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CpBSTRACT .
‘The defects in language seen after left hem1sphere damage
in man hfe traditionally been 1nterpreted as verbal atd/or sym-
' bol1c—representat1ona1 impairments. A series of stud11§ was con- : .
,&ucted on the relationshtp between oral apraxie and speeﬁb disor-*
ders wh‘th suggested that the speecn impairments seen after left -

hemisphere damage are accompanled by 1mpa1rment in the production ’ .

‘of nonverbal oral movements . o 1 .

. Patients wtthv1eft hemisphere damage were ‘classified into

aphasic or nonaphasic groups on the basis of standard aphasia"
tests. Aphasic patients were further c]assiffed as fluent or non-
tluent Tests given the patients required: (1) the imitation of ‘
re1at1ve1y sxmple single movements of tﬁe ora] musculature, of the

7
kind used in trad1t1ona1 testing of oral apraxia, for exampﬂe pro—

trusion of the tongue,’ blow1ng, etc , and (2) the 1m1tat1on<bf° o e
three such movements in a sequence. In agreement w1th the 11tera-f
ture, impairment on the ;iﬁgle oral'mdvements was evident in non-
fluent, but not fluent zaphasfes. However, ffuent apnasics were
impaired in(the imitatign of multiple nonvenba] oral movements,
relative to eatientsiszth right hemisphere'damage'and'norma] con-
trol subjects. It thus appears that all patients with aphasic
-defects also have d1ff1cu1ty in perform1ng nonverba] movements of
the oral muscu]ature if the mOVements are suff1cient1y demand1ng

l“

, }‘t\
Ana]ys1s of the errors made on the;mu1t1p1e oral movements

. “M,

" task revealed that 1eft, but. not right, hem??pheme damage is highly

it
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* ABSTRACT

Thirty-six patients with‘uniiateraf cerebral vascular dam-
age Were‘required.to perform a humber ofporal metor tasks, both
verbal and.nonverbal.- Nonfluept-aphasics weré.im "red in the
imiégtjoneof'singie'oral.mévements, as previously reported. = How-
. ever, qﬁ the imitation of complex nonverbal oral movements fiuent
apHasics were impaired as well “as nonfluents.v This iﬁpairment
was not explicable on the basis of visual memory or perceptual
deficits, nor on the basis of sensd;y threﬁhb]ds as mga;ured on
‘the tongue. The findihgé $uggest that deficits im co-ordinating .

oral movements are fundamental to most. aphasic 1mpa1rments,4thél

meaningfulness of the responses not being a critical factor in

the appearance of the defect.

3
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The aosociation with opﬁgsia of defects in the production
of‘nonverba1 movements termed "oral apraxia" has béen known since
the time of Hugh11ngs Jackson (1878). ' He described a patient who
was unable to protrude the tongue on command, a]though at other |
times spontaneous\ﬂncklng movements occurred. In a recent sys-
temat1c study,‘De Ren€1, P1eczuro and Vignolo (1966) found ora]

aprax1a to be h1gh]y assoc1ated WTth Broca s aphasia, but not with

“ Wern1cke s aphasia. Poeck & Kerschenste1ner (1975) also found im-

itation of oral movements\L\\ie most 1mpa1red in Broca's aphasics.

Employing the classification of aphas1as into “fluent” and "non
fluent" (Benson, 1967), one might say that oral apraxia has been
found to be present especial1y in cases of-nonf]uency, where spoéch

. A ] ‘ R
is characterized by disturbed effortful phoneme production, and

-
A

where the oral apraxia is seen as another manifestation of a pri-

bR

R TR ™ TR

marily motor disturbance.

On the other hand, ine speech production errors emitted by
a fluent aphasic are not generally considéred as motor impairmoﬁts,
but as 1ﬁnguistic impairments. This position has recently been
exo;icitly stated by Martin (1974): who proposes that the sé]ection
and ogdering of phonemes must operate in’referencekto the phono]-',
ogical nuies of 1angoage and as such are linguis;ic-évents rather -
than motor eoentsl Clearly, one would not,ekpect defects in the
production of nonverbai moveménts to occur in association with a *;
primani]y Iingdistic defect, andﬂgs we have'noped, oral apraxia is

not fypica1Ty seen in association with fluent aphasia.

o !
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In contrast L1epmann (1913) 10ng ago suggested that////"’
"Aphasia (not only motor aphas1a but every express1ve ap, asic
disturbance of spegsh and writing) and aprax1a’9réi\hqgéver, es-
sentia]ly‘similar.f‘_From'this pdint of Qiew//both fluent and
. nonfluent aphasias may be usefully regardeg‘as motor defects,
which differ only in the kind or complexity of the motor impair--
ment. Tests for oral apraxia typicg]]y employ fairly simple, usu-
ally single, movements, e.g., protruding the tongue, b]owiné, B
'chattering the teeth, etc. A fluent aphasic by definition'ﬁoes

not have particu]ar difficulty in initiating or producing indiv-

L

jdual speech sounds, so that it is perhaps not surprising that he
has no’ d1ff1cu1ty in producing relatively s1mp1g nonspeech move-
ments. ‘Howevér,,if one regards‘f1uént 5phasia as an impdirment

in putting sévera] speech sounés (movements) together accordtng to
some required patteranthen one might expect the reproduction of
more complex hénverba1 movsments 5156 td be impaired. Such an
interpretation would he consistent with the suggestioh that the
left hemispﬁere is specializédpprimarily for certain kinds of motor
?unction,.snd that the verbal or nonverbal nature of the motor task
is not critical to the appearange of‘a‘ﬂefectlafter left-hemisphere

 damage (Ki‘muyé & Archibald, 1974).

'», This hypothes1s was put to the test in the present study, .ap
in that a ser1es of oral motor tasks, ranging 1in comp1ex1ty from

single movements to complex (mu1t1p1e) movements, both verbal and

nonverbal, was presented for reproddction to neurological patients.

L bee i g g e ¢ BT

;*1#1{%&“ .




, . ; -
A T T R O Y A TP BTN e e .\w-‘:fm.‘.;af.ma«ww.- BT R b S A O w-:’&-:‘;&:'m.v e

w v

N . N ) /
i

. . .
<« . . - ' \
" .

"It was exbected that nonfluent aphasics ‘would have diffiéuity on
all types of oral movement, simb]e and complex,'verba1“and nén- ow

verbal. It was also expepted that fluent aphasics, while they

might have no difficulty with the éimp]e oral movements, should .
have difficulty with the more complex movements, whether verbal or

not.

. I METHOD L p
| Subjects | |
Subjects were 13 patients (7 females, 6 mdales) with righf- {
hemisphere damaée and 23 patients (7/fema1es, 16 males)} with 1eft
hemisphere damagefadmitted'to the University Hospital, London,

Ontario. Most patients were ‘located in the Neurology énd Neuro-

o

sufgery war? but some were in Rehabilitation Medicine. The sample
lincludes aii patients seen within a'twelve month period whoAsthed
evidence of strictly unilateral Qascu]ar damage to one hemisphere
of the_Brain. No patient with evidence of bilateral damage was

included. A1l patients were right-handed. The mean age of the .
: »

‘e -

. - , \ '. ’
patients was 50.3 years with a range of 22 to 72 years. v

Selected portions of the Minnesota Test for Différenpia]u
Diagnosis of Aphasia'were used to classify patients as aphasic'or“
nonaphasic. Six tests chosgn to yie]d measunés of both compre- .
hension and éxpression Qere administered to all patients. ihe :

tests of comprehension consisted of A.1 - recognizing common

-
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words (max score = 18), A.4.- identifying items named seria]iy

(15) and A.5 - understanding sentences (10)'for a maximum éom-
, N ;

prehension score 6f 43. The tests of expression consisted of

€.5 - couﬁting to 20 (max score = 20), C.6 - naming days of the

week (7), and £.13 —'naﬁhng pfétures (20), for a maximum expres-

ston score of 47. ‘The maximum possible coﬁbjped score was 90. ‘ .

The méan score for thg thirteen patients in the fight:hemisphere

group.was 89.8 with a range of 89-90. Using 88 as a cut-off . )
score, all of the left hemfsphere damaged patients were c]as§3fiéd -

‘.as either aphasic or nqnaphasicl Ten of the 23 1ef£ hemisphé}e . -

-damaged patients, designated nonaphasic, obtained scores of 89 or »
90. The remaining thirteen patients in this group obtained a
mean score of 67.8 with a range of 24 to 87 and were_c]aésified

“ as aphasic. ‘ ’

Phrase length, the number of utterances ber verbal response, f{‘

js a variable found to provide a'hiéh power ‘of discrimination be-
tween fluent and nonfluent aphasic speech (Goodglass, Quadfasel
& Timber1ake,—1964; Kers;henst@inef, Poeck & Brunner, 1972). In

order to classify tﬁe aphasics as fTuent or nonfluent, the mean

phrase length of a series of verbal responses. was determined for

’

all aphasic patients. Responses to the Picture‘Describtion'task

,
.
RN CRIAIET T ot N RS

~(€.12) or the aphasia test cited above were recorded on tape and .

transcribed. Phrase length‘has measured by the number of utter-

* ances, whether. syllables or unintelligible vocalizations, between ) 9
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two distinct interruptions in the flow of speech. Interrupﬁépns ,

were defined gs the /initiation of a new sentence or a temporgt

break of greater than two seconmds. The first. five consecutive ~ N

phrases produced by the patient were analyzed. On the basis of

s

~

the analysis two distinct groups of aphasics emerged. Four patients

k
ﬁsd a mean phrase length of 1.8 utterances with a range of 1 - 2.8, fgé
while the remaining eight‘had a meah\phrasellength'of 9.01utter— jg
ances with a'range of 7.0 - 11.2. Patients in the first group .%
were designated as nonfluent aphasicg, those n the §ecoﬁd group | %

as fluenf aphasics.l yean phrase length was also determined for
seven of the ﬁonabhasic patients/Qithdleft-hemisphere*daMage and
_was found to be 9.84 (range 5.6 - 13.4), not significantly differ-
ent from that of the f1qent aphasic group. | .
, ' o, - - : §
‘Thus, using thg‘variab]es qf lesion laterality, aphasia and 3
f]uéﬁ&y, four groub;ibf.patients were deéignated (see_Tab]e 19:
a) 13 right-hemisphere damaged patfents, b) 10 left-hemisphere’ .
damaged, nonaphasic_batients, c) .9 1eft—hemisphere damaged, fluent .
aph§sic patients, and d) 4 left-hemisphere damaged; ngnfluent A

aphasic patients.

Ana]ysiS’of‘variance yielded no signif%cant differences in
. /
age (F[3,32] ="1.02) or in time of testing after onset-(F[3,32] =
"1.13) between the groups. (Table 7). The median time between

onset of symptom§ and test date was eight weeks with a range of 1

to 208 weeks. The characteristics of the patient groups are sum-

marized in Table 1.
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“and a]] three demonstrated ang1Ograph1c ev1den of left cerebra] -4

vascu]ar abnormality' The fourth patient presen ed no clinical .-
/7 signs Otheﬁ than aphas1a, but a left temporal Tesion was conf1rmed
by ‘brain scan and e1ectroencephalography Of the ema1n1ng 33 pa- s ‘
J tients w1th lateralized c11n1ca1 s1gns, all but thrge demonstrated
“hemispheric abnorqa11ty on one or more pf the fo]lowxng medical
tests; angiography, electroencephaiqgraphy,ﬁbfain sca . A more
detailed breakdown of-etio]ogica1 factors can be found%in Table 1.

' i
(Insert Table 1 about here) |

Procedure
Intellectual Testing

. The Wechsler Adutt Intelligence Scale was adminﬁstec\d to
; ) 34‘patients-and the'wechs1er le1evue II.was admiﬁistered
patlents a]though in eight cases aphas1a precluded determination

of the Verba} IQ. To m1n1m1ze the effect of dominant hand dares1s,

a prorated Performance 1q- wh1ch -did not 1nc]ude the Digit- SyN 01

'subtest was used.

*» . Nonverbal Motor Tasks - - :‘ : .

\\ < - . T . .
R Single oral movements. The patients were instructed t

imi-
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demonstrated by the exgerimenter: (a%, mandibular deptgssion,

4

(b) midline lingual pr@t#usion, (;) {jﬁdﬁal lateralization

left, (d) ;]ip protrusiaﬁ, (e) Tlingual latégéﬁiéation right, (f)
upper teetﬁ on lower 1ip;,(g3 bilateral lip'rgtraction, (h) biow,
(i) clear fhroat, (i) clench teeth, (k) hum, ;nd (1) “whistle."
Care was taken to stay within the patient's good, visualsfield

and -to ensure thai he waz looking at thé expérimeaterfs face be-
fore the movement was made. A score of 1 was giv;n.for each move-

L 4

)
~ment correctly reproduced, for-a maximum score of 12 on the task.
Reduction in range of movement due to obvious paresis of the
facial musculature was;not penalized. All responses were video-

taped to provide a check on scoring accuracy. (Appendix 1).

Multiple oral movements. In this tasi, éhex!iperimenter
demonstrated a sequence ¢of movements of the oral-fzﬁﬁa] mgscu]a—
ture, and the patigng copied the sequence as soon aﬁﬂthe experi-
menter had completed it. A movement sequenceﬂconsisted\of three of
the single movgments described above, presented at oné ‘second in-

‘tervals. Five such s&quences were presented. The foflowing are
brief verbal déécriptions (not given to the patient) of the five -~
sequences: (a) bilateral 1ib retraction, lingual prot;usioh,
upper teeth:on lower lip, (b) 1ingdaﬁ sweéb across ypper lip,
clench teeth, clear throat, (6) 1iﬁguaf protruéion,Ilfp pf&trusr
ion, hum, (d) 1lingual lateralization, mandibular deggegéion, 1ip
protrusion, and (é) 1ingual protrusiph;—c]énch teeth, upper |
teeth-on lower lip, Agéin, all responses were videgtaped. Each

of the component movements was individually scored. 'Thys a max-

«



iﬁum’storé'of 15’(3:x 5) was obtainable. Secondly, a score re-
flecting éﬁcuracy in the correct sequencing or ordering of the
movemerrts-was determined. After eliminating response trials in
which thevpatieni produced only one movement, the number of move-,
ments produced in the correc; order on remaining trials was div-

. ided by the number of movements produced, to yield a percentage

score.

Verbal Tasks

Single phonemes. .The patients were instructed to produce

singfe phonemes which the experimenter presented while sitting
across a table in full frontal ;iew of the patient. Eighteen
consonants, nine vowels and three diphthongs were préseﬁted for
imitation. The patients"recorde;’qtterances were transcribed‘by

a phonetically-trained listener (senior author) into the alphabet

: . a .
of the International Phonetic Agsociation. Correct production was

. l‘-" L . A
TR . ... R

judged on the basis of examiner-perceived .acoustic accuracy. A
.score of 1 was given for each phoneme correctly produced for a
- . .

maximum score of 30.

Multiple phOnemés 2+ meaningless syllables. In this task

the patients were required to imitate a sequeqpé of three meaning-

. less consonant-vowel syllables (six phonemes); e.g., tikiso, dasegu.

’

A R et BRAG B  i

The task censisted of six different sequencé(; constructed so that'

each consonant occurred only once durfng the task. Only the‘firsf

. six phonemes produced by the patient ;h\ﬁach trié] were scored.

A score of 1 was given for each phoneme correctly pfoguced, re-




rest

gardless of order, allowing a maximum score of 6 on each. sequence,

~a score of 36 on the task. Secondly, in a manner éimﬁlhf to that,
used in the multiple ofaL movements task, the percentage of phon-

emes produced in the correct order when two or more were produced

.

was determined.

Multiple phonemes - words and phrases. In this task the

patients were .nstructed to repeat 12 single words (42 phonemes)
and 4, two-word phrases (18 phonemes). Each bhoneme waé scored
separately, and order of production was not considered. A maxi-
muT score of 60 (42 + 18) could be obtained on thzwf;sk.

Speeded syllable repetition.

