rtitc of gro- th of a limb may be .modified by 

fuctors ,hich Ili'Y be classified os 

(1) Generd, (2} Local. 

(1) 

The most importr nt ganer 1 factor is the inherent .,row~h 

energy of the cells at the epiphyseol line, under the complex 

influences of hormonal and ,netobolic activities. 

isturbances of these generol fnctors my lead to such 

con.ii tions s D varfism, Gigantism, 1licketts, chondroplasia anJ 

, y;;icbon roplesi i .. 

{2 OC L. 

In addition to the inhorent rowth energy there fire locnl 

factors influencing the cells ,t the epiphyseol line. part from 

tr-duma and diseo.;:;0,3 of tho ep i · hyseal c rtilage 1 toelf, the innin 

local factors involved re: ch n ~es in blood supply nd interference 

of the nerve supply. T'nh nce,nent of the rate of grm,th due to 

ch nges in the blood supply is ueen in cases of vesculur tUJl'iours, 

chronic infections •••••• 
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rt otlw,..r rarer 

o the epipbtseal 

'O 

rt ttw re 7 tion d, tb pl"Oblea or 

' the etteot o bloodtlow r \ ~tho~ not f'Ully deYeloped 

bone, ln!:;!y be or de:tinite pr-de:ti l apo.rtallC-e to th urs.e.an ahoUl.4 be 

be conSUlt by s young indlYi u l 111 w for 

g tb or oc.e l~ h s b en 

Poli ~liti • 

rued, a tor 

re son or otber ttie 

nteri.or 

In this Condition Uy t o :te turea v•rr 
·ppa:r&nt on clinicsl a.t.~.minatlon. FirsU-1, t sting abd ahol'Wnill& 

or o e of t limbis, an.l ondl.T it coldne nd o nosis. !ho 

t1·rst of the ctors l du"' to t Jor e ssory local facto , 

(l, t l ck or no l 11118Cul ciiv1ty ( ) the 1n rtereac• ot 

e11'0Ul tion. 

In r. cticully ·tio.o 

or oasstve 1' is ditficul.:t tu det :.rmine the 

in bl fl ~one. ainc other~ otor u 

to hiob c nnot 17.ecl. 

for ins i no venou1;; s toa1 y rov :gre 

ro th i& n rd.ad 

t 

au tia1.ula• 

JJ;.ulu to t epipbyaettl 

Qglla. ••••••••• 
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cella. In poliomyelitis the paralysis of muscles and the trophio 

disturbances vary to such a degree from case to cese that it is difticult 

to deter:uline whether the diminished blood.flow pl ys any part in the 

retarding of bone grow·th. 

Lwnbar sympathectomy T i th 1 ts resulting vasodil- tation, 

therefore~ creates an ideal condition for stud7ing the relationship 

of increased bloodtlow to bone gro th. In the normal animal all the 

other factors stimulating bone growth are equal and we are onl7 concerned 

with the growth stimulus obtained from increased vascularity following oa 

lumbar sympathectorny. 

IT IS '!HE PURPOSE OF 'l'lllS PiPER TO STUDY THE 

EFFECT OF V Oi..ll.ill.'ATION C U!.> 

GR01 TB OF BONES IN NOl !i YOU! G lITMtL.3. 
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i'i. -
be eat! on betbltr expertmantal oha es in blood!'lo . , 

parti arly as etrected by s tbectomy. y aco9lerets the grow,h 

o~ bane bas bean ocoo.p)'ing tbe inite cf rtJse rch ~orkera "'Vor str;e$ 

Cl e ma ( 1867} remon I the !i'.l er1or ecrvic 1 s., ,sth tic 

ganglion ot ~ cats er:d bbi.t .. reports th t nu incn"' _.,, i 

gro th obt 1ned. 

1 der (l 74i resec a 1.5 c or thl carvio l YJJoP· tbetlc 

IU11k 1l1 ltgro n bbits. 

ear a ~I r cni 0.5 cm. lon~r th nth norm.ally innorv ted e~r. 

1th he 

Jtirling (Htrrrta 1' rt ht l <J:31} peat. d :tho ... bovi, cxoerl n\ 

result. 

ohnheim (liaff'is r1 t 1931) w s or th opl1Uo.n th.st no 
\h nally takes plaae aboYe \be no~l ....,.roifth tti,r ,mpatlaeoto.m;,. 

'l'h& tirat ollnieal 1¥.lport cOMs r:rom B8lt11doh iJ1 1887 who 

reported o o se 1n ~hich one liab s lengthene by ~ans ot paas1n 

( A rJ.rl, atxte .11 '1f' rs old, had on inor a & ot 3 CL in 

\Ile le h ot o liab .followiAg a chronic ulcer, •ni the opponi ie 

haal \hf e:dnmi t7 •••••••• 



healthy extremHf as lengthened 2 CJn. by th<; uso ot :p&ssive 

hyperaernie. 

{b) A boy, ten 7ears ol'l. h~d. s!lorh1:ring or 3~ OJL 

tollo.,in- a f.MetuNd :f'3mur, ond tho leg · S lengthened. la cm... 

3ubao;uent to th~ ass of gtesis tty;er~a 

..;annon, Ne'llton et al (1:)29} ofter co~leta untl:Jtersl 

SYJD!'atbectomy, 1·ror. at11ate to pelvic gan0 1i on 't.10 ki tton.$, 

conclu.ded that ~:rter 4 months there wa..1 no ltt ri.1noe in ~'.rollfth in 

They stntE. ". . ... indoed we have 

t'oun1 no ~ idenee that the sy.apathet1o dtvi ion or the 1::.utonomie 

SJ'Ste& plays .an importpnt pert in th& gros-rth aid developu .. ent or t.he 

Baoq z. . (193c) after SJmPathoctOJJlizing albino rat,, by 

ret110Val of tbs ganglia t!'Om renol easels to pclYis, found. no increase 

ill bone gro,1 th. 

'Pf!arse ant.i h'orton { 193c ~ froetured both tiL lae in dog,s and 

tied the fJOJ'liteel vein ~elo~ the :::.u~hatous branch OD one side, with 

result demonstreti.O.? th~t bone f'or:ation ~ .. n b& atiaulated l>J '1Einous 

stasis en~ th~t unicn ot bo~e ean e ~ceelera\ed. 

Horris '. Ti'. eni .right G. {1931) :t;"3r!or, .e ce.1-vical &JJApa­

'thecto.l'iJ1es 011 ki ttans and. rabb1 ts ani , i th ,iall con. uc ted. lnveatigaticna 

found aa •••••••••• 
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:round .~ incren ::.. 1n te.ir_per.ature (1. 67 - 2,85°0) th:1.t w ... s m:.iinto1ned 

but no undue growth of the f'oro li:nb ot th:: operated sue. 

"'P.lsq_aro (1533} who operated on kid goats :round th!'t no 

incl."fHlS, in wth · as obta ined ovsr 01 .reriod ot 8 .:nontb.s. 

Clin.icully the growth or a young bone hos been <>~served 

to exoaad the no1'!131 liu.i ts of gro.rth. tor that perticulnr 1nd1Tiduol 

es ~ result of various pathologic.al stetes e.g. i.rtericvcnous ti.stulae, 

chronic uloerotion in ·the neiehbourhood o! gro.ving opi;hyoos ond vascular 

tumours. 

Barris e.na MoDoneld (1936} re11Brked ebout this pheno.lUfJno.n.: 

"From our observations it see.ms definite thct prolonged. incrc!'oe in 

blood supply ot groaing epiphyse al lines c~n cause then to grow .Llore 

repidly thon t,cu.ld otherwise ba the case. It 1s reasonable to 

expect t~t the inc1-ea£Je in blood eup:ply that follows on lUILbllr &J"l'lP!'­

tbeotomy would produce e sil11l.flr eftect". 

"OUr clir.ioal experience during the 11:et ti ve years le Eda 

us to believe that, under appropriete circumstances ayp1'9ciable enhanoe­
•nt of the rate of growth ot the leg can be obtained by lumbar sympe­

thectomy". 

They ,1ascribe three cases in chiliren on whom a lett lu.:nber 

s,apatbectoay wes pertol:Dld in the tnetant ot Rinchsprung' s dise•se. 

In all •••••••• 



!ti. &ll t o sea the let't limb · howed & daon. treble increase in 

l.ength a oooip red to the rtg.bt limb •. 

TM!r clinical expert no led Barris and Don 1d (1936) 

to pe11'0~ left lwr.b r sympathector e on _kitten ... , puppies and lambs. 

Thay porte that there ts no u t&1 ed 1ncrefi e in he t and no 

demon• t.rebl 1.nore se in bo ,c,o rth. On threo ot t.ha l unbs the 

ertem l ili o., in wos lig ted in oddition to the sympath otOJJ1y 

but 1 t t U.ad to produce a uustaine 

e there oro n gative. Th 

v souler increa on tba raE:tult 

re forced to conclude •••••••••• 

there L not t e s""mo V 3 cul· r re pons to b.mb r ynrpath~otcomy 1J1 

.enim ls s in hum--na ond n itber i, it sustained". 

oraover tney oould not verity their results obtained in 

hu11: ns. 

h1 te end " th 1ok (1 944} 1 the it• l test book page 225, 

SWlt up a follo 3: ~ t ls a e on clinical oba rv t1on in chil ren 

th, t tubarcu1 oats in a joint m 1 c-iuse incre~sed growth of bone et the 

neigh bouring epiphyses AD.d sbAormsl lengtbeni.ag ot the extremity. 

!'his 1a due to loc 1 .hype1 .. :3e&i • On tlle other h n:i the more dittuse 

llype!'I e a ot SJ'11'ipathectosy : oe not o use n inc re ed gro •tb et ther 

ot bone or sort tissue, t le. st in nonc.~l young 3nlm la •••• • ••• • • 

nThese nesativc rosult3 in noL l ycun~ nlnmls do not 

neoeaaarily 1\lle Gilt the poasibil1ties ot sccalere\ing gl'Qlfth aotiYity 

in ep1phJ'88B •••• • ••• 
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in epiphyses whose blood supply is pathologically reduced viz. in 

children with residual paralysis after anterior poliomyelitis". 
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m. SUMMARY OF THE LITERATURE. -
The following workers reported that no undue bone growth 

results from sympathectomy on animals: 

Claude Bernard 1867, Bidder 1874, cannon Newton et el 1929, 

Basq Z.IL 1930, Harris K.E. and Wright G. 1931, Bisqard 1933, Harris R. I. 

and McDonald 1936. Nowhere in the literature could the author find a 

report of increased bone growth after sympethectomy on animals. 

J'avoureble results from lumbar ganglionectomy in chi 1 d re n 

have been reported by Harris (1930), White (1931), Harris and McDonald (1936). 

The difference in the results reported on humans and animals is 

striking and stimulated these investigations ot the problem in animals. 

In man an increase in circulation is regularly observed 

following lumbar sympathectomy and it is claimed that this hyperaemia 

stimulates the cells to further activity resulting in growth increase in 

young subjects. 

In the cases operated on tor Hirschsprung' s disease, lumbar · 

sympathectomies ot healthy left legs are performed, whereas in the usual 

case lumbar sympathectomy is being performed tor vascular disease. 

Three cases operated on tor Hirschsprung•s disease are described by 

Harris and McDonald { 1936). All three showed increase in growth ot 

the leg • , , •••• 



-11-

the leg. Their most tavoureble results were, however, obtained 

in children operated on tor cold, c;yanosed and partially paralysed 

limbs tollowing anterior poliomyelitis. 

