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SEVERE NONFLUENCY IN APHASIA

ROLE OF THE MEDIAL SUBCALLOSAL FASCICULUS AND
OTHER WHITE MATTER PATHWAYS IN RECOVERY OF
SPONTANEOUS SPEECH

by MARGARET A. NAESER, CAROLE L. PALUMBO,
NANCY HELM-ESTABROOKS, DENISE STIASSNY-EDER and
MARTIN L. ALBERT

(From the Department of Neurology, Aphasia Research Center, Boston University School of Medicine,
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SUMMARY

The relationship between location and extent of lesion on CT scan and limitation in spontaneous
speech was examined. The severity of spontaneous speech ranged from cases with no speech or only
verbal stereotypies (first major group) to those with reduced, hesitant, poorly articulated, agrammatic
speech (nonfluent Broca’s aphasia, second major group). CT scan analysis revealed no single
neuroanatomical area that contained an extensive lesion which could be used to discriminate the
most severe cases from the least severe. The two groups were separable, however, on the basis of
the CT scan when the extent of the lesion in two subcortical white matter areas were combined. (1)
the most medial and rostral portion of the subcallosal fasciculus plus (2) the periventricular white
matter near the body of the lateral ventricle, deep to the lower motor/sensory cortex area for the
mouth.

The most rostral portion of the medial subcallosal fasciculus, located in the lateral angle of the
frontal horn (extremely deep to Broca’s area), contains projections from the cingulate gyrus (area
24) and the supplementary motor area, to the caudate nucleus. We suggest that one explanation
for the more severe limitation in spontaneous speech in the first group is the extensive white matter
lesion in these two subcortical pathways had interrupted a large number of connections for (1)
initiation and preparation of speech movements, and limbic aspects of speech (lesions in the medial
subcallosal fasciculus), and (2) motor execution and sensory feedback for spontaneous speech
(lesions in periventricular white matter deep to the motor/sensory cortex area for the mouth).
Extensive lesion in only one of these two white matter pathway areas, alone was not sufficient to
produce long-lasting severe limitation in spontaneous speech and could not be used to discriminate
the two groups on the basis of the CT scans. The patients with less severe limitation in spontaneous
speech (nonfluent Broca’s aphasia) had less extensive lesion within these two white matter areas
combined, and had interrupted a smaller number of these subcortical connections. The sites of the
lesions in subcortical white matter in CT scans in Broca’s original case who could only produce a
verbal stereotypy are similar to those in our first group with the most severe limitation in spontaneous
speech. The presence or absence of hemiplegia was not related to severity or recovery of spontaneous
speech. Careful examination of lesion extent in these two areas of subcortical white matter on CT
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scanning appears to be relevant in predicting potential for recovery of spontaneous speech in some
stroke patients.

INTRODUCTION

The anatomical pathways involved in spontaneous speech are not yet well defined,
although they have been studied since 1861 when Broca first suggested the
importance of the foot of the third left frontal convolution (Broca, 1861a, b).
Aphasic patients with little or no speech or only stereotypies are particularly
challenging cases to study from a neuroanatomical perspective. Bonhoeffer (1914)
attributed severely limited spontaneous speech in a patient to subcortical lesions
that blocked outflow pathways from Broca’s area across (1) the anterior corpus
callosum and (2) the anterior limb of the internal capsule. More recently,
neuroanatomical pathways associated with speech have been examined through
the use of CT scans in stroke patients. Most of these studies (Mohr et al., 1978;
Brunner er al., 1982; Knopman et al., 1983; Poeck et al., 1984) have focused
primarily on the extent of cortical lesions. Research by ourselves and others has
shown that damage in subcortical areas can severely limit spontaneous speech
(Hier et al., 1977; Naeser et al., 1982; Alexander et al., 1987).

The purpose of this study was to examine more closely the relationship between
location and extent of lesion on CT scans, and the severity of impairment in
spontaneous speech ranging from no speech or only stereotypies where no
meaningful verbal information is conveyed, to nonfluent agrammatic speech
(nonfluent Broca’s aphasia), where at least some meaningful verbal information
is conveyed.

METHOD

Subjects

The study included 27 right-handed patients with aphasia (24 men, 3 women) with a single episode
of left hemisphere occlusive vascular stroke (thromboembolic infarct). Their mean age at onset was
57.6 yrs (SD 7.6; range 35-69 yrs). Each patient had a CT scan performed at either the Boston VA
Medical Center (Ohio Nuclear Delta 2010 CT scanner) or the Palo Alto VA Medical Center (Syntex
System 60 CT scanner). The CT scans were obtained from 2 months to 9 yrs following stroke onset
and were produced at 15-35 deg from the canthomeatal line.

The severity of impairment of speech was determined from the elicited spontaneous speech sample
for description of the Cookie Theft Picture from the Boston Diagnostic Aphasia Examination
(BDAE; Goodglass and Kaplan, 1972). These samples obtained at the latest testing time following
stroke onset (6 months to 9 yrs) were used to assign patients to one of four groups (see below),
based on type and severity of impairment of spontancous speech. The classification of patients
according to severity of impairment of spontancous speech was carried out independently from the
CT scan analysis.

Group 1 (no speech or only a few irrelevant words)

Group 1 consisted of 7 patients (6 men, 1 woman) who were able to produce either no speech or
only a few irrelevant words in describing the Cookie Theft Picture (see Appendix for speech
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samples). These patients were tested from 9 months to 8 yrs following stroke onset. Their BDAE
auditory comprehension z scores ranged from —0.11 to —1.7 (a moderate to severe deficit, mean
—0.91, SD 0.64). Their word repetition ranged from 0-8/10 words (mean 3.7, SD 3.4) and their
visual confrontation naming from 0-19/105 (mean 3.6, SD 7.2). Thus not all cases were globally
aphasic in all areas of language. (See also Table 1.)

