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PATHOLOGIC LEFT-HANDEDNESS: DOES IT EXIST?

1. C. McMANUS
The Psychological Laboratory
Cambridge, UK.

The concept of pathologic left-handedness is reviewed, both from 2 historical and an cmpirical pointof
view. It is suggested that there is no adequate evidence (o justify its continued use. The fact that the
conceplt is still much used may be the result of a desire (o restore to the brain its lost symmetry, by
allowing Dax's Law once more 1o be true.

... the .srudy of the thing caused must precede the study of the cause of the
thing. . .} .

Introduction

In this paper I suggest that pathologic left-handedness does not exist, and that it
is only one of a number of erroneous concepts that have been developed in an
attempt to account for the relationship between handedness and speech domi-
nance, as perceived through the study of aphasic patients. Further, I suggest that
the concepts have arisen, not in response to the careful observation of patients. and
the interpretation of their history, symptoms. and signs, but rather as ad hoc
concepts whose primary purpose has been to revive otherwise moribund theories.
In so doing. the theories transgress the limits of science and become unfalsifiable.
To understand the concept of pathologic left-handedness. it will be necessary to
consider the literature on aphasia and cerebral dominance. and to critically assess
the theoretical interpretations and the explanatory concepts which have been
generated.

Definition and a Challenge

Before commencing this review I feel obliged to state what I understand by the
concept of pathologic left-handedness. Pathologic left-handedness could be
agreed to occur in a patient previously of known right-handedness who, as a result
of some injury to the brain or similar cause, changes from apreferential use of the
right hand to a preferential use of the left hand. The concept of hand dominance
inevitably implies a relative preference between two otherwise similar organs or
systems. One cannot have dominance if there is only one organ /hence, itis clearly

IFrom Hughtings Jackson. quoted in Wilson. 1908, p. 211.
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trivial or absurd to claim that a person is pathologically lefi-handed if, for some
reason, the right hand has been severed from the body. Similarly, it is trivial to
describe as pathologic left-handedness a case in which a person has suffered
damage to one-half of the brain: the shift to left-hand usage must be preferential,
not inevitable. and must occur in the absence of signs of a hemiplegia, hemi-
paresis, lower-motor-neuron weakness or other defect of the limb, or lack of
control due to tremor, athetosis, ataxia, etc. The shift in hand preference in
pathologic left-handedness also implies that the previous ‘preference had been
ascertained; one cannot claim that a change has occurred unless one knows the
nature of the earlier state. This might seem to impose unacceptable limits in the
case of very early brain damage, for it would be difficult if not impossible to assess
the handedness of an unborn fetus. This problem may be readily and satisfactonly
surmounted by the use of a control group: the incidence of left-handedness must be
shown to be significantly higher in a pathologic group than in an appropriate
control group (both groups being assessed blindly, etc.). While one might not be
able 1o know with certainty the handedness that an individual would have shown if
a particular brain insult had not occurred, speculation on the various probabilities
possible.
Defining pathologic left-handedness as mentioned, it is suggested that there is

not a single case in the literature that can be'regarded as acceptable proof of the
existence of the phenomenon.

Aphasia and Left-Handedness

To understand the origin of the concept of pathologic left-handedness we must
return to the period of the first realization of the asymmetry of the brain. In 1861,
Broca described a patient in whom a lesion of the left hemisphere had resulted in
aphasia; the lesion was confirmed postmortem (for a translation, see Rottenberg
and Hochberg, 1977). At that time. the particular importance of the left hemi-
sphere does not seem to have been realized.? The first mention of the predomi-
nance of lesions of the left side is in Broca (1863), where it is noted in passing.
Broca's best description of *‘la singuili;{re pr){dilection . .. pour l‘h/(misph/{re
gauche,” was published in 1865. For a good account of the early history of

2And this was not particularly unusual. As Benton and Joynt (1960) pointed out:

The association of aphasia with right hemiplegia was not remarked, despite the repeated
incidental observation of aphasia and dextral paralysis. This relationship escaped the notice
of even so keen and careful a student as Morgagni, who had had the oppomfni!y of
observing so many instances of this occurrence. The failure to make this correlation was
not. of course. peculiarly distinctive of medical observation before 1800 . . .

Sce also. Giannitrapani (1967) and Riese (1947).
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aphasia, see Ombredane (1951).- Whether or not Broca was truly anticipated by M.
Dax. in an obscure paper of 1836, is still controversial (see Critchley, 1964, for a
discussion).

From my own point of view, the most important point is the attitude of Dax,
p/<re et fils, to the question of aphasia after right-sided cerebral lesions. Dax p,{re
had never seen a case of aphasia after a right lesion, (and, indeed, went so far, on
the strength of his observations, to apply leeches only to the left-side of the head in
cases of aphasia). Dax fils put things a little more strongly:

Mais la Iésion cérébrale d ol résulte primitivement cette altération de la parle est
toujours localisée, pour moi et comme mon pere, dans I'hémisphére gauche, et
jamais dans I'hémisphére droit . . . Congestion et hémorrhagie, traumatisme,
ancmiie, agissant surl*hémisphére gauche, woublent la/;"arole; les mémes causes,
agissant sur I"hémisphére droit, n'influencent pas la faculié de parler.

(The cerebral lesion which early on results in this alteration of speech is always
localised. for me as well as for my father. in the left hemisphere. and never in the
righthemisphere . . . Congestion and haemorrhage. traumaoranaemia. acton the
left hemisphere damaging speech; the same conditions acting on the right hemi-
sphere do not influence speech.)

A few patients, however, had been described in whom aphasia was associated
with alefr hemiplegia (i.e., right hemisphere damage). One reaction to such cases
was 1o attempt to explain them away and to simultaneously explain the overall
predominance of left-sided lesions in aphasia. by suggesting that left-sided brain
lesions were more common than right-sided brain lesions (e.g.. due to emboli
being more likely to enter the left carotid artery than the right artery; Bateman,
1870). Such a possibility was rapidly eliminated by the simple statistical analysis
of Ogle (1867); while 90% of aphasics had a right hemiplegia, only 55% of
hemiplegias affected the right side (and. hence, were due to defects in the
circulation of the left side of the brain.)’

‘Bateman (1865) put forward a further argument against thosc physiologists who claimed:

. .. that in an organ as symmeurical as the brain it is impossible to admit a difference of
function between the two sides. One hemisphere exactly resembles the other in form. and
must therefore exactly resemble it in its office.

Ogle. 1867

‘Bateman said in reply:

I must however remind (the physiologist] that this is not the only singular and inexplicable
fact which physiology presents to us. Professor Trousseau alluding to this subject says he
has never scen an intercostal neuralgia except on the left side: why is this? We know nothing

about it except that it is a symptom depending exclusively on an affection of the left side of
the cord. e

Bateman, 1865
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Broca's response to the problem of aphasia with left hemiplegia was entirely
theoretical. since he never actually saw a patient with the condition. In response to
estimates by Charcot and Vulpian, that among aphasics only one in twenty had a
left hemiplegia, he suggested that:

Just as there are left-handers in whom the inherent pre-dominance of the motor
activity of the right hemispherc confers a natural and irreversible pre-dominance
to the activity of the left hand, so in the same way it is conceivable that there may
be a certain number of people in whom the inherent predominance of the convulu-
tions of the right hemisphere will reverse the order of the phenomena which I have
just described.

Broca. 1865; translated by Hécaen and Piercy, 1956

In other words. left-handers should have aphasia after righr sided lesions. Note
that Broca is assuming that the system is symmetric (indeed, is restoring its lost
symmetry, hence, perhaps the enduring attraction of the hypothesis). Also, he
feels the predominance of the brain to be primary and that of the hand secondary,
and this dominance of the brain is ‘ireversible.™

Broca's corollary for the left-handers was necessary, since aphasics with right-
sided lesions were soon to be described; the simplicity of the challenge was
perhaps too great, and by 1870 Bateman could refer to 28 cases of aphasia with /ef1
hemiplegia: however, Bateman was aware of only two cases in which the handed-
ness of the patient was known, and both were left-handers.

In 1868, Jackson published a short case history describing a case of aphasia
associated with a left hemiplegia (i.e., a right brain lesion), justifying the case’s
publication: ‘

We make a note of this case as it has been supposed by some thatexceptional cases
are not put on record.
Jackson, 18682

Strangely though, this case was not an exception to the rule, and a few weeks later

Jackson sent a letter to the Lancet pointing out that he had omitted to state that the

patient was left-handed (Jackson, 1868b). t
Further cases were produced that supported Broca's symmetric conception of

Trousseau (1877), however, was one of the physiologists who rejected the possibility of an absolute
functional asymmetry of the brain. His error in the case of '‘intercostal neuralgia™™ was probably in
regarding as neuralgia those cases in which *‘real neuralgia was correctly distinguished from
pleurodynia, pleuritic shingles and hepatic colic’” (Ireland, 1880). Angina pectoris is conspicuously
absent from this list and,’in view of controversy as 10 the neural or cardiac origin of angina, we may
speculate that Trousseau had failed to correlate the gross anatomical asymmetry of the heant 'Wilh this
gross asymmetry of disease symptomatology (Gibson, 1902). Despite Trousscau’s reservations. the
asymmetry of the brain was the received view within a decade of Broca's 1865 paper (sce Brown-
Sequard, 1874). C ' co



PATHOLOGIC LEFT-HANDEDNESS 000

aphasia and handedness. Wadham (1869) described an 18-year-old youth with an
aphasia and a left hemiplegia. This youth:

When asked his name, wrote [it] correctly with his right hand. although his mother
asserted that she had never seen him previously do so, and that he and four of his
brothers were left-handed.

