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THE PHYLOGENETIC SIGNIFICANCE OF THE

PLANTAR RESPONSE IN MAN.

1BY G. DE MI. RIUDOLF, LON-DO-N.

I.-INTRODUCTION.

THE significance of the Babinski reflex, or the extensor plantar
response, has been very much (liscussed. Mlany theories have been
formulated, some dealing with the phvlogenetic side of the question,
others with the physiological. One of the hypotheses based upon
phylogenetie consi(lerations states that the extensor plantar response
signifies a reversion to the prehensile fuinetions of the great toe of
Our arboreal ancestors.7 17 This is the theorv miost generallylheld
by the supporters of the phN logenetic significance of the plantar
respon se.

Phvsiologically, the norimtal adult flexor plantar response is.
generally held to be dependent upon the integIrity of the crossed
pyramidal tracts, andl (loes Inot appear until mveliniation of the
pyrami(lal fibres occurs. Bolth the norimlal infantile and the path()-
logical extenisor responses are believed to be parts of a defensive
reflex, Sherrington's nociceptive flexion reflex of the whole limb.

With the object of endeavourinig to dletermine what are the
underlying fundaimiental principles of the plantar response, certaini
investigatioins, described below, were undertaken. These consisted of
the examinatioin of one part only of the plantar response, the moveement
of the great t.ue, in some of the lower animals and in British-born
infants up to fourteeni days o0l(. In both classes the subjects examinied
were apparentlv healthy.

Although, in these inv-estigations, the movement of the great toe
was the only response studied, it must not be forgotten that this is
btut one part of the plantar response, for the entire reflex consists of
movemenits of the wNhole limb and sometimes of the limb which is not
stimulated as well. As, however, the moovement of the great toe is
that portion of the plantar response which is Im0ost used in clinical
medicine, it is the miost inmportant part, from a practical standpoint,
of the reflex.

The stinmulation emploved to inlvoke the response was effected by
stroking the plantar surface of the foot fronl the hleel in all anterior
direction, using a pointe(d pencil, the finger-nail, or a pin. In tlhc-
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ORIGINAL PAPERS

case of one aniimal, the chimpanzee, stimuili of (lifferenit strengthls
were used in order to discover whether the tvpe of response varies
with the pressure emnployed. The stimuli w%iere pro(luce(l by the use
of strong an(l light pressure with the end(I of a penicil, andl strong anid
light pressure with a straw. In each case an extenisor response was
<btained. This was, howiever, more marked w\ith the heavier
pressures, although it was quite (lefinite with the lighter. As the
chimpanzee has a thick layer of skin upon the sole of its foot, it
appears that the thickness of the skin, and therefore the pressure
employed, does not affect the nature of the response, but only the
(legree. This correspon(ds with the findings of Riiddoch in complete
transection of the cor(d in man,12 for he note(l that the greater the
stimulus employe(d the greater was the response-up to a certain
limnit, of course.

If, howNevcr, the pressurc used is very great an(l the stimulus is
applied in the mnid(dle or nmc(lial part of the sole, a flexor plantar
response is obtained, due to the pressure uIponi the plaintar muscles
approxim-nating the central anid( (listal en(ds of these structures and
thlus bencding the toe downwar(l. That this flexor movement of the
great toe obtained with heavy pressure is not a true reflex action can
be realized from the followiing experilienit.

The plantar reflexes were examinle(l in a mlain of about 25 years
of age, fifteen miniutes after death. The subject ha(d apparenitly been
healthy at the timle of the accident. He hadl been ri(ling a bicycle
an(l his mlachiuie skidded ; the wheel of a imlotor ominiibus passe(d
over his head, killing himin instantaneously. It was found that w\hen
the sole of the foot was stiniulate(i w\ith light pressure 11o response of
aniv (lescription was obtaiiled. On using heavier pressure, hIowever,
to\Ward1s the iledial part of the foot, the great toe flexe(l. This flexion
wasn>lore gradual than that of a flexor plantar response, and it
illcrease(i as the stimulating point approacied the toe ; thlus clearly
silow\-ing that a In-ovement of plantar flexion of the great toc can be
obtained, eeVu in the absence of all reflex responlCse, if sufficienitlv
strong stimiiuli are enl-ploved.