All authors experimenting with animals were unitol'mly 

unsuccessful to demonstrate increase in growth ot bone atter 

sympathectomies. It is ot great importance to drew attention to 

the tact that most investigators tailed to demonstrate hyperaemia on 

the sympathectomized side, although it was particularly anticipated. 

(Harris and Wright 1931, Bisqard 1933 ). Only Harris and Wright 1931, 

could demonstrate a difference in skin temperatures of' kittens and 
. . 

rabbits which, however, was minimal amounting to 2.85°c at the most. 

There is, therefore, no evidence that the operation resulted in an 

increase in bloodf'low. It is obvious that only in cases where a 

difference in temperature in favour ot the sympathectomized side can be 

demonstrated can we expect an increased degree ot growth. 
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l V. EXPERIMENTAL INVZ3TIG,..TI0N.3. 

{ a) ANH'llL !!.ATERIAL 

The select ion of the type of animal for the purpose of 

thi s i nvestigation was a matter of no sm1ll concern. 

Rats , guinea pigs , rabbi ts and cot s were examined post 

mortem and lumbar sympathetic trunks and ganglia carefully obse rved 

in all the Bnimals. 

In orJe r to demonstrate changes i n the r a te of growth it i s 

i mpera t ive t hat the animals should be young to have a l ong period of 

gro .. ~th aha ad . The extremities should be bi g to enable macroscopic 

changes in length to be measured af ter opera tion and during the growth 

period. For this re ason the smJller laboratory animal s ar e unsuit-

able. 

The r at and guinea pig during the period of gronth are very 

small and the sympathetic ch1.; in too small for practical purposes ot 

ope .r'd ti on. Nevertheless, the adult guinea pi g has a well developed 

sympathetic syst em and the ganglia are even larger than those ot the 

adult rabbit . 

Ki ttens would be suitable for the experi ment f or the same 

reason as the guinea pig viz. they have o well developed sympathetic 

system and ••••••• 
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a7 rge Dgl.1a. In Y1• ot the f. ot t t \be rabbit · 

t-l:Mt b1ggea p a tor p cti l m 80ll8 tol' keep1Dg eDd teedl.Dg, the 

nbbit- •s dect ad. up-. In tbe rabbit the QIIPG'thn1o chain .t no, 

well deYelaped. Olll7 1th ga t o re S.ta the eid ot • 41a-

eeot ate ope ta it poaalble -to pei'to eatt•taot-0.17 o ralloaa cm. 

J .......... ral)blt. 

tor keep tJle antmale all Hn estzro,-d by aoab7 • u ao 

a1&1 M'9rt.al •• a 11.abl.e at *he tiM ii.ae 1Destlp\1oaa bad 

to be ab cm.e4. 

A yomag aoaay, p1"09'ided by tbe· OOU1"\UT ot Prof. Goetz, 

opented on under general ana• taste b7 a l'd:ro-peri\oneal 

epp ht len uppftr thne l:Qabar ganglia •re a.crnd. ,~thoqll 

1arled.1ately fter t-.be Opctl'8tlce. ttterenoe 1A akUl teapera\ura ot ap to 

3°, ocml.d be duout ted 1n i-..-ou ot tbe left toot, DO •d.84 lallperatue 

• il.. 

tor tbe 

230 

• pencxt ot 

oa ot tb1• I.be te. 

nne.11 ,otmg rabbit, with body 

- 630 wen • ch abJeohd lo a 

~left ...•.........• 
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left l.mlber .SJIIP81ibff~ ta eaa1•r '° pertom tor 1itie right handed 
opeft'°r· iron ao whlta no eaalat la are aYeilebla. 

!Jlen wiw tbae lit\en and enry rabbit ••• labelled wt.th 

a •tel tag bearing 1 ta awaber. 

BBI 2, 6, 15, 16t 17 and 20 ww fraa oae lilter. 

WU3BI'l'S l«> • 4, 7, 11, 12, 13 and 14 traa ano1imr. 
BITS JI' • 8, 9 aD1 10 wre t1"al a '1li:rd litter. 

(b) PHYSIOLOOI. 

IA ol'der 1io d•••lop 'tlle operat1n teomdqa 1D aurrlnl 
exi,er1Mnta IIWl8l'OU d1aaeo1i1oaa wen pertoaed OD edu.lt abb11ia to 

Two•• bom 
rabb11ia wn diueoted bu1i with the naked •19 'tM' 1izmak and gaaglte 

ocw.cl aot be duou1iJ.'9'&ed be,oad reaaonabl• doubt. 

ftglU'lt l 1• a aalleatio d.rawiDg ot tlae po.n rior ab4oatul 
well of an adult rabbit wldoh· was ak.e\obt4 at tlae 1i1118 or cliaaeo1i1CIII 
to aholr t;he len luabar •JJ1»111ibet1o tlWlk •114 gaqlie. 

87 41 ... otioa 8Jl4 X-BaJ' it .baa beell ocnt1med that tba 
rabbU haa en-en or eigh\ l.llllbar ftl"Mbne. 

••rtebra aa.J haYe Yer, 1'Udl111t1lla.rJ" rib but call be 1dea1iitied b7 t.be 

ab•aoe ot •ll deyeloped 1il"8Jl81'ene pl'OOeaeea. 

'ftae la..r •• •• •• ••• 
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POSTERIOR ABDOMINAL WALL OF THE. RABBIT. 

%, cide r 

FIGURE 1. 

Crura of the diaphragm. 

Aortic plexus .and 1ih Th . ganglia1 

LI. 

Adrenal gland. 

Sympathetic trunk. 

Psoas muscle. 

lntervertebral vessel~. 

Aorta. 

Inferior vena cava. 

Genito-femoral ner·te. 

Lumbodorsal ve in . 



TIie lower pole ot the lett kidney is opposite the diao between lumbar 

three aad tou.r. '!'be reaal Teasels slant downwards and outwards, 

and the reDal Tein is a large atru.ctun it compared w1 t.b the interior 

vena oan. 

'!'he aorta lies bellind the interior 1"8na oan, and is over-

lapped by the lett psoaa 111scle. 1'he bituroation ot the aorte 

takes plaoe at the upper leTel ot the last lumbar vertebra. 

TM lett suprerenal glud is a pale pi.Dk structure, the 

size ot a pea in small rabbi ts, and lies near the aorta on a higher 

level than the reul vessels, and does not appl"OXimate the kidney at 

all. 

There is a long lwabodorsal vein to be seen and also the 

genitote.moral nerve on the md18l. aide ot the lett psoas mnacle. 

The len lumbar s)'Jllpathetic tl'U.Dk lies behind the aorta. 

It 1a a Tery tine, thin structure, hardly thick.er than e hair. 

The right and ~an trunks are nry close together, aeparawd 

only b7 a thin til.m ot tissue, a.nd it is sOll&tiJDes impossible to 

distinguish th.ea without actuall7 separating thea. 

11 the ganglia lie opposi ta the lumbar nssels and the 

OODD8cting t1b1"8a are seen dipping baeknrds betwen the paoes maole 

aDd T&rtebrel bodies towards the apinal nerns. 

Sllall relli •••••••• 
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Small raa1 tram the gangUa can be followed 'in ditfe1"9nt 
dinctions, acne passing towards the eorta alld iD.terior vena cave. 

The attempted dissections of the grey and white 1"8JDi 

c01MDPntaan'tes wre unsatisfactory and I believe that it cannot be 
carried out .tor the smallness o.t the branches. 

The first ganglion lies above the sup:rerenal gland to the 

left ot the cru.s ot the diaphrs~ 

The second ganglion lies be.hind the suprarenal gland and 
slightly above and in some cases bel the renal vessels. 

'!'be sixth ganglion lies near the bituroation ot the aorta. 
In order to pertom the sympatheotomies effectively it was 

essential to get a. clear idea as to the connections ot tbe sympathetic 
chain to tba lubo-aaoral plexus. Thia wes e painstaking ope:retion 
but afier n.UJll8rous diasections it could be definitely establlsbed 

that t.be lowest outflow is c·ommonly :t1'Cml L5. In. one a.nillal, hmwever, 
it was tOIUld to be as low as from the sixth ganglion. 

confimad by Prot. R.H. Goetz. 

Thia was 

The lumbo-saoral plexus ns dissected on two adult rabbi ts. 
OM rabbit had seTen lumbar Yertebrse and the other one had eight. 

Tile plexus is Nhe•tically :reproduced on page 18, 1'1.gun ll. 

The description ot tbs lwabo- sacrsl pl.ems ot the rabbit 

b7 Libbie Hyman •••• 
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LUMBO-SACRAL PLEXUS OF THE RABBIT. 
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b~ Libble B,Jlaa (1944) W8S takeA 88 8 guide. 

!be Yentral aai or the l.eat four luabar •nea alld thoH 

ot ti. aacral Jl81'ftS tom IJM lumbo-sacral plexus 1a the rabbit. 

'?ha t"a1&n.h l.uabe.r nene 1a Ula tint ot ihe lwnbar 

plema.. It .baa two 111&ill bl.'8ncb.es, tlae lateral cutaneous nern 

end the gen! to-teJDDral nern. 'l'be tormr 1• s stout trunk hioh 

••2'P• between the ilio-paoes and t paoas llinor m.acles ud 

aocoapaaie the course ot the ilio-luabar veaael.a pcasing lo \be 

tlligh. 

The genito-temora1 nerre 1a long slander urn whloh 

l'Wl8 alona \lie •dial boioder ot tbe paoea macle, lateral w the 

QIIJ)ethlttio t1'1mk. fl:la f11"th lUllbar COAtributea bJ' •au ot 

11• ooaneoticm with ti.. tau.rt.a to tba lateral cutaneous 0nd also 

toms a atl'OII& unian with tba ainh. fba IBJl)RAL nern la 

ta uioa ot bnnobea traa luabar tiu to au. 

'tBI OBmiATO Jlerft BftN8 tl'OIII. U8 aixtil e-Dd aeTea'tk 

!Ila leat luabar am the tint aaoral ua1te to tom ta 
ac1at1o •.rn. The eocODd aeoral 'the •~ lwaber alao 

ecmtribut. aaall branches. 
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!bl 8Jlll)8\hetle .,. •• ot all em.aela tollon a e1m1l.er 

pl 1'bal."9 el'9 oort1 1. dln.oe 110, balbe.r a aptnal oentaa. 

tJae leat ...,.4 re situated la the lete:rel bona ot tblt 8J)1Bl era, 
att,,r. 

ea e a,rtp •lcma tJJe floor ot QI fcl1QrUl ••nlrt.ole .. 

tar es 1a kDowl1 *n is DO panaJll)8tbet1o supply to 

pertp.blnl blood Teasels. Tm Jor pen ot Ille L erten•• 
"» -u.r ~1'8Jl0hll• aoeiT• U.ir 1mlernt10il'.I Y1e ailltoN•d 

8tranda_. dari.ftd fl"all U. J:all-adul.laled flhaa ot pcti1.pJ:le:el »rn•, 

auppl.J'i.D& ibe ob.let Yaaoooaaulclor om,mi ot ~ rlenea 8D4 

ttr'MrlOlea. 'fba• n»na OCJal ott •' n-neia. •le0t1n poi.at• 

fflll tilia penpbezel. nenea. ~r tbe _,...,.,1o IUt)pl:, '° the 

wuela 1• fl'GII tt. cuglia to llMt 1.arp neries -rla 'be eoft1o plema 

em \Ma •1 'lla1I pen-arterial ,1 ..... 

laip ertertea to tbt liaba 1'W081 tl»lr a,apattanlo ply 'fie tll8 

pal"1-aonio pl•ma ead that t.ba u-r n 1a ITi-4 to tbll ett•r1•• 

bf Iba pe.rip.btrel JMJJ.-n• at •111' poln\ lOIIC tbe leagO of ,111 fts•l•. 