Wadham. 1869

Wadham suggests that this case might be exblained:

. . in the supposition which has been made, that in left-handed individuals the
organ of speech is exceptionally placed in the opposite hemispherc {to normal).

We may find the same assumption in Pye-Smith (1870).

Exceptions to this revised rule, of the language center being contralateral to the
dominant hand were, however, occurring. Ogle (1871) discussed such cases and
introduced a new conept that was to have disastrous conscqucnccs‘.!@a PN

lly
R ] . . R "/
,/‘resulung./ﬁcxorably. in nonfalsifiable hiyp

It may. perhaps. be urged that there are recorded cases in which the aphasia
coincided with left hemiplegia. and yet the patient was not reported to be left-
handed. But in answer to this | would say thal none such has been recorded since
special attention was directed to the probability of right- or left-handedness being
concerned in the latter. and that without special enquiry it is very easy. as Dr.
Jackson’s case shows (vide supra) for the co-existence of left-handedness to
escape notice.

Thus far, Ogle’s claim is reasonable. He continues. however:

Even should such a case occur it would not be incompatible with the views now
expressed. For. as ] have already stated. there are probably persons with a natural
lefti-handed tendency in whom the bias is so feeble that its external manifestations
become completely masked by education. In such a person aphasia might occur
with left hemiplegia; and such a case would thus appear errone©usly 1o stand in
contradiction with Dax’s Law,

ST Ogle. 1871*

In continuing thus, Ogle. has completely transformed the problem. Handedness
and side of lesion in aphasics can no longer be determined independently but
instead the determination of handedness is itself contingent on the presence or
absence of aphasia and the side of the hemiplegia. Dax's Law has become
impossible to disprove., .. . . ‘,ﬂ o .
Despite Ogle’s stricture (:‘even should such a case occur’'), cases of crossed
aphasia (i.e., dominant-hemisphere for speech ipsilateral to dominant hand; the

Geree s
fharny

w2

N Toerleae s

“Crirchley (1964) suggested that the term “'Dax’s Law'* was first used by Grassel. in 1873; the
" present usage clearly P"-‘_da‘cf ‘h?"_C'SsaY- In the present paper. term will be used in the sense of all right-
handers having left hemisphere 'speech, and all lefi-handers having right hemisphere speech.
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term apparently was first used by Bramwell, 1899) continued to appear, and
presented theoretical problems. In his Gulsionian Lecture of 1878, Ferrier could
only point out that:

. . in several at least of the cases of aphasia with discase of the right speech
centre, the patients have been left-handed.

The double implication is that the majority of cases were nor left-handed and that
according to Dax's Law they ought to have been. )

Jackson (1880), despite his earlier interest in the specific side of the lesion.
switched his theoretical interpretations and neatly side-stepped the problem
entirely:

Itis admitted that there are cases of left hemiplegia with aphasiain persons who are
not right-handed. Besides granting fully the significance of the fact that in the
vastly greater number of cases loss of speech is caused by diseasc in the left half of
the brain, the thing of infinitely greater significance is that damage in but one half
can produce speechlessness.

Jackson. 1880

Paget (1887) described an excellent case of crossed aphasia in a sinistral; in a

theme to be expanded later, the difficultes were explained away:

The explanation of the anomaly may . I think be found, in the fact that, though left-
handed for other actions {the patient] wrote with his right hand, and was in the
habit of writing much . . . The habit of writing much seems to be the only
assignable cause for this reversal.

Paget. 1877

William James, in 1892, totally accepted Dax’s Law:

The injury (of Broca's aphasia) in right-handed people is found on the left
hemisphere, and in lefi-handed people on the right hemisphere. Most people. in
fact are lefi-brained, that is, all their delicatc and specialised movements are
handed over to the charge of the left hemisphere. The ordinary righl-handcd{aess AT
for such movements is only a consequence of that fact . . .

James. 1892

In the last 2 years of the 19th century, two works appeared, which introduced a_"' e
series of ideas that would modify approaches to cerebral dominance. Both authors
assumed at least partial veracity of Dax's Law®

SAt this point, I cannot resist quoting from the writings of at least one man who believed in the strict rede
truth of Dax's Law. Collins (1898). in an essay awarded the **Alvarenga Prize of the }Collt_‘g_tvif;
Physicians of Philadelphia, 1897, writes thus: )

&3

47'} E
2y

Every one knows that the faculty of speech is maintained by the left hemisphere of the b"‘i’.‘-
and by the right hemisphere in those who are lefti-handed. And this for the sam¢ S'-‘""“'“'
reason that the organism is right-handed in the majority of people and Jeft-handed in the few!
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. R I S
Cases of *‘crossed”” aphasia Q}c_"'hb\.\icVé}. occasionally. though very rarely met
within which the aphasié's’y'(ﬁi)tarﬁs'are'. . . permanent. Butsofar as 1 know cases
of this kind very rarely indeed occur in right-handed persons., indeed 1 know of no
recorded case: as far as | know they almost always occur in lefi-handed persons.

Bramwell, 1899

Note that by now it seems to have been conceded that in the case of left-handers,
Dax's Law did not hold"su—iéil—yf:: Nevertheless, the law persisted with right-
handers. Indeed, Bastian (1898) believed in it whole-heartedly for both types of
handedness: oo ‘

- . the now ascertained fact that in the great majority of cases in which aphasia
has occurred as a result of brain lesions in the right hemisphere (with or without the
association of left hemiplegia) those so affected have been left-handed persons.

Bastian, 1898

In support of his claim, Bastian references a work by Seguin in which, after finding
that the incidence of left-handedness and the incidence of aphasia after right-sided
lesions were numerically similar, he assumed that lefi-handedness and right-sided
aphasia must be related in a perfect one-to-one fashion (i.e.. perfect Dax's Law).

From the works of Bramwell and Bastian we may trace the development of four
scparate sets of ideas.

The Concept of Hand Usage Modifving Speech Lateraliry

Bastian (1898) required that Dax’s Law be true, for he continued:

It would thus seem that the predominant use of the right hand or the lefi hand
carries withit, asonc of its associated effects. the leading activity inthe production

ool

when the organism is lefi-handed, then the right hemisphere contains the zone of language.
It would seem that this is one of the facts of physiolagy which is indisputable: nevertheless.
every now and then some one brings forward evidence purporting to deny it. One of the
most recent purveyors of such evidence Is Moltshanow. of Moscow. . . . [he describes a
casc reported by Moltschanow], The wﬁlér's'i{yéuthil this casc speaks unequivocally against
what he is pleased to _c.-al‘lAquqa_‘;'qicl!u‘m concerning the location of the speech arca. He says
funther that other authors have probably had similar cases. for in looking over the literature
of aphasiz he had noted that it is often times impossible to determine from the reported cascs
whether the patient wasrrightzha‘pgcd or left. This point the writer need have no difficulry in
determining in the futurc. If the patient whose history he reads has a lefi hemiplegia with
aphasia. that patient is a right-hafided man; and vice versa. It is almost incredible that
physicians will attempt 10 convince themselves that evidence of this kind can have the
slightest fffect in overthrowing such an invariable rule as the onc relating to the location of
the speech area, just cited: An s!'l_lcmpl to discredit a Jaw so firmly established as this by the
citation of testimony of a woman concerning the right-handedness or lefi-handedness of her
husband {the source of the handedness information in Molischanow s cas

) - c] is fike trying to
wip up Atlas by putting a microbe to obstruct his path.
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several decades, admittedly under pressure. Thompson (1921) felt that b and ¢
were either each zero or each very small. Even in 1936 Chesher felt that the normal
form was for a and d to equal 100% together. Although Bramwell had begun to
realize that ¢ was not equal to 0%, he still suspected that ¢ < d. Conrad (1949)
realized that for left-handers the true relation might actually be that ¢>d; this was
supported by Zangwill (1960) and by Brain (1961). Espir and Rose (1970),
however, felt that ¢ = d.

The zero nature of b continued for much longer, being clearly held by Elliott,
Hughes, and Turner (1952), and still held by Zangwill (1960), although doubt was
beginning to develop. Russell and Espir (1961) concluded that:

. there is of course no known reason which would prevent some right-handers
and left-handers from developing the dominant hemisphere on the right without
there being any gross abnormality in the left hemisphere.

Penfield and Roberts (1959 doubted the utility of familial left-handedness as an
explanation of dextral crossed aphasia:

we have found left-handedness in the family of right-handed patients who had
dvsphasia with involvement of the left hemisphere. and we doubt that there is any
significant diffcrence?{from right-handers with dysphasia after right-sided
lesions].

Milner. Branch, and Rasmussen (1964) presented empirical evidence for b not
being zero and accepted that '‘the overwhelming predominance of left-sided
speech representation in right-handed persons of right-handed ancestry rests
unchallenged™" (i.e., a > b and b = 0). Clarke and Zangwill (1965) stated:

It certainly cannot be said that aphasia resuling from right hemisphere lesions in
right-handersisinvariably linked with sinistrality; there is, indeed, some reason to
believe that this association may have been exaggerated.

Weinstein (1978) claimed that b might be as high as 10 of a + b (althoughhe also
claimed that for left-handers, ¢ was only 30% of ¢ + d.) Zangwill (1979) estimated
that b was between 1.5% and 2% of a + b.