In all the investigations the plaiitar response was taken to be the
first mllovellelm t of the great toe after the stimiulus hacl been applie(l.
Succeedinig muovenments were not noted, as thev are, in the majority
of cases, of a voluntary nlature. In somelC instailces, hlowever, it was
v\Iery (lifficult to differenltiate between a plantar flexion response and
a dorsiflexion, or exteiisioll, Ilovellnelnt, oil account of the occurrence
of voluntary nllovelcnents. In the case of ainimals there was the added
volullntarv mllovement of grasping, which does not apparentlv occur to
the sanme extent in the iullian baby. Souletinmes it becamie niecessary
to 10ol(1 thc legs ilhile the stinmlul-s was beillg applie(l.
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PHYLOGENETIC SIGNIFICANCE OF PLANTAR RESPONSE IN MAN 339

II.-THE PLANTAR RESPONSE OF THE
LOWER ANIMAL.

The following table shows the results obtained upon the animals
examined.

Table I.

Right Left
Foot Foot

CLAS-AmPHIBIA-
i. Common newt (M,Uolge vulgavis) .. .. .. Nil Nil

ii. Common toad (Bufo vldgaris) .. .. N.Nil Nil
iii. Giant toad (Bufo marinuts) .. .. .. .. Nil Nil
iv. Argentine horned frog (Ceratophrys ornata) .. Nil Nil
v. Edible frog (Rana esculenta) N.... .. il Nil

CLASS-REPTILIA-
vi. Tuatera (Sphenodon punctatus) .. .. .. Nil Nil
vii. Stump-tailed lizard (Trachysautrus rugosuis) .. Nil Nil
viii. Cunningham's skink .. .. .. .. .. Nil Nil
ix. Tili-qua ..... . . . . . . Nil NTil
x. Green lizard (Lacerta viridis) .. .. .. F. F.
xi. Chamwleon .. .. .. .. .. .. Nil ? F.
xii. Gecko .. .. .. .. .. .. .. F. F.
xiii. Alligator .. .. .. .. .. .. Nil Nil
xiv. Crocodile .. .. .. .. .. .. Nil Nil

CLASS-MAMMALIA-

a. Rodentia.
xv. Rabbit (Lepus cutniculuts) .. .. .. .. Nil Nil
xvi. Guinea pig (Cavia) .. .. .. .. Nil Nil
xvii. Chipmunk (Tamias) .. .. .. .. Nil Nil

b. Carnivora.
xviii. Mongoose (Helogale undulata) .. .. .. ? F. 'r F.
xix. Mongoose, Indian (Herpestes mungo) No. 1 ? F. ? F.

No. 2 Nil ? F
xx. Fennec (Canis zerda).. .. .. .. .. Nil Nil
xxi. Domestic Cat (Felis) .. .. No. 1 Nil Nil

No. 2 Nil Nil
xxii. Tayra (Galictis barbara) .. .. .. .. F. F.
xxiii. Kinkajou (Cercoleptes cauidivolvulus) .. .. F. F.
c. Prihntates.
xxiv. Spider monkey (Ateles) .. .. No. 1 F. E.

No. 2 E. E.
xxv. Spider monkey, black-faced (Ateles ater) .. .. E. E.
xxvi. Bengal monkey (Macacuts rhesuis) .. .. .. Nil E.
xxvii. Black mnangabey (Cercocebus) .. .. .. E. E.
xxviii. Burnett's monkey .. .. .. .. .. E. Not

tested
xxix. Chimpanzee (Anthropopithecus) .. .. *- E. E.

[Note.-Nil = No response obtained. E. = Extensor or dorsiflexion.
F. = Flexor or plantar flexion.]
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Upon consideration of the above table, it will be seen that anmongst
the lower classes of the animal kingdom the plantar response is either
absent or is flexor in type. No response at all was obtaine(d in the
amphibia, and amiiongst the reptilia only three creatuires, the chaimBeleoin,
the gecko, and the green lizard, gave responises, in each case flexor in
.character. There is doubt wlhether the response was present in the
*chamaeleoin, althouigh, if so. it was flexor. The absenice of certaintv
in regar(I to the reflex in this creature is (lue to the nature of its feet
the toes are divided into two parts, three of them being umitedl by
a web and forming the outer half of the foot, the remainiing two being
also united and forming the inner part. Thus there is great dlifficulty
in detecting any mov-ement in the first toe.