Ye- be•A ••••••••• 
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Qbuioal egeata an oapable of produoillg Yaaoooutrlatico 

by 1b being wldely dl•lriblllecl by be bload. It a be .. 

..,.•1•4 bJ oancm 1~ tbel tbe po1Jlt of action ot tlm obeaical 

llt841a'°n ot u. ntcm.ca1o 111pul•• 11•• be'11Na t.hll •n• endlaga 

Gd U. napopln •oJi.Ala 111 ,a aaooth maole 0.11.a. Buerous 

'1iora llaff 4uouta'94 llaat toll tng SJlll)6tbeotcay tbe:re occurs 

an iDOJ."Aae u tlw aena1tirt1J" ot ti. clemnatecl 8'1'UCl\lre to e4reaal1.ae. 

1.'h1a la ot ftmd8111111\el cl1atoal lJlpofflllOe. q SJWP&\lao~ to 

be •ftlciea• --' denerrate ell tm Mna • 1ng& ta a glYen Al'Ga, 

olbeftfiN tlle •cnt1,... ot o oa1 aediawra at lbl aaa1A11\g ezadinp 

oan ft oh ti. oella wt&1cll ff beu •al"l'akd and cau .. 11*1 \o naot. 

fl.Mt ~tic pet.,.,. uould be 11lwn,ap'8d 1a 1 ta un-r or ,,... ... 

&anal 10ll1c aotor DRl'Clll, 1D order '° proluoe I»> Di•• clagl'M of 

uitiealion tlle •xlaaa a4Dot1on la "'88. ( w OJSd 

iok 1944, page 136 ) .. 
fl» etteot ot ti.N ohea.1 l ageala on tba ft •la eft-.z• 

appathiao .bee bNll 1Jl.t'eat1ga .ta bb1ta Jl4 t• bJ' le aoi,pta 

1941142. Ht ob•mtd. aamg otilff t • 1m,pot't , tiao'I• 

Ti:&. (1) •••••••• 
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Ylz. (1) The diametera ot t.be deneJTated ••.ael•, ul.tu tllON aor-

•lly umenated. are not atteoted by moderate o)aupa of body teaperaaa. 

(2) .:>tNggle ud1toea coutr1ot10ll ( oooling ot t» eere) ot de•na•4 

neael.a aiailer to the oout.riotioa oaued b7 adrealiM. 

· la•• t.ba tint lna'ber aJJ1P9the·Uo pagl.1Clll supplies t!:Mt 

taaonl am obw.ntor ne:rne. It shoald, '-ntora, be reaoYed ia 

oaaea where aa iacu ... a•d blood aupplJ 1a the ngioa of the epipbJM• 

aOIIDil the kM• joiat; Ilea to be obtaiMcl. BNoYal ot luba:r 2 nd 

3 1"8au,a ills Y&aodtlatl&t10ll 1n ti. region or'» toot the l0'8r 

leg only. Oauu.l ti.Dg our ollan ot ~ luabo-acral pl•m• ot thll 

nbblt (page 18, ligun 11) it will be .... tilat ta 4ua luabar nene 1a 

ti. first to contribute to tba pleaa. '.l.'be .oiatic Mm origiaa•• 

fl'a Lb, 7 end , 2. In tbe :rabbit tbe lo••t aJJIJ)8thet1c outflow 

ooae• trail t!ae 5ta lumbar gaaglion. Ill ol.'der, t.b8:reton, ·to pertoi,a 

• pre-ganglionic a,apathectoa,y oorreotly, 1 t 1 essential to rea,•e tbe 

5tll J.u.aNr gaJl&lioa. 

Ill DOiie ot tbe papers on a.niaal exper1118ata nudled by tbl 

author he aa aooount ot' the aaatcay sad pllyaiolota bea un.dertekall. 

»ost ot tbo p pera on ta ettact ot lwrabar ayapathec'M:IQ' Oil bone growth 

ta aai.ala 1'9Mrk that t1w1 .. nlt01'94 ga.agl.1a od. tNDk tram I.be renal 

Ye 1• don to the pelYia•. 

are aot ••• •••••• 
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are not described. 

'.this implies that the anatomical and phyaiologioal 

oonsequences were not tull.7 appreciated. 

Slloh. e stat8ll8nt suggests that the tint and second 

sacral ganglia may haYe been disturbed so that the post-ganglionio 

fibres "<> tbe toot were interrupted s well. Tb.is may have been 

the cause tor the failure ot these authors ~ obtain sustained 

Tasodilatation because the Teasels had become hypersenait1Te. 

Indeed no akin teaperature differences were recorded by those authors. 

!he 88118 objeotiOA holds tor the cervical ayapathectOllias which were 

pertormed to demonstrate bone growth or the upper 11.Jlib. The 

operations perto1'1111d by all authors were ganglioneotOJBiea, no ettort 

being undertaken to pertom pregangl.ionic 1"8Jlisection. 

To..,- knowledge the pre-ganglionic outtlOII to the limbs in 

tlla rabbits has not previously been studied. 

salient points : 

To recapitulate tbe 

(1) The lumbo-secrel plexus in the rabbit is der1:nd traa 

L4 to ::>2. 

(2) The sympathetic p.re-ganglionio Ollttlow to tbe hind liab la 

Yia L4, 5 ud 'Ji, to 32 and consequently L4 and L5 heTe to be reaoYed 

•o perto:m ••••• 
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31'11 luibar pagl.10ll MJ' o•lribll\e a Ollttl• w U.. luber plaza• tta1 

1•, tmtreton, al.ao J:'9JIOY*1. IIOT&l ot Ll 8114 L2 ts aot eaaeaihl. 

(3) 1'I» eu\bor' s ori.&iaBl ala to ftlmYe Ll lo ~ becma• 

'Ulia l• t poill\ was no, appreoi ted. 
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to) \ o, urim 

AAffsthaala. 

1'lt t l 40 J118J11. kilo ot bol!7 Qig)ll 

ia illJ.cted Utl'll-per1'°8eallf the n t obaened for 15 • 30 
alaw . lt requ1wd e rurtber lO - 20 mip. i-r kilo 7 be 

in.jaowd after 30 - 45 ld.llUtea.. '1'be bbit is ffl'J' aenaiUn 

t can mat be taken not to werdoae. !be zebbit'a 

ears f'irst becoaa tlabbJ the11 ti,a n1tlal ll•• doe. ~r 

b7 open 1sllprov1se • ia c 15 - 30 ai.Dl1t• ener ~ Hblalltl 

1ajeat1on. Bnathi.Dg and aoY..,lll of abdOllinal -.iaol•s a:re YffJ!f 

cu:retull.7 ob m,d. U-s lJ' ve-ry 11 ttlo ether 1a· required lo be 

\u bbi t :tull.1 leDd. IA 2IC88 •• ao et.Mr ta zed- a\ 

au. !be · bbi t ehoul.d • rre prior \o ope \ion beOaue • 

tall •t oh DOt cn1.y 1atel'1 res r1Ag ta nl1oa, bu.t aay eeatl7 

1.Ajeoted 1.ato inatead ot the pen~ 

p.NH.11Snery dtssactione it 

CJ'&a1a •••••••••• 
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~ rabbit' & oaen 1a •ftn•-~ 

precauuon emp1oye 

bd n la opoiu,d 

aall Ul'-ati.Da ntracted to tl:le r 

t :mi ine u.1 the large and 

, 1A boi paok1 hila-. akia 

~• ftud ~ tlMt board. le re bpt ps.m:.4 part T 

A lena ia ra uin t th1a a p. 1 a t fingara ot the left 

g., ... -_... iaaid.e the tt o.aa ~ ona 1a al1glltly ahifted to tile 

right. TM unt rand aol't re ae nted by opuilag the P4tritOMU. 

b 8JllP t.hetic gaDglla are so clo 11 pproxillated to "141 

l.wab r Yeseel3 tllat bleedi 1 ctt c at i-tad, t t.bis 1• &117 oftr-

c by pre n 1 ~ It is nner neces r, ~ 11pw • 

va l. 

·ott.11 the tl'liD,k 1 v•:red 111 ha pl"OO• or reJ10nl, and 

thi. 1 be t csuM of tailun to NllOYe, or, ot eti unoertabllJ" of 

b8rl.G aoHd ll the MPS r, tis , because 1 t is omat11te• 

impossible to ti.Dd t#ft tl'W:lk ill d io 1\a be1Ag ao "•1!1 nu. 
t 1J1P thet1c tl"Wlk: is arate troa tbe l•ft by a tlda tu.a 

gJ."e t care has to be '\akeA the t 1 't i aot. 1AJ n4. 

~tber pi ttall 1• t» Ill \o-1 ral •n• !oh ll•a Jan 

la ral to \ha t • At tu ti t o liO'll, ( Babbl t 0. 20} 1 t 

•• aotaally ••••••••••• 
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as ctuully remov d and il:lOll 

aoas ale t 

in x tin r or with a blllll\ illal 

to hlJ r Qapatbetto tl'Wlk. 

caretully i.rac 1-\h tu let\ 

,11t bee use it tu tibrea an 

sad y C b 

The naoY lot the thatio t ganglie trora 

U - L5 a origi.ul11 ala a,, lete.r L.3 - 1.5 cn17. ,.,_ nrn 
agl10A ia 

7 be tom. 

fflcul i to .zeaoy tram. below be-ca '\he anal 

uri.Dg aoa ot '1l$ ra\i llatJ tirn lwrabar 

cs11 b at Pl)rMched. hom ebcrro rell81. ·resael bT ope.D1.ng tM 

peri tonewa.. t't ona or t 1aphra 1s e Yer, good am.de w 
t1"l first sngl.ion. 

ned 

p riod. 

Oroup • 

Figun lll 91' t 1s l> otog?epll or SOIII ot U. 1 n-

i in every o~se it proved to be ,-pathetio 

Ol"OICOpi 117 

l\gliOA. 

15 l'f:lbbi\ &1"& groupe aaoord lo t1ta ff1 l 

r1 d of six bbit {aoa. 2. 7. 8. 10, /lb 20). 

Thia gzoup still suff'ins and up lo 

pen.ad mace• ••••• • 
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period rugea 1'roa Sb - 124 4ap. 

bblt o. 20 was tbe tint nbbit lo be operated aa. oa 

hlatol 1c l n•lnet1oa. 11 •• tOUlld tut ao ~tbttio tiaawt lied 

beea l"tilOY 'Dua bbl,. tberetore, •.l"ft4 oaly •• cont:.l'Ol.. 

Four bbit (n • 11, 12, 13, 15 JJd control . bbit 17). 

by ell died w1 thin t period ot 20 .. 29 days post-

op 't1Ye. 

P St• rt exa.tainat1 eled no organic oeu • 1?bl 

regl or 1-ett lumbar ngl.1 exaa1ue4 to verity ti. complete-

nes tiOA. 

ntgh~a weze ucep'Uon.slly eol all'l 1 t is possible tbat 

ocount.ild tori.he t l1t1 rabbit-

;:: that it .might han bee the ta oa which the7 re te • 

\lie eX]')eriGACS thal rou.ng rabbli 1ed it til87 NN 

bbit o. 17 whtO.b s not OJ)"1'8ted cm b\t'l kept •• e oon,J'Ol, 

tied et the ti.a he olbera. one ed because ot 
ae»aea an not a ingl.o bbit d poat-operett intecuoa. 