If we now return to our four explanatory concepts, we find that, certainly at the
time of their introduction, they were not supported by adequate empirical evn
dence; they were post hoc postulates to maintain Dax's Law, or variants upon it.!

It should be clear by now that the non-zero nature of b and ¢ cannot support the

191, the case of stock-brainedness, this is readily admmcd by one of its originators. In a footnote
Bramwell (1898) tells us:

In my lectures on Aphasia. . . I have thrown out the suggestion that in some ﬁghl handcd
persons whose.ancestors were left-handed the active or driving specch cenfre may po.mbl\
in rare instances be situated in the right hemisphere; but while this is. 1 think, Lhcorcncally
probable, no case in which it acruall) occurrcd has, so far as I know . been rccorfkd [his
regrettable that in this quotation *“thrown out’ is ambiguous in its meaning.}
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existence of all four of the original speculations; further evidence is required or
else some, if not all, of them must flounder.

Handedness cannot and, indeed, must not be defined in terms of language
latefa]ity or vice-versa. Tdsay'." as has Girard (1952) that, *‘Le gaucheur n’'est pas
celui qui éerit avec la mam gauche, mais celui qui parle avec le cerveau droit,”
(The left hander is not oné who writes with his left hand. but one who talks with his
right brain), is to make a fundamental confusion between data and explanatory
concepts. One may say’ in a form of short-hand, that a person acts as if he were a
left-hander, but one may not say that he is a left-hander. To expand the short-hand,
the person may be *'a right-hander with a history of severe cerebral trauma to the
left hemisphere,!’ but the person cannot be a *“latent left-hander™ " to say otherwise
is to render hypotheses unt’estable./\necessari]y and analytically, true.

We may find this process of *truth by definition™" occurring in the large series of
patients described by Hécaen and de Ajuriaguerra (1964), and analzyed in some
detail by Annett (1975), who sorewhat discretely suggests that:

Among the dysphasics 33 (29 per cent) were recorded as lefi-handed. . . for non-
dysphasics the incidence was 11 per cent. Thus the criterion of sinistrality differed
markedly between dysphasics and non-dvsphasics. . . it is possible that more
careful enquiries were made about the laterality of the patient and his relatives for
dysphasics than for non-dyphasics.

: Annett, 1976

To put it less discreetly, Hécaen and de Ajuriaguerra were classifying a patient’s
handedness after they had known whether he was dysphasic and whether he had a
right- or left-sided lesion. This is the error exemplified by Girard (1952).

Note also the reference. in the last quote, to family handedness. Right-handers
may be divided into those with or without a family history of left-handedness, and
these two groups may differ in their responses to right or left brain lesions, bur this
does not entitle those with a positive family history 1o be called lefi-handers; they
are still right-handers. To call them otherwise is to see the basic data of aphasia
through the distorting spectacles of a prior theoretical conception.

The confusion of data and hypothesis was recognized long ago by Moutier
(1988). a pupil of that great iconoclast of aphasia, Pierre Marie.

Chaque fois en-effet quun fa',(contr adictoire de lésion du centre de Broca sans
aphémie a €1€ observé, il s'est toujours rouvé quelque partisan de la localisation
classique pour déclarer que le sujet atieint était un gaucheur méconnu, un
ambidextre au besoin. QA bien, on admet que I'aphémie a é1é fugitive, et que ce
caractére transitoire de$ accidents est dii & une suppléance rapide de I’hémisphére
ga'ucf'\c par I'hémisphére droit. Gaucherie, ambidextérité, suppléance, sont des
théories que 1'on ne saurait appliquer également a I"interprétation de tous les faits.
La pant de vénié pouvani ex I

.- G A R IR
nous allons nous-en're
Uit xR ein.

e e o ' Moutier, 1908, p. 115

xister ici est du reste des plus difficiles a déterminer;
ndre compte.
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The slope of the writing is naturally reversed. and this reversal is often present in
the right-handed writing of a left-handed person. and may thus provide a clue to
latent sinistraliry.
(Brain, 1945)
Weisenberg and McBride (1935) had initiated this search for the true handedness:

Handedness is often difficult to determine. . . Furthermore a knowledge of
handedness alone is not sufficient; it is imponant to find out as much as possible
about “'sidedness " and consequently to determine which is the preferred foot, and
which the preferred eye. '

The hunt for clues to latent sinistrality is found in its most hypertrophied form in
Luria's monograph on Traumaric Aphusia (published in Russian in 1947, trans-
lated 1970).

Thus itis possible to determine subtle signs of lefr-handedness [all emphases are in
the original} in cases where gross observation gives no basis for such classifica-
tion. . . Among the morphological signs of latent left handedness are a large left
hand. a well developed venous system on the back of the left hand.” a wide finger
nai} on the fifth finger of the lefthand. and highly developed expressive muscula-
ture on the Aght side of the face.?

The number of funciional signs of latent left handedness is considerably greater.
[These include that} in more primitive functions. . . under conditions of high
affect. . . latent left handedness may manifest itself. and the individual may
switch to his left hand. Aside from such observation. a detailed interrogation
{sic]. . . often reveals irregularities in the dominance of the right hand. . .

Another technique for the discovery of latent left handedness involves special
. 9 .

tests. Among these are such well known tests as clasping the hands™ . . . clapping

movements. . . tonus tests. . . [and]sensory dominance. . . )

These types of tests are not limited to functions involving the hand. The procedurces
include a determination of the dominant eve.

These test permit us to detect latent signs of hemispheric dominance. . .,
The detection of latent lefi-handedness is not the only approach to a more precise
characterisation of cerebral dominance. [He discusses the genetic literature]. . .
We shall [thus] expect that, along with the oven forms of left-handedness Jjtshould

TThis was suggested. by Dr Minor of Moscow, to the first International Neurological Congress in
Berne, August 1931 (Anon, 1932). No statistical e¢valuation is known to me. Co

*This suggestion might originate in the findings of **a friend of Dr Wilbur, of Syracuse, New York '
(see Ireland, 1880).

®The carliest suggestion that hand-clasping might indicate latent sinistrality seems o be Alt:rcd
Adler’s comment that **the left hand will insrinctively do this so that the left thumb is o.\'cr'}hc‘ﬂgh‘
thumb"" (Problems of Neurosis, 1929, p. 114: sec also Levine (1935), who calls this ** An indication of
latent handedness tendencies.'") S
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be possible to find qu-mf.»rm.x of lefj-handedness which give no external signs of
their presence. Such forms could by identified only bg reference to the presence of
oven left-hundedness in other members of the family. . .

Using this concept of latent lefi-handedness, Luria is able to explain the occur-
rence of right-handed patients with lesions of the left hemisphere and yet no
aphasia. Case 9 gave him the most problems:

. this patient had always been right-handed; in his family there were no cases of
left-handedness. But he himself showed a number of slight signs of lefi-handed-
ness (When he clasped his hands, the left thumb was on top; the nail of his left fifth
finger was larger than that of the right; théye was dominant.)

This cataloging of the stigmata of ‘‘latent left-handedness’” reminds one of
nothing more than that notorious index, the Malleus Maleficarum. where those
diabolic signs (**witchmarks™") necessary for the unequivocal detection of wiltches
could be found. Parenthetically, it is ironic to note that after cataloging his signs of
latent left-handedness. Luria puts in a footnote stating that, "*A new and appar-
ently effective method of detecting hemispheric dominance was introduced by. . .
Wada.”" ln many places, Luria's text seems only comprehensible if one infers
some confusion and interplay between handedness and dominance. such that the
author must have assumed the veracity of Dax’s Law.

A Recapitulation

From the works of Bastian (1899) and Bramwell (1898) we may trace four
concepts: hand usage modifying speech laterality. early brain damage modifying
speech laterality and handedness. stock-brainedness, and latent left-handedness.
These four concepts arose in response to a single problem, the presence of crossed
aphasics. If the two types of handedness and the two sides of possible aphasia
producing bram lesions are’considered, a table can be constructed (ignoring the
possmht) of bulalcml representauon of language) as follows:

) “"Side of Aphasxa-Producmg Lesion

. Right % b %
Handedness j-, - ,' o -
cht ) ,c% son

Leta.b.c,and d be the percentage occurrences of the four possible combinations.

Broca's initial (1mphcn) assumption was thata + ¢ = 100%. This was modified by
‘cases of aphasia after right:sided lesions, in supposed left-handers; thus, Dax's
Lawisthata +d = lUU‘/c The concept that both b and ¢ were equal to 0% held for
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Something may have affected the dominant (in these cases the left) hemisphere. It
may have been a fesion, causing among other things slight hemiplegia, or it may
have been due to defective development of the left hemisphere. It would then
follow that such left-handedness differed from what is usually termed **natural™
left-handedness. '

Gordon defines two types of pathologic left-handedness. The first group consisted

of. "*very simple cases and requiring no explanation,’” and he indicates the case of
a loss of the right arm. And a second group:

Various forms of hemiplegia: in some cases the affected hand cannot be used at
all. in others to a limited extent. and in still others the effect is apparently only
transitory . or perhaps ofien unnoticed. [my emphasis]

The twin concepts of pathologic shift of language laterality and pathologic shift of
handedness, either capable of occuring in the absence of further evidence, pro-
vided a theoretical carte blanche for the neurologist. Now. no case was beyond
explanation, or incapable of fitting into a particular theoretical preconception, be it
Dax's Law. or some modification of it. Thus, Kinnier Wilson (1921) wrote:

It seens superfluous to point out that by universal consent we are justified in
stating that in right-handed persons the lesions apt to be associated clinically with
disorders of the speech function are situated in the left cerebral hemisphere. . . ]
do not ignore the exceptional cases. . . several valid arguments have been
advanced in such cases.