Unfortunately am-ongst the mammlnalia there are conmparatively
few animals below the primates that are plantigrade. The great
majority are digit.igradle, walking oIn the phalainges w\ith the nmetatarsus
and tarsus raised above the groun(l. In the (ligitigra(le animals a
plantar response, obtaine(d in the usual w-av, is niot to be expected,
even though the stimulus be applied over the metatarsus. This is
what is found, for the guinea-pig, rabbit, feninec, and cat are (ligiti-
grade. It does not, however, necessarily follow that all plantigra(le
animals give a flexor plantar response, for the chipmun-k is planti-
grade ; and the responses were so slight in the case of the monlgooses
that it was very difficult to be certain that the toes moved at all.
There was no question of the response being extensor, but of there
being any response. If there wvas one, it was flexor.

In the higher animals plantar reflexes were readily obtained.
Correspon(ling with the previous observations of Collier, 6 all the
monkeys gave extensor plantar responses, wNith the exception of one
foot of one of the spider imonkeys, and one foot of the Bengal monkey.
In the case of the former the animal wNas endeavouring to withdraw
its foot during the observations, thus necessitating holding the leg
firmly. In the case of the Bengal monkey, the feet were very cold
at the time of the observation, miaking the response difficult to
obtain." As will be seen fromi the table, the only miiember of the higher
apes exanmined gave an extensor plantar response. This -animal, a
chimpanzee, was onlv 10 to 12 months old, and as chimpanzees of
this age are able to wA-alk readlily if necessary-although, of course,
the usual niode of progression is on the knuckles of the hands -it is
not at all probable that the plantar response woul(d change at a later
perio(l.

Thus the inivestigations describe(d abov-e point to the conclusion
that the normal plantar response, if present, is of the plantar flexion
type in the lower animals, whereas in thQ primates it is of the
lorsiflexion, or extensor, variety.

-34
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PHYLOGENETIC SIGNIFICANCE OF PLANTAR RESPONSE IN 'MAN 341

III.-THE PLANTAR RESPONSE OF THE
HUMAN INFANT.

The investigations carried out upon the lhunman infant consisted
of the examination of the plantar response on a series of 101 children,
all under 15 days old. It was thought that, if very voung infants
were examined, any hereditary relic which may pass away later might
be detected, if present. The following were the results obtained

Table II.

Ageindays Total No. Total No. Total No. trInateAge in days eexamined giving flexor giving extensor terminate
or doubtful

0 to 6 (incl.) . 70 24 42 4
7 tol4 (incl.).. .. 31 3 26 2

In the above table the cases in which the nature of the response
was doubtful have been placed in a separate column.

In order to find the percentage of infants that gave an extensor
response in the whole series, it is necessary to eliminate all the doubtful
cases. When this is done it will be seen that in the series of 95 thus
obtained, 69-5 per cent of infants gave an extensor plantar response,
30 5 per cent a flexor. Thus in the first fortnight of life just under
one-third of all infants have a flexor plantar response. The total
number of 95 infants examined is sufficient for an approximate
generalization, for if Poisson's rule19 for finding the possible maximum
error be applied, it will be seen that, however great the series is, the
percentage of infants giving a flexor plantar response could only varv
between the limits of 33 05 per cent and 27-95 per cent, that is, within
a range of 2-55 per cent.

If the gross figures be analvzed still further, and the percentage
of infants giving flexor plantar responses duiring the first and then
during the second week be noted, the percentage of flexor plantar
responses is found to be greater during the first week than during the
second. This agrees with the observations of Bersot3, who states
that in very young infants a flexor plantar response is obtained.

Table 111.

Age in days No. No. flexor No. extensor Flexor
exainined

N f N

per cent

Oto 7 (inel.) 71 26 45 42f6
8 to 14 (incl.) .. 24 1 23 4*2
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342 ORIGINAL PAPERS

Now, in the first eight weeks after birth 92 per cent of infants
give an extensor response; in the first vear 77 per cent; and in the
second and third year 5 per cent.1" Cattaneo,5 however, found that
only 30 per cent of infants under the age of four months gave
an extensor response. From the figures of Monrad-Krohn quoted
first, on the other hand, it can be presumed that during the first eight
weeks of life 8 per cent of infants give a flexor response; during the
first year 23 per cent; and in the second and third year 95 per cent.
Therefore it appears that during the first part of life a large number
of flexor plantar responses are obtained. This number becomes
steadily less, and then at a later period becomes greater and greater,
giving place to the permanent flexor plantar response of the adult,
or rather post-infant period, (see Chart 1). The chart shows the
very rapid decrease in the percentage number- of flexor plantar
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responses present in the first weeks of life. The gradients of the two
lines should be compared, although, of course, the graph based upon

