THE FUNCTIONAL RESULTS COF NUSCLE TRANSFOSTTION
IN THE HIND LINMB OF THE RAT

Muscle transposition iszﬁgﬁzggggyundertaken in orthopedic
surgery for the correction of motor paralyses, and has been
‘used in the laboratory to study the adaptability of the centrsal
nervous system.

Functional adjustments of two types have been reported
to follow the transposition of muscles: According to the gen-
eral clinical view, the sction of transposed muscles is adjusted

greiually by means of a learning process. Several laboratory

studies, on the other hand, report an immediste, aubtomatic, re-

flex adjustment withcut any leerning period--indicating an ex-

treme plasticity of the nerve centers.

In order to enalyse further the adjustment process follow-
ing muscle trensposition, flexor and extensor muscles of the

hind fcot of the rat were transplanted so as to yroduce & rever-

sel of focot movement.

(1st slide.) The slide shows the essential part of the
operaticn. The lateral gastrocnemius muscle inserting normelly
on the scnilles tendon of the heel was brought forwerd end in-
serted cn the dorsal surface of the foot sc a% to
produce dorsi-flexicn instesd of planter flexion. And the
two mein dcrei-flexors cf the foot were crossed undernesth the
yastrocnemius endc adtbrexi to_the achilles tendon so thelr con-
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traction ceused planter 1leXicn instesd of T&c?mv%aléawwiﬁan.



All the other shank muscles acting on the fcot were ex-

tirpated. This removal of assoclated muscles, accordinz to

i orthopedic principles, presents the best possible ccndition
for readjustment. It also clarifies for study the action of

the trenspcsed muscles.

On recovery of function, nine rats so cperated, ranging
in sge from 50 days to 1 year, displayed complete C3mer—sart
reversel of =ll1 the active foot movements.

( slide 2 ) The diagrams indicate the type of rever-
sal of foot - .movement which occurred when the leg as a
whole wes extended.

( slide 3 ) The same thing is shown in the phcto-

raphs. The planter flexicn wnhich normally accompenies knee
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extension 1s reversed to dorsi-flexion.

( slide 4 ) These diagrams indicste the reversal
when the legwas flexed, The nermal dorsi- flexicn:;c;énpon“
ins flexion cf the kneews reversed to plantar flexion.

( slide 5 ) And the photogrephs show the same (Thes

reversal of mcvement shows up quite cle: rly in TOt on pictures )
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% ‘ Nb sutomatic rerflex ad ,ustment as reported in other stud-
7
SO ies occurred in these rats.
/
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/' NWer, contrery tc expectations, did «wew greduel adiustment
/ ) :
i a.pear, although the rats were Lept longer then a yecr after
(O the operaticn.
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L ap bad

When no adaptaticn had occurred after 22 months,&fecuﬁ

L —-meassures were taken to help 1Induce re8ducation:

(1) The contralateral hind leg was amputated on two of
the rats. (2) On three others, both front legs wer ampu-
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tated at the shoulder. (5ﬁ Four others were trasined for 3%
months to rise upright cn their hind legs for fcod ah£$s£:23kk$h‘
& reach. (4) Then two of the four were compelled fcr more
then four months longer to climb a vertical ladder for their

food.

But the reverssasl of foot movement persiste@)in all ceases
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unchenged.

1. Control animals similarly operated, save that the
muscles used for transposition were left uncrossed, were run
alcng with the experimental grcup on gll of the treining
procedures.

2. The reversed movement was not a passive mechanlcal
sction. It disappeared on cutting the nerves of the trans-
posed muscles, and%did not occur when the knee was passively
flexed and extended by waenipulestion under light anesthesla.

3 Nor was it oroduced directly by stretch reflexes
because it persisted after deafferentation of the limb.

4. Centrol rats with the nerves crossed instead of the

miscles (operaticn similar otherwise) exhibited the typlical

eversal of mcvement that followed muscle transposition.

v

5 Controls with both the nerves and the muscles crcssed
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in the same leg (opersations otherwise identical) displayed &s
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a result of the double reversal, fcot movement in the normal
phase. This was important in that it showed conclusively

that the transposed muscles were quite capable of producing
normal coordination when the motor nerve discharges were
properly timed. “\e.rc neamed Lo s B vesson as Tan as the avalommeal and weehaniea)
condiliong o The °p l\hw* Weve concerned w\\7 Y‘ea&\ustment should vl have occvered,
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The unmo*illablllty of the hind limb contrection patterns

in these rats and theilr persistence after deaflerentaticn in-
dicete that the motor processes for limb coordination have a
,.\Mmfm;/égggggl nerveus crganizaticn, Locomoticn is certalinly
nct the simple automstic efifect of stretch reflexes, as has on
occasion been suggested.

The inabhility of the rat to chenge these fundamental mo-
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tor patterns by reeducestion, es ln the case of human beings,
is due probably to the lesser degree of 5Fecuq\zab\bvt of the

central nervous system.

In view of the sdeptness shown by this same straln of
rats in mcdifying their behavicr in mazes, inclined-plane prob-
lems, ladder climbing, and such performances: these results
support the contenticn that the process of hablt fermation 1s
heirarchical in nature =nd invclves the association of elemen-

tary units of benevior wilch ere already organized.



