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Fig 3.—Magnetic resonance images of two subjects with dyslexia (left
and right) with short temporal banks and long parietal banks in both left
and right plana. Arrowheads mark Heschl’s sulcus. Top, Left hemi-
sphere. Both subjects have extra gyri in the parietal bank of the planum
(asterisks). Bottom, Right hemisphere: patient at left has an extra gyrus
in the parietal bank and a short temporal bank (arrowheads). in patient
at right, asterisks denote a large Heschl’s gyrus in the region normally
occupied by the temporal bank of the planum.

subjects with dyslexia were also more likely to have cere-
bral anomalies such as missing or duplicated gyri bilater-
ally in the planum and parietal operculum. These anom-
alies may reflect disorders in cell migration resulting from
genetic or developmental causes.”

Symmetry or Asymmetry?

The first finding was unexpected. An impressive body
of literature has accumulated in the past decade suggest-
ing that brains in individuals with dyslexia are anoma-
lously symmetrical. The left posterior bulge is less pro-
nounced or absent on computed tomography and MRI
scans taken in the axial plane,® while the planum has been
found to be symmetrical on postmortem and MRI stud-
ies.”®”" Technical differences in our study design, scan
methods, and anatomical nomenclature may explain the
discrepancy.

Study Design.—A recent review on brain asymmetry
and dyslexia' has pointed out that many studies have
failed to include a control group but have relied, instead,
on published asymmetries obtained on unselected samples
of postmortem material or computed tomographic scans
that may include subjects with learning disabilities.

Scan Method.—Most previous studies were not able to
visualize the planum directly but instead measured the
width of a single, thick axial section presumed to include
the planum. Intraindividual scan-rescan reliability of such
measures is reportedly low.” Magnetic resonance imaging
studies that have measured the planum have used thick
sections or the coronal plane. Perisylvian structures are
most clearly visualized on gapless series of thin sagittal
images.

Anatomical Nomenclature.—In postmortem studies,
both the parietal and temporal banks have been included
in the measurement of the planum. Symmetry, due to an
enlarged right planum, was found in the brains of eight
subjects with dyslexia.""” We also found that the total
planum was symmetrical in subjects with dyslexia. How-
ever, this symmetry did not distinguish the subjects with
dyslexia from the controls or the unaffected relatives. All
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Fig 4.—Magnetic resonance images of two controls (top) and two sub-
jects with dyslexia (bottom) at sagittal position 3. The controls have ei-
ther the typical bifurcation (left) or an ascending parietal bank (right) that
enters a clearly demarcated supramarginal gyrus. Arrowheads mark the
borders of the temporal bank of the planum. The two subjects with dys-
lexia have type 3 fissures with multiple primary sulci and extra gyri in
the parietal operculum (asterisks) and/or multiple Heschl’s gyri (asterisks
in lower right).
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Fig 5.—Magnetic resonance images of a control (top) and a subject with
dyslexia (bottom) at three sagittal positions between 2.25 and 2.75. The
dyslexic brain has two Heschl’s gyri (H) as well as a type 3 fissure on the
left. SM indicates supramarginal gyrus.

groups demonstrated symmetry when the planum was
defined in this way, as reported by other groups.''” Gal-
aburda and his colleagues'™' were, however, correct in
drawing attention to the right planum of individuals with
dyslexia. In our sample, a significantly larger proportion of
the right planum was shifted from the temporal to the pa-
rietal bank than in controls or unaffected relatives.

Relation Between Brain Structure and Clinical Diagnosis

A prevailing theme in the dyslexia literature has been the
search for classification variables. In our study, we delib-
erately cast a wide net, in the hopes of finding a range of
cerebral anomalies that might characterize different diag-
nostic subgroups. We also scanned as many unaffected
relatives as were available, to check if the anomalies found
were specific for the expression of dyslexia, or simply an
irrelevant family characteristic.

Three cerebral patterns were present with higher fre-
quency in families with dyslexia than in control families:
(1) a parietal shift of tissue in the right planum; (2) type 3
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Table 3.—Summary of Findings in the Control Group*
Anomalies No. of Anomalies
[ 1 [ 1
Family  Case L R L R Bilateral
Controls
1 1 [¢] 0 No
2 . 0 0 No
3 SF=3 1 0 No
2 4 [¢] 0 No
5 0 4] No
6 [¢] [¢] No
3 7 0 0 No
8 0 [¢] No
4 9 0 [¢] No
5 10 0 0 No
6 11 - (0] 0 No
7 12 SF=4 0 1 No
Subjects With Dyslexia
4 13 SF=3, ... 2 0 No
MH
14 SF=3 P>T 1 1 Yes
15 SF=3 . 1 0 No
5 16 PN MH 0 1 No
17 P>T P>T 1 1 Yes
18 SF=3 MH 1 1 Yes
10 19 SF=3, SF=4, 2 3 Yes
MH  P>T,
MH
11 20 P>T P>T 1 1 Yes
12 21 SF=3 P>T 1 1 Yes
Relatives .
4 22 SF=3, ... 2 0 No
MH
5 23 e P>T 0 1 No
24 SF=3 . 1 0 No
25 SF=3 P>T 1 1 Yes
26 RN 0 0 No
6 27 . P=T 0 1 No
28 0 0 No
29 .. - 0 0 No
30 . P>T 0 1 No
9 31 SF=3 P>T 1 1 Yes