the figures given by Monrad-Krohn includes infants of one and two
weeks old, as this writer gives his first percentage upon infants up

to eight weeks old.
On looking still more closely into the responses present during

the first two weeks of life it will be seen that the flexor plantar response

occurs mainly during the first twenty-four hours of life. Thirty-
three infants were examined from birth up to 24 hours old; 38
from 24 hours old to the beginnina of the eighth day; and 24 from
the beginning of the eighth day to the end of the fourteenth. The
results are given as a graph in Chart II, which shows that there
is a uniform fall in the percentage of flexor plantar responses as the
infant grows older.
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PHYLOGENETIC SIGNIFICANCE OF PLANTAR RESPONSE IN MAN 343

In certain instances, the same infant was examined at different ages.
In the majority of the infants examined, alterations in the plantar
responses were not found. Some of the cases in the table below are,
however, worth further consideration. Infants Nos. 1, 4, 5, and 6
show that a certain number of babies do not conimence life with the
the early flexor plantar response, or, as it might be termed, ' the in-
fantile flexor response ', in contradistinction to Collier's ' infantile
response',6 the extensor response of the older child. The total series
of infants examine(d also shows that a number of babies conmmence
life with an extensor plantar response. Infants Nos. 2, 3, and 4

Table IV.

No. Sex Age Right Left Notes

1I Male At birth E E
3 days E E

2 Male At birth Nil Nil 6 weeks
premature.

4 days E E
5 days F F

3 Male 3 mins. F F
4 days E E
6 days E E

4 Male 5 mins. E E
M 7 days F F

a iMNlale 2 hours E E
11 days E E

6 Male I1 day E E
2 days E E

7 Male 2 days E E
3 days E E

8 Female 6 days E E
7 days E E

demonstrate the variability of the plantar response. No. 2 was born
six weeks prematurely, and no plantar response was obtained on
either foot. This child was the only one in the whole series of 101
that gave no response, and the suggestion is either that the reflex
centres in the cord and the pyramnidal tracts are not functioning in
a 72-months feetus, or else that the peripheral nerves in connection
with these centres are not functioning at this period of the child's
existence. This absence of plantar response as shown bv the great
toe corresponds with the observations of Bersot,3 who found that in
4- to 5-month foetuses and in those of 27 to 28 weeks the big toe is
generallv motionless after plantar stimulation. Occasionally it moves
in plantar flexion. In feetuses of 34 to 36 weeks, however, the same
writer states that the response of the great toe is usually extensor.

VOL. II.-NO. 8. 23
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althouglh somnetimes flexor. He also observes that the response in
.30- to 32-weeks foctus is one of plantar flexion. being simnilar, he savs,
to that obtained immediately after birth. Unfortunatelv tl-e author
quote(1 gives neitlher percentages nor the total number of foetuses
cxamlinedl, but mnerelv makes generalizations, based, presumablv, upon
his own observations.

The general conditioni of a premature baby at birth is another
factor which suggests that the ner-ous system is not fiunctioning
fully, for the muscles have little or no tone, whereas in the full-time
child these structures are firm. After birth, however, the reflexes
m-)ust conumiiience functioning almost at once, for within four days, in
chiild No. 2, an extensor response was obtained, which became flexor
oIn the fifthl (lav. Ev-idenitlv in this case the nervous system began
to funcetion v-ery quickly, as if the sud(len change from intra- to extra-
uterinie life stil're(l this system to unusual vigour, for the a(dult flexor

Table V.

No. Sex Age Right Left

1 \1M 2 (lays ?E1, ? E
AI 2 days E E

2 MI 2 hours E E
F I lhr. 10 min. E E

3 AIj liour F F
F hour F F

plantar response was present by the fifth day. No. 4 is similar to
No. 2, only the child was not premature. In this case the a(dtult flexor
plantar response was not obtained until the seventh dav. No. 3 is
muore tvpical than the others, for there was first a flexor plantar
response, which became extensor oni the fourth day and was still
extensor on the sixth.

Apparently the reflexes (lo not alter in type at the samie time in
both legs in all children, for in one case of a male infant five days old
-the left foot gave a flexor respoinse while the right gave an extensor.