Ye bbita (nos. 4, 5, 6, 9 ) 

Jbur ot ....... . 
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our ot ~- nbbtte 1a tU group 41ed v1th1A the tint 

24- .taoun atwr operal1oc, pl'ObablJ troa shock. Tlaa eneestti..tie, 

70 JOg11, (~ butal) p,r• kilo of bcdy igb.t, •• a defiaiw eoo\riba\ug 

raosor in ~110 ••u·U•r case&. 40 mgin. J*r kilagrea of body wetgb.l 

•• tOWld io be the opti.a\l» dose. fu 1Jl1ag a.lliaal died or 
st.i:eJlgU].aticm. ot the small bQRl. 

•a·Uaned because Talueble aJ;pen••• n ga1Aa4 oon•mt tu beat 

en.aeatbetic d th& operative :pl'Ocedure. 



y 

(d} METHODS UTIUZED TO DEM:)N3TR.4TE THE SKIN TEMPERA'IURE 

OF THE FEET AJTER LUMBAR 

Sll4PATBECTOMY. 

To compare the changes taking place atter syapathecto.my 

numerous normal rabbits were first tested, of which graph No. lV is an 

exo.ple - Page 39. 

It is important to point out that the prertous authors found 

great difficulties to demonstrete ditterenoea ill the skin temperatures 

bebeell the nox,aal and sympethectomized limbs in their 8J11mels. These 

authors, therefore, had hardly eny aoatrol as to 'tJ:ae tact net.bar their 

animals were really completely aympathectomized, and do not men.tioa 07 

other mathod employed by thea to .make su.:re about this point. we baTe, 

therefore, no conolus1Te eTidence that the:, BWtceeded 1n prorln.g a 

aucoessful sympatheotomy' and ot ino:reasing the bloodflow. Tberetore, 

it no inorease in growth of bon.e was recorded 1 t is not oon.clusiTe evidence 

thst sympath otomy does not influence bone growth. 

It is our contention. that unless n could proTe that our animals 

were really sympathectomized our study would also fail to eonv-inca am 

bring the subject nearer solution. Of the methods available in man 

to prove this point, tew can be applied in animals. Skin resistance, 

whieh is h81lad aa a Te17 good •thod (Richter) by nW11&1"0Ua authora, 

cannot be••••••••• 
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cannot be applied bucswse the rabbit locks sn t glands. 

teats, ao instNOti va in man, is th&rotore also out ot the ueatioa. 

Deapite the tailu.re ot preYious inYe tigato.rs, ho ever, ••ns 

bad '° be tow.ad to obaene akin taaperature ohazagea after ayapa\Jaaota111. 

1'be tollowiug prooedun w s therefore dopied : 

t the OQtaet the nctal temperatue was tuea. 

in ou.r anillals bet a 38.5°0 - 40~0. 

It nr1e4 

The akin. temperatures ot the pa • en recorded by •eu ot 

the ?'IV>Couplea. Hair intertens wit the taking ot taapentuws aJtd 

waa 1'9IIOYed by pluclring. which wa towid easy end ti.Jr.e sating. '.l".be 

heir bad to be pluaked beto.re e oh rea ing and SOIIII :rabbi'ts re pluolce4 

4 - 5 ti.mos dur.iu the period ot ob rnt1011. No definite ditfe1'9no• 

in tlae length ot hair wea noticed in t.be o t• t roll iJl.g ope.ration aad 

no d1tterenae could be observed in the te1ture ot the heir by nmd 

e79. 

er 1'8JIOVing tbt> hair the akin teape tu.res ere ffated 

tho sea spots, one at t» e.nkle sad aDOtber be en tbe lat aad 2nd 

a,t c rpsls. 

'l'be veaaels ot boih teet were regularly t'<>Wl4 to be wll dllate4 

w.beA tbl 1'8bb1ta are rs110Ted rrca the oage. fh1a n b aNll traa 

t.be grapba ••••••• 



••aooon.strictioc hich a nsult ot handli tbe ls. 

41fferenoe, aad 1n moat C'aeea, it 1t s not kn n that one leg bid 

zed, no hi.nt or Us Ving been done could b-e gained 

coillc1dea th the nnd.1ngs ot preY1ous · 1nY&st1gators (Bi qari 1933, 

Barri. 6: Don ld 1936 }. 

It s than orgu tlmt it both 11m'b re e Uy cooled 

wtll epend on the rterial blood.fl 

It, tberetoff1 cme 111\b s conetap\17 nd 

aa be!Y bei;ter aupplied bz blood. It 'ttli found to t.>eeur to 

tl"'OC8 ertdenc tndte ·ttq 

aoceastlll operation. 

¢tYelcped 4i,eci l technique, a :toll 

aaiaale at 111 cold wet r (4 - 14° ·) ror 3 utas nd ft r d.r.,ilc 
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for bout lO - 1.5 •lnutes nd tb&n at longer 1nte:rYI1la p to 6o ainuwa 

atier tlw 11R8r 1on. 

1"4tke. 

Ill!N iewly &:f'ter drying the tHi th• te11.peratUJ."es ere 

practioall.1 ,.he &81111, bU.t the J.eft ( 81J1.P8"thactoaize-4) toot aoon atter­

•.rd•, 5 - 10 ainutea, allows E'ID. iaa~se. wJlica ll0atl1 is about 6 - u,0c 
aboY• \lie\ of the right root. It uual.17 takes 15 - 6o tliJlutes longer 

tor th& right toot to reaoh ite pre-cooling '\emperatue 1n :relat1GA to 

'-bat ot tu left IYJII>at.ta.o'-i•d toot. 

It at.ruggli.ng le iDd.uoed ti.. te.mpe:reh1'9 dra_pit 'MIIJ>Ol"!!lrily, 

u to the libera\10.11 ot ad1'8aaliM in.to t.Y oi:roulatlon. 

By the •tbod deyelope4-., aarke4 lnorMee in skin '!!E!ratun 

ooul4, .th8retow, tor "the tint tiJM oonstan'11 be dea,nstnted in 

tavou.r ot the amstbltotoadud 11.ab. and, 'for the first tial be d&ftD.1tel7 

•• bl1uad t.bei tlae ltab of the upri.llen.tal aniJMl -· ftl!llll 

•;raJ>!theo'°811zed. 
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01 BOS JN 

fter lWAb r er,apat ctomy, d1l•tatton or t '9• ls of 

ha hind liab tak.& plaoe bat it 1s noi c•~ U p "to wlloi lenl th1• 

woulo 00-cur. 

The hind teet •re •l•cud. a t apaobil 'boaes 'to ~ 

ob•.ned bff u it 1• u.no.n in hethar hyper1i1em.a ould ooou.r in tha 

ngion of t epiphf a l'OUAd the knee join.Ii. Inon eed. til>1-1 

~- ae thereto.re 9iobl••tlcel. and the aiicem1nty wu tunher 

stn~heu by the preltmlnaz, akin tttmpereture r& 1.ngs, .ii.re ti 11111a 

!lOti-4 tbe\, following oooli.ng, a 1f:terenc 1A akin te~re-mre betwea 

tb.e two :f•et wea al sya Ye1'1 t1ell merk•d 'bel the nkle .,bile aboT• 1 l 

hardly any tthrenoe aculd be uo.utnt.e4. 

!tWJ whole toot tres I.- Jed from the oeleflaua to "the tlpa of 

the ~ils. It na tou.D\ illaecuze'te 8.lld labol'lou '° 4n •n1"1 boM 

to mal.e on graph paper ae aa origin 111 tried, 

c•rd..,. flllt riew progre1111111 o. io draw 4 •"' 
OD 

squares or 2 na.. 

\Ilia plea •• ia­

quaiwe in 11l41en lnlt 

e Nd~od ~ blt, 1.e. 

-RBJ' to••••••••• 



- 7 to give e rough indicaUon ot the comparative lengths. It 1a 

im:pOtJaible to hold the rabbit 1n such 1J w y that th& angle ot tbe bou 

'to 'tbs gropb paJMtr is al1'8ya correct em. 'than:to:re, tlle ractual ~asu.re­

•nu were done by man• ot a greduated caliper hereb7 grea"ter aooun•1' 

••• o"8iud. 

Th& oalipar was rou.mt ac te up to O.l mm. 

»eaaurementa b,aye to bo csre.tully carri•d out end de,e.nd on tbll 

reooga.1 tion ot Joint linas. otly the sa11e s;ot ia •mplo-yed Oil 

each tone. 

!be leJigtb or the whole toot ia • sured tram tba tip ot the 

calC81leus to the tirat tnterphcl~ngeal jo1nt. but the points tor 

ccapariaon ere only decided upon tter ll tbs relevant - ye bad 

been c ret'llllT tudied. Unless the joint llnee aud ot.ber points ot 

•asure.m.ent ·ere clearly seen t.M X-ii9.J as discarded ill orier to an,1d 

errors. X-Reys or the bones ere taken before or aoo11. after ope tioa 

bell the rebbi t ,.ere oTer the dengera resultiq 1'1'Clll the operat1o:n, 

there tter et regular intervals. 

The tibiae ot Ill rebbi ts were sl.so -Rayed at the end ot the 

experiJlental ob$erYat1on. 
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V. - RE&JI.TS. 

The rabbit ha..; a r,oorly developed eym:patbetio sy•·to,a 05 

oourpa.red with other an1mala . e.g. the oat. The ganglia are mcb. 

saaller nd the lumbar a,mp tbetic tl'lll1k not so cb~ious. 

guinea pie bas bigger ganglia. 

Evon the 

Young rabbits can be or,erate-i on nu 1th ftxperieaoe tb9 

operetiTft .mortality is not high. ot the rittaen bbits operated 

cmly tour or. the eerliet" ones died a a 1"81:l\.llt of' th$ operet1on. 

The tint point ·h1oh bed to be establis before the results 

could be evaluated as bethel' the operation aa suooes.-tlll.l:, performect. 

e pointed out earlier a apeciol test was develo~d to ascertain tba . 
COlllPletenees ct the oPtration no jud d by the effect ot th& 81Jll)&tbeCt01117 

on the te111y&rature of the precooled reot. 

Tile re ulta ill be diSOll:i ed \Ultler t ·o bea ings: 

( } The ettect or sym.r,athectomy on skin tempereture ra in.gs, 

(b} !be ett"eet ot sympathectOrJ\y on osseoua g~th. 

<•) 'J..p •tteot ot SPJ)!t.beot9& on skin :t!,mperatures. 