Indeed. any case could be so explained. Nevertheless, the explanatory armanen-
tarium of the theoreticican was to be further expanded with the addition of the
concept of *‘stock-brainedness.”

Stock-Brainedness

Once more, this concept may be traced back to Bramwell (1898):

One would expect that in cases in which “‘crossed’” aphasia. . . occurred ina
right-handed person some of the near relations or ancestors of that person would
probably have been left-handed.

This idea was expanded by Foster Kennedy (1916) in the concept of **stock-
brainedness.’” He cited a crossed aphasic described by Bramwell:

However I would like to point out that perhaps not sufficient weight is given to his
isolation as a left-handed person in a stock entirely right-handed.

Once again, Kinnier Wilson (1926) finds the concept useful in explaining awkard
cases: :

In other words, ectopia of the speech centres is a possibility in some right-handed .
members of a sinistral stock, and in some left-handed members of dextral stock.
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This is not mere speculation buta hypothesis which satisfactorily accounts for not
4 few recorded instances of **crossed aphasia'* and which reccives support from
the pathological side. -

Latent L('fl-Hum/('(In('-A‘s ‘ )

From stock-brainedness, a yet more powerful weapon developed: latent left-
handedness. Pick, writing just before his death in 1924, grappled with the problem
of crossed aphasia, and also with the possibility of bilateral language
representation:

The behaviour of left-handed individuals is opposite to that described for dextrals.
However there are a few poorly explained cases which. in spite of right-handed-
ness, have right-sided lesions followed by aphasic defects. Lastly a few cases have
been reported in which the pertinent foci are partly in one and partly in the other
hemisphere. This phenomenon. probably related to ambidexterity. is explained by
the conflict of a pre-disposition (¢.g. to right-handedness) with individual (latent)
left-brainedness.

{Presumably here the prc-dlsposlllon is latent. and by lutent 1s intended
““manifest.”’)

Note that manifest and true **brainedness’’ need not be related; in the event of
awkward cases, then clearly not only handedness but also brainedness could have
been determined crroneously.

Brain (1945) emphasized the distinction between natural and pathologic left-
handedness:

Natural or innate lefi-handedness is either inherited or, in the case of uniovular
twins, produced by mirror-imaging.

There are now only two causes of true left-handedness mentioned; all others are.
by implication, pathologic. Note also that there is actually no adequate evidence
for the phenomenon of mirror-imaging, it also being simply a useful concept to
explain away apparently awkward data (see McManus, 1980a). Brain continues,

“Narural handedness is lmportant for neurolomcal diagnosis.”') He then cites
apparent cases of:

- the speech centres [being] situated in the right hemisphere in a right-handed
person. . . The clinical importance of these cases is obvious. When the lefi
cerebral hcmxsphcrc is damaged early in hfc the nghl hemisphere usually takes
over the speech function of the left.

{And by lmphcauon once more, true crossed aphasia does not occur in
dextrals. ]

The dlffcrcnuanon of handcdness into natural and pathologic led to a search for

‘clues to discriminate the two states: Brain (1945), in discussing the slant of hand-
writing in sinistrals, said:
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of specch by the left or the right hemisphere respectively: and that we mdst
consequently push our question further back. and inquire as to the causes thathave
led to this predominant use of the right hand.

Notice that now, unlike Broca's conception of the problem, the brain does not
have primacy; the use of one particular hand induces the development of the
contralateral cerebral hemisphere. This hypothesis is implicit in Moxon (1866)
(**the brain of educated individuals is manifestly more unsymmetrical than the
brains of uneducated individuals™'), and possibly also in the case-history described
by Jackson (1880b), and almost certainly in Paget (1887). The intellectual origin
of the concept probably may be traced back to two cases reported in 1878 and
1880. Gowers (1878) described a case in which the left hand was congenitally
absent and the contralateral parietal cortex apparently was atrophied and vestigial.
His assistant at the postmortem was the young Victor Horsley, stll an undergradu-
ate. Bastian and Horsley (1880) reported an almost identical case, commenting
only that. **It seems something more than can be accounted for by mere chance
coincidenceg/

Wernicke (1906) felt that the lateralization of speech function was secondary to
hand usage. even after childhood:

. . theright hemispherc may be able totake overthe function of speech originally
laid down in the left hemisphere. . . the left hemisphere may lose the speech
functions it previously had developed if use of the left hand replaces that of the
right. | do not know of a similar casclés described earlier in the papcy(which S0
convincingly supports our hypothesis that localisation of the speech centre is (2]
functional acquisition of each individual. '

1905: 1977 trans.. p. 268

In childhood. **one need not develop lefi-handedness for localisation of speech to
be transferred to the right side. . .*" (ibid){_

The concept is stated most clearly (and perhaps most absurdly) by Coley. who
gave instructions on "' The Prophylaxis of Aphasia’":

.. noharm, and probably a great deal of good. might come from instructing the
patient how to provide against the contingency of a lesion involving the left
Broca's conv)ﬁution. . . My suggestion is that a graphic centre should be made to
develop in the right side of the brain by practising writing with the left hand.

Coley. 1909

The importance of utilizing the left hand had been stressed earlier by the
Ambidextral Culture Society, which was formed in 1905 by one John Jackson **for
the promotion of education reform and two-handed training '’ (see Barsley, 1966,
for an account). ® By 1926, the esteemed neurologist Kinnier Wilson described the

6The utility of ambidexterity was not always accepted. Gould (1905). arguing ﬁon.’ x?mc samc
neurological premises as Coley, Jackson, etal., could only sympathize with the **pitable victims!™ " of
the Ambidextral Culture Society. '
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argument of Weber (1904) that it could only have been in the mid- 19th century that
Broca could make his discovery, since:

The dissemination of the accomplishment of writing among all classes, deter-
mined the lead of the left hemisphere over the right, and at the same time finally
established the localisation of the speech centres in the cerebral cortex.

This argument is. he admits, overstated. but **must play a role.”” He concludes
that:

If these facts were better known the culdgvation of ambidexterity would receive that
impetus which it assuredly deserves.
Wilson, 1926

Weisenberg and McBride (1935) echoed the same suggestions:

It would seem as if the right brain. while not directly concerned in language in the
right-handed individual, ncvertheless is in a state of receptivity for language
acquisition, the degree varying in accord with the use of the left hand in wril-
ing.{my emphasis] o

Needles (1942) analyzed nine cases from the literature and concluded that in
usage of the nonpreferred hand:

- . the function of speech is not relinquished by one hemispherc and taken up by
the other. as the shift from the use of one hand to the use of the other occurs. but
continues rather to be participated in by both hemispheres. . .

He continues, with disarming candor, ** There is. of course. no way of confirming
this postulate experimentally.”" This is, of course ,untrue.

Outside of medAicAi_nt;.Asuc_h Lh‘eorig:s_werc of greatinfluence, as may be seen in the
case quoted by Burt (1950), and briefly reported in the Times Educational
Supplement of May 6th, 1929:

At the special schools in the Lingfield Colony for Epileptics a group of children
who were stationary in learming were given a training in left-handedness in the
hope that **additional" centres in the brain might be opened up.

LU Burn. 1950; p. 336

The Concept of Em:l,\B(um ‘Da_n{age Modifying Dominance

BV pser v,
FERIE 7 AC N

After discussir}_g_rc_a_s_;s_jo_f'cfb.s‘s‘t':d. aphasia in sinistrals, Bramwell (1899) says:

PP -

I am speaking of. cases in which there is no reason to suppose that the normal
development of the speech centres was interfered with in early life.

Here, Bramwell is talking about only the transfer of speech laterality, not of
pathologic left-handedness, as such. This concept, however, transmutes. Redlich
.(1908) is reputed'to have been the first to posit *‘pathological left-handedness’’
(B_i(f;glcy. 1958),.although the idea is usually attributed to Gordon (1921), who
said: Sy e

oo s
2. 3T
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(In effect, each time that a contradictory example is observed, of a lesion of
Broca's area without aphasia, there is always found a supporter of classical
localisation who declares that the affected patient was an unrecognised left-
hander. if need be an ambidextral. Or instcad, one suggests that the aphasia was
fugitive, and that this transitory nature must be the result of a rapid substitution of
the left hemisphere by the right hemisphere. Left-handedness, amibidexterity,
plasticity, are theories that one does not manage to apply equally to the interpreta-
don of all the facts. The element of truth which exists here is moreover very
difficult 10 distinguish. //

One does not have to look very far for the effects of this confusion of data and
theory. Ettlinger, Jackson, and Zangwill's (1955) influential review of crossed
aphasia in dextrals concluded that:

. . it will be seen that some degree of ambidexterity was present in three of the
cases, and a familial sinistral tendency in nine. . . It would therefore seem
justifiable to anticipate some sinistral tendency in a case such as ours.

The effect of received theory upon interpretation of cases may be seen in two
further examples:

Indeed there are only two authentic cases. . . in which neither personal nor
familial indications of left-handedness could be established. Our patient’s elder
brother was left-handed. left-footed and right-eyed. which proves that in our case
there was also a tendency to familial left-handedness.