Three pairs of twins were examined (Table V), and in each case
the planitar responses were similar in both members of each pair,
although in pair No. 1 there was doubt whether the response was flexor
or extensor in the elder child. It is probable, however, that the
response was the same in this child as in the younger member of the
peair.

The relation of sex to the plantar responsc was also investigated.
(Of 38 mlales up to an(l including 6 days old, 26 3 per cent gave flexor
plantar responscs, while of 20 from 7 to 14 days old, only 20 per cent

34-1
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PHYLOGENETIC SIGNIFICANCE OF PLANTAR RESPONSE IN MAN 345

gave a flexor plantar response. On the other hand, of 19 females
up to and including 6 days old, 52-7 per cent gave flexor plantar
responses, while in 9 from 7 to 14 days old inclusive, no flexor plantar
responses were obtained. These figures show that in the first week of
life the plantar flexor response is more common amnong females than
among nmales, while the converse holds during the second week. They
also show that the decrease in the number of flexor plantar responses
obtained during the second week as compared with the first, as shown
in Chart I, is largely due to the alteration of the response in females,
not so much in males.

The above investigations demonstrate: (1) That there is a period
consisting of the first week of life, and to a certain extent the second
also, in which a flexor plantar response is often present. (2) This
early flexor plantar response, or ' infantile flexor response ' (I.F.R.)
changes later into the normal extensor plantar response- Collier's
'infantile responise'. (3) In some cases, the child commences life
with an extensor plantar response, apparently omitting the I.F.R.
(4) Twins apparently possess the same type of plantar response.
(5) The plantar response need not necessarily change in character in
both feet simultaneously. (6) Female infants obtain the extensor
plantar response at an earlier period than the males.

IV.-CONCLUSION S.

Uponi consideratioin of the investigations described above, in
association with the theories given in Part I of this article, various
deductions can be made.

WVhen the phvlogenetic theory of the plantar response is viewed
in connection with these investigations, it is seen to be supported by
a nunmber of facts. If the theorv be correct, and the extensor plantar
response of infants and of corticospinial disease is really a return to
the prehensile toe of our arboreal ancestors, then one would expect
to find the normal plantar response extensor in character in arboreal
creattures. This was the case with the great majoritv of animals
examined, all the primates giving extensor plantar responlses, although
in the kinkajou and the chamaeleon, both of which are arboreal
creatuires, the response was flexor.

Again, if the extensor reflex be really an atavistic phenomenon
representing a prehensile toe, then it should be found in human
infants, for the latter often use their toes for grasping purposes.20
This is what is found in the large majority of cases.

On the other hand, peoples. such as the Japanese,2 who use their
great toes for prehensile purposes, might be expected to have extensor
plantar responses as a normal adult condition. Also the kinkajou
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should have this type of response, for it spen(ds most of its life in trees.
and yet the response was markedly flexor. This could pelhaps be
explainedl bv saying that its foot is nlot adapted so well to arboreal
existence as is that of the primate. The samte reasoninig, of course,
applies to the foot of the Japanese, howevese-r much the great toe is
used for prehensile puIrposes in that race.

If the presence of a flexor plantar resp)Onlse is onlv depeindent
upoIn the integritv of the pyramidal tracts, tlhen it might be expected
that animals with an extensor plantar response would have an
incomplete pyramidal systenm, either non-mvelinated or structurally
interrupted. Neither of these conditions is fouind, however, in the
primates. If the theory be correct, therefore, it would have to be
assumed that the functioni of the pyramidal tracts in man is different
from that of the tracts in prinmates, and all experimental work is
based upon the assumption that the functions are similar throughout
the mammals.

If the theory that the character of the plantar responsc is depend-
ent upon the myivclin-ation of the pyramidal tracts16 be considered with
regard to humran infants, certain data inight be takeen to support it.
Thus nivelinatioin of the corticospinal paths in man occurs at the
first month after birth,15 althbugh they first make their appearanice
in the fifth foetal month.1 Myelination of the peripheral nerves,
however, is not complete until the eighth month after birth,1 so that
it is not until towards the end of the first year of extra-uterine life
that structural connection between the sole of the foot and the spinal
cord is complete, and this is the period when the extensor plantar
response of the infant changes to that of the adult. Accordingly it
might very well be said that the change from the extensor to the
flexor type is correlated with the inyeliiiation of the pyramidal tracts,
and peripheral nerves. Fronm a consideration of the reflexes found in
the lower aniimals, however, the myelination of these parts of the
nervous system cannot be the only condition necessary for the appear-
ance of the adult flexor responise, for myelination is present in the
monkeys and yet their plantar response is extensor in type.