Group 2 (only stereotypies)

Group 2 consisted of 10 patients (all men) who were able to provide only stereotypies in describing
the Cookie Theft Picture (see Appendix for speech samples). These patients were tested from 6
months to 9 yrs following stroke onset. Their BDAE auditory comprehension z scores ranged from
+0.09 to —1.95 (mild/moderate to severe deficit, mean —0.80, SD 0.74). Their word repetition
ranged from 0-7/10 words (mean 2.2, SD 2.7) and their visual confrontation naming ranged from
0-24/105 (mean 2.8, SD 7.6). This group, like Group 1, included cases who were not globally
aphasic in all areas of language. (See also Table 1.)

Group 3 (a few words andjor some overlearned phrases)

Group 3 consisted of 5 patients (4 men, | woman) who were able to provide a few words and/or
some overlearned phrases in describing the Cookie Theft Picture (see Appendix for speech samples).
Their spontaneous speech was more difficult to classify and was considered ‘borderline’ between
the most severe cases in Groups 1 and 2, and the least severe cases in Group 4. These patients were
tested from 7 months to 4.5 yrs following stroke onset. Their BDAE auditory comprehension z
scores ranged from +0.29 to —2.1 (mild to severe deficit, mean —0.77, SD 0.87). Their word
repetition ranged from 0-9/10 words (mean 4.2, SD 4.0) and their visual confrontation naming
ranged from 0-42/105 (mean 11.8, SD 17.7). This group was similar to Groups 1 and 2 in that not
all cases were globally aphasic in all areas of language. (See also Table 1.)

Group 4 (nonfluent Broca's aphasia)

Group 4 consisted of 5 patients (4 men, 1 woman) who were able to provide verbal information
relevant to the Cookie Theft Picture with reduced, hesitant, poorly articulated, agrammatic speech
(see Appendix for speech samples). The test scores for these patients (other than spontaneous
speech) were taken from 5 months to 6 yrs following stroke onset. Their BDAE auditory
comprehension z scores ranged from +0.93 to +0.38 (only mild deficits, mean +0.69, SD 0.22).
Their word repetition ranged from 6-9/10 words (mean 7.8, SD 1.5) and their visual confrontation
naming ranged from 58-101/105 (mean 77.8, SD 17.7). This group was milder in all language
modalities than the other three groups. (See also Table 1.)

When t tests were used to compare BDAE scores among the groups, the patients in Group 4
had significantly higher (P < 0.005) auditory comprehension z scores and naming scores than
the patients in Groups 1, 2 or 3. In addition, the patients in Group 4 had significantly higher
(P < 0.005) word repetition scores than the patients in Group 2. There were no other significant
differences in auditory comprehension, word repetition or naming among the groups.

Hemisphere asymmetries on CT scans

In order to examine whether the severity of impairment in speech was related to some form of
‘anomalous dominance’, the occipital and frontal length asymmetries in CT scans were measured
using a technique previously published by our laboratory (Pieniadz and Naeser, 1984). When all
cases were examined together (n = 27), the distribution of the occipital length asymmetries was as
follows: 65% of the cases had the typical left occipital length; 8%, equal and 27%, right. Those 7
patients with atypical right occipital length asymmetry, who may have some form of anomalous
dominance (Pieniadz et al., 1983), were distributed evenly across the groups as follows: Group 1,1;
Group 2,2; Group 3,2 and Group 4,2.



Case
Group 1

1 (S.F)
2(LP)
3(HJ)
4(T.F)
S (M.W)
6 (L.N.)
7(H.L)

Group 2

8 (W.C)
9 (D.A)
10 (D.E))
11 (G.P.)
12 (HM))
13(A.G)
14 (J.N)
15 (E.H.)
16 (K.M.)
17 (G.J.)

Group 3

18 (H.D.)
19 (C.A)
20 (K.W.)
21 (A.A)
22 (Z.1)

Group 4

23 (W.A)
24 (M.E)
25 (M.L.)
26 (B.J.)

27 (T.H.)

TABLE [. PATIENT DATA AND BOSTON DIAGNOSTIC APHASIA EXAMINATION TEST SCORES, GROUPS 1-4

Sex
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66
61
35
65
68
52
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53
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69
61
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64

50
58
56
67
42

CT scan
(time
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onset)

5 mos
7 mos
9 mos
4 yrs
2 mos
16 mos
9 mos

3 mos
15 mos
11 mos

9 yrs

3 mos
15 mos
28 mos

7 mos
33 mos

8 mos
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4 mos
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44 mos
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12 mos
6 yrs
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10

10
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9.25
9
9
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10
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10
9.85
9.75
8.88
8.1
7.88
7.25
7.13

8.73
7.43
6.25

425

5.88
4.75

2.75

Testing
(time post-
onset)

27 mos
8 yrs
7 mos
4 yrs
2.5 yrs

15 mos
9 mos

3 mos
18 mos
13 mos

9 yrs

8 yrs
15 mos

2 yrs

6 mos
33 mos
13 mos

35 mos

7 mos
15 mos
52 mos
11 mos

7 mos
5 mos
24 mos
17 mos
6 yrs

BDAE
auditory
comprehension
z score

—1.60
—-1.7
—0.21
—1.19
—0.58
—-1.0
—0.11

—-1.9

—1.34
—0.60
+0.05
—0.90
—-0.94
—0.21
—1.95
—-0.33
+0.09

+0.29
21

-0.90
—0.70
—0.44

+0.75
+0.55
+0.93
+0.84
+0.38

Words
(72)

28.5
30

515
15.5
42.5
22.5
60

11
47
53
60
35
43
50
13.5
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57
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