On routine exaiain tion ot t.ha o:perat d rubbits striking 

d1tterenoee not ob &1"f'6d. hen the Nbbits e:rs taken mt ot 

tlaa oage ••••••••••• 
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'1119 oage ••rr little, it an,, ditterenoe in Wapel"Atun oan be 
duloaatrated by the thenocouplea. This is explained by- the tact 
tut the rabbit keeps both !'eet rold.ad Wlder the bodJ aad covered by the 
fur, OOAae n.lly both feet re ra nd tb.e vaasela usually nll dilated. 
TM naalt 1• Uaat, Ull4er ol"dinar, oil'CWUbn.aea, skin tempel"Sture nadbga 
are aot able to demonstrate whether the operation hes been ettecttn. 
Bowyer, it s found tl'la, if eoconatnct1oA was 1llduoed by 18Draing 
both bind llabs 1.n teed ter tor a few minutes, detinite dH'tereno•• la 
the tuperatura ot the teet oouJ.d be deaonstratad. Fol.lowing the 
1Jul$d1ate drop in te11perat\1l"e ot both t&et, it 1s eat t etter 5 - 10 
111.Jm.tes the skin temperatures ot both teet riae but the sympathectOllized 
toot has steeper 1.mlJlediate ris to rs.uln consider, bl1 t!u.11,u· tbaa tba 
J10mal toot. 

e ill :tint. ex ildn& the gro h ot n uno:perated r.abbi t of the 
same age. ( :ti N l , page 39 ) • 

.lollo:rlng cooling, the te:aper turea or both reet bll.MV<, in 
exactly the sama a7. ' 11 difterenoes ap to 1.5° al'G :noticed 
hi.ch can be a.i;peoted. Bu\ theae ditterunaa betNen the t o te&t 

a:re negligible, it they -are an:raged. It is t'urther noticed thfft the 
'8llperatu:re rops and does not 1'9ga1n the re-immersion level in the tint 
hour. 
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RABBIT N°·17. 
CONTROL . Unoperated. 

28 · 8 · 
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lUBBI't a. 2. 

Luab r ganglia 2, 3. 4 and 5 were .remoYBd and four 

~eaperatUl."8 g1"8J)ha nn reco.ro.ed ener the o ration. 11fPU'8S 

, vl, Vll ad Vlll, (page• nos. 42, 43, 44 and 45 }. 

Tbey all de.llOll.Stl'!lte a J11Brked ditference in akin 'temperature 

ot tbe two feet. 

l'igun V, (page No. 4,2j tor instance shows n diata saop 

riee of th& wmperatura on tbe len toot whil.e tbe rigbt toot shows a 

'4uldency to ra•in at a DIO:te con•tant lenl or ena dropping .turtlwr .. 

Ia 'thia wa7 the lett root steadily 1ncre ... ea t.bo ditrerenoe up to 24 Jlima.t.a 

w.b.en the 1181:inim dittere.nce ot 8°0 ia registered. 

In J'igu1"8 l, ( page No. 43), the l•tt toot is colder than the 

rlglat toot up to 17 llinutea hen eu;ldenl1 ln the space ot tllr1H miml11ea 

the left toes end left ao.kle riss 13. 5°0 sad 100c respect! YelJ'. 

~t~1ag causes sn immediate drop int .m.perature on both aides. 

'tbe aJ')lpatbe~\omiud toot regains its pre-1.Jweraion leYel 

withiu 20 minutes hila the noa-aympathectom.J:zed foot still showa & drop 

ot the 'kaperatu.re atter 60 minutes. m&XU'ium ditferanc• o'f nearly 

10°c wes .registered. 

In Pigon VU, (page No. 44). a fairly audden rise in t&mpeftltv.a 

ot bo,h ••••• • ••••• 
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of both taot can be seen attar 17 mnutea. 

the tia peratu.res ot both taet but th& right root con:ti.Du.a to drop. 

!he latt toot rsgainS its pre-1Jllllit8rsion leYe-1 it.b.in 25 .rd.nu'8a. .Afte1" 

124 •1 tbe r&bbi t ( gure V'lll. page No. 45), still deaonstnwa U. 

41tteren.oe in akin tar:pereture. Ev•• betore ~ i.llM.rs10Jl \hen wea • 

4itterenee {2. 3°cJ, am egaill \.bit l•tt too~ 1'9Jl&1na cooler ,hsn t!MI pra­

iJDlll!t rai on teape:Ntuie. 

pnYioua graphs. 



C:33 

32 

3 1 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

18 

17 

cl-> 
'It 

~ 
~ 

~ ~ 
I 

RABBIT N° Z 
Weight 530gm 

Rectal Temp. 40 °C 
Room Temp. 17 °C 

29 8 · 46 
40 Days after operation 
Weight increase 3009m · 

.' 

I 

' 
' ,. 

1.---
' ' ' 

,.·" 
I 

I 
I 

/ 

' ' 

- 42-

' I 

FIGURE V. 

... 

The left foot was sym.pathectomised and is indicated 

by the interrupted line. 
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RABBIT N°· 2. 
55 oa~s after operation oc 35 Weight 605 Gm. 

Rectal Temp. 39 ·5°C. g, 
34 Room Temp. 16° C. ·~ ..; 13 · 9 · '46. 
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RABBIT N° 2 
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RASBrr NO. 7. 

I2 - L5 were removed in tb.ls ca.se. 

pages No • 47, 48 Dd 49 ). 

(Figures l.X, X ad "1., 

gun , (pege No. 47). o s the nkl• t mperatuaa betoa 

and atier llnai•aion ot the teet in cold ater (15°c ). The right tc,ot 

ab.oiling e rked drop 1n skin te r ture and the uauel lo war.min&, 

'l'he left aym:patllactoaized toot, however, after an initial slight drop 1Jl 

temperature soon regains its original t m:per ture nd even surpasa&s 1\. 

rom. Figure X, (puge No. 48 ), it c&n be en that there wea a 

.mark d drop in temperature ot the r1 t root which reJMined yery cold tor 

onr 35 minutes when it denly rise to the level a the l ti toot 

within 20 .minutes, Viz. 53 minutes attar coolillg. 

tter 121 da7 the ett ct or t 6 at.hectoay o Nabb! t To. 7 
(figure n, pege No. 49), is still very ob<vious and it 1 e typiosl e~le 

ot hat has been the author' $XJ.)&ri o uri the e exp rimenta. 

InttiallJ the left toot 1s ~rox tely 2°c 
after cooling sudden. drop in tba t mt ratu ot both feet occurs. !lie 

left root ~ms up sud.deru.y nd remains 6 - 10°c h1 her. right 

toot also r,is up sligt tl:, ~:rter th int ti 1 wdden rlso et 5 - 10 minutes 

tter coo.ling, but h!ls only 5a1ned 4 05:r&&s fl"Ol!l the 15th - 65th ainute, 

&ltlicllgh tbe difference 1s 8 - 10°0 i t vour of the sy:npethect zed 

liab. 
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RABBIT No 7 
27 B '46 
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The interrupted line indic ates the temperature of 

the sympathectomised foot . 
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RABBIT N°·7 
78 Days aFter operation . 

Rectal Temp. 39°C 
Room Temp. 19 ·5°C 
Weight 1200 Gm . 
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Ganglia 12 - LE°> were rea.ioved. 1'h1'8tt temperature oltarls 

are illoluded. (l'lguros Xll, · Xl.ll aad XlV), .PIJPS oa. 51, 52 Jld 53. 
1'igua lll. (i,age Bo. 51 }, the teet were 1.uersed into 15°0 

ter. The 1n1 tiel temperature ot the ript foot 0011t1Jlu•• 'to rop 

wh.11- 'the lett side deaoastratea that sQlll8 distarbance ot t~ heat 

regulatiOD hes occurred. lthcugh defiai~e and constant. the dltre.11eao•• 

1n te 1'6ture wen n&Ter so aark.ed in this enimel es in preY10\\S ooua. 

l'igures llll and ll V', (pages os. 52 alld 53 ) , Shofl tb$:lt the 

toe or both teet lluYe exactly the s 

ins sli 'tly wormer than the ri{'.ht. 

te.pereture, while tho lett ankle 
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RABBIT O 8· 
Room 1emp 18 • C 
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68 Days arter operation . 
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10 • . 

phs a.re 1 luded. 

o-t the ri t toot 1ch eonttnuea tor 2 minute3 :rter ooolillg .. 

lett toot hows a udden ti 1n skin t 

rise tor ih 1'1rst 3 .ftllnute hen· .rter t te e ture ot oth teet 

r1 es to eb hi r l nl t n ba fore the e rt t a Celr. ncsd 

mre Vl, (page o. 56>. ne s DO special comme t. 

imire r111, (pa No. 57;, demorultrntea Y ry rlwd. dittel.'lhtOe 

1n kin t eratUN. T.b.e l> -cooling t mpe.ratu.re 1 vel 1 reocbad 

ec'tom.z d root. 

tter 104 e.y;s (1"1 re X:Vlll), pa o. ~, this .?'!lbhlt utill 

esonai tes e rked hn,er-~e.?aia of the lett lbb roving th:.lt the 

anim!l -s pl"Ope-rly s1-.i>.etbe4tom.tzed. 
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~BBIT N°·10 
59 ays after oi eration. 

Weight 1140 Gm. 
Rec.tal Temp. 38 . 75 o C 
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o. 16. 

U - Lb were re.110n lh t 1r result a t r 

itt (11 t • 0. 6'>). 

TIie right ankle reg 1 '11• Pff-Cool level bul tile 

tempe are ot \he rlsht tc»a re•illU& 1 • 

u. (page o. bl}, tbe t-_pe t\lre 1mrenoea are 

aall bllt t.be naoo.ouatr1ct1oa 1n Iha right toea ia ole rlr ... "to be 

more nt n 1n the • iheotom1aed root. 
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0. 20. 

Thia rabbit, (figure xn, p ae o. 63 ), belo.Dgs to the group 

(Group • ) which aurvi ved up to tb tl:M o! ri Ung. 

ympathectOZDY was WlSUCceastul aiAc on hiatologioal 

exwnation no ganglia coul be emonstrs\w. Tbl graphs en 

inolu ea. t"° in eats the value ot wr mtboi in demo11strat1ng b.etber 

~ l1ab is sym:pstbactomized or not. fhe skin t aperetuns of both 

feet believe in the ss• ay toll 1Dg cooling. Coapel'6 tJu• aacticm. 

1th that in an unoperetsd animal (FiguN lV, page No. 39) on U. one 

aead, •mi a succe sfUll.1 oparaud one (1'1.su~ xn.1, page No. 57} oa the 

other, and notioe 1:.bat BabbU No. 20 rascted like t~ unopel'lltel aJlillala. 
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bb1ta Noe. ll, l2 and 13 belong to Group B. 0Dl7 cne 

poetoper· tive g ph ts &nilable 1n e oh oeae becauae the ellimela died 

betw..a 20 anl ,5 ~,s tolloN1ng ope tion. 

• ll. (J'igun m.1. page Bo. b5 ) . 

I2 - Lb were remoY Thia is tho only rabbit that eYer 

demonst1'8ted e tempeTeture ditf"eronee in favour ot the unopert.:ted. :rooi 

although 011 hi tologioal exa tion ayt1pathatic genglia were demonatreucl 

and the operation at tibe ttnt appeared to. be auccesstul. Untortnnawly 

tJ:le 8ll.1J!l!l. died end, therefore, eoo.ld. not be t'olloaed \tp. The zeaso11 

ror thia unusual behanour e-culd tbent'ol"lit neT r be asoenataed.. 
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BABBIT :.0.. 12. . (J'igue XXlll, page No. b7 ). 

Ll - t6 l"IIDIDVed. Thio rabbit ahows the usual awidan 

rise in the 5 - lo minutes p&r1od, the 1.en toot OILl.J' exeoeding tbt 

right tool atter 14 ainutea. ~ner 44 minutes the right root 

auddenl7 war.ms up to the pre-cool1Ag le"l a.nd equal• the left toot 

at 55 aimlsea. 
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RABBIT N°· 12. 
14 Days after operation . 
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BBIT NO. 13. 