It has also been stated that the alteration in response from
extensor to flexor occurs when the child begins to walk.9 As this takes
place at about twelv-e months of age,10 and as the figures of Monrad-
Krohn already quoted show that the majority of responses change
at this period of the child's life, it is probably correct to say that
there is an association between the two. Fuirther, in rickets, when the
child begins to walk at a late age, the extensor plantar response is
retained until the infant commences walking.14 It should, however,
be remembered that the weaniiig of the child also takes place at the
end of the first year, in particular amongst the poorer classes from

346
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PHYLOGENETIC SIGNIFICANCE OF PLANTAR RESPONSE IN M1AN 347

whom most statistics are obtained, sinec they form the bulk of
hospital patients.

As for the extensor plantar response being really a part of a reflex
movement of the entire limb, there is nothing in these investigations
pointing to a contrary conclusion; for, in this article, the terms
'extensor' and 'flexor' are only so used with reference to the move-
nments of the great toe, those of the various muscles not being studied,
and so the responses of these structures nmay be of various types in
the subjects examined. However, the reflex must be of value to the
creature concerned, and therefore the most significant and important
part of the response is the movement of the great toe, for this is the
only external difference between the two types of response, however
the actual reflex is brought about.

Upon consideration of the investigations described in this article,
it will be seen that as the animal scale is ascended the type of plantar
response varies, for the lower creatures give no response or a flexor
one, the higher creatures an extensor reflex, while adult man gives
a flexor plantar response. Thus there is a succession of flexor,
extensor, flexor (or F.E.F.) responses as the animal scale is climbed.
Now, on turning to man, it will be at once apparent that there is a
similar succession of type of plantar response in the development of
the average individual. In the very young infant the response is
often flexor, then as the child grows older it is extensor in character,
and finallv this changes to flexor; thus the same succession (F.E.F.)
of plantar responses occurs in man as in the animal kingdom. The
stage when no plantar response is present, as in the fxctus of 7-
months that was examined, may correspond with the stage of the
amphibia and most reptilia in the animal kingdom, where no reflexes
were obtained.

This similaritv between the succession of the plantar responses
in the animal kingdom and in man suggests that the various plantar
reflexes obtained in a healthy human being are only a manifestation
of the theory so well known that the phylogenv of the race is seen in
the ontogeny of the individual.

The succession, F.E.F., of the plantar responses, with an absent
response to begin with, corresponds to, and perhaps explains, the
phenomena of total transection of the spinal cord in man. Riddoch12
found that after complete transection there is a period, known as
'spinal shock', in which no plantar response is obtainable; it lasts
for one to three weeks. Then, in certain cases, a flexor plantar
response is developed, lasting up to as manv as forty-two days. This
plantar response subsequently changes in character and becomes thle
weli-known pathological extensor response. If these observ-ations of
Rilddoch are considered in connection wNith the F.E.F. succession
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of plan-itar responses. it wsill be realize(I that the phenomiena observed
after total transectioni of the cord are actually aI repetition of the
ontogenetic, and phylogenetic, history of the planitar response. Oin
section of the pyramiiidal traets, the plantar response apparently
returns inmme(liatelv to its most primnitive eotidition, i.e., to what
obtains irn the 7-1-months foetus ani(l the aniphibia anid reptilia, with
no response at all. As the cord becomes use(d to the loss of conniection
with the higher centres of the brain, a flexor plantar response is
developed, which in turni (levelops into the extensor plantar response.
This is apparently unable to lb)ecome the a(hlilt flexor plantar responise
withloIut some connectioni with a ioi'mallv funietioninig brain, a poinit
to he referred to againi later.

It nmight be argue(l that the early flexor plantar response obtained
after transectioni of the cor(d is rcallv the adult flexor plantar response,
an(d that the cord automiiaticallv 'carries on' after the stage of 'spinial
shock' is recovered froml, as it (lid before the lesion occurred, and that
it is onilv after the properties of 'carrving on' have been exhausted
that the extensor plantar respn)ose appears. This, how%ever, cannot be
the case, for the teinporary flexor responsse obtained after the 'spinal
shock' is of a (lifferent nature from the normal a(lilt response. In
1899, Collier6 showe(d that the adult flexor plantar response is reallv a
part of a complex movement associated with: (1) Contraction of the
tensor fascie femoris, sartoriuis, adductors and flexion of the hip
(2) Flexioni of the four outer toes (3) Dorsiflexionl of the ankle
(4) Flexion and adduction of all the toes ; inversion of the foot by
tibialis posticus- flexion of the knee; (5) Contraction of calf-musclesx
(6) Contraction of quadriceps.