(1) Repeated production of a single consonant-vowel syl-
lable: The patient was asked to repeat the syllable /bA/ «as
duick]y as possible. The number of correct p}oductions of the'
sy]1ab1e /bn/ over a five-second inte}val was determined from
tape recordings. The same measure was taken for rapid repetition

‘of the syf1ab1es /dA/ and /gA/. Since individual phoneme compar-
isons were not of interest,‘a,mean rate ofgproduction was defer-
mined over the‘three syllables. ' -

(2) Repeated production of a teryl]abic sequence: The
patient was asked to,repeat a -sequence of three consonant-vowel
comBinations used in the above task; i.e., /bAdAgAr/. To ensure
that the pStieni knew the task, the sequence was presented slowly
by the examiner before the first repetition requesf ané repeated
§1ow1y until the patient produced at least §wo'successive correct

productions of the entire sequence. The time between intitial
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presentation of the éeqdence by the exahiner, and the complityx1
of two correct sequences by the patient was recorded in edch case.
The examiner then demonstrated rapwd repetition of the sequencé/
for a seven second period, and the patient was asked to produce
the sequence as rapld]y a® possible. The number of correqt pro-
ductions of the entire sequence produced during a five Gecond
1qxerva1 was counted, aga1n from tape recordings. As this task d

was initiated 1ater in the study, data are reported for omly 32

. )
patients. :

. ) o /
S . ‘-

Visual sequential memory test. Since the movement copying

task obviously calls upon some visual memory skill, a visual se-

quential memory test was given. A modified version of the Visual
Sequential Memory Test: part of the It]inoiéhTest of Psycho]ingu-
istic Ability (Kirk, McCarthy & Kirk, 1968) was presented. This

test is similar td short term memory tasks sueh as digit span

but presented norverbally and in a visual mode. In thi{ test, a

.

card depicting black gepmetric forms in a particular sequence was

- presented. for ten seconds. The patients were then required to

order by hand a series of black geometric forms presented on Sy
1" x 1" white plastic chips. Two forms were initially presented
for ordering. If the patient responded correctiy, three forms - .

were presented on the next trial. I1f the response was incorrect »

_at any level, a second trial with different but equal numbers of

forms was given. Testing proceeded until the patient failed both

trials at a particular level. The score given was the highest

P




number of forms correctly sequenced.

ensory tests. Cutaneous two-point discrimination thresh-
olds wﬁe determined on the_“ left and right ;siaes of £he 'tor;gue ’at
a site 1 cm posferidr to'fhe'tongue tip usin§ an aesthesiometer
(Lafayette Instruments).'.Patients were‘askbd to judge whethér )
onglﬁr two points had been applied to the tongué Surfage and
respond by raising either one or two fingers. The trials began -
with a separation between the points well above threshold for )
discriminating them and deFrea%sd in 0.3 cm increments until a
criterion level of 75% correct judgments was not met. An ascen-
Jing trial, begun with a point separation well below threshold,
proceeded with increasing increments of separation until the 75%
correct criterion-level was met. The two-foint threshold at

each site was the mean of the last descending and ascending

value at which criterion wés‘reached. .The patient wéslconsidered ;j
to demonstrate a lingual sensory defici% when the mean of the left-
-and right-sided thresholds exceeded that of any of seven normal

[

control subjects tested with the same apparatus. Contro? suercts

were of Comparab]e age and had no history of neurological involve- .

ment. . o .

-
L d




"l
RESULTS o /

Intellectual Testing

-

Analysis of intellectual testing yielded results consis-

tent with the literature (Table 2). Patients w;ii:iigg;/ﬁEmis» v
phere dafhage, as a group, had a lower performance IQ relatige to
their Verbal 1Q. Patien;s with 1e}t hemisphere damage demdnstra-
ted a lower Verbal IQ re]ative~to their Performance IQ, par-
ticulariy in ‘the case of aphas1c pat1ents There was no signi-
ficant difference between the. Performance IQ's of the right hemis-
phéﬁe damaged group and the three left hem1sphere damaged groups
(F[3, 3\]‘“// 0.93), suggest1ng comparable 1eve1s of ‘nonverbal
visuospatial ab111t1es - A

(Insert Table 2 about here)

S
Nonverbal Motor Tasks

Becaué‘[severa] of the tasks resuTtea in ceiling effects in
oné or moré of tﬁe groups, reducing the'verience in. these cells, all
such groupwise eomparisqhs’yere done using‘the non-parametric Kruskal-
Né]]ébe One Waynalysis of Variance. When ceiling effects were not
encountered, scores were subjected to’ one-way analysijs of r;riance:
" Pairwise comparisons were made using the Mann Whitney U test or the
Ertest;’ Significance Tevels were adjusted for use of these tests in
‘multiple comparisons., Although the tabled data is presented as

percentage of items correct for easy across task comparisons, statis-

° o

tics were based on raw scores.
Id

Bl
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Single oral movements (Table 3). The nonfluent aphasic group

°

was significatnly impaired on this task relative to the fluent aphasic

\ . ,
group (t = 3.83, df-=" 11, p<005), the left hemisphere damaged non-

17, p<.005) and the right hemisphere

:aphasic group (t = 4.18, df

daimaged group {t = 4.33, df = 20, p<.005). Therdwere, however,

no significant differénces between the lalter three groups. Thus,.
only the nonf]uent aphasics were impai;ed in imitating relatively
simple disqrete‘ﬁoveménts of phe oral musculature. Two additional
nonfluent aphasics nst ighluded in the study becaﬁse'the?e-was
angiographig evideﬁce of right hemisphere as well as left hemis-
phere involvement also obtained scores on this task below the rénge .
of all other groups.

LS

(Insert Table 3 about hére)

[N

Multiple oral movements (Table 3). Fluent aphasics, who:

.did not show a defect on producing single oral moveménts demon-

o

strated a hjgh1y significant impairment on this task relative to
each of the two nonaphasic groups,’!efi hémisphere damaged (t ='4.88,
df = 17, p<.005) and right hemisphere damaged (t = 5.18, df = 20,
p<ﬂ005). As would be gfpected from tge results of the sﬁngle oral
movements, the nonfluent aphasics were imPaired’on this task ;§ well.

.A]though there was™a trend for the nonf]uent aphasic group to per-

form more poorly than thq fluent aphasics, this did not reach §ig-'
nificance. » There was no significant difference between the peg- )
sormance of the two'nonaphaéic groups on this task. Thus, both

aphasic groups were‘c1ear1y impaired relative to nofiaphasic left-

henfisphere and right-hemisphere damaged groups in their abilityy

o
o
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"

to produce a sequence of nonverbal oral movements._:
Percentage scores, ref]ecfiﬁg the proéorfion of movements

which are produced in the correct sequence or order. are listed
in Table 5. Although the component score indicates the signifi-

~ cantly fewer correct movgments were made by patients in the two
aphasic groups, the proportion of movements which were produced
in the correct order did not differ between groups. Thus, if K
a ‘movement was produced at -all, it was likely to be insthe correct
sequence.
Verbal Tasks<

"Single phoreme production (Table 4). The nonfluent aphasic

group obtained a significantly Tower mean score than the fluent a-
phasics on this task (U 2, p<.01). The‘fluent aphasic group wa¥
also impaired refative.to the left hemj;pheremdaﬁéged nonaphasics
(U =9, p<.01) and to the right ém1§phere damaéed grodb\gu =b0,
p<.01). Nonfluent aphaﬁics_gpd to a Tesser extéﬁt fluent aphasics

thus had difficulty.imitating single speech movements.

‘%:/ff” (Insert Table 4 about here).

Multiple phonemes - meaningless syllables (Table 4). Rejative

to the single phoneme task, this multiple phogeme task disclosed a
more striking imapirmentdin the fluent aphasics relative to both
the nonaphasic left he&isphere damaged and right he@isphere -
damaged patients (U = 4, p<.001 for each comparisbn):/,A]though,

. both aphasic groups, fluent and nonfluent, were’§{§ni?icant1y

impaired on this task, the differBnce between the performance of the
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“nonfluent aphasics and that of thé fLuént}éphasics did not reach
significance.” The left and right honaphésic groups both per- -
form near ceiling on this task. As was found on the multiple
‘oral m6vements fask~tﬁe'peréentage of phonemes produced in the
correct o}der when %;o or more wg;e prod&ced was -high (greater

than 90) for all groups (Table 5).

(Insert Table 5 about here)

»

Multiple phonemeés - words and phrases (Table 4)."The re-

‘su]t§ of this task are essentié]]y the same as those found in the

meaningless multiple phoneme task reported above (H[3,32] = 24.37,

p<.001). ThatVi;, performance of fluent and nonfluent aphasic .

groups did not di%fer significantly while éach'group is impaired -

relative to the nonaphasics who perform at ceiling. The product- ' i \
" moment correlation co-efficient for the left hemisphere damaged
aphaéfc’patients'(N = 13) .between performance on the meaningless -

. and meaningful mu1tip]e phoneme tasks was .82 (df = 11, p%.005).

Speeded sziab]e repetition (Table 6).

(1) Rapid‘repetgtion of single CV combinaﬁjons:' The non-
fluent- aphasics produéed siQnificant]y féwer repetitions of a
sihg]e consonant vowel combination in f}ve seconds’ than any o;her i
group (each t 2‘4,35, p<.005). There were no significant differ-
ences betwéen the otﬁer groups, fluent gphasics producﬁng the
series as rapidly and éccurate¥y as the nonaphasic ‘left- and

-

right-hemisphere damaged groups.

" (2) Rapid repetition of a series of three consonant-vowel
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cqmbinations:'.Before a five second repetition rate was determined
on this task, the pafient was ‘required to produce a£ least two
correct /bAdagn/ sequences;' Not one of the four patients demon-
;trating nonfluent aphasia produced two correct*sequences within

a 30 second practice period. Three ofﬂthé‘eight fluent aphasics
tested did not produce two correct seqﬁ;nces, while each of the

twenty nonaphasic patients tested did so. The five fluent aphasics

» n LSy

P .
who achieved criterion took a meaﬁ’of 13.4 seconds to produce the -

required two correct sequences. This was significantly longer .

(p<.01) than the mean times (5.6; 5.7 seconds) taken by the Teft

by

and’ right hemisphere damaged nonaphasics. .

Analysis of group performance based on those péfients who

" reached the criterion df two correct sequencés yielded a signifi-

" cant dif%erence in the number of completéd sequences during a five
~second interval (F[2,22] = 11.05, p<.01). The fluent aphasics
completed a mea;'of 3.0 seqﬁences, significantly .fewergp<.01)

than the means-of the left-hemisphere damaged ‘nonaphasics and
right-hemisphere damaged patients/'a.S and 8.3 respectively. Thus,
though the fluent aphasics repeated a single consonant 'vowel com-
bination‘as rapidly and éccurately as the nonaphasic groups, they
&eré clearly impaired in the proﬁuction of a sequence of differe;t
consoﬁant vowel combinations. . ’

: ' 4
(Insgrt Table 6 about here) -
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Visual Sequential Memory Task (Table 7).
Analysis of variance yielded no sigpfificant differences
between the groups on this task (F[3,27] = 1:33). Thus, therg . 7

-

was.no evidence that the groups differed in their ability to
manually order visual symbols from memory.

(Insert Table 7 about here)

Sensory Testﬁgg,

The réWatiohship“between lingual sénsory defigit, based on
two point discrimination thresholds and impaired nonverbal oral
movéhent was investigated. The greate;t mean two point threshold _
for left and right lingual sites combined for a control subject
was 1.25 cm, with a mean threshold in controls of .96 cm. Of
the patients for whom thresholds could be .obtained, both of two
nonfluent aphasics, four-of eight fluent aphasics and five of .
thirteen right hemisphere patients? had mean thresholds greater ~

, . than 1.25 cm and, on that basis, were considered to show a 1ingﬁa1
sensory defeét. There was no significant diffe}eﬁce between the .
mean discrimination threshold of the fluent aphasic§ (1.49 cm)

;nd the right‘hemisphere damaged patients (1.25 cm), who scored
significantly higher on the nonverbé] multiple oral movements

. task. If only the fluent aphasics are considered; both the four

patients demonstrating a sensory defect and the four w{théutla
defect obga%h mean scores on the multiple oral moyements‘task
. ‘ - (4.5 and 7.3 respec;ivé]&) which are lower than the mean scores

of the right hemisphere damaged patients with or without sensory

L
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»

defect (10.6 and 12.1 respectively)’ Thdé, lingual sensory

defects dad ot necessarily occur in conjunction with impaired
. '

+

nonverbal oral movement.

“Summary of Results (See Fig. 1)

Nonfluent aphasics were impaired relative to nonaphasic
groups on all oral movement tasks, and relative to the fluent
aphasic group on single oral movements,'sing]e phonemes, and
speeded repetition of a §1ngle syl]abfe. Fluent-aphasics were
impaired re]ative;td nonaphasics on the imitation of multiple

’nonverbal oral movements as well as on all verbé] tasks except (~ -

o speeded repetition ofla siﬁg1e syflab]e.A The Tleft and.right
hemi;phere damagéd nonaphasic groups did not perfbrm §ign1fi¥m
cantly differently on any task.

v\ (Insert Figure 1 about here)

A C/ ‘ DISCUSSION : : ‘

. q n agreement with earlier repo'rts in the Hteratyre', non-
vf]uent aphasics were impaired in cggying simple non?hubal oral
movemeits, but fluent aphasics were not. However, kﬂhent aphasics
did show significant deficits in the production of nonverbal oral
movements when the task was more comp]ex.v Thus although fluent

 aphasics could imitate éingie oral movements adequately, they

~ “were clearly impaired in imitating multiple oral movements, where
~ »

» ’

the sing]e‘movements were presented in groups of three and had to




. . Figure 1

, -5 )
Summary of Results: Performance of Groups on single and multiple,

-

nonverba3 and verbal tasks.
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be reproduced in the presented order. a
. L, 5

This, tnability -to imitate a series of oral movement% is

L

[ 23

not readily explicable on the basis of'défects in visual per- ?
ceptioﬁ'or memory. For examﬁ1e¢ there_were no differences in ~
Performance Id, which is one measure of visuospatial funétﬁon,
between the aphasics and patients with right-hemisphere 'damage,

_yet the latter could do the task quite well. It will also be
recalled that the four groups of patients did not differ in their
ability to'manually order visually presented nonsense designs,
a measure of visual sequential memory. 'Finally;.somé prelimin-

’aH& data not reported iﬁ’fhe Results séction, suggest fhat fluent ¢

‘ aphasics can select up to three demonstrate& movements from a | o
series of photographs of the‘movemenfs,aas well as patiapts with
riggk hemispthe damage. Thus, neither visual pergéptua1 deficits

nor visual'memg?y span deficits appear to account for the, poorer

performance of the fluent aphasics on the nonverbal oral movements

., task.

One study (Rosenpeck; Wertz, and Da}ley, 1973) has’;ug- )
| gested that severity of articulation disorder m'be"‘»&e]ated to _
the degree of oral sensory defieit. The limited results ivailable A
.. on Tingual sen56ﬁ§ deficits in our study, bowever, do not -appear ‘ -
) ) to account for the movement impairments."The two-point threshold N
for the tongue does not differeﬁtiate Letwegn f]uént aphasics a;d o
nonaphasic patients with right-hemispherecdgmage, though thééei

two groups differ markedly in their reproduction of oral movements.
S ' ¢
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B X0 Ty A i s Ny B



s

Mofeover, f]uent aphasics wi thout lingual sensory deficit are
aimost as impaired in the production of nonverbal oral movements
as those ‘with senséry defect. Thus, while sensory defects may
impair movement control, the bulk of the deficit seen in the

present study must be attributable tq other factors.

GjVen that the poor performance by the flueht aphasicé on
the nonverbal oral movements task is not reducible to visual or
sensory deficits, what is the nature of the impairment? The non-
verbal movement deficit only appeared when the task required
several changes in the positioning of the oral musculature, :sin-
g]é oral movements being unimbaired. Instead.of making three .
distrete movements, the patients often produced random, contin-
uaus, amorphous oral posturing, as if searching for correct place-
ments. Occasionally, tﬁere was perseveration on a movement which
had occurred earlier jn the same sequence or on previous triq]s,
or a totally unique oral movement might be made. Frequently, no

more than one or two movements appeared to be attempted at all.