Botez and Westheim. 1959

Note that here there cannot be *‘a tendency to familial left-handedness'"; either the
patient has left-handed relatives or he does not.

The effect of the received view upon the interpretation of data can be found in
Archibald and Wepman (1968). Although evidence of language in the right
hemisphere of eight right-handers was found, they were forced to conclude:

The eight right-brain damaged dextral patients with Janguage difficulties reported
in this paper appear anomalous in view of the relative dearth of such cases in the
literature. . . [They may be explained away if]. . . their language behaviour mnay
be attributable to general cognitive deficit with, perhaps. some central visual
involvement.

Inevitably, observations of patients are made in the presence of prior theories as
to the nature of such observations; patients reported in the literature suffer even
more from this deficit. Figure 1 shows the cumulative number of reported cases of
left-handed patients with crossed and noncrossed aphasia (data from Goodglass
and Quadfasel, 1954). Note that we are now fairly sure that crossed aphasia in left-
handers is actually more common than noncrossed aphasia; it is only in the late
1940s, when such a hypothesis became more acceptable, that cases were reported.
Prior to that, reported cases supported the prevailing theory that left-handers talked
via the right-brain. .
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Figure 11 The cumulative number of cases reponted of left-handers with either right- or left-sided
lesions that produced aphasia, by date of publication. (Data derived from Goodglass and
Quadfase! (1954).)
Evidence

Having noted that the concepts of stock-brainedness, alteration of dominance by
brain damage, and modification of language representation by hand usage were all
introduced in the absence of any adequate evidence (that is. apart from single
clinical cases), it is necessary to review the evidence now available for them.

The Modification of Language Lateraliry by Hand Usage

Even recent work has assumed that modification of language laterality by hand
usage is a potent factor: Humphrey and Zangwill (1952)., describing the case of a

left-handed man with a right occipitoparietal injury, noted that although he was
aphasic, the patient did not suffer from agraphia. They comment:

Itis possible that the absence of any real agraphia in the present case is related to
the patient 's ong-standing right-handedness in writing. It may be surmised that his
preference for the right hand (whether inborn or as a function of training) in writing
indicates the central mechanisms subserving this function had been organised in
the left hemisphere, .. NOLITEL -

FEpIIAD L

Zangwill (1955) comménted that: -

In ~‘<:~ongcnital“7sini_s.tvrgl.§. - . the hemisphere dominant for language is typically
the right. ln these cases, education of the right hand for skiiled activity, more
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particularly writing . may lead IG some measure of transfer of dominance to the left
hemisphere. It is however most doubtful if this transfer is ever complete, except

possibly in the case of writing itself. None the less it is to be expected that many
“‘congenital " sinistrals, by virtue of early nght-handed training. will come to
acquire some measure of bilateral representation of speech.

There is little published evidence on the question. Goodglass and Quadfasel
(1954) analyzed 50 cases of cerebrally damaged left-handers, 35 of whom wrote
with the right hand, and 15 of whom wrote with the left-hand. The side of lesion is
shown in Table 1. While there is a small trend towards a higher incidence of left-
sided language laterality in those writing with the right hand, the trend is far from
significant (x* = 1.52. NS).

Gloning et al. (1969) reported a study of 57 left-handers, all of whom had been
forced to write with the right-hand at school, but of which seventeen reverted to
left-hand writing in adult life. All had suffered brain damage as adults. Although
sample sizes were small. the particular writing hand had no effect upon speech
comprehension or expression (although there was a tendency for patients who
wrote with the hand ipsilateral to the lesion to be less impaired on reading ., writing.
and calculation).

Nielsen (1944 see Clark. p. 30) cites a definitive case in which there appears to
be prima facie evidence of transfer of the speech center secondary to hand usage. A
10-year-old boy who was right-handed was forced to write with his left hand as a
result of the amputation of his ight arm. At the age of 31 (21 years after the forced
transfer of writing). a localized cyst of the right angular gyrus produced a
reversible aphasia, thus confirming that speech was in the right hemisphere.
However. this patient also had a sinistral family history (one uncle and two cousins
on his mother's side) and an alternative explanation to that of Lovell, Waggoner,
and Kahn (1932) is that the loss of his hand had not caused transfer of his speech
center, but that it had always been in the right hemisphere (see McManus, 1979.
for details of the proposed genetic model). Certainly, a single case cannot prove
the possibility of transference of dominance. Chesher (1936) also described three

TABLE 1
The Assessed Language Laterality of 50 Left-Handers According to Their Usual Hand of Writing*

Assessed Language

Laterality
Writing Hand Lefi Right Total Percent Left
Right 20 15 s 57.1
Left 5 10 15 33.3
Total -28 25 50 50.0

*Data derived from Goodglass and Quadfasel (1954), with permission.
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patients who seemed to dxsconﬁrm Lhe possnblhty of hand usage modifying
language laterality.

Early Brain Damage Modifying Language Dominance

There seems little doub(—x.hat cerebral dominance for language can be modified
by early insults to the brain.

Milner, Branch, and Rasmussen (1964) delcrrruned language dominance by the
Wada sodium amytal technique. Of 44 left-handers with no evidence of early brain
damage. 63.6% had some language located in the right hemisphere, and 20.4%
had language located only in the right hemisphere. Of those 27 cases of left-
handers with evidence of early brain damage before the age of 2 years, only 22.2%
had language exclusively in t_h.: left hemisphere, and 66.6% had language
exclusively in the right hemisphere (the remaining cases had evidence of bilateral
language representation). These differences are highly significant, whether one
excludes those with bilateral language (x* = 13.17, 1 df, p<0.001), or includes
them in the non-left hemisphere group (x? = 9.90, 1 df, p<0.01).

The evidence of Penfield and Roberts (1959) is not so clear. They operated on
patients with chronic epilepsy and noted the incidence of postoperative aphasia,
according to handedness and side of operation. Their data divided patients accord-
ing to the presence or absence of early brain damage history. Among left-handers
without early brain damage. 72.2% of 18 cases had aphasia after a left hemisphere
operation. compared with 6.7% of 15 cases after a right hemisphere operation
(»<0.001). The corresponding figures for left-handers with early brain damage
are 12.2% of 49 and 14.1% of 7 (no significant difference). This might seem to
indicate a degree of randomness in speech allocation among those with early brain
damage (however, such a conclusion is far from certain. A closer examination of
the data presented in Table 2, reveals several anomalies. While early brain damage
seems to produce a decreased incidence of aphasia after left hemisphere opera-
tions, in both right and left-handers (x* = 5.78, 1 df, p<0.05; x* = 20.47, 1 df,
p<0.001), there is no compensatory increase in aphasia in those with early brain
damage after right-side lesions. This is a surprising finding. Overall, the incidence
of postoperative aphasia is far lower in early brain-damaged patients (12.5of 136)
than in those without brain damage (33.6% of 386) (x* = 21.25, 1 df, p<0.001), a
finding true for both left-handers and right-handers (x* = 8.72, 1 df,p<0.01; x* =
12.0, 1 df, p<0.001, respectively). Early brain damage, thus, seems to protect
against aphasia secondary to ncurosurgxcal operation; this might imply some
degree of bilateral spcech representation and, as such, mi ight be consistent with the
hypothesis that braln damagc mod:ﬁcs language dormnance,éxowcver the data ){
not totally convincing.* *+ = i¥--

Early studies of the cffects of carly brain damage and of hemispherectomy in

1.
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" TABLE 2 .
Incidence of Postoperative Aphasia After Right- or Left-Sided Operations in Right- and Left-
Handed Chronic Epileptics® t

Lefi-Sided Operations Right-Sided Operations
Aphasics Aphasics
Handedness Early Brain Damage n n (%) D n (%)
Right - 157 115 (73.2) 196 1 (0.5)
+ 22 10 (45.4) 58 0 (&)
Lefu - 18 13 (72.2) 15 ) (6.7)
+ 49 6 (12. 7 1 (14.0)

* Padents were divided intc those with (+) and those without (—) evidence of carly brain damage.
+Data derived from Peaficid and Roberts (1959), with permission.

infancy suggested an almost total plasticity, language being readily inducible in
the opposite hemisphere. Recent reviews have suggested that the situation is not
quite so simple. Dennis and Whittaker (1977) reviewed the 19th and 20th century
literature and found that while 40.15¢ of 533 cases of left hemisphere damage
resulted indysphasia, this was true of only 18.4% of 422 cases of right hemisphere
damage. The implication is that while early brain damage might modify language
dominance, there is still evidence of an intrinsic asymmetry which sets upper
limits on the effects of modifiability secondary to trauma or damage.

Stock-Brainedness

Despite Bramwell's candid admission of a lack of evidence for stock-brained-
ness, modern work has confirmed the partial validity of the concept, its modern
form being that left-handers without a history of left-handedness in the family will
be more like right-handers than those with such a history; and the converse for
right-handers, a positive history of left-handedness making them more kike left-
handers. as a group. :

However, evidence of the type presented by Etdinger, Jackson, and Zangwill
(1955) is not valid as evidence of stock-brainedness. They found that of 15 cases of
crossed aphasia in dextrals, 9 (609 ) had evidence of familial sinistrality. This
neither explains away such cases (after all, they are still right-handed), nor does it
prove that a positive family history is significantly more common in such cases
than in noncrossed dextrals, for a control group is lacking; indeed, Penfield and -
Roberts (1959) doubted whether the incidence would be greater than in 2 control
population (a glance at Figure 2 might also support this position). o

Studies have usually compared persons with a family history of left-handedness
(+FHLH) with those without such a history (-~ FHLH). Criteria vary; Hécaen and
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Figure 2:  The number of lefi-handed (relatives reponicd separately for right- and lefi-handers) as a
function of the total number of relatives reporied. [Data are described in more detail
elsewhere (McManus, 1979;.)