'l'his waa a Mr, good cu.so beeause of the marked dU'fctrell08 

1Jl ,11e \e.l!lpe tures o:t the feet (l.'igQl"!J XXlV, 'P8 e .. 0. 69 ). 9Ytm lmder 

labon"M>l:'J oircua.,'8J1aes and thout tbe cold stimu.l!ls to produce 

n soaonatrioti on. 

the teJ4.P9:rature dltterenoes el'e nll Erked end then the to.mperotu~s 

equalise. 
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haa the rowgoiag olw'pter it ts appaNnt t t there oe b& 

ao t\OQbt tllet Yaaomotor pe1'6l7aia did oocur ia tJ.'6 rebb1ta following 

aoceaatul lumber tfJJIP&'hec'OJIIY. 

s we haft pointed cut pnv1oualy the que t1on erisos whether 

this l.a sufficient to eUm.ulate bone growth, llhethe.r tbl! hyporiuml• 

pl'Oduce by~ socan&tr1otor parel.yaie is a strong enou~h stim.ulus to 

produoe 1 c 1"$8&ed bone growth. 

b.aff tiye rabbits, hioh SUl"find tba oxperimnt, to be 

properly inveati~ted. (~~obits fJos. 2, 7. 6, lO and 16}. 

'th& ti iae were X-Raye 1n e ch case at the end at the 

obse:rrat1on per1o1 {ligu:tes r.iJ/ - lCCU, pagoa os. 72 - 76), but no 

aignit1Mnt dittorence 1n 11.lngtb as demonstroted. ~ltb.ough the 

length.a of the tlbl&t't •re equal, markad dtt!erences in srowth ot th& 

feet oQl.1ld. bu ~n on the S8lle .&:-Ray .. 

ot ~ ~pet ctornized limb. 

'£be incrca88 being in taTou.r 

I can hare elso be .mentioned tlult, s control. ell these rabbl ta 

we:e x- Jed in ,ha first t-0n.night after operati011. and tllat the rut d.14 

aot ahCll any difte:runee. 

Although it 1 · realiMd that it ould h vo been better to use 

aa oon.trola •••• • •• •• 



aa control~, X-Ba7s of t.ba "feet obtained before o~retiotJ.. "hie could 

11.0t be dol)it qn account ot enrem ditticultles or getU.ng repeate4 

X- 78 ue to laok or edequeta renearch :raoilitle... In order to 

m1n1Jd.ze unneeessery X-Rzying the ent.m?2ls v.ere r- 7t,d tot' t.be tlrst 

tia .lam':.s-di$tely after tbe1 reoov-end t tbe ope~tion r nt lesst 

wi t.h1n 14 d.nys follod.n.g the O'P ration. Thus uo X-li!!IY r.s tJ!S.t&t94 

on &n .en 1 thet subsequ3.ntl:y died. during operation ~.i tbe I-Ray 

f!XAllill.!:ltions were reduced to a rtinim.wn. It s fou1:1d tb~t on the 

x- tays taken ithin 14 ds7s- folloi..--i.ng operation uo ditte.renceo in the 

length of bone were reoor.ied. 

exs.mpl_e. 
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FIG URE X:XV. 
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JT NO, 2. 

Date of X- Reyi 22. 9 . 46. 

6].. DAYS AFT.E 

A 

A 

ight.. Left. -
AB. 84. 2 • 84. 8 m.m. 

FIGURE xxv1. 
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I 22• • 6• 

• 

• 75.6 

FIGURE XXVll. 
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• 
• 

FIGURE XXVlll. 
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The three -8117s ot :labbit o. 2 tttb1t 29, ~ on &, da1s 

aft r Jle operetion, de~cr.wtrote a ittoranc• ot l • ., • · (1'1gure UX, pep 

o. 76 } , 3.1 mm. ( igw.oe 

llo. 8o), in tavour of the left tooi. 

:! 4.251- respectively. 

Th .metataraal b01i0a ahow a it-fere!loe tn length, the 211.d 

Mtataraal or tbe lett toot giving the gmatest 

2 -. (1'1 re l i.!i •• , page 8o). 
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FIGURE XXX. 



""79 -

• 

D 

R . 

• 77. • 
C • • • .. 

• .7 

FIGURE XXXl. 
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FIGURE XXXll. 
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.1: ree A.- uy photogrs h or bbi t Mo. 7 el"t included. 

( 1''i.gure .crill!i, iXO:; 1 nd ~ 1 , s I os. 
f ... ., 

, o;, 

Ont thi 

len h. 

sy at'lier the opersi;ion the tee't 1181-a a the 1118 

la, page o. 82 ). 

bl day8 atter the oper tion -the len foot w. s longer th n 

the rigbt by l. 7 -. hieh corresponds to 2it- ( /B J'igure 11, page Ro.83 ). 

tir t toe of tha J.et\ toot tao Figuioe 111, peg• :No. 63) 

was aligbtly longer (. 9 -. } thaa the corresponding toe 011 t.b.e right toot. 

tter 7b de7s, the lett foot 1s longer then the right 'bJ' 

l.2 •· ( .B Figure .XX:U.V, pep No. 84). Thie represents axa •xces.s 

pio11\h. ot l. 33:,;. The Th11'1 toe ot t~ left toot 1a 1.1 m. longer 

tho that ot the right root. Thi• rep19ae11te ~ e.xcreaa ~~ 
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:Oa'tte of X• .. e71 

3 I>J¥.ti .t,Jt~ " 

FIGURJ!: XXX:lla. 

• 

• 
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F lGURE XXXlll. 
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I ight.. 

• 90. 4 

CD. 52. 5 

Date of X- Rays 8 .10 . 46. 

78 ~ AFTiIB • 

7 
A 

R. 

FIGUHE XXX1 V. 

Left. 

• 91. 6 mm. 

CD. 53. 6 mm. 



Phot ~ phs are 1nclud1'd or .?.9bb1 t No. ti t~ken 52 days 

and 68 aya afte1· the oporatior-. 

In lgu.re -1. tpege • o. 66 ), tbll gro. th in tbie lstt f'oct ia 

2. 3 Blln. gre ter than that tn the rt.~t, and ill l"1 n XllVl, lpap No. 87), 

.2.4 -. ~ ter. This represents en exces gro.rth in the lett too, 

3. 071- re spec t1 vely. 
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Right, 

AB . 78. 3 
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R@BIT Q, a. 

Date of x .. Rg1 s . 10. 46. 

68 DAYS TER OPbR T 

R. 

Lef1.. 

• 

D 

AB. 80. 7 mm. 

CD. 33. 2 Third P etatarsal CD. 34. 2 mm. 

EF. 34.4 Second Metatarsal Eli:. 35. 6 mm. 

FIGURE XXXVl. 



h ei"t toot ot • bbit o. 10 t.lao aha. very efi.Jlik 

g ~ 1n ~xee& or th t of th right toot - 2. O cxoe s 44 days 

atter th~ openttion n~ 1.95, 59 days after operaiion. ( / B in 

Fi~re .\ ~Vl.l, page o. U9. :ind ,'C in Figure , V'lll. p ge No. ~ 

zsspeotiv-ely. 

Up to 1. 2 111n. excess sro th is der.ron t ble in the thirl 

or th left .foot ( 1.1 in i o. 89 i. -..b1ch 

over the .r1 t toot. 
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F IG:URE XXXVlll. 
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R; BBIT HO. l b. 

Th1s .R:lbbit does not s ho.-: any exoe.ss inoreas o in bone 

growth of the left foot as a whole. (ligure XXXDC and XL, pages 

i os. 92 and 93 ). 

BBIT NO. 20. 

In this case no growth above the norma_l was expected 

because, as explained, no sympethetic tissue waa removed at operation. 

And no hyperaa.mie ot the vessels on the operated side could be 

demonstrated. Thia animal, therefore, sel"'f"8d as a control.. 

RABBITS NO • 111 12 ud 13. 

These rabbi ts .bad teet of equal size when X-Rayed 3 days 

after operation. Tbe7 unfortunately died 20 - 29 days later. 

Therefore the X-Rays can serve as controls onl7. 
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• 

R. L, 

• • • 
• • 

F I GURE XXXl.X. 
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CD. a2. 7 Third et, t 

I 8.10 . • 

• 
FIGURE XL. 

• 
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RABBIT NO . 20 . 

Date of X-Ray: 8.10.46. 

84 DAYS AFT'i:R O .8RATI0N. 

.ci.ight. 

AB. 74.3 

CD. 31.7 

B 

FIGURE XLl. 

Left~ 

AB . 74. 6 mm. 

CD. 31. 6 mm. 
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: 

pea e4 rant JI08ft'Ph1o 1'8001:da or 1m teet of 5 amui.. 

•ft MDA t varlo in, rv 1 tt rt o ati , e t ones 

a au a of t d c 11per. reaulta •re oompen 

1Jl ll er.,. ls illllled1 tely rte 

17, who d no sign.1t1 nt 

h1 in the otbra 

,a toll tile pe 1on.. dltte.renoea 

ill. gro h bet en t.be wo teet, oma tly in t Yov.r ot im ayapetbect zed 

Ueb, re 

inc 

pel'Cell a ot ea• 

1"8Rlta ot U. tour« 

1th - ,a ot tOU' eontrola nd '118 

tb lac loul.a 

Ill• nrJ.ng the boms, it will not1oed t.bat npn ta 

th ot the too t c lcauu to tu l• or 2a4 

illwrplMlla Joint. 

't.be t pcillte o.f M88W."8118At re Hided oa after 111 tion 

of - •JS, •• it is 1Ms ~aaible lo 14.erltif'T a pe.nieular 

llate .l Joillt, .uk1 it 1tt1cult toe " poiata O.bOAIU Oil 

tlla e rl1 r - -, wU •uoUr t poiat• n tJle bb1 t 1a re-.x-

s explaiu 3.1 111. 1'0tf 1n -. caa of bl>i t • 2 !Wpl'9HJlta 

• after '4, 1• nd 4,. after 8o de)'B. 
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In the 1.atrod.uotica it h .s b n pointe out that the surgeon 

•1 be c ll.e upon to conatder th 'f' rious thods ot leg equilizstioa, 

and lso how the rowth ot a limb .. ., e stumlat d. s preYiously 

•ntioned, h or a cm depends upon the actiTity of the cells t the 

epiphyeeal l!ae . flleae are timulated by various teotors. Only 

one 1a ot special interest to in this paper, 1.e. 1ncreused bl.ocd!low, 

wb1c . we beli•v• can atillulate bone gro th boYe t t · hioh oul.d occur 

r the nomal blood supply. 

Atter lumbar ayap thectamy-, the l s of~ s011Ctor tOJMt ot tbs 

ve la of tbe l er l1mb results in en 1noreeaed bloodtl in which the 

rag1o ot the epiphyee l lines also partakes. 

Conatr1ct1on dilatation re tha nol'llSl tunct1ons of the 

blood nsael, their st t epe n.g on the oirc tanc ot which nrtrcm-

•nt l t apenture 1a om or the st import nt. The conaerrauon. and 

d.1a ip~Uo ot be t to et the enviro!UDIUl.tal changes in te ere'tlU'e a,e 

p:ri.llary tuaettons quired bf the w m-bloode animal. 

ID th& n this ad.just.ment is sec 118hed by- the JIO'Wl'C ot 

.beat hich is dissipate tram the skin, particularl7 ot th, .band• and the 

feet. a Goen 1940 a re rked, the band t te t sane vtl'tuall.J' 

aa our rrrrr...-rr. 
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•• our .red1etora. BJ' adjusting tba bloodtlow thrDugh tbd. 1191l keeps 

hia bod.Y' tempera-ture constant. 