L

~ Although thé requireméht of more than one change in the
target ébnfiguration‘of'the musc1és maximizes the movement def-
icit, the impairment does not appear to be ohe of ordering or *
sequencing a]oneﬁv Both nonverbal and verbal movements which
are produced by the f]uentiaphasics are 1jke1y,to be produced in

S

the correct order; the lowered scores on the multiple oral move-

" ments task. and multiple phoneme imitation task. represent fewer




total correct movements. In facf, over 90% of the movements
produced for all patients on both these tasks are in the correct
order. These results are in agreement with those of Weiner (1969)
who demonstrated‘that g]though dysphasics were 1mpairedlon sequen-
tial oral-movement tasks, the problem was not, as suggésted by
Lagointe and Wertz (1974), one of incorrect ordering of the move-
ments. This is pe(haps surprising in view df the prevalent opin-
jon that speech makes heavy demands on a serial ordering process |
(see MacNeilage, 1970, for review) However, many of the iden-
tifiable errors in aphasic speech aré not primarily seqpencipg

defects. Thus a substitution of one copsonant for anothgy.in\a‘

word represents rather an incorrect selection of a target pbonqpe ‘
SN w

PR Nt
than an error in phoneme order. We have’seen no ‘aphasic.pattevm®

in whicq there are'sequencing.defects independent of errors in ’
target sounds. In.our study, even when the situation was optimal
for the.production of erfrors in seqaencind élone, such as in the
rapid rehetition of three different syllables (badaga), after
rehearsa], errors were nof exclusively sequential. Often there
was jnstrﬁsiontof extraneous syllables or sounds, or only two of
the syllables were repeated. In cher words, the deficit appears

in a failure to achieve target motor responses when more than one-

is required rather than just an improper ordering of those tar-

gets. ‘ ‘ S ' ’{\

The defect in the reproduction of nonverbal oral mdvements,

‘seen in almost all our aphasic patients, is all the more strikjng

-
[8

[




when one considers'that the presentat&on@of‘the movements was

«+ entirely in the visual modality, whereas the movements involved
in speaking a}e closely tied to, and monitored by, auditory char-
écteristi;s. Given the auditory-vocal nature of our speech tasks,
receptive deficits would be expegted to interact with motor defi-
cits in aphasic patients to affect performance more severely on

B the verbal than on the nonverbal tasks. In fact, just the oppos-

“ite occurreq; with scores on the nonverbal oral movements task
'being.1ower for all groups. From a motor control explanation,
fhis would be expected, however, since the multiplé oral movements:
.arebc1ear1y unfamiliar and unprac%ised, relative to the verba} oral
‘::oveﬁeﬁis; and woqulthus be more sensitive to central nervous

Fi?geg,tem démgge than the production of the overlearned speech move-

. 4 ments. The fact tﬁa'ﬁ_"the familiar (speech) patterns (which also

- have greater repFesén;ptiona] content) are spared in aphasics rel-
, ative to the unfaﬁf]iér, is of course not in accord with the idea

that the primary function of the left _hemisphere is lanquage.

It will be.recalled that the nonfluent aphasics were im-
_paireﬁ relative to fiﬁg‘t aphgsics.in the imitation of single
. -'_"ora1 movementé.*the verbal tasks, tfe fluent and nonfluent
p abhasics differed significantly only in the production of single
phonemes -and the repetition of single consonant-vowel cémbinations é

(bababa), nonfluent aphasics again demonstrating greéter impair-

ments.. It is tempting'to draw a parallel between verbal and non-

»

, ! verbal tasks in the apparent dissociability of the control of

a

*




single and multiple movements. Such dissociability might suggest L
at least two systems operating in the motoy conftol of speech,

one which is involved in the production of relative]y discrete .
oral movements, perhaps of phonemes, and other operating to eg—

fect the transition from one discrete movement to another in a

smooth and orderly way. Presumably this latter system could also

be involved in the selection or programming of the movements into
1onggr‘sequences. The énatomica] areas corresponding to such a

schema would be the anterior sbeech area for control of s%ng]e

units, and the postérior speech. zone for the programming of such
units. At present, hbwever, we must keep iﬁ mind the distinct
possibi]ity that the single anq multiple o;al movements represent
simply degrees of diffjcu]ty a]ong a unitary dimensiqp, and that

the difference between fluents and nonfluents on these tasks rep-
. . N

resents a difference in degree, rather than in the nature of the

impairment.

[y

Classification in Aphasia .
We have found phe dimension of f]uency~ip'aphasia (Good-
- ~_ * glass, Quadfasel and Timberlaké, 1964) to be Qsefu] in several |
respects. First, the criterion employed, mean length of response
in syllables is easily applied and usable across examiners, a ? .
characteristic notably lacking in most classification systems.
Second, in our sample there was a clear separation of groups,

with. no overlap, and no tendency to overlap. If this pattern is

maintained with future groups, it will indeed suggest that there




i§ a dichotomy here, rather than a unitary dimension. Third, in
"the analysis of our findinggg ther% was a meaningful re]étion%hip
_between the‘fluent/nonflueﬁt classification and results on-other
tests. Finally, there méy be an anatomical correlate to this

distinction, in. that the brain scan localization study by Benson

¢1967), and indeed many clinical observations from the time of

Broca (1861), would implicate the anterior speech area of the
Teft hemisphere in the nonfluent defipif, while the posterior

speech area would be involved in the fluent deficits.
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APPENDIX 1

he
: L]

Scoring Procedure Used in the Evaluation of Performance
on the Oral Movement Tasks

During the actual testing session each oral movement cor-,

rectly produced was indicated as such on a response sheet. A

.correct judgement was assigned when the examiner felt there was

no doubt that a movément in the (gguired direction was made by

¥

the required oral-facial structgfe. Movements restricted in ap-
parent force or extent were ngt penalized. Judgements were based

on the examiners observatigﬁ.df the response. " Maximum distance

between thé examiner and' the subjects face was two feet.

A1l responses were recorded on videotape (including audib
track). Focal 1gngg; was adjusted so that a full fronta] face
view extending from the neck to fhe top of the head was recorded.
Thé full teSt sessjoné for each patient were recorded consecutively
until a tape was full. After each test session the tape.was re-
viewed. The accuracy of each response pﬁevious1y scored as cor-
rec£ was checked and a verpa] description df each incorrect move-

ment made was recorded.
-

At completion of the study the portion of tape containing
the single oral ﬁovemepts task‘and the multiple dfé].mpvement§
xaﬁk for each Subject was spliced into a master tape (no speech
tasks were included). Since subjects represénted gatients con-
secutively seen, selected onty for medical evidence of éfrict]y

unilateral hemisphere dominance, the master tape provided a random




40
ordering of patients with right or left hemisphere damage and

with or without aphasia. It was felt the scoring of responses

-y

on this tape, with patients identified only by number, would pro- '.n
vide a b]ind‘gondition’écore. Both the correctness/incorrectness
score and the verbal description of incorrect movements on the

' \Wnitja1 score sheets and blind scoring procedure were compéred.

Any discrepancies were again reviewed on videotape and an inde- R

pendent judgement made by another observer was recorded.
k¥ |
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" not differ significantly. from normal control subjects in the

s 7 ‘—-ﬂ:\

\

ABSTRACT )

Acduisition of a task requiring the imitation of a series of
nonverbal ora) movements is most severely impaired in patients with
aphgsic disturbance. However, nonaphasic pa;ients with left
hemisphere damagg also perform more poorly than patients with
rigﬁt hémisphere dqmage or norma] control subjects. Analysis of
the errors made’on the multiple oral movements task reveals fhat.
left, but not right, hemisphere daﬁage is highﬁy associated with
persevergtive'zisponsga. Patients with right hemispherexdamage do

v

achuis}tion of or in:tﬁe type of errors made on the task. It is s
s%ggested that the 1efp hemisphiere p]ays an 1mpqrtant role in

the control of nonverbal oral movement production;f . - g

- - ' ) -
- ' ’ :
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Mateer‘and Kimura (in press) have shown that nonfluent

aphasics were significant1y'impaired.1n.their ability to imitate

' re]ativSTy simple single movements of the oral musculature, move-

ments of' the "kind used in traditiopnal te§ting of oral apraxia.

" ment task.

When the imitation of a series of nonverbal oral movements was re-

quired, both nonfluent and fluent aphasics. were significaftly im-
paired, re]atiye to noﬁaphasic patients with left or right hemis-

phere damage. It was suggested ;hat a.fundameﬁta1 aspect of both

fluent and nonfluent aphasia may be dgficiént co-ordination of oral

- -
movements. N

¢

The purposes of this study were’to: 1). determine whether
patients, with left and right hemisphere damége and normal éontro]
subjects d1ffer in the types of\;rrors made on the mu;t1p1e oral
movement task, and 2) - to prgsent previously unreposted data on the
acdhisition of the task over successive trials. The results presen-
ted in the initial paper (Mateer and Kimura, in préss)<yere based

on performance on only thg first trial of this multiple oral move-

-—

bistinct di?fefences betweeﬁ the groups in the pﬁominence of
part1cu1ar error types, as we]] as in the overall incidence of .
errors were apparent Ana]ys1s of task.acquisition disclosed two
‘important findings: 1) the impairment in aphasia is a consistent
one*With‘[ietle improvement. in performance 6ver repeéted<trials, and
2) pat1e2fs thh left hemisphere damage, biit no obwious aphasia,
demoﬂstrate s1gn1f1can§1y peorer acqu1s1t1on over repeated tr1als

-

[oN]
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than do patients with right hemisphere damége:or normal control |

‘ subjects.

.

-

: 'METHOD
.Subjects : | \ ‘

There were five subject groups: a) 21 patients?with right
hemisphere damage, b) 21 nonaphasic patients with Teft hemisphere
damagé,‘c) 12 f]uent_apﬁasics with left hemisphere damaée, d) 8
nonfluent aphasics with.left hem{sphere damage énd e) 27 age-
matched normal control sdbjécts. Of thertota1 62 patients with
unilafera]'hemispheric damgge, 45 had vascular and\17 had neoplas-
tic lesions. The criteria for uﬁi]qterg? hemispheric damage, aph-
.asja and #fygncy were the same as those presented elsewhere in de-

tail (Mateer and Kimura, in press). '
" +

Procedure

In the multiple oral movements task, the subject must 1m{;~

° v ¢

tate a sequence of three re]a%ive]y simple oral movements produced
by the examiner. (The task is described in detail in Mateer and

) Kimura, in pregs.)' Five different sequences were presented. ‘If
all three mpvemgnts,within one sequence were not produced or were
produced in the wrong order, the examiper, r;pe;ted the same se-
quence for imitation'hp to‘twoﬂmore times. Thus, the number dfq

trials administered to.éach subject could rangé frem 5, in the case

of all five sequences: correctly produced dn the first trial, to 15,

i
.

|
| , .
|
i

~
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in the case of the maximum three trials taken for. each of the

five sequences. The patientfwas videotaped (full face and neck
view) throughout admiﬁistration of the tagk. ’Each oral movement
produced was described and recorded at the time of testing and ac-
curacy of scoring was checked by at least two reviews of the video-
tape. The ana]ysi§ of error types was based 06 all trials adminis-

>

tered.

v

As a measure qf tgsk acquisition of an‘o}a] movement sequépce
over repeated trials, the number of correct completed sequences pro-
duced.within one, two and fhree trials.was determined for each sub-
ject.' Using this type of analysis, a patient who produced a correct
oral movement sequence on tﬁe first trial was é]so given credit €6r
having produced it within two and three trials, although these .

trials were not actually administered.

" RESULTS

Acduisition of the multiple oral movement sequences

The mean numbers of correct oral movement sequences completed
within oné, two or three trials by 5ubjgct$ across the five groups
are graphed in Figure 1. It is ob;ious that neither nonfluent nor
fluent aphasics show any appreciable acquisitidn, at least in terms
of}torrect]y coﬁﬁleted sequences, qver the three'po;sibleltrials.

In fact, only three of the fluent aphasics and one nonfluent aphasic

produced‘evén one of the;five sequences correctly within three tri-

45
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. . Figure 1
N . Mean numbers of correct oral moVement sequences
. { acquired within the three available trials. U ‘
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als. This difference between the two.aphgsic”greupg is not signif-
jcant. In contrast, the three nonaphasic groups (]éft hemi;phere
damaged, right hemﬁsphere damaged and normal controls) appear to
demonstrate a fairly consistent pattern of acquisition of the oral -

movement sequences over a series of trials. ’

Although the shape of the acquisition curve is simf]ar ac-
ross the nonaphasic groups, inspection'of the data revealed that
only 33% of left hemisphere damaged nonaqhasics successfully com-
pleted all five éequenées within three trials versus 67% of the

right damaged patients and 85% of normal control subjects who did

.s0. This difference between the groups in the incidence of acquis—

ition of all five sequences is significant {X? = 13.9 df, p<.001].

The acquisitipq data for these three nonaphasic groups were

- then sdbjected to a three by three, twozéay ana]yéis of variance.

Using the variables of group (left hgmisphere damaged non-aphasic,
right hemisphere damaged and control) and number of sequences ac- -
guired within available trials (one, two, and three trials, re-
peated measuré). There were‘signif{cdnt.ﬁain effects between ac-
quisition over the available tria1§ [F = 160.28, df = 2,132, p<.02]
and between groups [F = 4.43, df = 2,66, p<.02] witH no significant
i}teractfon between these two variables. Multiple comparisons

over fria]srrevealed, asrhod?d be'expected, that significantly more
seqdenées were acqujfed as the anbér of available trials used in-

creased. Comparison of group means revealed that the nonaphasic

‘patients with left hemisphere damage produced significantly fewer

-




,completed sequences across trials than patients with right hemis-
phere damagé;or control subjects (p<.005 for each comparison).
The right hémisphere damaged and control groups did not differ sig-

nificantly.

Thus,'a1though they do not show the marked impairments ob-

served in aphasic patients, eveﬁ nonaphasic patients with left

, : hemisphere damage are impaired on acquisition of the task over sev-
eral trials relative to patients with right hemisphere daﬁage and

normal control subjects.

Analysis of error types '

Nonfluent aphasics rarely attempted to make more than a
single ofa] pésture, and it was often a slow amorphous movement
which 'was difficult to categorize. - This was in contrast to more
<’ déscribable errors in movemens} observed in-all other groups. Non-
fluent aphasics, therefore, Were not included in the analysis o .
error type, although they would of course diffef from every ofher

group.

Analysis of responses on the multiple oral movements taék‘

revealed four major kinds of errors: a) Omission errors -- pro-

duction of fewer than three movements on a trial or partial re-
‘ 3
sponses in which some aspect of the required movement was missing,

b): Unique errors -- including movements which were unrelated to
\ . . ‘ 4
©,  the required ones in any obvious way, movements bearing some re-

lation to the movements required but using an alternative gpral-facial
. « ‘ & e




strpctuke, e.g., lateralizing the jaw rather than the tongue and
the pro&uction of phonemic or nonphongmic vocalizations, c) Per-
sever;tive errors -- movements which were produced as correct move-
" ments on previdus trials or earlief’in the same t?i@] and d) Re-

versals in sequence -- instances where two correct movements were

produced but in the wrong order.

.
Since the task was, in part, designed to measure acquisition

of theMwovement sequences,'there were differing numbers of trials
(5 to 15) across subjects; In order to achieve a common base for
comparison of error types, the number of errors of each type was

divided by the number of trials administered to obtain a mean num:

ber of errors per trial. (See means presented in Table 1). -

F1ue?t aphasics made more errors per trial than any other
group. An analysis ;f variance using the 'variables of group and
the mean numbgr of errors of each type p;r‘trial yielded both main
effects and a significant interaction between the two variables
[F, group x error‘tybe = 6.26, df = 9,231, p<.01]. Post hoc mul-
ti§1e comparisons‘(Newman-Keuls, Kirk, 1968) supported the following
conclusions: a) all groups produced more omission errors per trial
than errors of any other type; fluent aphasics showed the most om-
ission errors apd.cqntrols showed the fewesf;_B) fluent aphasic
and nonaphasic patjents with left hemisphere damage produced sig-
nificantly more perseverative errors per trial than uUnique or rever-
sal errors; both these groups produced more per%evefative errors

- than right hemisphere damiged or control groups, c) “fluent aphasics
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produced more unique than reversal errors ﬁer trial; this group
also produced more unique errors than any qﬁhér group, d) all
groups produce fewer reve(sal errors than errors of any otﬁer
type; the groups did not differ from.each other on thg mean num-
ber of reversals produced per trié]. ;n‘summary, fluent apﬁasics
appear to be differentiated from all other groups on the basis of
s unique errors, while both fluent aphasics and left hemisphere
‘damaged nonaphasics are differentiaged from non-]éft hemisphere

damaged groups on the basis of perseverative errors. While these
.

statistics are based on the number of errors of each type per
. » .
trial, the interaction between group and error type is.also "

&

readily apparent when the percentage of total errors accounted for

by each errqf type within each of the groups is graphed (Figure 2).

By definition, the perseverative error category included move-
ments which had béen produced correctly on previous trials as well
as movements which were the'%ame(as movements which immediately
preceded them. These latter "immediate" perseverations represen-

/
" ted'less than 22% of the total number of perseverative errors. for

each group. .