Now the temporary flexor plantar response obtained after transec-
tion of the cord is unaccompanied by palpable tightening of the
tendcons of th.e inner hamstrings, or of any other muscle of the lower
linmb. Later, contraction of the hamstrings occurs, evenw-hile the
flexor plantar response is still present.1'2 But as this contractionl
is an integral part of the extensor plantar response, since Walshet8
has shown that this reflex never occurs without cointraction of limb
flexors, it is probable that the ham.string contraction occurring towar(ds
the end of the stage of temporarv flexor response is really the beginninig
of the acquiisition of the extensor plantar response.

Gordon Holmes has also shown that the temporary flexor response
obtained after transection of the cord in certain cases is different
from the nornmal reflex.8 As it is onlyr found in a fewv cases, it is
probably related to the fact that apparentlv some babies do not pass
through the stage of infantile flexor response, at ainy rate, after birtlh.
No doubt such people are of a more advanced tyrpe as regards the
plantar response than- thlose whose planitar responses are flexor in
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character immeediatelv after birth, for the yha-e passed, an(l left
behii-(d them, the primitive flexor plantar respoinse which occtirs far
back in the pedigree of the human race.

Tlhroughout this article the expression 'pyramidal tracts' lhas
been used without (lefiniing clearly wN-hether the crossed or (lirect
tracts are those to which refereince is mlade. By 'pyramidal tracts'
is meant the crosse( pvrani(lal tracts, for apparently the (lirect
pyramni(lal tracts can have llC) coinectioni wNvith the plantar respoinse.
The (lirect pyramidal tracts, accordiing to Schafer, are only fouind i
nian and the anthropoi(d apes ;13 therefcore, if they are correlate(d wvitlh
the plantar respoinse, there shou-ld be either a similarity between the
normal plantar reflex of iman and the anthropoi(ds, or a dissimilarity
between the responses of the latter an(d the monkeys. Ats cain be seell
fronm Table I, neithier con(litioIL exists.

Reference has been ma(le to the conniiection of the brain with tle
plantar response this part of the subject wNill now be discuissedl.

In 1914, Walshe 8 publislhe(l some observations upon cases of
complete flaccid paraplegia following cord lesions. These observ-a-
tionis suggested that the extensor plantar response is a spinal reflex
movemnent appearing wi-hen cerebral control is removed by inmpairedl
activity of the pyramidal tracts. Hence the character of the plantar
responise is dependeint uponl the propei functioning of the brain and
upon its connectioin with the lowter part of the spinal cord.

Other facts poinit in the samie dlirection. One of these emerges
from the inv,estigations carrie(l out bv Collier,6 wlho founld that in
some children under twel-e years of age the normal flexor plantar
response became extensor dluring sleep. During this state cerebral
control is presumably withdrawn from the spinal cord, while the pvra-
midal tracts remain healthy. Possibly the reason w%%hyb the abov-e
plantar responses were only found in somae children is connecte(d Nith
the state to which the nervous system had advanced. In those whose
nervous svstem had reached a high degree of de-elopment the extensor
plantar response would Inot return during sleep, for the mechaniismi
bv which the response could be brought about would be lost, the cord(
having progressed beyond the stage at wAhich, at a momient's notice,
it could take over the functions of the brain. An alternative reason
for the presence of the extensor plantar response during sleep mllight
bc that, in the more highly (leveloped nervous system, the highel
centres in the brain might act reflexlv, having progressed to such an
automatic state that a flexor plantar response was given, even thoiglh
the conscious brain was asleep.

The )henomena cecurrincr atter total transection of the cor(d in
man also suggest that the character of the plantar response is
depcn(lent upon the active functioning, of the brain ; when the latter
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is withdrawn, the cord is unable at on1ce to return in all cases to the
immediate primitive condition, for the cases examine(d by Riddoch
were adults. The cord, however, even in adults, can return to a
primitive condition, giving an cxtensor plantar response; but it must,
as it were, be re-educated first, passinig through its phylogenetic
history in the process.