Sauguet (1971) considered a patient to have +FHLH if *‘there was knowledge of
at least one parent, sibling, or direct descendant who was left-handed. or at least
two other left-handed relatives e.g. cousins, uncles, or grand-parents. ™ Zurif and
Bryden (1969) had a more stringent criterion: *‘if either a parent or sibling was left-
handed; all other left-handers were considered to be non-familial."" Clearly, these
criteria will produce differing results; neither criterion is perfect, since family size
will vary (10 dextral'siblings are more convincing evidence of —~FHLH than one
dextral sibling), and there is"a possibility of repo'rting biases, those with left-
-handed relations being more likely to réport the fact. The problem of dividing a

populationinto ~FHLH and +FHLH groups is shown in Figure 2, which presents
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data from a survey that was reported in detail elsewhere (McManus, 1979). In that
report, a series of 511 students and their parents were asked to report their own
handedness and that of their relatives, the questionnaire specifically asking for
information on handedness of the aunts, uncles, siblings, grandparents. and great-
grandparents of the student. Figure 2 shows (separately for ight and left-handers)
the number of left-handed relatives as a function of the total number of relatives
reported. It would be difficult to argue that there was any clear clustering either of

right- or left- handers into two groups, those with and those without a sinistral
family history.

Despite the problems of defining +FHLH, useful conclusions probably may be
derived from reports in the literature. Two useful studies have examined clinical
populations with dysphasia. Hécaen and Sauguet (1971) looked at 73 left-handers.
Those with +FHLH showed no difference in verbal symptomatology between
right- and left-sided lesions, while for those with —FHLH there was a strong
tendency for speech deficits to be nearly absent after right-sided lesions, but to be
similar to +FHLH for left-sided lesions. Luria (1970) considered right-handers
with +FHLH or —FHLH (his groups A + Ba and Bb + Bc, respectively). Of
those with —FHLH. 6.7% had no initial aphasia after injury of the left frontal area,
while 30.3% of those with + FHLH had no aphasia (x> = 6.77, 1 df, p<0.001).
Similarly. no residual aphasia was present in 22.1% of —FHLH cases compared
with 71.5% of + FHLH cases (x* = 28.21. 1 df, p<0.001). Both sets of data are
compatible with the modern concept of stock-brainedness.

Several studies have looked at cerebral dominance as measured by dichotic or
visual half-field techniques. Zurif and Bryden (1969) found that among left-
handers +FHLH was associated with a greater degree of right cerebral dominance
than —FHLH.Satz. Achenbach, and Fennell (1967) suggested a similar result,
crossed dominance being more common with +FHLH /however, they reported
insufficient data for an adequate statistical analysis.

Briggs and Nebes (1976) found no significant difference between + FHLH and
—FHLH on a dichotic task; Lake and Bryden (1976) found a similar result for
right-handers, ang)Qnsigniﬁcant trend in the wrong direction for left-handers (i.e..
—FHLH in left-handers resulted in more right cerebral dominance). Higgenbottam
(1973), using a dichotic task, found no evidence of dlfferencg(bctween ~FHLH
and +FHLH in left-handers. Using unilateral ECT as a method of assessment of
language laterality, Warrington and Pratt (1973) found an insignificant effect of
—FHLH in the opposite direction to that expected (i.e., in the same direction as
Lake and Bryden, 1976). '

In summary, therefore, the clinical evidence for a role of stock-brainedness is
fairly good, in both right and left-handers (despite these studies often being marred
in other ways). The earlier experimental literature also seemed to support the
concept; more recent work has been unable to positively support it, although no
significant results in the opposite direction have been found.
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Latent Left-Handedness -

Brain (1945) proposed that the slant of the handwriting might provide a clue to
latent sinistrality (by which, it is assumed, is meant a subgroup of right-handers
who will tend to behave more like left-handers than ordinary right-handers). No
evidence on this point is known to me. Brain also proposed that early brain damage
might modify language dominance, there thus being a subgroup of pathologic
right-handers who otherwise behave as if left-handed. Evidence on this point will
be deferred until later, the question being indentical to that of the existence of
pathologic left-handers.’

Weisenberg and McBride (1935) cite foot dominance and eye dominance as
clues to latent sinistrality. The relation of either form of dominance to handedness
is far from clear; there is certainly no adequate study in the Rerature showing that
right-handers with unusual eye or foot dominance are more akin to left-handers
than to right-handers.

Luna’s list of signs of latent left-handedness is more extensive. Well-developed
veins on the back of the left-hand, a wide finger nail on the left little finger. and
right-sided predominance of facial expression are not known to have any empirical
evidence in their support. Hand-clasping (and arm-folding) do not correlate at all
with handedness (McManus and Mascie-Taylor, 1979), and have ne»er been
shown to be related to speech dominance or any other characteristic o&ngh( or
lefi-handers. :

There is no statistical evidence that **. . . irregularities of the dominance of the
righthand. . ."" relate significanty to any other aspect of handedness or of speech
dominance. Clapping movements, tonus tests, and sensory dominance have not
shown to be related to handedness or language laterality.

In conclusion, there is no reasonable evidence for the cqpcept of latent sin-
istrality, except in the particular case of “stock-brainednesslﬁ‘and there its usage
must be particularly restricted..
Pathologic Left-Handedness .

Pathological left- handedness has become a major explanatory concept. Zang-
will (1955) commcnted

If my view is correct, at least half of the normal left-handed population are in
reality “'shified dextrals™* i.c. persons without family history of sinistrality who
have acquired their left-handedness in the course of early development. . . Such
an individual tends to show left cerebral dominance for language in accordance
with his inherited bias. . . In * ‘congenital’’ sinistrals on the other hand the
hemisphere dominant for Janguage is typically the right. [Note that here the
concept of palhologncal lcft handcdncss once more allows Dax 's Law to be true.]

valiclals _-:':.-:.- geie S8
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The degree of theoretical confusion surrounding pathologic lefi-handedness is
nowhere better shown than by Geschwind {(1975) in his summary of handedness

and aphasia in the influential Beeson and McDermott's Textbook of Medicine.
Here we are told that:

{A non-pathologic lefi-hander]. . . becomes aphasic as a result of {a] lesion in
either hemisphere . although lefi-hemisphere lesions generally produce more last-
ing disability. . . Pathologic left-handers. who have suffered early childhood
injury to the left hemisphere, are usually right-brained for spcéh. [Note the
complete contrast with the view of Zangwill.) A

Corballis and Beale (1976) made a tentative estimate that 409 of left—
handedness is pathologic in origin (p.139). once more deriving their evidence
from an assumption that Dax’s Law is true.

Hicks. Pellegrini, and Evans (1978), after finding no support for one version of
the evidence for pathologic left-handedness. concluded **. . . we do not doubt the
existence of pathological left-handers. . .

Satz (1972} proposed an “‘explanatory model ™ for pathologic left-handedness,
but had to accept that the syndrome’s occurrence was “‘untested and rarely
contested. [and] has been tacitly accepted by neurologists and psvchologists for
decades. . . < ,

Statistical evidence for the concept of pathologic left-handedness usually comes
from one of four sources:

1. The role of acute anoxia of delivery in inducing left-handedness

2. The increased incidence of left-handedness in twins. particularly monozygotic
(MZ) twins

3. Left-handedness in epileptics

4. The increased incidence of left-handedness in the mentally subnormal. the
mentally retarded. and the mentally ill

There is also implied evidence that reports of clinical cases support the concept
of pathologic left-handedness; earlier in this report. it was argued that. to my
knowledge. there is no single satisfactory case in the literature. Certainly, no such
cases have been cited by the proponents of pathologic left-handedness. It is now
worth considering. briefly, the other evidence for pathologic left-handedness.

The Role of Acute Anoxia of Delivery in Inducing Lefi-Handedness

1 have extensively investigated the role of acute anoxia elsewhere (McManus,
1981) and need only briefly report the conclusions of that study. Intwo moderately
large rewospective studies, and one very large prospective study (n = 12,000).
using data derived from the 1958 Perinatal Montality Survey and the Nn(io.nal
Child Development Study (NCDS), 1 was unable to find any evidence for.arelation
between handedness and birth stress:
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The Increased Incidence af Lefl -Handedness in Twins, Particularly
Those of Mogsgoric Origty 1.

It is usually claimed Lhat (a) Lha( Mz. twins have a higher incidence of left-
handedness than do digygotic (DZ) twins and that (b) twins in gencral have a
higher incidence of lefi-handedness than do singletons. Since ncither of these
itemns could conceivably have a genetic basis. itis argued that pathologic factors as
well as mirror-imaging in MZ twins are responsible for the increased sinistrality.
Elsewhere (McManus| 1980a), 1 have critically reviewed the evidence for these
statements, and concluded that neither is supported by the evidence.

Left-Handedness in Epileptics

Milner, Branch, and Rasmussen (1964) found a higher incidence of left-
handedness in chronic epileptics who had an early, as opposed to a late, cerebral
lesion. Penfield and Roberts (1959) found a higher incidence of left-handedness in
chronic epileptics whose lesion had occurred before the age of 2 years, than in
those whose lesion occurred later in life. Neither of these studies contributes
anything to the purposes of the present study. The definition of pathologic left-
handedness mentioned at the beginning of this paper specifically states that hand
preferences alone must be altered by a lesion. In the studies described above, we
have no idea as to the frequency of right hemiplegia, etc /<Lhus many of these
‘‘pathological”* left-handers might well fit into Gordon's first category: left-
handers of necessity.