»

DISCUSSION

The findings suggest that although aphésic patients are
clearly the most severely impaired group in %he acquisition and

production of‘a series of nonverbal oral movements, nonaphasic

>
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Figure 2 .
Percentage of total errors accounted for by each
d ' . ' ’
- . . .
error type within each subject group.
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; pai?gnts with left hemisphere damage do not acquire—tﬁe task”as
readily as do patiepts with right hémi;phere damage or control _
subjecfs. In addition, the high proportion of perseverative
errors demoné%rated by nonaphégiﬁ patients with left hemisphere

damage represents an error pattern more 1ike fluent aphasics

with left hemisphere damage than 1ike.the two groups without Teft
hemisphere damage. It may be that the diff;culty Tevel, unfamil-
iarity ana/or strict scoring criteria of the oral movements task
confribute to revealing subtle deficits in mAfOY control iﬁ the
patients withhieft_hgyfsphere.damage. The relatively undemanding
Y tests for aphasia and highly practised nature of spéech may have
prevented detection of subtle verbal impairments in }eft hemis- .
phere damaged‘patienps wifhoﬁt opvious aphaEia. In general, re-
sults could bg taken to suggest some commonality underlying the
;motor.deficits in both left hemispﬁere gamaged”groups, which is
not related to a strict separation along the lines of aphasic

impairment. ‘ -

Analysis of the kind of errors made by all groups on the
task suggests several factors which may relate to the observed =
} penformaﬁce. First, since the task involved th? imitation of.a !
series of movement$ aftgr presentation by the examiner, the stim-
uli were no lonéer present during the subject's response, thus
requiring some storage of the input. The fact‘that all groups,

including the aphasics, made more omission errors than errors of

“

any other type probably reflects the importance of this storage - .

Y

ey
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factor. Both patient and. controfsubjects frequently verbalized

jbbeing unable to remember thé mQvementSyin association with om-
* .

ission errors. Although the patient groups did not differ, in the

- . Q N T
initial~sstudy, in their scores on a visual sequential memory task,

® -

the visual stimuli to be ordered or selected \emained“in view,
reducing*visual storage requirements. Since aphasic patients
-

frequently hesitated or revised their oral movements, the laten-

cies bet(sfn the presentation of the oral movements for imitation

and. production of respontes were increased, placing greafer de-

mands on:memory function, and'posst]y contr{puting to the higher‘

number of omissions.per trial:

The perseverative errors made by the Jeft hémisphere dam-
aged group are of special ‘interest. Thgxfﬁrm perseveration has

most often been used to describe the repetition of an already

-

executed action when a new movement is required (and perhaps in-

A

tended). MWilson (1908) cites Pick's classic example of a patient®
who blew out a candle ind’tﬁen blew on all objects subsequently

presented to him. Many of the errors made by nonﬁ]uent aphadics,
on ‘the imitation of single oral movements (Mateer and Kimura, in.

’

press) were of this tyﬁe, persistepcé,on an 1mmediafe1[ préceding
ﬂ ] .

-

movement. Unlike these errors, most perseverative errors produced

3

on the mu1t1p1e ora] movemea;s task by fluent aphasics and non-
5 . (3 .
aphas1a‘bat1ents wwth left hem1sphere damage were- repet1t1ons of -
) L4

movements which had been produced on a previous tr1p1 or movement '

sequence. Although Some movements may be somewhat eas1er 10 pro-

o
~ ' 4 »
»
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. I duce or .more familiar than others, results of "the previous study «

- g"(Matee? and Kimura, in press) 3howed that these groups were able

~ to produce in isolation all the single movements which ‘make, up the ‘

’ movement.sequentes. A1§hougﬁ transititns from one movement to an-
5 N . ' ' v R
‘other- can be made, the probability of selecting or evoking certain

\ A . . . .
previously produced movements- is increased. Certainly persever-

v - - .

" atibn is a frequentTy noted aspect of aphasic speech. Longstan-;

. d1ng production of a s1ng1e stereotyp1c utterance may be man1fested
< = in severe nonf]uent aphas1a The h1gh frequbncy production of
\-\ . . >
- specific nords.or phrases introduced at some.point in a speaking

~ - o §ession.$that is, perseveration on<reviously produced responses,

*is often seen in association with fluent aphasia.

Unique errors produced by the fluent aphasic patjents most = .

‘c]oseTyv resemble the random amorphous oral posturing of nonfluent

- 5

v Lo e ¢ . oL b

aphasics, but.without the obvious slowness and weakness demonstrd-

‘ X . - A - e Ao ' .
' - ted by the latter droup. In some cases, a voca11zat19n or. move- | (}
ment -of another-oral structure, in alidition to the required one, -

v, : . a

. ) ghggested a difficulty in moving an oral structure discre&e]y or’

. : in isolating a\ metor respanse. Many patients appeared-very un-
L 4 i . -
“‘certain ‘about-. when an oral conf1gurat1on had been achieved and
o - .
cont1nued making "search1ng" or “placing” movements One pat1ent

described ha1t1ngly "los1qg my way around my mouth". The Tow fre- .

quency of reversal -errors suggee}élthat the defieit is not one of

° s - - s s

ordering mavements per se.




58 ¢ %

——— ~

- o alir. &

e

. These findings suggest that the left heéisphere has, a spec-’
1aliz;d capacity for the production and sequencing of~correct non-
verbal aﬁ well as verbal ora1lmoveménts. A sfhi]ar left hemiﬁi
pﬁere fuhction with resﬁéct to the production of limb MOvemen%E
has been rgported. Kimura and Ar?hiba]dj(1974) found that patienfs
with Fgft_hemisphére dahage,wwhetﬁéf aphasic or nonaphasic, were
impﬁired,on.the prbduction‘of a sequence of meaniﬁg%esé hand anﬁ

"arm movements. Iwbairment on this task correlated well with im- -~ -

. pairments on‘trad{tiona[‘tésté\of oral apraiia. In a more. recent

study, Kimura (1@]6), rep?rtqq impai%ments‘jn left hemjsphere-é%m-
. ageJ pafients on the acquisitjén and subsequent'berformance of a
motor skill involvihg seéera] changes in‘hand and 1imb bosture.
Analysis of the’errbfs on the manual skil]ttask revealed that . . o
perseveration and unré]ated errofs accounted for the major prop-
ortion o% errors produced by the left, Bht not by the right, hem-
1§bhere damaged group. These are, of course,.er}ors b% a't}pe sim-

. ‘ilar to those seen on“the complex oral movement task reported ° -

here. ) , ) -

LU

Kimura suggests that a left hemisphere based system might
" ‘be invélved barticular]y in gle .movements of limbs or; oral struc-
fures relative to some general body schema rather than “to visually .. /

or othertide exterﬁa]ly quided ta?gets. Certainly, the achieve- ’

ment of értiqulatory targets forﬂspeech requires movement of oral

vy .

structures relative to one anothef for the attainment of oral
tract cdnfigurations which correspond to specific acoustic pro-

4
3
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_ ductions. MacNeilage and MécNei]age (1973) propose that control

“ .

of speech depends on achieving 5uéh target configurations rather
thanaon coding invariant movemen;ﬁpatterns for the production of
épecific phonemes. Sussman (1972) suggests the motor system must
be informed of the current spatial location of the articulators,
as well as the next de;ired-spatial’]ocation, to effect a movement
which wi]1'redu¢e the discrepancy between the two. Perhaps re-
quiriég{the production df‘ora] movements in a series places
gfeater demanas‘on thé analysis of changing spatial con;;gurations
of the articulators than the production of a single targé% posture
from a Arest" position. The data ﬁresented iﬁ this'stﬁdy suggest
that thesachievement of successive target oral configurations, even
those unré]ated‘to phoneme production, is particuTar]y‘dependent

on the left hemisphere.
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Abstract -- Pressure sensitivity and #wo point discrimination
thresholds obtained'at four oral-facia] s;%g§ are reporteq for

41 patients with cerebral vascular damage; and for 24 normal sub-
jgcts. Although there is bilateral sensory represenfation for thé
face and mouth in each hemisphére, significantly more conira]at-
eral thaﬁ bilateral qra]-facial'seQSOry deficit§ Qere found after
unilateral damage. Despite the previously reported relationship
between Teft hem%sphere damage and impairments in the production
of both verbal and nonverbal oral movement, there appear to be-
no'differentigl-effects of left or right hemisphere lesions on
the dégree or pattern of dré]-facia]’sensory defiﬁits: in thé’
normal control group, e1de¢Ty subj;cts demonstratedA@{gher two

point discrimination threshoids, but not pressure sensitivity

thresholds, than young subjects.

-
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Oral-facial sensory impairments are often cited as indica-
tors in the diagnosis of nervous system patho]pgy. However, very
1ittle data is actually available on either normal/oral-facial
sensory capaci;ies; particularly in.older subjects, or on the

degree and nature of impairment associated with different forms

‘and*sites of neurological involvement. ' \

Extensive bilateral representation of oral-facial structures
-in thalamo-cortical sensary pathways and cortex has‘been well doc-
umented (see review after Resu]%s). This pattern is in marked con-
' %rast‘to the primarily contralateral sensory representation of the
hands. Therefore, one might expect the incidence and patterns of
oral-facial sensory deficit to be quite difrerent from that seen |
for hand sites, the area tested most extensively in a sensory ex-
amination. ~Several authors have warned against using the side of
the body ipsilateral to a Tesion as a baseline of comparison for
the contralateral side. ’The argument for using, instead, a com-
parispn with normal persons is even more compelling in evaTuating
oral-facial sensory functipp,réiven the bi]aferal'organizatipn of

these areas. .

.

Th€re has been disagreement in the literature with regard

4

“ to hemlspher1c asymmetries in the processing of sensory 1nformat1on

’ Sporad1c reports of b11ateral sensory loss after unilateral cerebra]
1es1ons have appeared for over 100 years (see Corkin [1], for re- .
v1ew). Semmes Weinstein, Ghent and Teuber [2], in the f1rst

systematic study in this area, reported that bilateral sensory

- N
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loss ;ﬁ the hands occurred quite frequenf]y.after unilateral hem-
ispheric damage and was more often related to left hemisphere dam-
age than to r%ght in subjects with ﬁénetrating brain wounds. Other,
ﬂudies have not suﬁp'orted such a differential effect of right aﬁd )
Teft lesions on sensory threshold data [3,4,5]. Although all stu-
dies revealed some incidents of sensory 105; on the hand ipsilat-
eral to the side of lesion, these deficits occurred as often with
right as wi;h’]eft hemisphere damage. At least two variables, sen-
sory measure and type of lesion may be operating here. ¢armon énd ;
Dyson [4] reporfha high ¥ncidence of ipsilateral deficit on two-
point discrimination in patients with unilateral cerebral damage
of tumoy, vascular and traumatic'dfigin. Corkin, Milner and Tay-
tor [55 report ipsilateral deficits particularly on point [océIi-
zation in patients with discrete cortical excisions. Comparable
studies have not been condu;ted which focus on the ora]-faéiai
structures. Given the apparent salience ofwthe left hemisphere
in the control of nonverbal as well as verbal oral hotof»functioh,
recently suggested by Mateer and Kimura [%], a greater ro]e‘of the
left hemispﬁefé\in mediating oral §ensory.functioh might be pre-
‘dicted. | " |

4  Conflictiﬁg reports have also appeared regarding asymmetries

in normal subjects in pressure sensitivity and two point discrimin-
’ . ‘I X '

ation thresholds. Semmés, Weihstein,AGhent and Teuber [2] report

' sighificant but sma]deifferences in pressure sensitivity for the

hands in the direction Bf greater left-sided sensitivity. Wein- ‘ S

- ’ . ' -
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stéin.[7] reports a simi]ar‘finding for the index finger but not
for the cheek, upper lip, or 17 other body parts testéd. Other
investigators [8,9], using similar procedures, failed to find
_suéh 1eft;ﬁight dffferences in pressure sensitivity thresholds.

A consisteﬁt laterality difference seems just as elusive whep two
point discrimination daté are considered. We%nstein E?,lb] failed
to find consistent‘left-right,differences in normal subjects across
a broad range pf bodx barts, including cheek and uéper~]ip sites.
Lass, Kotch?k and Deem [}1] and McCai] and Cunningham [12] reported
that two point diserimination thresholds in. various ora] structures
were higher on the right in some shbjects, on the left in others
and were equal in tﬁe remaining. In an analysis of group data,
Ringei and Ewanowski [13] noted no éon;istent'patterns among two
point discrimination thresholds at ;arious ofal sites, except that
midline regions were more discriminate than either right or left

‘

sides.

” .
In this study, pressure sensitivity andstwo point discrimin-

ation thresholds were determined at-.four oral-facial sites on
left and right sides in control subjects and‘fn patients with uni-
lateral cerebral lesions. The purpose was to establish normative

‘ .
"~ oral-facial sensory data applicable to an older patient population

and to investigate the incidence and pattern of oral-facial sensory‘

jmpairmént after hemispheric damage. .In view of the obviously
greater role of the Teft than' the right hemisphere in the control

of verbal (speech) as well as nonverbal oral fmovements, oral sen-
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sory function may be differentially iﬁpaired in left and right

METHOD

hemisphere damaged patients.

4

Subjects
Subjec£s were 15 patients. (7 males, 8 females) wi;h right

hemisphere damage aﬁdv26 patients (19 males, 7 fema]esj With left

hemisphewé‘!%mage admitted to the University Hospital, London,

Ontario. The patients were selected on the basis of evidence of

‘strictly unilatersd vascular damage tog one hemisphere of the
brain. A1l but four of the patients showed positive s{ghs of un-
ilateral cerebral involvement on at least one of an electroenceph-
alogram, brain scan of Engiogram.' The remaining four demonstrated . '
clear clinical signs of hemiplegia and/or visual field defect.

) Any patient with. evidence of bilateral damage, or with a peripheral
neuropathy éé judged by the neurological exam was excluded from the
study. There were no significant differences betweenfthe‘left and
right hemisphere damaged groups in the incidence of hemiparesis

(80% in the left versus 88% in the righf hemisphere damaged group)
or in the incidence of visua{ field defect (31% in the left_versus
38% J#*the right hemisphere dgmaged group). - Approximately one
half the patients in each group was tested less phan eight weeks - |

after onset of neurological symptoms. Thirteen of the 26 left °

. hemisbhere damaged 6étients were designated gphasic on the‘basis

of a combination of expressive and receptive speech tasks. Ex-

i’
i
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tremely inconsistent responding by 3 of these aphasic pgfien%s ~
p}eclﬁded reliable determination of sensory thresholds. # Al1

tests were also admiﬁistered to 24 control subjects having no
history of neurological disease. These were volunteers from a
senior citizens community centre, and studentsjfrom the univer-
sity community. Analysis of variance yie]deddﬁo significant dif-
ferences between the ages of the right hemisphere damaged group
(mean = 47.4 years), the left hemisphere damaged group (53.2 years)
and the conEro1 group (48.4 years), [F = 0.669, df = 59, NS]. All

subjects, patients and controls, were rigthhanded.

Procedure

Pressure'thﬁssholds' Co

| Pressure thresholds were obtained with a Semmes Weinstein
Pressure Aesthesiome%er (Research‘Media: Model PR-11), whicﬁ con-
sisted of twenty nylon filaments, equal in length. but vary;né in
diameter, each implanted at one end of a plastic rod. The fila-
ments are assigned a value corresponding to the common'logarithm
~(expressed as log units) of the force required to bend it -maxi- o 'ﬂ
mally by pressing against the tip. The values ranged from 1.65

(most sensitive) to 6.65 (least sensitive). The subject.was in-

structed to raise the hand ipsi]gterai to the fesion immediately

upon feeling something touch him. A1l subjects were blindfolded

to eliminate visual cues from moveméﬁts of the experimenter.

Using the method of limits, one descending series and one ascen-

v

ding series. were administered, the threshold estimate being the

- ‘ -+
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mean value of the last filament perceived in the descending series

. // B
and the first perceived in the ascending series. Each stimulation
lasted approximately one second, the interval between stimulations

being varigd to facilitate detection of false positive responses. .,

Fooy oral-facial ‘sites were tested; the upper 1ip, the lower
lip, the tongue and the cheek (Figure 1). Te;ting of the lip
,sitesdwas performed in the pigmented region midway between the me}r
milion border and the orifice of the mouth, 5.0 mm to the left and
right of midline. Both upper andi]ower lip sites wdFe used as
test sites as they are innervated Py differeﬁt brancﬁes of the
trigeminal nerve. Measuremen}s on the tongue were made oqéfhé an-
terior dorsum (blade) at a éﬁint 5.0 mm posterior to the ééﬁgug -
tip, 3.0 mm ]?tera1 of. midline. Buccal thresholds were obtained .
"in the horizontal plame 5.0 mm lateral to the mouth edge. The
order of facial sites tested was constant for all subjects:
cheeks, upper 1ip; lower 1ip, and tongue. At gach site, the side
ibsilgtera1 to.the presumed lesion was tested first for all pa-
tients. Order of testing right and left sides was counterbalanced

in control groups.