!ha tone of nol.'Dlal blood-ves els is oons~ntl.J' regulated by the 

higher centres, probablJ situated 1n tha ,bypothalaaus, Dd, depending on 

tb.e n~eds ot th bcd7 as o hol.9, the supertici 1 Yea ls constrict or 

il te. It ppears, i'Urther, that the integr:l.t7 ot the sympetbatio 
. 

pathwaJ ia essential tor the tultU.aaat ot this oon 1; nt readjust•at. 

tt r s,ap.athectolly' t!» a&QIIOtor kina is pa lJ'S&cl aad Tsao-

eonalpcticm does not result troa central ati.mul.1. yapatbect0117 leaYea 

the veasela in an aut0.11omous staa, i . e. tbe7 napond solely to loo&l 

u.aages iA th.a surroundings as, tor 1D8"ia.aoe, changes iJ:l the tissue 

• ltolite11, changes 1n the looal •Avi1'0JUlll8Atal teaperetun or to su.bstaaoe• 

oircul.atiDg in tbe blood, suoh e adr Pliue, aoet70holille eto. 

V aooonstrtotio.n as produc d bt the looal eppliosti<>11 of cold -

a phenomenon hich we obsen dally - wes uUUu ill these exr riants to 

demoutrste ditferencea in vasomotor to e following sympathectomy. 

1tterent aniJnals hav itterunt meethani tor heat regulation. 

In n, as has be n pointed out, t nd the teet pl 7 tha JIBjOr role, 

in the d , tbe tongue. and in the ox, its nose. In the rabbit, our 

teet anillnl, t't is certaiA tut t.be feet do not pla7 that important Ml• 1a 

1Jl bod7 ••••••••• 



It 1s ttMJ ear ot 

,. nbbi t, aore nan any other part, t t orrea ea a l'841ator tor bo4y 

uapennra COJ1tl"Ol, baa ex,re•l1 lol9ll supplied b7 n e.n.ormoua netwozk 

ot oapill.8riea. 

'?bar. t ore, in studyi)lg t gronh 1n a bbit's foot, were 

lud.1\ed to 1"8sulta which would 'be interior tor t.be purposes ot our 

experllllent to thoae h1oh could pos iblJ be obtained troa the study ot ~ 

-- llmb. As s matte of faot, iJlTestigaton have been Ullifol'Jlly 

un.auaoea tu.l in promoting growth or bone bJ' lwabar &J"llPetbaotOlq 1». tba 

rabbit nd otber test en 

An lncnased bloodtl tor tlw purpose or sttmuloU.ng bone 

&l"OWth mat be auatalned during tbe rowth period. That 1IBana th.et a 

proloqe h:yperaeIAia ia • :11tial. Prolonged naoaotor paralysis tollon 

on the ool'1'8Ct type ot •J'll!P thect:o,q. lt la•• bee11. atre&N4 i,a-pea:t.417 

b7 axpena aa per1phenl Yescu.1.ar diaea .. s t a pN- Dglloaic _BJmpethac~ 

is easeatial to MiJJ.tai». a proloaged Y od1J.atat1an, aino. a post-gangliaaio 

&13.Patbec toaQ- render tlle vesaela oh aore nai t1 •• to :renaliM tha.a tbe 

pn-paglionio t)'pi. 

A .taarlmd inonase 1JI. bloodtlCHr through tha supsrt1o1al H.saela 

t 1 t la JBOff di ttioul t to 

proTit whet.her the veaaela ot t.be deeper atmeture st. a. the maolaa anA 

bone ere ••• • ••••••• 
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re etteo 

Ind• ' 

obaernd. (Goetz 1940 ). 

Ne know that the vessels to the muscles are greatly lnfl noe 

t bol1'1e• produced urJ. exero1ae, o ing ft&1l 'ftlo-

lla \.ton. •, narcroft •' l 943 tound t, twr oompl.ete 
1/ 

aV111nRtbeet , the ua ,1on at 1 ODJ.7 13 ot ti» 411• Hoa 

bJ oli e. 

be oces' nutl'ient Ye ls .re b 

re nablJ expec t b in tha SM • t 

lett r. 

re tunc\10Jl lly re t d. 

nt ot rri 

N not tt ted by 

thol 

(1930 1935), 

11.t eno 

r tbe 

. r.1 t (lCJ.31) 

ie 1A e •. g. ~ acs ' atropby', 1n 

nu erio aD4 

k' tro by COil 'tent 

oh 

ociatioa 

l, os Me 1n t 1r 

0.ll 'Iba • ••• ••• 
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on the other band, 1 t may be tme that the nutrient Yessela are 

not intluenced to the 88.1118 extent b7 sympetbectomy as the superficial 

Yessels. It 1a, therefore, understood that skin temperature readings 

18liY be misleadiJlg as regards the bloodtlaw to the deeper structures. 

In the case ot the rabbit• s feet, the skin is very closely 

associated with the bones and the muscle tissue is very poorly deTelopecL 

The network of arterioles ot the skin anastomoses with the periG8teal 

arteries of the bone (Blair 1938 ). measurable change of blood.flow 

thl'Ough the superficial st.ructul"'8s can, therefore, reasonably be expected 

to attect the deeper circulation as well. 

Harris and right (1931) in discussing the case of a boy of 

10 years with a congenital arteri.ovenous fistula in the region ot the 

right .knee, de sari be their -experimants on lti ttens and rabbi ts i.n tr.,ing 

to tind an explanation for the increase in gl'Owth. 

They demonstrated hardly any increase in tem:peratuN (1.67° to 

2.85° ) on the side on which the7 performed a oerrtcal sympatheotOJD.7. 

They were forced to conclude • ••••• that sQlll9 other explanation than 

aim.pl• increase 1n blood supply to the part .1111St be tound to account tor 

the hyperthrophy ot the limb as seen in this oase•. 

They suggest two possibilities. 

ta) That sympathetic denervation does not ettect the nutrient 

arteries to •••• 
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rterle to the bone. 

(b} t t.ho tem;perature ditterencea, a shOtlll, are only supertic1al 

8Jld o not ettect the bone. 

Both those point hev lready been iacus ed and do not 

oonaidar that tblty JDBe, the tacts. It is, ot courae, u.portaat to be 

c.en in that tl:16 .SJmPatb.ectom.y 1n tha test ani.mal has bean roperly pe~ · 

toJ.'119 • • hav: , lrea4J. de.moastrated that our results regarding akin 

tea ratures sgne 1th those ot other uthors, naael7, t t etter aya_pa­

theeto.my, akla temperature readings, under o rd 1 n a r 7 ciS"CUIUtocaa, 

are rdly different in the ag. lthough eYer,body knows that 1n man. 

aarked differences 1n skin teJtpGrature bet en the nol'IIEll an sympatbectcmized 

liab do occur, none of the eu~n baa \rled to look f'or 1'9•80Jl8 y, in 

t.bair aniaals, th1a .should not be the c as. Our operation ere cs:reful.11 

rried out d h1 tologioally contl'Olle and re son tor this lack of 

ditterenc. in slcin tempenture , th8ru!o1'9, "° b aought. 

It eppeers that the rabbit, hen sitting, coYera the lega 1th 

1t body it tur, th the re t t t the Tessela 1n the lilibs are 

not exposed to diaaipate beat. It IIU.St be bome 1.11 'Iliad, ea has been 

prertousl1 poin~d out, 't t the kin of the t t re not ot priaar, 

importance in body te ture gulat1on. '.b8Ntore, akin teaperatun 

Nedinga, t ken un'.ler oJ.'\l1na:.ey c1ro o uot furnish ua with 

1nto:matlon as ••••• 



iato ti011 aa to the coapleteneaa or th operaUoa ia the p.bJaiologioal 

sense. heretore, thel'8 are ao •a.n.s of provi hether the an.1.taala ot 

pnrtoua thOrs w re really syapatheotoai-4. o ettort s lll8de by 

these uthors to clarify thi po1at. Only 11 •• are certain that 

ayapathactom.y has been Sllcceastully perto%'118d o conolude regarding 

1 ts ettect ou bOIUt gronb. 

o prove tbat there s loss ot ayap thetie nsoJBOtor aoti Tl t7 

in our n..,i.:mals, a special experimental tec.bni ue waa devised. .Y 
'the Uabs :1re tir t cooled. J11P8thet1o Y tor pa lysia oan aucMaafully 

be deJIOllatreted in the rabbit' a liab by •an• of skill t aperature meaaure­

anta. 

There can be no doubt that va tor paralysis did ooour in our 

rabbit attar luabar sym.patheotoay. The other authors di not appreciate 

t.bs tact t t t vessels can only sh a ditterenoe in vaa0110tor ftapoDN 

attar oooa tr1ct1on has been in uced by cold. 

There!ore, tbe tact tb.ot the sk1A temperature readings •re the 

aame 1.n oth 11.Jlba Wld&:r ordi1,\8r7 circ. t nae attar_ ayapathect0197 in 

t.be u la ot the other euthora, oes not necess rily :mean that these 

a)'JIP8thect0Jliea were not correctly performed, but• vs no proot that 

the7 er • 

G1'W1t (1935) ill. oaretully cont1"0lled exp riments 1 a shown that, 

it :rebbit with one SYJD.Patbectolllized e r is ohille , the ves &ls in the 

no l ear• •••••••• 
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constriction shouli be ev14ent. In th1 1 t d1ftora Taatl1 tro.u oaaea 

ot rt rio-venous fistula a~ .......... r t curs 1J1 that hen the abno 1.1'7 

i& ooaUnuously pre nt. 

a itta nc in rr ce 
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u, not b o constant 111 p.roduoilla e incw • bloodtlow. 

th 'tt1 1 a by neoe st ty pre-gongliomo 

• g gli entort to the sctat'ia nerve wen 

'"'an uentl1 our X"e8'.1lts on the gro \h or- bona 1n llinale 

p.roduc y incre ed bloo fiow ti-er s theote,i-iy • • t rerore, not 

• peo d to b• a,uyt ing li e those ae 0 b · rter1o•V'eDOU 

ti lae. or the an or 1 C :iso 
' 

let WI ex& 119 the 

det 11.s ot a C, ca S Of C tistul in bWnans. 

I 1 ebted to rot. oatz or the tollo ca s : 
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on-Eu.rope boy age 16 yean. 

T.bis 1s o se or con ni l rterio-vanou tt.stul ot the 

left leg 1th changes 1n akin t rked enl rg nt ot tlte 

lett leg 

( 

r.ms r. 

the l 

toot. an e sli t ttt-e.re:nc 

re A1 p ge No. 108 ). 

lei"t leg !:la~ beeJ'J. bigger then the ri.gbl 9.y r taae he c 

swelling of 'tb8 ~t, te.l le 1ncn s Oil nlli &nd 

No bi tor, ot t 

left l•g is 

tTOm th& bee OflUards. (Ji 

er t 

o:t Ud.s c se cu b an.n 1D case l 

o .. uo. ,._o 
here we notic 1ft. IeCe f1'0JI 2 - o c~ 

No.s. lll 1l ll2. 1lle A9Y8 X• ,ect 

photogr&pha of th1a case•s mo an Tibi • in e ob ot these it om,. be 

en that ••••••• 
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seen \hat tbs.re is 311 ei:oeos gro..vtb of t>one on the affected (let't) 

idoJ in the case of t.he luto:ra 4. ~ and in tb• fibiu ~~ 

Thea& pl"Oportiou ere appron:11:ite, ~uag adjtldged traia the 

reduced -PJJy pho'tognph&. 
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. CASE 1. 

FIGURE A. 
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CASE 1. 

FIGURE B. • 
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CASE 1, 
rig. c. 

31 

32 

L. 

34 
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CASE 1. 

FIGURE D. 