Among less severe epileptics, the evidence for increased incidence of left-
handedness is poor Elsewhcrc (McManus 1980b) evidence is reported from the
epilepsy (defined i ina large number of ways). It is possible that other studies have
found an increased incidence of_l_gft handedness in epileptics; these studies are
probably all invalidated by the a priori expectations of the researchers causing a
criterion shift in the deﬁnmon of left-handedness in the epileptics. Centainly,
future studies in this area"as with those concerning twins (McManus, 1980a),
should be carried out w1Lh the experimenter blind as to the epileptic status of the
child being examined.

The Increased Incxdence of Lefr Handedness in the Mentally Subnor-
mal, Retarded. and III s -

It has been pomted out by sevcra] mvesugalors (see Satz, 1972, for a review),
that lefi-handedness is more frequent among the mentally subnormal, and other

disabled learners. SIU“CFCTS also appear to have an incréased incidence of left-
handedness.
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Table 3 presents data from analysis of the NCDS data (see McManus 1980 for
further details of this dataset); it is clear that mental retardation does. indeed,
correlate with left-handedness. Calnan and Richardson (1976), using the same
NCDS database, found that left-handedness related significantly to poor speech
and to several attainment tests. _

Several studies (Lishman and McMeekan, 1976; Gur, 1977: Colby and Parkin-
son, 1977; Boklage, 1977) have found an increased incidence of left-handedness
in psychotic patients.

None of the facts so far presented in this section are disputed; what ] find
contentious is the logic which allows these data in isolation to be interpreted as
evidence for pathologic left-handedness, as do for instance, Satz (1972) and Bakan
(1978). In none of the cases is it known. for instance, whether the familial
incidence of left-handedness is the same as an appropriate control group; it may
well be that left-handers are more prone to certain conditions, rather than the
conditions causing their left-handedness.

Thus far, all the evidence criticized has been very indirect. To my knowledge,
there is no direct evidence of a link between cerebral trauma and left-handedness.
Table 4 shows analysis of NCDS data in which mothers of children were asked if
their child had ever been knocked unconscious or suffered a fractured skull. While
not perfect, these two variables might be expected 1o correlate with cerebral
trauma of the closed head injury type. Despite a large sample size. there is no
evidence of a relation between handedness and cerebral trauma. Although very
inadequate, these data are unique, and provid?/yet further evidence for the
invalidity of the concept of pathologic left-handedness.

Conclusions

. if I wish to prove anything. experiment and rcason for me take the place of
authornities . . .

Puracelsus

M4 M . . .. . ) 1.
Despite the claims of many authorities, a critical review of pathologic left-
handedness reveals that there is no adequate evidence to substantiate the concept

TABLE 3

Doctor’s Assessment of Child's Degree of Mental Retardation at 7- Years-of-Age
Assessment n Percent Left
None 11538 11.2
Present, but no handicap . 68 13.2
Handicap slight (ESN) 101 18.8
Handicap moderate (ESN) 62 21 .0
Handicap severe (severely subnormal, not at school) ) 16 50.0

Xi. 35.57.p < 0.000
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'TABLE 4
Mother's History of Head Trauma Suffcred by the Child

Question Response n Percent left x} Significance
Has the child ;
fracture ofllh::ke;ltl"?d ) Mo ]201.0 A% 2.69 NS

Yes 1646 12.5%
et PP T e s

us 1h an

accident? Yes 599 11.4%

*Information was collected at the NCDS second sweep, when the child was 1l-years-old.

and, indeed, the idca probably finds its origins in repeated attempts to prove Dax’s
Law. The present author would accept that pathologic left-handedness might
possibly occur in very rare instances. although as yet there is no convincing
evidence for such a phenomenon. Cenainly pathologic left-handedness would not
seem, as many authors would claim, to be a frequent occurrence.

{ am grateful to the National Children’s Bureau for granting me permission to
reanalyze data from the National Child Development Studv, and to E. Roughley
and the Social Science Research Council Survey Archive for providing thar set of
data.

References

Adler, A.(1929). Problems of Neurosis. London: Kegan, Paul. Trench and Trubner.

Annett, M. (1975). Hand preference and the laterality of cerebral speech. Correx 1:305—328,

Annent, M. (1976) Handedness and the cerebral represcntation of speech. Ann. Human Biol.
3:317-328. e e ) e

Archibald, Y.M. and Wepman, J.M. (1968). Language disturbance and non-verbal cognitive perform-
ance in cight patients following injury to the right hemisphere. Brain 91:117-130.

Bakan, P. (1978). Why lefi-handedness?. Behav. Brain Sci. 1:279-280.

Barsley, M. (1966). The Left-handed Book, London: Souvenir Press.

Basdan, H.C. (1898). A Treatise on Aphasia and Other Speech Defects. London: H K. Lewis.

Bastian, H.C. and Horsley. V. (1880). Arrest of development in the leftupper limb, in association with
an extremely small right ascending parietal convolution. Brain 3:113-116.

Bateman. F. (1865). On aphasia, or loss of the power of speech. Lancer i:532— 533,

Bateman, F. (1870). On Aphasia. London: Churchill.

Benton. A.L. and Joynt, R.J:'(1960)” Early descriptions in aphasia. Arch. Neurol. 3:205—221.

Bingley. T. (1958). Mental symptoms in temporal lobe epilepsy and temporal lobe gliomas. Acta

Psych. Neurol. (Supp. 120) 33:1215] 75 Foimie =

B"H“F" C_‘E‘ { l.977)j scmmph"'}i’- '?'?}" asymmetry dcvcldpmcm, and twinning: Cellular relation-
ships with ctiological and possibly prognostic implications. Biol. Psychiar. 12:19~35.

Botez, M.1. and Westheim, Nl_( 1959)° Expressive aphasia and amusia;, following right frontal Jesion in
a right-handed man. Brain 82:186-202:" * - -

Brain, W.R. (1945). Speech and handedness. Lancer 1:837-841.



000 1. C. McMANUS

Brain, W.R. (1961). Speech Disorders: Aphasia. Apraxia and Agnosia. London: Butterworth.

Bramwell, B. (1897). Lectures on aphasia. Edinburgh Med. J. 11:356-370,

Bramwell, B. (1898). A remarkable case of aphasia. Brain 21:343-373.

Bramwell, B. (1899). On “crossed’" aphasia. Lancer i:1473 - 1479,

Briggs. G.G. and Nebes, R.D. (1976). The effects of handedness, family history, and sex on the
performance of a dichotic listening task. Neuropsvchol. 14:129-133,

Broca, P. (1861). Remarques sur le sicge de la faculté du langage articulé, suivies d'une obscrvation
d'aphémie. Bull. Soc. Anar 36:330.

Broca, P. (1863). Discussion of a communication by Dr. Parrot, Bull. Soc. Anar 8:372.

Broca, P. (1865). Sur le siége de la faculté du langage articulé. Buil. Soc. Anthropol.
6:377-393.

Brown-Sequard, C.E. (1874). The Toner Lecture. Presented in Washingion, April 22, 1874, *'The
dual character of the brain’"; quoted in part in Riese (1959), pp. 100-101.

Burt. C. (1950). The Backward Child, 3rd ed. London: University of London Press.

Calnan, M. and Richardson. K. (1976). Developmental correlates of handedness in a national sample
of 11 year olds. Ann. Hwman Biol. 3:329-342.

Chesher, E.C. (1936). Some observations concerning the relation of handedness to the language
mechanism. Bull. Neurol. Inst., New York 4:556~561.

Clark, M. M. (1957). Left-Handedness: Lareraliny Characieristics and Their Educational Implica-
tions. London: University of London Press.

Clarke, B. and Zangwill. O.L. (1965). A case of “crossed aphasia™ in a dextral. Neurupsychol.
3:81~86.

Colby. K.M. and Parkinson C. (1977). Handedness in autistic children. J. dur. Child. Schiz 1:3~7.

Coley. F.C. (1909). The prophylaxis of aphasia. Pracrir. 2:238-240.

Collins, J. (1898). The Faculre of Speech: A Clinical and Psychological Study of Aphasia. New York:
Macmillan.

Conrad, K. (1949). Ueber Aphasische Sprachstoerungen bei hirnverletzten Linkshaender. Nervenarz
20:148- 154,

Corballis, M.C. and Beale, 1.L. (1976). The Psychology of Left and Righi. New Jersey: Lawrence
Erlbaum.

Critchley, M. (1964). La controverse de Dax et Broca, Rev. Neurolog. 110:553-557.

Dax. M. (1865). Lésions de la moiti¢ gauche de I'encéphale coincident avec l'oubl}<dcs signes de la
pensée. Gaz. Hebdom. Méd. Chir_ (2nd series) 2:259-262.

Dennis. M. and Whittaker, H.A. (1977). Hemisphere equipotentiality and language acquisition. In
Scgalowitz. S.J. and Gruber. F.A. (eds.). Language Development and Neurological Theory. New
York: Academic Press.

Elliont, F.A., Hughes, B.. and Turner. J.W.A. (1952). Clinical Neurology. London: Casscll and Co.