(Insert Figure 1 about here)

Two point discrimination

-

Two point discriminatiord thresholds were determined for the
same four oral-facial sites, "in the transverse plane, using an

aesthesiometer (Lafayette Instrument). Subjec}s were asked to in-
- J

dicate whether one or two pointé had been applied by raising either
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™ The dots on the facial and lingual schemata indicate the site at .~

"

which pressure sensitivity thresholds were obtained. :Two point

N

discrimination thresholds were obtained in a transverse plane

using the same site as the point midline between the two stigy-

s
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one or two f1ngers of the hand 1ps11atera] to the 1es1on Each
. ’ “
trial cons1sted of four random]y presented ep1sodes of stimu--

_1at1on, two 51ngle p01nt appl1cat1ons and two.%pp]1cat1ons of
two .points seoarated<by~a~ee¥£a1n d1stahce The tr1a]s began
w1th a sepaﬁat1on between the points well ‘above thresholds for
; dﬁscr1mrnat1ng'them and decreased in 0.3 mm 1ncrements untlT &
criterion leVei'of 75% (3 out'of 4) correct _Judgements was not

met. An ascend1ng ser1es, begun ‘with a po1nt separation; ‘well
'below threshold, proceeded w1th 1ncrea51nq 1n2?§ments of separ— h

.r o

at1on unt11 the 75% correct chterlon 1eve1 was met The two ~

po1nt threshold at each s1te was the meancof the last descend1ng .

£

and ascend1ng value at. wh1ch criter1on was reached
r = 5

Double simultaneous.stimulation °

c

. _The obJect of double simultaneous stimulation iS to detect

- ® « h e, :
sehsation pdtterns in which each of two stimuli applied to homo--
logous body paﬁts wou1d be.reported 1f each were app11ed a]one but

in wh1ch only one of the"two st1mu11 1s reporteg ‘when both are

extinction, neg]ect or 1nattent1oﬁ []4] - In the task two wooden

st1cks were‘ysed to apply supra11m1na1 pressure, at the selected

one second intervaf Atfeach site,,single‘1eft*and right sided
st1mulat1on tn1aﬂs were random]y 1nterspersed w1th two b11ateraﬂ«
st1mu1at¢gn.trna1s. Thus, erght b11atera1 stimu]ation ttjals ‘

hﬁﬁl presented‘ The bl1ndfo?ded subJect was asked to po1nt to a]]

P

'appL1ed together Such fa11ures to report have been des1gnated asv

: ord] fac;a] s1tes, cheeks; upﬁer,l1p, Jower lip and tongue, for a

L]

”

F
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points of%timulation and responses were recorded for each trial. St

.
9

RESULTS N o e

Patterns of sensitivity in the control group
= 5 = I

Since'preyious investigatgrs had determined oral-facial seh-
sory thresholds oniy iﬁ relatively young‘persons, it was approp- .
riate fb-dete}mine the effect ef inc]usionvof o]&er stjects on,
fhe resultant meqns' The control subject group was dividéd'{ntb
two groups with ns age overlap, one w1th a mean of 24 3 years (N = .
12) and one w1th a mean age of.70.9 years (N = 12). In add1t1on te 4
age (younb/old), the yarjabies of side a;‘festing (]eft/r1ght, re- ‘
~ peated measure) and anatomical site tested (four ore]-fégia] sites,

repeated measure) were used in an analysis of variance to evaluatg
.

the results of both sensory measures. R
Lt L ,

- -

. Pressure sensitivity thresholds. Analysis of the pressure S

.. sensitivity fhresholds did not support any signifitent differences
among the- four ora] facial sites tested [F, s1§£ = 2. 923 df = 3 66,_
NS], between the Teft, and r1ghtvs1des [F, SIde = 0:540, df = 1,22,
NS], or bgtween the two age groups [F, age = 0 026, df = 1,22 NS].
'S?nce there were no sagn1f1cant 1eft/r1ght d1fferences, threshold

'va]qes were coTﬁapsed.over side tested at each s1te. The mean

pressure sens1tivigy threshons for contro1 subJects 1n the two

>

"

age groups are given 1n Tab1e 1. o ' ' ‘ 'ne" N

e
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Two point discrimination thresholds. The two poiht discrim-

ination data (Table 1) also did not suppoft any significant dif-
ference between left and right sides [F,Agide = 0.736, df = 1,22,
NST. There weré, however, significant'effecté of both site [F,

site = 188.140, df = 3,66, p.01] and age [F, age = 13.435, df =

i 22, p<.01]. While there were no.significan& differences between ) ’

_the lingual and 1ab1a1 S1tes, the two p01nt discrimination thresh-

oldvfor the cheek was significantly greater than for any other

oral-facial ;%te [p<.005 for each] and, in féct,~was igvariablj’at | .
1east three times as-great " Older‘subjects demonstrated Signifi- '

cantly h1gher two point d1sq§1m1nat1on thresho]ds than younger sub- o

>

Jects at all oral-facial s1tes tested [p<.01 for each]

¢

(Insert Tab]e 1 about here)

.

Patterns of. sens1t1v1ty in pat1entggroups

A

/
A three way analysis ‘of vafiance using the vaniiples of 51de

of 1es1on (1eft or rlght), side of structure tested with reference . 3

" to the side of the presumed lesion (contra1atera1 or 1ps11atera1

- repeated measure) and anatom1ca1 s1te of testrng (four s1tes, re-

peated measure) was performed for thresho]d values obtained on-both

. . F A,

» "

Pressure sensitivity thresholds.’ Ana]ysis of the.ﬁressure::
' -
sens1t1vity data (Table 2) revealed no effect of 51de pf 1es1on

@

[F.= 2 24 df = 1, 36 NS] There were, however; main effects'dt :

* both s1de of testing. and e1te, and a S1gn1f1cant 1nteraction between EM

L

these two var1ables [F side of’ testing X s1te = 6 95 df 3t108,

L
. g .t e
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p<.001]. ,Mu1tip1e'comparison tests (Nehman-Keu]s) revealed that

mean thresho]d values were h1gher on the side contra]atera] to
the lesion than on the s1de 1ps1]ateraJ to ‘the lesion at all oral-
facial sites (p<.01 for éach). Thresholds for the contralateral -

tongué and cheek sites were significantly greater than for the

- »

contralateral upper and lower 1ips'(p<.D]);'whi]e there were no

differences -between the préssure sensitiv{ty thresholds across,

- o

; a}] four sites‘ipsi]gteraily. jﬁé mean thresholds for coqtrq&s
given in Taﬁle 2 are collapsed over 1;ft and right sides and ageg
. groups. .
. {Insert Ta@]e‘Z about here)

a2 ‘
Two point discrimination thresholds. Analysis of the two

, péiht discrimination data -(Table®3) alse reveaied no significént ’
effect of side of lesion on the threshold values [F = 0.53, df =
1,36, NS]. Again, in addifion to significant’ main effects of side

and site of testing, there Qas a significant interaction between
the two va}iéb]gs [F, side Qfxxesfingrx site =’15.59,’df = 3,1083
p<.001]. M?an thresholds for éontra]aterai ste@ictures were signif-
icantly higherrthah thdsg for ipéf]atgraﬁ siructyres across all
fouf oral-facial sites tested (p<.01 for each site). When either:w
contra]atera] or 1ps11atera1 mea&ures were cons1dered only the

s

two point d1scrim1natéon va]ue for the cheek site differéd sig-
4

nificantly from,the.other sites tgsted.- Lonsistent with the main

i ejfeét.of site in the control subject data, cheek thresholds were

seVgral times higher than 1ip or tongue thrgéholdsz which did not .

-«
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d{ffer significantly from each other.

Cy ' e " (Insert Table 3 about here)
. 'y ~ N . f
: \ Incidence of pressure sensitivity and twofﬁﬂﬁnt discrimin- .
4 ' ation deficits in pafient groups. Because an elevated
' - mean threshold value doesjéet speak directly to the actual inci-
dence of deficit, the thresholds of the control’subjects were used

to, set up quantitative criteria for defining sensory deficits.

B IR I

e . o Us1ng the procedure of Semmeg, Weinstein, Ghent and Teuber [2], f -

both pressure sensitivity and two point discrimination deficits

were defined as a significant deviation from the mean threshd]d

'1}% . F 'i  of the control group. The t value appropriate to 3 one-tailed

+

test with 24 degreps of freedom, 2.492, was.obtained from the t-

- 3
distribution. The product of ‘this value and the standard ‘devi-

ation wds-added to the mean threshold value at each site to de-

P
.

termine the 1ower']1m1ts of é sensbry deficit corregpohding to

© 0.0Y level of sigmificance for each of the two tests (Table 4).

. - (Insert Table 4 abqut .here)

Using thf;:driter{on~for determiné}ion of deficit, the numj:
‘ber of patﬁénts in éac; group wﬁo dEmon§£rated impaﬁrmeht'wéé_dé-
‘h;;" | 7 termiined for a]] sites, contraiatera]ly and ipsilaterally. Tables.
E ‘ ’ S»and 6 give tQ@ 1nc1dence, corregfond1ﬂg percentage:of the group

- - _ 1t represents afhd the mean values of the e]evated thresholds .

‘ Al;hough the percentage of Igft hem1sphere‘damageq patients dem- - -
onstrating ipsil%teraI deficits was higher than right hemisphere

- .
- -

3 - B ’ . N
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~ damaged patients in all case§,~chi—sduare analyses did not support
a statistically significant difference between 1éft and right hem-
isphere damaged groups in the’jqcidence of eitper contralateral or
ipsilateral deficits-at any s{}e tested, consistent with‘results

o} fhe overall analysis of variance. This was true for méasurds .

of both pressure semsitivity and two point discrimipation.

Fl .
. -

In order to investigate whethef'pféssure sensitivity or two

-

point.discrimination deficits, when they occurred, were more severe
‘ v

in left or right hemisphere damaged subjects, the elevated discrim-

ination vatues were cCompared across the two groups.” No significant

differences in magnitude of deficit were found between the groups
at any of the sites tested (see Tables 5 and 6). Ipsilateral .

deficits were seen only on tongue and cheek sﬁtés for pressure

2

sensitivity thresholds, but were seed‘ii>a115§1tes for two point

LI e

discrimination thresho]ds.

PR

AInsert Tables. 5 and-6, about here)

.

v

One might argue that'ﬁnstances of apparent ipsilateral defi-

cit on either task.could be accounted for by aphasic 1nvo]vement
either in terms of fa1lure to comprehend the taskvor an 1nab111ty
'-to respond appropr1ate]y This notion was not~§3pported Four of,
" the instances of markedly 1ncreased pressure sens1t1v1ty b11ater-.
a]TyDand four of the cases of markedly 1ncreased two polnt discrim-
1nat1on thresho]ds 611atera1Ly were seen.in nonaphasic left hemis-
'phere damaged pat1ents or right -hemisphere damaged pat1ents Al-

though the ‘remaining b11atg:a7 sensory deficits were seen in six-
. R E3 .

.
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of the left hemisphere damaged patients with aph?;ia, in every

.

instance a threshold value within normal 1im1tsjwas obtained for

at least one of the sites, suggesting adequate comprehension of

-~

task instructions and effective response capabilities.

~

It might also he argued that those patients demonstrating
ipsilateral as well as contralateral sensory deficits actually
\havé undetected bilateral hemispheric damage. In order to inveé-
t¥gate this possibi]igy. those patients with‘ipsi]ateral sensory
déficits were compafed with those wipﬁout 59§h defjicits on an
independent measure, grip strenééh of the ipsilateral hand aeter-
mined with a d}namometer. The différénce on this measure was ;ot
significant and was not ‘in 'the predicted direction if bilateral
déficits are h&pofhesizéa (mean ipsi]afera] hand g;ib streﬁgth of

»
patients with ipsilateral oral-¥acial sensdry qeficits = 35.78 Kgq,

4

*

. mean of those without ipsilateral sensory deficit = 29.48 Kg [t ="

1.96, df = 36, NS]). «
. \\
| S,

" Despite no obvious differences in.the overall incidence of

-

deficit on each of the two sensory measures, the relationship be-
. ) «

tween the two.measures, githin

~

patients, is of interest. Forty of

—— #

the 47 cases of preséure,sen;{tivity deficit' (85%) were associated
with a two point discrimination deficit at the same site while only

18 of the 53 cases of two point discrimination deficit (34%) were

»

associated with a pressure sensitivity deficit.




Results of the double simultaneous task. No contro] sub-

ject ever failed. to report that both‘sides. were:touched on bi- -

lateral §rimu]qtdbn trials. .Becaﬁkgflhis task was introduced

i I

H - . ‘ - .
‘later in the investigation,'resu]ts are ava11ab1e for only 15
. right hem1sphere damaged cédses and 19 of the left hemisphere
d maged cases,, S1x r1ght hemisphere damaged patients’ fa11ed to

\_)
identify the contra]aterq] stimuli on b11qpera1 stimulation at
T e 2. ' ] , .
least four¥out of eight times.. Two of these never reported the

~

contrqjatefa? side on bilaﬁera1‘§timulation accurately.. Only one
left hemisbheréﬁdamagedupatient demonstrated a failure to report
bifétera] stimulation in the presence of accurate_single stimyli

ide’ntification Th1s d1f1'érence in incidence between the Left

¢

and r1ght hem1sphere damaged groups is s1gn1f1cant at the 0.02%

Tevel (X 19 df =1). One of the cases in the right hem- .

isphere damaged group who failed to identify cont#alateral‘stim-l
uiafion whgn bilateral stimu]atio; was apined; failed.to report
two poiﬁts»at any degree of sepafdtion on the two pdint discrim-
ination task at any site on etfher side. Mis results ard?not in-

“cluded in the'two point discrimination amalysf¥s.

.
3

- ‘ | o~
ANATQMICAL ORGANIZATION .

¥

.There is a large body of énatOmical, neurophysio?ogica] and

behavioral evidence confirming bilateral sensory representation of
. - 4

>

the fa;g and oral stfuétures. The trigeminal (craﬁial nerve V)

sensory root, fongﬁd‘by fibgrs from. the skin of the facg and oral
b o , o ‘

<
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- \ ’ - ’ .
mucosa, enters the pont;ng tegmentum where the Jroot divides 1nto\\\\\\\

“short. ascend1ng fibers term1nat1ng in the ma1n s\\sory nuc]eus .

and l6ng descendIng f1bers compr1s1ng the spina] tr1gem1na1 tract

(See Figure 2) C11nlca1!evidence suggests that pa1n and temper- -

9

ature sense areéﬁand]ed ent1re1y by the sp1na1 N, V tract and 1ts o~

contralateral thalamic prOJect1ons v1a ‘the ventral secondary ascen-

ding tract Light touch and two point discrimination are primar-

l

11y med1ated by the main sensory nucleus [15]. Secondary fibers

*

from this nucleus ascend, after partna] decussation, as‘the dor-

—

sal. secondary ascend1ng tract of N M to term1nate 1n the ventral

posteromed1a] nucTeus- of the thalamus. Tert1ary f1b§?§“from this

nuc]eus proaect v1a the internal capsule and corona radiata to the

1nfer1or postcentral gyrus of tbe cerebral cortex and from there,
to other cortjcal areas [16]. Although often represented as'a

¢rossed trdct, degenerationfstuﬂies in the cat and monkey have

’ Ay

preésented evidéﬁce that fiﬁerS‘from the main sensory nuc]euslase )
cend hilatera]]y in the d%rsalbcentral trigemina]'tracts [17,18, a
9. . |

- 3
! [

. In additien tohdiréct‘ipsflﬂteral connections, there is

It

anatomical \and electrophysiologica] evﬁdence for. interhemispheric

connect1ons between the prox1ma1 11mb trunk andshead regions (in-

T c1ud1ng the face anﬂ\mouth areas) of~pr1mary somatosensory cort;;z

via the corpus ¢allogum 1n cats,’ racoons and monkeys [20 21). Sim-

ilar callosal: connec 10ns\have not been demonstrated between cor-

tical areas hav1ng H nsqry representation for the hands, feet or

.
— .'.I,,, e Vg AL AN

PR

P



. ) ) ‘\‘~ M
(Insert ‘Figure 2 about\here)

- C s L o S -~
Somesthetic'function has been studied iﬁ‘patients who have

+

undergone sections of the<corpus ca]]osum, a procedure wh1ch

presumably prevents transfer of somesthet1c input. If such a .pa-
tient is able to Cross 1oca11ze Cthat is, use the,left hand to
touch a po1nt st1mu1ated on the right side of" the body, and vice’
versa, the funct1ona] use of 1ps11atera1 prOJection systems can

be demonstrated. Gazzaniga, Bogen and Sperry [22] d1scuss a com-

_ missurotomized patient who was able to‘crOSS*]ocaTwze with stimu-

lation points on;the head and face, but not on-other body parts.
C / . -

Electrical stimpi%tion of the primary\sensory cortex in-man
has been assoc1ated w1th ‘the report of sensory experiences. Con-
\tralateral b11atera1 and ipsilateral sensations have been rep\r-’
ted after postcentral face area st1mu}at1on, whereas st1mu1at1on‘\>
of all other body areas resulted in strictly contra]atera1 effects
[25,24]. In-addition, bifateral,,contralateral and 'ipsilateral
responses for non-facial as well as facial body parts have been
obtained after stimulation 01’?3r second sensory area "on’ the sup-
lerior border and bank~of the sylvian fissure in both hemispheres.
A secondary sensory area in this reglon in an1mals, from wh1ch
' responses to b1latera] st1mu]at1on can be recorded has been re-
‘ported to rece1ve 1nput from the primary sensory area (SI) on the
same side, and from thescontra1atera1 pr1mary and secondary areas

via the corpus callosum [25]. Van Buren and Baldwin [26] reported




o S oA =T 2o T PN 4.7 £

\ . ‘ Figure 2

Diagk$m~to'illustrate‘thé b%ojections of'exteroceptivé imgylses
fr\m\the face carr1ed over s///somatic sensory branches of the tri-
gem1na1 nerve. Note that 1mpulses set up by fine tactile st1mu11.
(as in pressure Sens1t1v1ty and two po1nt d1scr1m1nat1ons) are
transmitted by the main sensory nuc]eus which has b11atera1 thal-
amic projections via the dorsal‘secondary ascending tracts of &.
V. Also note callosal connsctfons betyeen the priﬁary face area

of each somatosensory CQSEeX' (Adapted from Fig. 144, Chapti 3, -

Crosby, E.C., Humphrey, T. and Lauer, E.W., Correlat1ve anatomy

of the nervous.sxstem, MacM111an, New York, 1962.)