4 .7% excess growth in left fenn.ir. 
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\. 

• 

CASE 1. 

FIGURE E • 
• 

9% excess growth in the left tibia. 
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C :::>'E 11. 

LUCY ADA.M.:>. A non-European female aged 17 yea re. 

Ever sinoe she can remember the rigb:\ leg ha been bigger than 

the left one and the right foot takes a bigger shoe. Slle has also 

noticed that the right leg is usually warmer than the lett one. 

'?here is no history o:r injury. 

PHYtil C. L EXAMINRrION. 

There is pitting oedema of the right leg end the whole ot this 

leg is longer and thicker than the lett one. (See Figure F, page No.ll.4), 

and has a blueish to purple colour. 

The pulses of the right leg ere not perceptible. 

No bruit can be detected on auscultation. 

The tempenture readings are recorded. (See Figure G, p&ge 

No. 115), and the skin temperature of the right leg 1• obviously higher. 

Bran.hams sign was positive. 

The X-Ray (Figu.1'8 i!, page No. 116) of the fibulae were measured 

and the diseased leg hed a :fibula which is 6. 2 longer than the nol'Jll81' one. 

The interesting tact was that, in this case, no bl'l.lit was heard and it was 

obvious we ere dealing with many small openings and the blood.flow not so 

mch increased. 



CASE ll. 

FIGU.ttE F. 
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C E 11. 

FIGURE H. 
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CA.:>l5 111. 

;:)inoe her yO\lth sh$ had n.otic d that the 4th left tine;er 1a 

thicker th n thtJ others {ligure l( } and l(b }, pages Nos. 118 and ll«;). 

'?be mole ot tlla left 4th tUlger pulaetes. 

souttle heard and a thrill felt. 

base ot the 4th ti.agar. 

There- is s 

'l!his is oase wbe tha pati nt hes noticed. the .f'isttue o'°'• 

at any rate, an abnormality siJlce her 7outh. 

Tb& skin t~sratu1'8 1"$ad1ngs indicate a ditreranoe ot up to . 
10 o O ( FiSUl'iJ 1, ;p ge No. l.20 } • 

The gro.rth ill exoea.s of tlle normal !Ml is not so striking 

in this c se. The left 4th ti.nger 1s 3 longer tb.an the rigb.t hend. 



CASE lll. 

FIGURE I ( a) • 

• 
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CASE 111. 

FIGUHE I (b) • 
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CASE 111. 

F'IGURE K. 

HIGHT HAND. 



CASE 111. 

FIGURE L. 

LEFT H D. 
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In all these oases or arterio-venous fistula can we 

deJ110nstrete a growth increase which is also very apparent clinically, 

especially in the cases with the pathology in the region or lo.na bones. 

de1'1nite growth increase theretore follows on hyperaemie 

which we ere able to demonstrate experimentally in rabbi ts. 

For comparison the fol.lowing table is included : 

The excess bone grorih over the normal side is expressed es 

percentage. 

Rl'ERIO-VENOU Flb'RJL IIE 
C_.:i..JEJ. RABBITS. 

Case l lemur r2'r- No. 2 4.25% 
Tibia 

Case 11 Fibula 6. No. 7 2% 
Case lll 4th J.Pinge r 3% 1'0. 8 3.01% 

No. 10 2.2% 

The experin:aental results compare favourably 1th these oases. 

In the rabbit the highest increase was 4,.2 70 and the average 2.88~ 

'rhe ques,1on arises whether tbs increase obtained 1• the rabbit 

is signiticant. This I answer in the att1rmetive. The increase we s 

always 1a •• •• •• •• •• 
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alwaJS in f vour ot tbs l.ett (&Jm.PSt~toai.wd )aid•, nd the Yaluee 

obtained c r& t vourebl1 with the bWll!ID. oases under di90Uaa1on. and eleo 

1th thooo discussed by 1laaa and ?boirq,aon (19.39) bel'8, 111 children, 

following ympethectomy 8ll 1norease u-p to one 1noh 1a &Mil on the opere<te4 

side es compared with the nol"ll8l aide. ll'llrthermore 1D the control 

eniJlela RS well s 1n the -Raye ot tba animals taon immadiately after 

operation, hardly ny dU'tereaoes could. be d MUt ted. 

In a .lmm811 llab ot 30 1.ncbas JMss\U"9d from tu gl"OWld to tile 

Jreeter trochanter ot the temur1 on• inch repnaeata 3.33,- aad • 
1 

iHh 

difference in length ot the tibiae • Sllring l2 iaohea represe11ts 4,.1%. 

Clinically auoh 8 groiith d.1:tterenoe Ollld be etectable end considered 

tholog1oel. Therafol'B te 1 that our results ooapa:re faYoU bly with 

the amount of growth obtiaiaed ill ohild..rell after lWllber sympatheotOIDT. 

def1n1 te 1norease 1n bone 6,l'O!th after lumbar smau.ct9!1 in rebbita, 

as deaonstrete~ 1n our ewr1ments, ta cont.?'8!'1 '° the pnerel oownsu of 

9P:Won ea reported in 'lb9!PSOJ1 • a 

vie on this subject. 

1lson &. Thompson (1939) 1n thoir paper on eq_uallzing ot leg 

length, re rk "Th problH\ ot producing an inore ed blO<Xl supply onr a 

prolonged period presents greet dittioulti&a. Lwab~r sy,apethaotOl!T 

ppsrently eooOJ1plishes •••• 
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pp ntl:, aoootttpli~s thi bett r th.an 1 loc l rocedu.re 19t den cl • 

kno n to rod.uce l 1.1.n.g hyper. a .m&.117 ct t ee 1iients ah 

d.etui t g 1n in ~he reie ot ?'Ofit Oil the ted si en. 

di 

l gs. 

the 

be oondittons under 1ah we obs ne rek ed ir,ro tll are IIWlllJ 

; the net 

ti s lso ot 1D 

~ly ot 

a ~v~ t ge of inor&.l.i~e 1n bon. 

U'eat tlou 

,lib 

ell the JI01"8 1.clportent. 

resul~ 1n this type f one .ban not be olly etiaf'tl to17 

it the is ext n 1v• parsly 1s. b t eently, wit rtra-peri tone 1 

e or the vulu ot OY t e ti.rat luaba:r gnglioa, naulte 

setist ctol"J' { 1h1 te onl 3ml ihltck, (1944, ), page :No.134 }. 

In electiJlg a uit· bl typ. of' cawt tor o ration, witb a vtew 

to inc.re in hone g:rowtb, "te raota llllSt be kept in Dl: 

{a) ralys1s must not b too exteul the eOJ:1 ctioa or 

musol 1 the mo t 1 ortut rao,or in s tat 

n underdevelo_ped end paralysed msoulatu me~ 1th 1t 

deficient 11.l)e ••••••• • 



-126-

deficient type of bloodvecsel. (du Toit, 1945). .Fu.rthermo1"8, e poorlJ 

developed type or blood.vessel cannot respond in normal way to the 

physiological tilliuli of Vusodilatation •. 

( b) The shortening of the leg must not be too great because there 

a~ better thods ot leg lenthening or leg e 1lizat1on. Jletb.odo can 

be employed which are more exact and where the results are more predichble. 

(o) The a ount of growth to be expected depends en the age ot the 

Child. Older ohildren me7 not have a long enough growth period ahead. 

The greatest benefit from lwnbar sympatheotomy see.ms to be gained 

by children •ii th shortening up to lt inc.bas, where a growth handicap, which 

is obvious, y be reduced to i- inch difference which cannot be detected 

clinica1ly. 
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sm RY .I\ND C0!1'CU1S!OU. 

Of fifteen no:nnal young rabbits, each subjected to al ft 

lwnbar aympatllsctomy, five surrtved a properly performed operation up to 

time ot writing. 

he tollo ing are the surviving rabbits:• 

No. 2 124 days. 

o. 7 121 days. 

No. 8 J.12 days. 

No. 10 104 days. 

o. 16 97 days. 

'?he results confirm the findings of other authors tbet, under 

orain3ry circwnstanees, there 1s hardly any difference in skin temperature 

b t.-ieen the normal and sympathectomized rebbit' e toot. Tha reason tor 

this is discussed, and it is pointed out that hyperaemia, after sympatb.eetCIIIY, 

can only become noticeable after -some stimulus has oeeurred to produce Taao­

eonstr1.ction on the normal side. 

A special test was devised to demonstrate vasomotor paralysis 

in the operated 11.r:lb. Both teet were cooled ror three minutea by imaersion 

0 
into ater of 4 - 14 C in order to induoe vasoconstriotion. Following 

this, the rise in the skin temperature ot the sympathectomizad foot is 

constantly steeper •••••••••• 



0 

to 

elapsed. 

·12 • 

tee r rli r t 1 lb omal. 1!b1a b1JS bNJl 

to be troe fit th ll the t'I bbi t on h1Cb the aympsthet1o 

Thia tlitte. nee int 

T be seen ,rep I tn 

n nt ·effeet, u it 1 till evident rter 120 daya 

he at '- on tbe ro th ot bone zss une uivocel ttd o~ted \o 

2 ... 4,.25,. is 1s in cont st to NPorh OD. an ls in tbe lite tun 

but eon ti s ti ir.gs on "'""~;g 

in o • to induce bane , ma, be prolonged 

01" at e t ~er, otta.n i ueed. but bee the rebb1ts a noraelly k9 t 

, rm protected vesod1letat1on in both teet is t ell optJsu wader 

Ul'~r -nt l conditions. It soeu .acmable, \urefore, to exi,ect tllat 

it l.beae rebbitB, erter tllect , m bjeoted to mo nam l o itioaa 

h iac .. ne1 would b$ i,ore ppaw t_. 

The Y l\W ot SJIIMltheo 1:n certeill lee oeaes ot oliomyeliUa 

ie 11. lm n and 1th t.h& add:1 tional fa ctor ot po 1bl 1ncraaae 1n bon. 

&r(Jii\ll t ple for a1.apat.11eo 1D. sui bl• o a ls oerla1nl.7 atl'9nglbeal4. 
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the study or this abject is not yat complete an~, although 

convincing, further data should be obtained in order to have an unshakeabl e 

soientifie stan ard. 

(l) he r abbit has a very poorly developed sympathetic sys tam. and 

it is, therefore, suggested that othar animals such as kittens or laws 

should be subjected to a similar investigation. 

(2) The type of operation should be caretully planned and therefore 

the anatomical details of the particular animal studied .meticulousl y. 

The .lowest sympathetic outflow should be det rmined 1th certainty in order 

to devise a proper preganglionic sympa~bectomy. 

(3 It is recornrnended that the growth curve ot the type of ani.mal 

eleoted tor ths experiment, be plotted at the outset in order to ascertain 

the pe~iod of greatest growth. 

(4} The e.nimala should all be of the same age at the time of 

operation. Their ages should be suoh that the operation is pertormed 

early in tbe period ~t greatest growth. 

(5} From each 11 tter ot animals at least one animal should be kept 

aa a ••••••••• 



e3 • control entl ror co.mpi-1 i.son. 

(6} P ethysmogzsphic 1"$Qor . .a to ue.moustr.:ite the st te or t~ 

TilaMl ill convincing 8Jl!i valuable in ddi t1on to t thoNOCoupJA 

reoorls. 

{ 7) us or AD'tsrtor fol1QJQ&li tia and oa es ot iraohspl\W.g' 

ise se on hioh lU!lb!i ·ympathaeto e ere rtoer.ed in childhood, 

abould be aollecwd and cnreMly investi ted tollo; d up. 
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