Espir, M.L.E. and Rose, E.C. (1970). The Basic Neurology of Speech. Oxford. Blackwell.

Ewdinger, G., Jackson, C.V., and Zangwill, O.L. (1955). Dysphasia following right temporal
lobectomy in a right-handed man. J. Neurol. Neurosurg. Psych. 18:214-217.

Fermier, D. (1878). The Localisation of Cerebral Disease. London: Smith, Elden, and Co.

Geschwind, N. (1975). Language. Aphasia. and Related Disorders. In Beeson, P.B. and McDermott,
W, (eds.), Textbook of Medicine. (14th ed.)

Giannitrapani, D. (1967). Developing concepts of lateralisation of ccrcbral functions. Corlzx
3:353~370.

Gibson, G.A. (1902). The nervous affections of the heart. Edinburgh Med. J. July 1902, 9—24.

Girard, P.F. (1952). “'A propos de troubles neurologiques ¢t psychiatriques obscrvés chez les
gaucheurs. La notion de diphasie, dipraxie et diphrénic. Sem. HOp. . Paris 28:750-759.

Gloning. 1., Gloning. K., Haub, G., and Quatember, R. (1969). Comparison of verbal behaviour in -

right-handed and non-right-handed patients wuh analomlc:all)v vcnﬁcd Jesions of one hcmlsphcrc
Cortex 5:43—52. - ’

., Paris,

.



PATHOLOGIC LEFT-HANDEDNESS 000

Goodglass, H. and Quadfasel. F.A. ~(>l954). Language laterality in left-handed aphasics. Brain
77:521~548.

Gordon. H. (1921). Left-handedness and mirror- wnnng especially among defective children. Brain
43:313-368.

Gould, G.M. (1905). Elographlr Chmc: Vol VIII Influence of Visual Funcrion upon Heglth.
Philadelphia: P. Blakiston.

Gowers. W.R. (1878). The brin in congenital absence of one hand. Brain 1:388-390.

Gur, R.E. (1977). Motoric laterality imbalance in schizophrenia: A possible concomitant of left
hemisphere dysfunction. Arch. Gen. Psychiar., 34:33,

Hécaen, H. and de Ajuriaguerra. J. (1964). Lefi-Handedness: Manual Superiority and Cerebral
Dominance. New York: Grune and Suatton.

Hécaen. H. and Dubois. J. (1969). : La Naissance de la Ncuro%_vchalogie dulangage (1825 -1865).
Pans: Flammarion.

Hécaen. H. and Piercy, M. (1956). Paroxysmal dysphasia and the problem of cerebral dominance. J.
Neurol. Neurosurg. Psychiat. 19:194—201.

Hécaen. H. and Sauguet, J. (1971). Cerebral dominance in lefi-handed subjects. Coriex 7:19-48.

Hicks. R.A.. Pellegrini, R.).. and Evans. E.A. (1978). Handedness and birth risk. Neuropsychologia
16:243-245.

Higgenbotiam, J.A. (1973). Relationship between sets of lateral and perceptual preference measures
Cortex 9:403-410.

Humphrey. M.E. and Zangwill. O.L. (1952). Effects of a right-sided occipito-parictal brain injuns on a
left-handed man. Brain 75:312~324,

Ireland, W.W. (1880). Note on left-handedness. Brain 3:207-214.

Jackson. J.H. (1868a). Aphasia with hemiplegia of the left side. Lancer i:316.

Jackson. ).H. (1868b). Deficit of intellectual expression (aphasia) with left hemiplegia. Lancer i:457.

Jackson. J.H. (1880a). On affections of speech from discases of the brain. Brain 2:323 - 356.

Jackson. J.H. (1880b). On aphasia, with left hemiplegia. Lancer ii:637—638.

James, W. (1892). Texthook of Psychology. London: Macmillan.

Kennedy, F. (1916). Stock-braincdness, the causative factor in the so-called **crossed aphasias.”” 4m.
J. Med. Sci. 152:849~859, i

Lake, D.A. and Bryden, M.P. (1976). Handedness and sex differences in hemispheric asymmetry.
Brain and Language 3:266—282.

Levine, K.N. (1935). A note on the relation of the dominant thumb in clasping to handedness. Am. J.
Psych. 47:704-705.

Lishman. W.A. and McMeekan, E.R.L. (1976) Hand preference patterns in psychiatric patients. Brit.
J. Psychiar. 129:158—166.

Lovell, H.W.. Waggoner, R.W'., and Kahn, E A. (1932). Critical study of a case of aphasia. Arch.
Neurol. Psychiar. 28:1178~1181. -

Luria, A.R. (1947). Traumatic Aphasia. (Translated in 1976 from Russian) The Hague: Mouton.

McManus, 1.C. (1979). Determinants of Larerality in Man. Ph.D. thesis, University of Cambridge.

McManus, 1.C. (1980a). Handedness in twins—A critical review. Neuropsychol. 18:347—355.

McManus. 1.C. (1980b). Left-handedness and epilepsy. Correx 16:487-492.

McManus, 1.C. (1981). Handedness and birth stress. Psych. Med. 11:485-496.

McManus. I.C. and Mascie-Taylor, C.G.N. (1979). Hand- -clasping and arm-folding: A critical review
and a genctic model. Ann. Human Biol. 6:527~558.

Milner, B., Branch, C.. and Rasmussen, T. (1964). Observations on cerebral dominance., Inde Rueck,
A.V.S. and O'Connor, M. (eds). Ciba Foundation Symposium Disorders of Language. London:
Churchill.

Moutier. F. (l%). L’Aphasie de Broca. Paris: G. Steinheil.

Moxon. W. (1866). On the connexion between Joss of speech and

: - paralysis of the right side. British
and Foreign Medico-Chirurgical Record 37:481 - 489,



Y

000 1. C. McMANLUS ’ R

Needles. W. (1942). Concerning transfer of cerebral dominance in the function of speech. J: Nery,
Ment. Dis. 95:270-277.

Nielson. J.M. (1946). 4 Textbook of Clinical Neurology. London: Cassell and Co.

Ogle. W. (1867). Aphasia and agraphia. Sr. George's Hospitul Reports 2:83~122.

Ogle. W, (1871). On dextral pre-eminence. Medico-Chirurgical Transaction 36:279—-301.

Ombredanc. A. (1951). L'Aphasic ¢1 I" Elaboration de Iz Pensge Explicite. W
sitaires_d¢ Frances.

Paget, G.E. (1887). Notes on an exceptional case of aphasia. Brir. Med. J. 2:1258-1259.

Penfield. W. and Robens, L. (1959). Speech and Brain Mechanisms. New Jersey: Princeton Univer-
sity Press.

Pick. A. (1931). Aphasia. (Translated in 1973) Springfieid, IL: Brown. 3. W, C.C. Thomas.

Pye-Smith. P.H. (1870). On left-handedness. Guy's Hospital Reports 16:141 - 146,

Redlich. E. (1908). Epilepsic und Linkshaendigkeit. Arch. Psychiar. 44:59—83.

Riese, W. (1947). The early history of aphasia. Bull. Hist Med. 21:322-344

Riese. W. (1959). A History of Neurology. New York: M.D. Publications.

Rottenberg. D A and Hochberg. F.H. (1977). Neurological Classics in Modern Translation.

Russell, W.R. and Espir. M.L.E. (1961). Traumaric Aphasia. London: Oxford University Press.

Satz. P. (1972). Pathological lefi-handedness: An explanaton model. Coriex 8:121-135.

Satz. P., Achenbach. K.. and Fennell. E. {1967). Correlations between assessed manual laterality and
predicied speech laterality in a normal population. Neuropsvchol. 5:295-310.

Thempsen. H.D (1921). Diseases of the Nervous Svstem (3rd Ed.. Rev.} London: Cassell and Co.

Trousscau. A. (1887). Clinique Miédicaly de |'Horel-Diew de Paris (5th Ed.) Reprinted in pant in
Hécaen and Dubois (19691, Panis. Bailliere et fils.

Wadham. W. (1869;. Aphasia. St. George's Hosp. Rep. 4.245-250.

Wamingion. E K. and Prau. R.T.C. (1973). Language laierality in left-handers assessed by unilateral
ECT. Neuropsvchol. 11:423-428.

Weinstein. S. 11978). Functional cerebral hemispheric asymmetry. In M. Kinsbourne (ed.). Asym-
metrical Funciion of the Brain. Cambridge: Cambridge University Press.

Weisenberg. T. and McBrde., K.E. (1935). Aphasia: A Cl:~ -1l and Psychological Study.

Wemicke, C. (1906). Wernick\s Works on Aphasia (Transl: - in 1977 by G.H. Eggett) The Hague:
Mouton.

Wilson. S.A K. (1908). A contnbution to the study of ap~: with a review of the literature. Brain
311164 -216.

Wilson. S.A K. (1921). An introduction to the stuc» ~*: . Lancer ii:1143-1147.

Wilson, S.A K. (1926). Aphasia. London: Kegan. © .. 1. and Trubner.

Zangwili. O.L. (1955). Speech and handedness. Ad+ 5-159. -
Zangwill. O.L. (1960). Cerebral Dominance and ::: - to Psychological Function. Londn:

Oliver and Boyd. .
Zangwill, O.L. (1979). Two cases of crossed aphasia in c: : zls. Neuropsychol. 17:167—172.
Zurif. E.B. and Bryden, M.P. (1969). Familial handedness and left-right differences in auditory and

visual perception. Neuropsychol. 7:179-187. '