4
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the incidence, laterality and'quality.Of sensations about the

* mouth, face aﬁI’head neck regfon§ﬂe1ieited by cortical stimu1ation' .

4

in man. Crude sensation w;; most often referred to the mouth (pre-

~

‘ dom1nan;1y contra]atera]]y) after st1mulatton of the 10we§t 3 to
4 cm of the postcendral area. Segsat1on aften~temporal “lobe st1@:

ulation was most. often referred to the ipsilateral hand and neck

-

region followed in frequency by bilatera] referral. Some sensa-
. L
tions at the contralateral mouth and face area were. also reported

Precentral sensory responses~were Tess common but often characterw

2

“ized by sensation of.head and mouth, movement contra]atera]ly or .,

‘bilaterally.

DISCUSSION - .~ s S ,‘ﬁ

. g
é - s
s L4

Effects of age : : S,

-~

The tabled threshold values on the pressure sensitivity ‘and

two point discrimination measures in coatrol shbjects should pro-.

- -
4

vide. useful normative data applicable to o]der neuro]og1ca1 popu-
~lations. -It was felt that the s11ght1y higher thresholds on the

_two point d1scr1m1nat1on,task in comparison -to values previously
' i, ’

cited in the literature [13] might be due ‘to the inclusion of _

non-neurological control subjects;yp'to-70 years of age. A sig- :
nificant effect‘of‘age‘on-fhis task was confirmed statistically.

‘This was in contragg to a lack of significq‘t effects of agg on the




. ~: pressure~sens%tivityntnsk. MécDonﬁld and Angust [27] also repor-
g' C e ¢ teg a decrease in accuracy on an oral form recognition tssk in a

| M geriatric popu]etion>as compared to youni\adylts.‘ Aée eerta;nky- -
appears to 1nterac§‘with some measurgs of>discriminative sen{i&iT-
ity of the face and’month. The normative 331ues obtained in this

study thus provideiconServative es imates'of deficit and{are ap-

o
.

. propriate to many patient populations. . T

" Sensory threshb1d4patterns in normal populatijon

, ' There was no support in. the normal control data for left/

right differences in sensitivity, since left and right threshoids

. T ‘are not signiffcantly different at any of the oral-facial sites on

either of the sensory measures. The discrepancy between these re-
L ]

. sults and those of prev1ous investigators who reported]y have

found stab]e 1eft/r1ght d1fferences,[7 28] may ref]ect a real d1f—
ference in sensory 1atera11ty effects at ora] fac1a1 versus other ;
body part sites. Other 1nvest1§ht0rs have qlso used,mu1t1p]e as-
? ‘ . cending apd descending £r1a1s in the determinétion of thresholds.
SUchnprdEedures are difficult to use nhen normative data on oral-

-~ facial sites applicable‘to neu}ologica11y impaired patients is of

/' small left/right differencés reported for normal subjects.

. o Therebwene na significgnt.differences between the pressune
s sensitivity thresho1danptained at any of the oral-facial sites
. SR 'tested In contrast to th¥q~homogeneity of pressure sensft1v1ty

A thresho]ds two point d1s¢r1m1nat10n thresholds d1ffered s1gn1f1- '

%’. . : inlerest, but may.be instrumental in detecting what. are usually the




', . 'canti} aéroSs test sites-\\while'the thresholds were equal'at thé .
a lip and tongue™ s1tes tire threshold at the cheek was several times

h1gher Other 1nvest1gators [137] ‘have found the tongue to be s1g-
. nificantly more sens1t1ve on thlS task than other ora] s1tes ;
.fa11ure to find such'an 1nqreased 11ngud* sens1t1v1ty in th:e

study can be explained by the data oflLass,‘Kotchek and Deem [11]

which strohgly supports an inqreased sensitivity on the tongue tip

as tompared to the tongue dorsum, the lingual site used in this

study. In contrast to the finding of 1ncreased thYesho]ds on the | ’

-

' °cheeks as compared to 1ips and tongue in-this study,rMe1nste1n [7] : ’
did not find a S1gn1f1cant difference between the upper 1ip and
cheek on the two point dﬁscrtm1nat1on task. Two methodo]ogy dif-

-

ferences may relate to the discrepant results. F{rst Weinstein e
reports u51ng the nonp1gmented upper lip area rather than the pig-
mented as used in th1s study, and second]y, his thresholds* were de-
termined a1ong the ‘langitudinal rather than the transvense axis. y
Ladd and WOodworth [29] Suggestlt;:t sens1t1v1ty on two po1nt dis- -
cr1m1dht1on tasks may be greater in- the transverse than in a 1ongl- .

tud1na1 axis on both arms and 1egs | - R

K ?he‘sﬁgnificant effect of.site gh the‘two point discnﬁnjn-
ation thﬁeéholds but not on the pressure sensitivity threshold,
demonstrates the lack of consistent. correspondence between these~'

. two measures. Weinstein [7] reported a very Tow nons1gn1f1cant

~ ‘ ' .
corre1at1on between pressure senS1t1v1ty and two po1nt discr1m1n- o

at1on in norma] subJects across a broad rang@ of body sites tested .

L4 A B
-y ’ ..
&~ ~ -
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He §099ests that the correla i Betwéen a meésdre«of siZe.a
. - ~ somatosensory cortex sUbserVing a body part and the seqsiti?i;y
| | threshold at tﬁat body parﬁais highly significant for two‘péint
" discrimination data but ﬁonsignificant for pressure sensitivity,
dat&. With respecF'td the. sites used in this siudy,:the éheek
. certainly appéars to be fe1afed to a mu;h‘;méligr areé 6n the
) .sensory homunculus téan are the 1§;s and'tpngde;[30] and is the

e . Site at which_significéntiy higher two pdint but not pressure

'sensit{vity thresholds weré found.

. Effects of lesions

=, ‘ . ' g
: ) Corkin, Milner and Rasmussen [31] reported convincing evi-
F . ‘ dence relating sensory deficits on the hands to inclusion of the
] s . - e - !

TSR

bostcentral'gzrus in cortical excisions for focal epiTepsy. While

contralateral tWo-point~discriminétidn-deficits on thé p%]m wéﬂe
o . .‘ . a]ways'felated'to exéisioné.iﬁQAding'postcéntra1 gyrus, pressure
sensitivity deficits, although most'commgb/hfter ppstcentral in-
j ) . ‘ vasion, were also*seen aftér frontal, temdora1'and more posteriof ’
. , important in integrating patterns of touch sénsatioﬁ‘befOre pro-
. t jéctioﬁ to'the soma%oseq;bry cortex for'two;poiﬁt discr&mination.
What is suggested here is that discrimination E;tween two R$%n£§’ a
. . fs related more specifi¢611yito thalamo-é%r cal %Jnction fhan‘iﬁ

apbreciafi&n of Tight touch, which may be more diffusely represen-
] . : i

’ ' - ted. i - ) J ’

‘e

S | - 82,

\

1

. ' [ ! .
parietal excisions. *Ruch [32] argues that-thalamic relays are also
-\ .



"~ postcentral gyrus excisions were not as severe as the pressure
cits. ‘In this $tudy, too, the values of the pressure sepsitivity‘

~sensitivity thresholds. “Several nedraT models of two point dis-

subcortical damage coudd se1ect1ve1y 1mpa1r apprec1at1on of light

The data presénteﬂ in this study do not at first jnspeétion

suggest any overall differences in the “incidence of cortralateral

-

préssure sensitivity or two péinf discrimination deficit at any

site. If, however, the relationship between the two kinds of def-

icit is considered, 85% of the instances of pressure sensitivity
deficit arqxgssociated‘with a two paing discrimination défiait af< P
the same site whereas oa1y 34% of the. instances of elevated two
po1nt thresholds are as§0c1ated w1th & pressure sensitivity decre-
ment. - Apparent1¥, e1ther,def1c1t can occur in isolation, that is,
without the other, but two point discrimination islmore often sé]f
ectively impaired. ‘Corkin, Miangr‘and Rasmussen [31] found that

\ .
1

. . <«
pressure Sensitivity deficits on the‘hands associated with non-

sensjtivityldeficits seen after postcentral gyrus excision and

most often were not associated with two poin% dﬁscrimihation.defi- iy

deficits which were not associated with twéfpojnt discrimination

deficits were always lower than the meaa of the‘é1evated pressure

R . A . . . .. .
crimination incorporate an element of 1ntens15{;g;scr1m1nat10n as

. . . ) , ) r . -
a ‘basis for the spatia] discrimination [32] k}t‘might be postu-
latéd, then that damage to somatosensory cortex could selectively

1mpair two point d1scr1m1nat1on while more d1ffuse cortical and S | .

»

touc_h. If the )f‘icit in pressure sensitwny was great.enough

there might pe insufficient 1nfqrmat1on, perhaps 1ess than some’

. . ! . 4
“ . .
\ e <

-4 :




minimal level, for effective two poinﬁ d%%érimination. Th1§ model
would provide an exp]anapjon rorlthe findfngs.of iso{;ted'deficits
on either task, yet higher incidence of’tno pointudi;crimination‘

deficit§ given a pfessure sensitivity Qeficit;\ }heﬂvascular eti-

o]ogies of chse'cases preclude qfcurate determination of site or.
extent of damage but var1ab1e size lesiond of “both cort1ca1 and

subcort1ca1 structures mu§t be postulated.

Overall the incidence of ipsilateral deficit was quite high,

44% of "the patients demdnstrat1ng.an ipsilateral deficit on at

least one site for at least one of the tasks, 60% a ;ontﬁb]aterai

deficit. It might be argued ﬁhat fhe instances of ipsilateral
deficit érg re]atea to undegected.bifateral hemispheric damage.
The finding of equivalent performance on an independent motor test
of grip strength on the 1ps11a;gra1 hand for pat1ents w1th and -
without ipsilateral oral- facial sensory def1c1ts, however, argues

against more bilateral impairment in the former group. There was

“also no suggegtion in the data that bilateral deficits are actually

~due to aphasic involvement, although it is true that in some 1n-'

stances, aphas1c impairment can prec]ude reliable test1ng of sensory

function.

In every case-nntients demonstrating an ipsi]aferql deficit
had a contralateral deficit as gréat or greater than the 1psi1atera1.
one. Thus, 1ps11atera1 ‘deficits are functionally synonymous w1th
bllatera] impairment. This suggests that discrete areas or tracts

are not devoted str1ctﬂy to ipsilateral information but rather that

[

R; o 94
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this information is carried with afferent contra?atera] informa-
tion at EOﬁtiéél and probably’thalamic 1evg1§.. The'higher {nci-
. dence of'contralatéraT deficit also suggests that although oral-
- facial sensory reprgsentation may be bilaterally organized, the |

contralateral connections are more salient. -

Pressure sensitivity thresholds are more often severely

~elevated conlralateré]]y at the tongue and cheek sites than at the
. PRGN

upper and Tower 1ip. The lingual and buccal sites were a]i:ffhe ‘)L; ; ~'

'on1y ohes involved in cases of bj]atera1'pres§ufe sensitivity
deficits. Although some bilateral two poiht discrimination defi-
‘cits were seen at%all sites tested, the‘highest perceritages éf con-
tralateral deficits on this task were also on the tongue and chéek.
The 1ips appear to have a larger area of representation on the
somatoserisory Eortex than the tongue or cheek, so thatlsma11'vas-
cular lésiong;migpt less 6ften proddce a critical e&tent‘pf dam-

age for these sites. Thus, the tongud.and cheek sites -appear to

be more.discri

tnating sites for the detection of sensory deficits.

Ther s {no SuppOft in the patient data for different effects
of right versug leff hemisphere 1esions on the incidence, sevérityv
or pattern of sensory deficits. Althgugh Teft hemisphére lesion
cases contribute a highér proﬂértionrof the cases of bilateral
sensory loss, the difference did not reagh é:isticql signifi-
cance. Cbnsisfent va‘scula,r etiologies ‘:hivalent proportions
of hemiparesis and visual field defeéts'ih the right and left hem-

isptere damaged groups would sugbgst that lesfon size and site is
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similar.

"

ﬁl] of the patients used in the study were a]se given a
broad range of both verbal and nonverbal motor tasks, the results
of which have erevidusly been reported [6]. The highly significant -
assoc1at1on between left hemisphere damage and impairment on both

the verbal (speech) and nonverbal oral movement tasks stands in

‘marked contrast to the nonsignificant effect oﬁ-left versus right

hemisphere ‘lesions on the incidence o} patterﬁ,or oral-facial
sensory deficits. Whatever oral motorjfunctiohs'q?e»being disrup-
ted by left hemisphere &amage, they dbinot ;éeh to:bé ones primar- .

ily under the guidance of oF,dependehf'on‘ex;ernalttacti]e feed-
back. 47~ « R = '$¢'? - “f,
The. only. measuke on which. side of lesiof was a significant

=

'factor was - the double s1mu]taneous stimulation task S1gn1f1cant1y

more right hem1sphere damaged patven;& Lail to 1dent1fy contralat-

_eral st1mu1at1on on b1]atera]‘%tﬁmu1at1on than do 1eft mem1sphere
i ‘a

‘damaged pat1§nts. _Ih1s probaB1y ref]ects a generallzed mu]tlmoda]

neglect or dn ntion. factor often c1ted in association with

-rlght parietal Tobé ﬂamagef[14] rather than dxfferences in oral-

»> -~ I

facial sensory organizat1on per se. ' AR

& ) 4
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= APHASIA AND ORAL APRAXIA - A REVIEW OF THE LITERATURE
AND IMPLICATIONS FOR HEMISPHERIC SPECIALIZATION
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¢

’

Hughlings Jackson (1878) is usually credited with the f1rst /'

observat1ons Tinking an 1mpa1rment in nonverbal oral movement = —
?

with speech disorders, or aphasias. He described a patient who
was -unable to protrude his tongue on command, aithough'at other

tdmes spontaﬁéous licking movements occurred. Such an 1nabi]ity

“

to produce an oral movement, not due to paralysis of the oral mus-

culature, has been termed oral apraxia.

; Liepmann (1913) described apraxia as an impafkment in the -«

L]

productfon of acquired movements of the hands and mouth. Juét as

-

hand and arm movements used in the handling of objects are ag-
ﬁuired,,movements of the oral musculature used fn the producti;h
6f‘speech are acquired. In grouping impéirments of aéqdjrfg move-
ment‘under the term apraxia, Liepmanm suggésted,that "aphasia Lnot
" only motor aphasia, but éyery expressive-aphasic disturbance pf_
speech and writing) and apraxia are»e§septia11& s%mi]ar". That*
js, they result from thé same'kind'of,qndérlying deffcjt in motor

control. _ | i | -

.