*SF indicates sylvian fissure (type 3 or 4); P, parietal bank; T, tempo-
ral bank; and MH, multiple Heschl’s gyri.

fissures on the left; and (3) multiple Heschl’s gyri on both
left and right. The relatives were intermediate between the
subjects with dyslexia and controls in both the frequency
of cerebral anomalies and level of phonological awareness.
The correlation between anatomical and behavioral mark-
ers suggests that there is more than just a chance associa-
tion. Perhaps each type of anomaly is associated with a
particular type of information processing or perceptual
strategy. Subjects with one anomaly may be able to com-
pensate for their deficit by using alternate strategies. When
the anomalies are multiple and bilateral, however, the
chance of being able to compensate decreases, increasing
the risk of school problems and a diagnosis of learning
disability. In the future, MRI scanning should be combined
with behavioral instruments designed to assess specific
cognitive and perceptual functions. Such an approach
might demonstrate that different patterns of cerebral

468 Arch Neurol—Vol 50, May 1993

Table 4.—Distribution of Bilateral Anomalies
as Function of LAC Score, Word Attack
Subtest Score, and Diagnosis*
Bilateral No Bilateral
Anomalies Anomalies Total
LAC score (n=27)
<93 4 4 8
93-99 3 6 9
100 0 10 10
Total 7 20 27
Word Attack
Subtest score (n=30)
76-101 4 5 9
102-112 0 10 10
113-139 3 8 11
Total 7 23 30
Diagnosis
+ 6 3 9
- 2 20 22
Total 8 23 31

*LAC indicates Lindamood Auditory Conceptualization Test.*

structure are associated with different perceptual or cog-
nitive capacities and strengths. Anecdotal evidence from
two cases is presented below to support this possibility.

Parietal Shift and Visuospatial Function.—Only two
subjects had larger temporal than parietal banks on the left.
These two subjects also had large parietal banks on the
right (Fig 3). Both are dyslexic but successful members of
professions that require highly developed visuospatial
abilities, abilities thought to be dependent on the integrity
of the parietal lobe.** A parietal shift may reflect an excep-
tional development of visuospatial ability at the expense of
phonological decoding or other language skills. There is
considerable experimental evidence to support the role of
the parietal lobe in visuospatial processing. For example,
neurophysiological studies in nonhuman primates have
revealed that the parietal lobe contains multiple repeated
“visual maps,” ie, complete representations of the visual
field devoted to coding a particular visual attribute or
function.* The size of any particular cortical representa-
tion is proportional to the precision and resolution of the
map. Expansion of the parietal lobe through genetic or de-
velopmental mechanisms would facilitate the growth of
expanded, and thus more precise, visual maps. This
hypothesis could be tested by determining whether the
degree of parietal shift is correlated with visuospatial
ability.

Sex Differences.—It has frequently been suggested that
dyslexia is more frequent in males. In our unselected sam-
ple of subjects with dyslexia, 80% were male, while in the
relatives group, 60% were female. We could examine the
question of differential vulnerability in four affected fam-
ilies in which three or more members underwent scanning.
In these families, one of seven female subjects and three of
seven male subjects had bilateral anomalies. The only fe-
male with bilateral anomalies was dyslexic. The difference
in these ratios is too small to be significant, but it is prob-
ably worth investigating whether bilateral anomalies are
less frequent in females and, as a result, they are at less risk
for dyslexia.

Our findings suggest that the evaluation and measure-
ment of the morphologic features of the brain may even-
tually be a significant aid to the clinician. It is important,
in this regard, to emphasize that none of the observations
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made in the present study could have been accomplished
on traditional thick sections obtained in the axial plane.
Although our data were obtained in a way that enabled
three-dimensional reconstruction, we did not have the re-
sources to perform this elaborate and time-consuming
procedure. It turned out, however, that the cortical anom-
alies were better visualized in thin sagittal sections lo-
cated some distance internal to the lateral surface than they
were in surface renderings. We join with other groups*#
to urge investigators interested in correlating cerebral
structure and behavior to acquire their data in thin serial
sections, to test the validity of the findings and interpreta-
tions presented herein.
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