Lastly, if the investigations (lescribe(l in Parts II and III of
this paper are viewed in the light of the theorv that the character of
the response is dependent primarily upon the brain, and only upon
the pyramidal tracts in that thev are the patls bv which the brain
controls the plantar reflexes, they w%ill be seen to suggest the correct-
niess of the theory. For, as the brain becomes more developed,
the plantar response changes fromi the early flexor type to the
extensor, and then to the flexor of the highly-developed human adult.
In viewing the same F.E.F. suiecession of responses in the growing
child, the same correlation with the development of the brain will be
notice(l; the mnental outlook of the infant must develop enormously
in the first few days after birth, and again towards the end of the
first. year of life when the child begins to talk. It is perhaps significant
that the approximate timiie when speech begins should coincide with
the (levelopmcnt of the permanent flexor plantar response, for in
infants before they hav\e lcarnt to talk, and in anthropoid apes and
mnonkeys, who of course are uinable to talk, the extensor plantar
response is the nornmal concdition. This suiggests that the type of
plantar response is dependent upon the de-elopment of the brain.

Apparently the most highlv developed spinal cord, that of man,
is unable to produce the most advanced type of plantar response.
the adult flexor plantar response, unless it is connected w\rith that
other possession of nmankind alone, the highly-developed brain.

SUMMARY.

The following conclusions mav be drawn from the investigations
described in this article

1. There is a flexor plantar response of a primitiv e character
that occIurs in the lower animals, in the m-lajority of very young human
infants (the infantile flexor response), an(d in certain cases of total
tranisection of the adult human cord.

2. The primitive flexor planitar response changes to an extensor
response as development proceeds, either as the aninmal scale is
ascended, or as the child growss older, or as the spinal cord re-adapts
itself to its altered con(litions after tranisection.

3. The exteinsor plantar response clhanges to a flexor plantar
response in animals higher than the anthropoid apes, i.e., in man .

3 a'
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Thus there is a succession of flexor, extensor, flexor, or F.E.F.,
responses both in the phylogeny of the race and in the ontogeny of
the individual. In the case of total transection of the cord in man,
the final adult flexor plantar response is not obtained.

4. The theory that the alteration of the plantar response from
extensor to flexor is due to the myelination of the pyramidal tracts
is apparently incorrect; more probably it is due to the mvelination
of the peripheral nerves. which occurs at the eighth month of life.

5. The hvpothesis that the extensor plantar response of infants
and of 'spinal' m-an is an atavistic phenomenon dependent upon the
prehensile toe of otur arboreal ancestors is not showin by these investi-
gations to be incorrect.

6. The normal adult flexor plantar response is due to the control
of the brain over the lower cen-tres of the cor'd, and this control is
exercised only by the brain in its most highly developed form, i.e.,
the brain of man.

In conclusion, I must thank miost sincerely all those who have
so kindly helped with this investigation. In particular I wish to
thank Dr. Kinnier Wilson, of King's College Hospital, for his invalu-
able aid; also Dr. C. F. T. East, Mr. M1. Ahmiiad, and the Misses
N. B. Daniell, L. M. Elsom, M. A. Quinie, R. Leak, M1. V. Saul, and
A. B. Smith. I must also thank all those who so kindly allowed me
to examine animals under their care, particularlv Mlr. R. I. Pocock.
F.R.S., Superinitendent of tl-le Gardens of the Zoological Societv,
Regent's Park; AMr. A. Edmunds, F.R.C.S., of King's College
Hospital; and AIr. Vincent, Director of Messrs. Gamage Ltd.

Since the above was written, Dr. Burr's article in the American
Jouirnal of Diseases of Children, Vol. xxi, June, 1921, has been brought
to my notice. Dr. Burr states that the plantar response may be
absent up to the tlhird month or longer in human infants. He quotes
his own and Engstler's figures in support of this.21 In no infant in
myi series was the plantar responise absent Nith the exception of the
one case mentioned. This apparent difference in the resullts of the
investigations may be due to the circunmstance that botlh Burr an(I
Engstler regard as a plantar response the miovement of the toes, not
.of the great toe alone. Consequently, if the great toe were to mov-e
while the other toes wvere imotioniless, Burr an(l Engstler would pre-
sumnably describe the response as abseiit, wN-hereas I shoul(d describe
it as present.
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