Despite these early and b]egrly articulated associations
between dis defed é}al movehént:andmgiso;dered speech, subsequent
researqh has done little to clari?y'the nature o% the relationship. -
) The purposes of this paper are: 1) to discﬁss problems in the .
investigation of speech and nbnkspeech ofa] ﬁotof'impa%rments, and

2) to review the ev1dence for a re]at1onsh1p between such impair-

ments. The conc]us1ons 1end support to the hypothes1s that a fun- -
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damental function of the left hemisphere is the control of certainr

¥inds of complex movements,  (Liepmann, 1913; K1m0ra, 1974). Al-

, though some compléx mavements, i.e. speech, have acquired sym-

bo]ic,;represehtationa] functions, such functions do not appear

to be the underlying basis of 1eft hem1sphere spec1a11zat1on

PROBLEMS IN INVESTIGATION OF SPEECH
' AND NON-SPEECH ORAL IMPAIRMENTS

. .
Problems in Describing and Interpreting Speech Disturbances

There are many terminological ‘problems in reviewing the

literature of aphasia. ‘A large:numper of labels havevpeen appiied

oy

to disturbances of speech behavior, most-of whichxgre poorly de-

fined and’used differently by various.authgrs:

v » ‘ ' Lo .“ ‘
A1l errors in aphasic speech can, at sdmeeﬂeve1, be'considered
; ‘

as errors in the selection, production and ordering ot speech

. " . , £
sounds according -to appropriate patterns. A patient may\

~

difficulty producing even a single phoneme or may demonstrate many

~ . ’ .

disorders qf- speech production have been var{ous1y termed‘vérba1

apraxia (Canter, 1967), apraxia of speech (Jofmns and Darley, 1970),

3 3
phonetic d1s1ntegrat1dh (Alajuanine and Lhermitte, 1964), anarthria

'(Cr1tch1ey, 1952), apraxic, dysarthria (Nathan, 1947}, motor aphas1a

&
(L1epmann, 1913), «cortical dysarthr1a (Bay,'1965),,sensor1motor

N \ N . [
impairment (Schuell; ‘Jenkins and Jimenez-Pabon, 1964), and liter-

v

afeparaphaéia'(660d91ass and Kaplan, 1972). Other patients dem-

[ Y

.erﬁbrs'in phoneﬁe selection during speech attempts. Such "phonemic"

’

e
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onstrate.many error§ in the select1on "and product1on of hords
" .

or phrases

Th1s second categOryi1nc1udes anom1a, verba] para-
o

phas1a (subst1tut1on of a semant1¢a14y closely related word, &g

¢

)

%

’mother for father), and grammat1c or. syntact1c errors (correct -

words produced out of order or words produféd w1thout‘appr66/ :

. ’ &

=

'r1at

grmmnat1c 1n§1ect1on)

0

[

rd

-

a

N

L

A1though a c]aSS1f1cﬁt1on 1nto two different types of aphas1a;\%\b' : '
is.often proposed fhe cr1ter1a for d1st1ngu1sh1ng between phoneme .

. ’ . and h1gher level errors are rarely g1ven or not ehs11y app11ed :
|

For‘examp1e, Darley (]970) has strongly urged the separat1on of *

aprax1a_of,speech ?rom.aphas1a. He defines aprax1a of speech as' .

4 "an impairment in the capacity to prograft the positioning-of the

-t

. .
speec!vmusculature “and the sequerftlng -of movements for the "pro-'
duct1on of phonemes", apha51a as l'an impa1rment in symbo]ic pro- . ' -
cess1ng v‘However, the qr%ter1a he uses for inclusion in the

4 R4

aprax1a of speech category wou]d be met by most if not aT] aphas1c

o

. pat1ehts Thus¢'express1on in most c1ass1f1cat1ons of aphas1a oo T

conta1ns initial phoneme errors on sogg occaS1qns -more- phoneme -
subst1tut1ons and om1SS1ons than d1stort1ons and "1slands of error «t &

g

— -~ free speech" (Darley, 1970), although the 1atter m1ght g; meFBYY

Yo -

L the same profan1ty uttered repeatedly

° -

"Darley (1970) has a]so proposed that aprax1a of speech can be N

d1st1ngulshed from aphas1a on‘the grounds that . apraxﬂa 13 not -a’

//4 ' word- f1nd1ng d1ff1cu1ty Unfortunate1y, the dec1s1om on this p01nt
. T .}7 - ' “ ot
./ ’ to, ‘
- , ] 4
, < o . .
%’” - ' ., ‘ . a8
\ ’
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) {s often very inferentiaT e.g. ,,the pat1ent who produces “tup" ’
'for "cup" is sa1d not to have word f1nd1ng d1ff1cu1ty, whereas : y

.o ' gy . . ¥
S the pqtlent who produces l»spag" for "cup" does have such diffi- 5

TS “. ’ 'y

culty w1thout knowing someth1ng about ‘the re11ab111ty of a par- : ; ~N

ticuTar m1snamfng oF’Whether the patient can perhaps write it,

X

, though not be able to !peak it, theré is little basis for such.

. . 1nferegces ¢ Since assumpt1ons regarding such a §epara¢1on of A ' B
. L ‘.\ » .

aprax1c and aphas1c Speech are not based on emp1r1ca1 ev1dence, .

_-' f . 1t seems more pars1mon1ous at present to.cons1der the whole range . . E

» “of express1ve speech<d1srupt1on under the term aphas1g. - ‘ ?

-
- ~

- ‘ - ‘ € ’ -\w
Broca S aphas1a (auso termed express1ve aphas1a, aphemia, k\ >
. 1"' o ' ":) .
\ T motor aphas1a and anarthr1a) is character1zed by laborious art1cy- ﬂ/a,
.' ] * ‘
\ ‘ 1at1on _even "on a s1ngTe phoneme level, w;th a seyere reduct1on i

the f]o% of speech. In other types of aphas1a, speech may s/

fTuedt]y and'effortlessiy articulated but produced with medy,er; o AR é
- '7 rérs. Tﬁ%s dimenion of fiueocy-has oeenoshown to-discrimihé%e ‘ :
'; . usefully between what' have cﬁassical]ﬁbeEn called Broca's (ex}. .
f\\;4~ i pressjve) and.NerhEcke's kreceptive) aphas1as (Goodg]ass, Quad- ‘~

fasel and Timber1eke, 1964 Kerschenstelnef\‘Poeck and'Brunner,

o ‘ e

1972; Mateer and K1mura in press). o . o

&:. '. r'." . ':‘;'_ ‘ " ) A' ' o
Fluency is usually defined by the meam+length of -verbal re-

»

sponses (in sg11ab1eslor wonds)'jn a .picture description‘tq;k.

>

¢

* The criterion is easily applied ‘and usable across examiners, a ~ .

A . characferistic notably lacking'ih most aphasia c]assiffgation sys-
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~tems. There may also be an'anatomical correlate to the fluency ®
distinction, in that the bra1n scan localization study by Benson - f‘“"

(1967), and indeed many c11n1ca1 observat1ons from the time of

Broca (1861), would implicate the an;er1or speech arga of the
\
left hem1sphere in the nonf]uent def1c1t while the posterior

«
- speech area w0u1d be involved in tHe fluent deficits. The f]uent/
nonfluent classification will be uéeq in general discussions
throughout 'this paper, but review of specific studies will employ

the1nvestigator;ibij;gﬁno]ogy and, Qhere possiblé, a description‘

- 'Q._

IS
)

of its use withig at studyl . T

Problems in Investigating Nonverbal Oral Movement Impairments;
T -

- »

The terms "oral apraxia" (DeReﬁEi, Pieczuro and Vfgdblo; :

L3 -~

1966), "nonverbal apraxia of the oral mechan1sm" {Eisenson, 1962),
"facial aprax]a" (Nathan, 1947) and "fac1o11ngaa1 aprgéla No1t-

man, 1923) have béen used to describe impaired movements of the

oral musdhlature in the absence of sigpj;icant paresis. qut‘ ‘ . ' {
studies, hgweVet, have failed to give detailed descriptions of <
how such_impairments have been méasured. The fo]lawﬁng ahé some - /
of the major problems: . Coh ’ . L.

-
.

1) Control for perceptual deficiis. kt s commonly accepted .

that oral movement to command is more difficult than to imitation ) "

. or in-nesponse to environmental objects-or situations, yet such
1nterpretat1ons have béﬁh confounded w1th the poss1b111ty of an‘

impairment 1n,aud1t0ry comprehension as a basis for the dtff1cu1ty

Oftga, sufficient 1nf_or~mation rtegardmg duditory comprehension has '

o o T : . ' !
' . ’

~3°

i 1
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not been given. Similarly, accurate visual perception of movements

which are presented for imitation has rarely been ascertained (for

example, by the use of recognition tésks).

2) Contfo] fgr task difficuity. Performance*in response to
command, imitation, and object use Mave sometimes been used in‘a’

-

single test (i.e., scoring a response to imitation if a response

to command ‘is failed). Reporting responses to aifferent modes of

$timuli separately (Poeck and Kerschensteiner, 1975) is necessary

for interpretation of the deficits. ¥
) ' .

Tests for orgl apraxia havé typically required fairly fimple,A

usually single movements; e.g., prétruding the tongue, blowing,-

’ phatterﬁnggthe teeth, etc. These movements ?ﬁght, in term§ of
their difficu]ty'?n production, be thoug@t of as compafable to

~single spegch,sounds. Since most aphasics have more difficulty -
producing.several'spéech sounds together than producing a sjng]e
sound, the production of7é'sing1e non-speech oral movement might
not be particularly difficult. Recent studies (Lapbinte and
werté, 1974; Mateer and Kimura, in'pfess),have used nonverbal oral
motor tasks which requfre the imitation of several orai movements
in a series. Tﬁisgkind of systematic increase,}n response 1engthﬁ

v A

provides some parallel to 1re motor requiirements of speech move- :

ments. . - : . ¢ ;

3) Limitation gf tests to'fg;djﬁar movements. Russell apd

‘

Espir (1961) suggested-that apraxia results from a loss of

“memory" for motor patterns rather than an«impai}ment in the actual.,




v : o o L S o0y R
; , FadRAR:
$ ’
- g
/"\-§\ .
.
P ,
- ) ‘
109"
. ' ’ c‘

exé\ution of the motor response. Presumably, one has a “"memory” . ~

only for previously executed movements. Many nonverbal oral move-

"ments used in traditional aﬁraxﬁa tests, such as blowing, sucking,

whistling and Ticking the 1ips are fqmi]iar practised movements.
Before making the inference that it is the mnemonic substrates
of a movement that are 1o§t, testin;—of movement patterns wh'ich
could not have been committed to "memory" through practict or fam-
iliarity is required. Impairment on sucttasks would suggest a

- -
fundamental deficit in thezexecution of movement per se. ' v

4) Criterié for scoring. Scoring criteria have rarely been

described. Often a simple éorrectlincorrect judgement, with 1ittle

*

description of the basis for either decision, has been used. “Some

authors have included slowness, weaknéif and Timited range of ex- .

cursion of the oral movements as an indication of apraxic distur-

_ bance (LaPointe and Wertz, 1974). However, the classical defini-

ti?ns of apraxia have always stated that paresis is definitely not
: L

‘a primary feature of the disorder. If severe, it would, in fact,

\

brec]ude determination of ‘apraxic impairment. The recent use of

mu]tidimensioﬁa]'scoring systems for oral movement tests (Rosen-

+

beck, Wertz and Darley, 1973; LaPointe and Wertz, 1974; Poeck and

Kerschensteiner, 1975; Mateer, 1976) will hopefully fead to a more

_ comprehensive classification of the types of errqrs that occur.

3 t
.
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RELATIONSHIF BETWEEN NONVERBAL AND VERBAL

: .- ORAL MOTOR IMPAIRMENTS .

. (
.

= Coexistence of the Disorders N

ad The predominant clinical impression in the literature .is

tHat the underlying deficit in non}]uént aphé§}$ is a motér one,
an inability to produEe or integrate movements of the dYgans‘of ]
articulation fb? speech (Corbin, 1951;'Eisenson, 1962; Bayz 1965;
Dedong, 1967; Darley, 1967). aPresum;bly, the motor-based infer- .

pretation of nonfluent speech—deficits is.suggested by the obvious

difficulty and effort, even at a phoneﬁe level, with which non- :

fluent aphasic speech is often produced. *

& ' : .
Few studies have, however, systematically investigated the ‘
re]ationship between oral apraxia and type of aphasié. Nathan
(1947) reported six cases who demonstrated oral apraxia‘and, from
“his description, nonfluent speech disturbancés, after penetrating
brain wounds. Alajuanine (1556) examined 22 patients with oral
apraxia, 1i'of whom, even after a period of years, continued to
produce only a small reperfoire of recurring utterénces and verbal
éfereotypes and 11 of whom developed some degpee of limited but
functional expressive ability. Those cdses in which the ve;bal
stereotype did not change continued to maﬁifest an "import;nt
(severe) oral apraxia". Although apraxic errors can be associated
with longstanding aphasia,4Alajouanine and Lhermitte (1960) sug-

gested that nonverbal-oral movement impairments are sometimes only




”

. of patients demonstratinnghonemiq_jargon (meaningless-syllables -
‘ >

'aphasia,'although occasional errors were found in patients with .

-fluent aphasia were not impaired on the imitation of single oral

 the speech disorder.

N
[ .

a tfansitory symptdg\ﬁecHUSe they are less complex than speech.

I

DeRenzi, Pieczuro and Vigno]d (1966) fguhd an oral apraxia

in 90% (N = 42).of pétients with Broca*s aphasia and 83% (N = §)

articulated in duick succession with approximately normal %peech

L

prosody). Poeck and Kefchensteiner (1975) found thé imitation of

oral movements to be severely impaired in patﬁents with Broca's ’

Wernicke's aphasia as well. . | ' . 4

N

Mateer and Kimura (in press) found that although patién;s with

-

- '
movements, they were impaired whgn the imitation of a series of

three such moveﬁents was required. Nonffuent,aphasics demonstrated
; o .
difficulty on the imitation of even single oral movements. PN ’

These studies all suggest a strong association between. im-
paifed production'of simple nonverbal oral movements and nonfluent
speech. In addition, fluent aphasics have difficp1£} in the imi-
tation'of nonvepba] oral movements Qhen more than one is required
in a seriqs. Thu;? nonverbal oral movement impéirments'ére seen

in both fluent and nonfluent aphasia and, as Mateer and Kimura .

(in press) have suggested, may prdvide the underlyingsbasis for.

-
L .
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/////S1m1]ar1t1es in the Nature of ”Spared“ Verbaf and\Nonverbal

2~

‘ In his early observationg, Hughlings Jackson (1878) dé;::ssed
the vo]untary-automﬁtfc dissociation seeﬁ in’impairments of both
\nonverba] oral mévement and- §peech Pat1ents who may be unable
to b]ow on command or even on 1m1t;t10n often do so quickly and
easily ‘when a-1it match is presented, Pa§1ents who are unable to
produce an;utterance on command o} to +epeat it may produce the
uttehaﬁce with-no,apparent diffjculty in an appropriate situation.
He argued thap one respbnse, the automafic one, is "nAonpropositional",
wh{le\?he ordered oclﬁmitated‘8he,15-"prppqsitional". Vet, if the
response (%6r example Sayingigbodbye in responsg'to someone leaving)
is appr&priate to the situation, it is difficult to see in what

O e S .-

sense the term prapositional is used.

v ‘ -
.

. O
Speech movements which are preserved in aphasic disturbance

are often either very brief high freduency words ("yes", "mo",
fGoddam") or longer highly practised sequences (¢ounting, shyiné
the days 6f the wee}). .gojcalled automatic nonverbal o}a] mo;e- ’
mgnts_(e.g., licking the lips, blowing out a mat;h) are also fam-
;11arfhjgh frequenc& responses.. Practice has empirica]]y beén
Ishown to be a faétor in the survival df a behavior after brain
damage. Responses which have been overtfained preoperativeiy are
better ;etaﬁnéd thén;thos; trained'jusg}io criterion (Chow and
#Survis, 1958; Orbach and Fantz, 1958; Lukaszewﬁka énd Thompson,

1967§. Oral motor responses (both verhal and nonverbal) which
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. have beendgrequent]y pronced appear to Be‘the'ones least affected

by brain damage. It ié, moreover, important to qUestion whether

apparent]y_recovered or spared motor responses are performed

with the same degree of speed, accuracy or oréanization g;\fhey\\

\

were prior to the lesion (Goldberger, 1974).

- o

Corregpdndence Between Types of Errors Made on Verbal and
Nonverbal Motor Tasks .

Errors“on nonverbal oral movement tasks. Rosenbeck, LaPointe

?nd Deal (1973) list common errors made on tests of oral apraxia;

delayed responses, multiple response attempts, movements in the- A
~wrong direction,-partial responses, substitQtion of alternate ‘

oral-facial structufes to produce the movement, substitution of

verbal or nonverbal voca]izatioﬁ anq persevgration on previously

produced movements.

Poeck and Kerschensteiner (1575) presented a detailed analy:
sis of errors on a test of oral apraxia in aphasic/apraxic patients.
Most érror; were-suSstifutions of oral facial moveménfs other tHan .
the ones presented (37%), fragmentary execution of mBVements (14%),
andjfhe substitution of verbal mermenté (speech sounds.or words)
for nonverbal @ovements (T]%)L (Peféentéges are approximations
based on figured data.) fhese authors also repoqtr;n~extreme1y
high propoktion of errors (44% analyzed across other error typés)
with an element of perseveration from pfevious movements. The
general-paitern of errors, including perseveration, was pdt'dif-

ferent across four designated types of abhésia (Broca's, Wernicke's,

o
<
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Q

amnesicy global), although thé frequency of errors, highest in

* BroCals aphasia, differed markedly across the -aphasic groups.

3
]

Mateer (1976) found that berseveiativgwerrors accounted for
a highéy proportion of the total errors in'bhtients with left
. . ~x . v '
hemisphere damage than°in patients with right hemisphere damage

or normal control subjects. Movements unrelated to the required

ones §n ahy.obvious,way, movements using alternate oral-facial

o structures and the subséitution of vocalizations for movements .
were frequently deménétrated by fluent aphasic; with 1eft hemis-
phere Aamage. Often patients made continuous "sesrching"'mbve— -

ments, revising the'Eonffguratjon of the oral structures as if

] -~ N

they were unsure when the appropriate target position had been

reached. In contrast, sequencing errors, (prquction of two cor-

) . bl

rect movements out of order) rarely oecurred. .~ C . <

Errors on testf of speecﬁ production. Shankweffer,aﬁa Harij;
(1966), Deal and Da%]é; (1§72) and Trost and Canter (1974) investi-
gatéq phonépe aécurac§ in patients yith Broca's aphasia. Phone;é
production was betfer in repqtitioh than in naminé tasks. Many'
errors were close apbrox}matiopé (in terms of theinumber of dif-

" fering distinetive features) to target phonemes. Phonemes with
» a .high frequenty of oc:curr'ence in spoken EngJish{-v,re more accur-
ately articulated, while phonemes with a low freqﬁéﬁcyTQf occur-
rénce were least accurately produced. There was marked inconsis-
- 'f tency in prodbction on repeated attempts, with frequeht revisionA

- - o
. . ,

LA
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of responses. Often, unrelated.nonverbal oral movements were

observed on verbal tasks, curiously reminiscent of the verbal:

intrusions on-non-speech oral apraxia tests.

L4

Production errorslwhieh appear to be at word an& sentence"'}
levels, rather than'at'phopeme levels (the difficulty with such .
a dicho%pmy has been discussed) have been analyzed primarily in
Tinguistic terms. \iewed very simply, however, the error pat-
terns include the addition of inappropriate words end substit-
ution of perhqps rélated but incorrect words or phrases. Wepman
(1956) demonstrated that difficufty with word usage in aphasics .

i ¢

was related to Tow word frequency in the language.

berséﬁEratixe errors are as salient with regard to dfsordered
verbal responses as> they are to djsordered nonverbal responses.
Within the nonfluent Clagaﬁfication; respondfhgiegn consist of
constant repetitipn of a single sbmetimes meaning]ess utterance
(Af%juanine, 1956). Fluent aphasics rarely demonstrate the kind
of 1mmediate»perse§erations seen in nonfluent aphasia, but often
demonstrate repeated intrusions of particular phonemes, word or

phrases throughout a speaking session (Buckiﬁghém and Kertesz, 1976).
. ' . 4
The serial ordering of phonemes and words is frequently re-
ported to be disturbed. Luria (1964) and Lashley (1951) dis-
cusséd the expreggive disorder; of speech a§ a breakdown in the
.serial of sequential ordering of behavior. Mateer and Kimura (in

press) reported, however, that although aphasithatients made many
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omission and substitution errors when repeating a series of

three consonant-vowel syllables, reversals, changing the order

of phonemes pgr se, rarely occurred.

.

-

In summary, although evidence in many cases is limited,

errors on. both nonverbal and verehl oral motor tasks share mahy
[} N
of the same characteristics: ' ‘“~

1) Production of singie oral movements and single phonemes is

- _
often impaired in the same patient. In other patients, im--

‘ .
pairments are seen only when a series of wverbal or nonverbal

2

oral movements is required. ‘(Mateer and Kimura, in press).

- -

(]

2) I Substitution of one recognizaﬁ]e oral movement or ﬂhoneme
R

for another (sometimes a close approximation to the target)

L]

rather than weak productidn characterizes performance on both )
verbal and nonverbal tasks. <{Trost and Canter, 1974; Poeck

and Kerschensteiner, 1975;-Mateer, 1976).

-»

3) Perseverative responding is a major source of error on both

verbal and nonverbal tasks. fMafeer, 1976; Alajuanine, .1956;
»

Buckingham and Kertesz, 1976).

e 47
' . ' -. "\
4) There are intrusion of nohverbal oral movements on verbal,

tasks and intrusign of -verbalization on nonverbal tasks.

(Rosenbéck, LaPointe and Dea1, 1973; Poeck and Kerschensteiher,

-

1975). : o

>

5) When a series of nonverbal or verbal movements is required, .

/R

X e
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selection of appropriate movements seems to be impaired,

while few errors are made in correct ordering of the move-

" ments per se (Mateer and Kimura, in préss).

The similarity of ‘error response characteristics on verbal and
) “
nonverbal oral motor tasks suggests a common mechanism underlying
both kinds of deficits.
k4

a

NEUROANATOMICAL SYSTEMS IN ORAL APRAXIA L

i

Nath%n (1947) found only one area‘of_lesion céﬁmon to five *
patﬁents-demonstrating oral apréxia and aphasia after missile :
wounds of\the;gifin -- the inferior pért of the left precentral
gyrus (face Qrea) ;r the region deep to this area.y In three of
the five cases, Broca's aréa is not involved and in two the supra-
margina] gyrus (portion of posterior speech area) could not have
beeﬁ invo]véd.- All 6f thé‘;ase§ had an upper motor neuron right
facial weakness, but only two demonstrated a sensory 1o§s on the

» I3

face. Mateer and Kimura (in press) reported right sided hemi-

- paresis (incTuding the face) in all patients with single nonverbal

oral movement impairments, a finding suggesting at least left
inferior-precentral involvement. Damage to the motor’ face area

appears to. be associated with oral apraxia for ever simple oral

'

movements.

. i :
Nathan reviews a number of studies (not available in English)

-

which imp]{cate;»in addition to inferior precéntral gyrus (Bonovici,

\ .
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1914; Pussep and Levin, 1923), the corpus callosum (Mingazzini
‘ N h]
and Claria, 1920) and even right hemisphere lesions (Lewandowsky,

g

- 1907; von Monakow, 1914; Hartman,ﬁﬂ9d7) in cases of ordl apraxia.
Although Penfield and Rasmussen (1950) reported afrest of ‘speech

and production of nonverbal oral movements after stimulation 6ﬁ
v, ) )
either the left or right inferior &fécentra] cortex, Mateer and

-

Kimura (in pfess) found no oral movement deficits after r#ght

hemisphere Tesiong, some of which'necessqrily involved the face

area. Production of mu1t1?1e ofa] movehents was, howevér, im-
paired in’f]uent'aphasia, the type of aphasﬁafmost often asso-
c%éted on brain scanvwitﬁi§eft hemisphere 1esioné posterior to.
Fhe Eentral sulcus (Benson, 1967).

.

'RELATIONSHIP BETWEEN PRODUCTION AND
COMPREHENSION DEFICITS IN APHASIA
It may be argued that a model of aphasia which wiews;qmpair-
ment in’motor control as the_fundamenta] def}cit,,ignores the ob-
vious,‘often severe impairmenté in the comprehensipn of speech
which may\accompany the cerebral ipjufy. A cémp]ete djscussion
of the classification.of reﬁepti@e impa{rments is" beyond the scope

of this Baper (see Brown, 1974 for review). .

. ~
Most studies which have investigated receptive speech impair-
ments have varied the parameiers of stimulus length, vongu1ary
difficulty, and syntactic complexity, although only a few have

dorie so in a systematic fashion (Shewan and Canter, 1971). The




.

intérpretation of tests for comprehension at the word, phrase or-
sentence level is, it seems, beset with the difficulty tﬁat speech
is redundant.” Only portions of the actual acoustic Eigna1 need'
be perceived for adequate comprehension, and the contribution of

Al

;§traphonemic factors such as rate and inflection are infrequently

LY

ﬁcont?o]led'or measured. Boller and Green (1972), for example,

found that even the most severe aphasics maintain an ability to

‘discriminate Qhether they have heard a question or command. Tests

for percept1on of 51ng1e speech sounds have on]y rarely been con-
ducted. Since each 1nd1v1dua1 phoneme or voca11zat1on produced
by a subJect can be transcr1bed, impairments in expression can be
much more easily quant1f1ed than can 1mpa1rments in reception

(Kimura, 1974).

Despite‘these difficu]ties many studies have‘found a high

. degree of corre]at1on between meaapres of speech express1on and

~3

reception in aphasics (Karis and Horenstein, 1976; Schuell and

Jenkins, 1959; kimdra and'Archiba1d 1974). A]though historically

v
N

Broca's aphqs1a has been assoc1ated with good comprehension, pa-

tlents with Broca's aphas1a demonstrate a s1gn?f1cant and a]moa}

constant 1mpa1rment in verba] comprehéhs1on on the sensat1ve

Token Test (DeRenzi and Vignolo, 1962). -

t

Cases of pure motor aphasia or pure anarthria, i.e., without
reccptive difficu]ty H&tve been reportedlin the literature (Lecours

and Lhermitte, 1976). ‘Althdugh tests of auditorj'comprehension
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have not been‘ﬁetaiqu enough im ‘such cgses.to rule out receptive -
deficits, they point out the fac; that there‘can be a‘major dis-
crepancy between the effect of cerebral -damage on expression and

réception of speech. A very ofd idea, r?cent1y.supﬁgrted, te some
extent, by the studies of "sprt—brain“_bati;zts (Sperry and Gaz-
zaniga, 1967), is that speech express16; is $trietly 1atera11zed
in the 1eft/hem1sphere while recept1on of speech may be somewhat

more bilaterally organized. '

A strict separation of the expression and reception of speech,

however, may not be a rea]istiq point Qf view. Liberman, Cooper,

. Shankweiler and Studdert-Kennedy (1967) have outlined evidence for

a motor theory of speech pe}céption which holds that some compon-
ents of speech ave perceived'with reference to the mechanisms by
which they are broduced, that-speech input {s processed via a

motor'Ehmmgnd’system. They suggest that pe}ception-is more closely

. related to the articulatory movementg agsociated with speech than

it‘is to t’é acoustic cQaracteristics of speech. If perceptian
de;ends, at some 1evé1, on integrity of the.pgtor control system,_
an impairment of that motor control syséem'might fésult in -compre-
hension deficits.

) 3y A
To some exterit, the level of receptive impairment appears to

follow-the level of expressive impairment in aphasia. In f]uent

aphas1cs, ‘'whose expression is not typically d1sturbed at a phoneme

,1eve1 the comprehens1on of word and sentence length material is
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Zimpaired. In nonfluent aphasics, whose expressive'diff1CU1tiES

/" 2

are'at a phoneme 1e§e], jt seems reasonable to expect that the. ..
perception of phoneme5 might, be impaired. ;Degpite’the frequent
claim that SZch patienzg have only minima1~recebtiye dinicu]t},
the redundancy.of tFe speech signal could conceivably allgy for

.o good speech comprehension even if the percéptﬁon of indiviﬂpa]

L

units was impaired. : ,

. .. ) e
h Carpenter and Rutherford (1973) reportéd that four of nine .

Broca's' aphasics failed a task requiring a discrimination between
acoustic cues of the kind found tq be fmporf%nt for phonemic dif-

o "
_ferentiation. In these four patients, however, comprehension of

-

meaningful speech was better than all of five Wernicke's aphasics.
. Liberman (1974) cites an unpublished study by L. Taylor, B. Milner
and C. Darwin in which nonaphasic patients with excisions of the

face area of the left sensorimotor cortex werge found to be severely

3 - .

impaired on the identification of stop consonants in a nonsense

- * . N
carrying phrase context, despite good pure tone acuity and spegch
) ., } ' s Lt ’
comprehension.
. i ’ ‘ '5 _',
LEFT HEMISPHERE SPECIALIZATION,FOR
.COMPLEX MOTOR CONTROL

-

SN S e o kigran

N ’ .

o Other, evidence suggests a special function of the left hemis-.
phere in the control of nonverbal.oral movement in normal subjects.
Sussman and MacNe%]age (T971), in a dichotic Pursu%t auditory .

tracking task, found a significanf right ear advantage when the

-

y

. ‘ T

~
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signal to be varied was dependaﬁ{/;:’;;;j;peech movements of the

tongue or jaw. The laterality effect was interpreted as eviden;s
. o for a left hemisphere mechanism relating oral motor responsés'to
auditory input, a mechanism which could be functional for speech

control.

< ) . A number of studjes has'sup;erted'a cerebral asymmetry in
menual motor control. Kimura and Archibald (1974) found that
left hemisphere damaged patients were impaired on the imitation
) of a sequence of meaningless hand and arm movements. The degree
of impairment on this task was highly corre]aped wigr more trad- )
itional reesures of manual apraxia emp]oying the demonstration of
N gesturés or object use. Milner (1976) found that'the production
of a previously trained sequence of arm mowements was a]mose al-
ways impaired after sedium amytal was injected into the arterial
system of the side of the brain‘where speech was represented, but
rarely impaired when the nbn-domipant hemisphere was injected.
_Hei]man (1975) reported impairments on a pursuit-rotor task after
ileft'hemisphere damage. Kimura (1976) found that patienté with

1eftvhemisphere damage were impaired on the acquisition and per-

(1976) reported that a deaf man, aphasic for sign.lanquage after

. : .
E . formance of a manual motor skill. Ximura, Battispn and Lubert
E

a left hemisphere stroke, was impaired on the Amitation of complex

non-linguistic (meaningless) hand and arm’movements.
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) ’ ‘ 'It thus appears that the coptro] of complex mqvemeni re-k
quiring changes iﬁvthe’pqﬁigion of both the 1imbs and 6ra1 muscu-
1ature 1§ closely linked to function of the 1eft hemisphere. Since

. - ] speéFb consists of a series of complex oral movements perhaps an --
1mpor!5nt aspect of "hem1sphere dominance" for speech is -just.a
cdpacity for comp]ex'sequentia] motor congrol (Liepmann, 1913;
Mateer and Kimura, in press). Relevant to this.kind of asymme;ry
for human motor function, is the greater réle of the left motor

nucleus in the control of sdgg production, a learned communicative

behavior, in canaries (Nottebohm, 1976).

Motor control of speech appears to be an extremely complex

case of human motor control in general and as yet, the neural |
processes underlying it are booriy understood. Some degree of
hearing is obviously requisite to the development and long-term
maintenance of normal speech production (Chase,;1967; Hardy, 1970;
Ringel, 1970; Abbs and Hughes, 1975). Although a number of stud1es

has suggested a mgbor role of tactile and propr1ocept1ve feedback

8.

in thg control of speech on the basis of speech defects after oral
anesthesia (Scotf and Ringel, 1971; Hutchinson and Putnam, -1975),

\ : the use of such procedures is doubtful because méio;rinnervétion
has been shown to be affected as well (Abbs, Folkins and Sivarajan,
1975). Mateer and Kimura (in press) reporte% that two point dis-

cr1m1nat1on deficits on the tongue d1d not correlate with verba]

or nonverbal oral motor "impairments. The role of afferent feed-

back in the production of speech is obviously not well understood.
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MacNeilage (1970) proposed that the neural mechanism for
speech control does not produce invariant movement patterns,

" but rather produces movements of the artigulatérs fo the attain- -
L : .

ment of relatively invariant target configurations.” These targét ?
r’ . v

positions of the oral musculature are associated with particular

phoneme productions, while the actual movement pattern depends

on the preceding and following phoneme targets.
. 3
Kimura (1976) suggested that there may be a normal dependency

on the left hemisphere for accurate positioning of the brachial
and oraf musculature. This special capaciéy for complex motor
control could provide the underlying basis of left hemisphere
specialization for speech. The impairments in-produét%on of non-. N
varbal and verbal oral movements after left ‘hemisphere damage cer-‘
tainly reflect an inability to achieve successive targetlconfigur-
ations of the oral muscu]atdres (Mateer and Kimura, in press).
éxpressive aphasic deficits may result from damage io complex

motor control mechanisms on which such movements depend, the sym-

bolic associations of' the movements thrEeing fundamentallysrelated

to the impairment.

)
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