1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

"% NIH Public Access

O
H%

Author Manuscript

Published in final edited form as:
Brain Lang. 2006 July ; 98(1): 102-111.

Uncoupled leftward asymmetries for planum morphology and
functional language processing

Mark A. Eckert®”, Christiana M. LeonardP, Edward T. Possing®, and Jeffery R. BinderC®
a Medical University of South Carolina, Department of Otolaryngology—Head and Neck Surgery,
USA

b University of Florida, McKnight Brain Institute, USA

¢ Medical College of Wisconsin, Department of Neurology, USA

Abstract

Explanations for left hemisphere language laterality have often focused on hemispheric structural
asymmetry of the planum temporale. We examined the association between an index of language
laterality and brain morphology in 99 normal adults whose degree of laterality was established using
a functional MRI single-word comprehension task. The index of language laterality was derived from
the difference in volume of activation between the left and right hemispheres. Planum temporale and
brain volume measures were made using structural MRI scans, blind to the functional data. Although
both planum temporale asymmetry (1 99) = 6.86, p <.001) and language laterality (t(1,99) = 15.26,
p < .001) were significantly left hemisphere biased, there was not a significant association between
these variables (r(gg) = .01, ns). Brain volume, a control variable for the planum temporale analyses,
was related to language laterality in a multiple regression (B = —.30, t = —2.25, p < .05). Individuals
with small brains were more likely to demonstrate strong left hemisphere language laterality. These
results suggest that language laterality is a multidimensional construct with complex neurological
origins.
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1. Introduction

More than a century of anatomical and neuropsychological research has led to a widely
accepted model of language organization in which structural asymmetry of language-related
brain areas provide the neurobiological substrate for left hemisphere language laterality (Broca,
1861; Foundas, Leonard, Gilmore, Fennell, & Heilman, 1994; Gazzaniga & Sperry, 1967,
Geschwind & Levitsky, 1968; Wernicke, 1874). Much of this research has focused on leftward
asymmetry of the posterior superior temporal plane, or planum temporale. Support for an
association between brain asymmetry, planum temporale asymmetry in particular, and
different measures of language laterality has been inconsistent, however (Binder, Frost,
Hammeke, Rao, & Cox, 1996a, 1996b; Blonder, Pettigrew, & Smith, 1994; Chiarello, Kacinik,
Manowitz, Otto, & Leonard, 2004; Dorsaint-Pierre etal., 2006; Foundas et al., 1994; Heiervang
et al., 2000; Hellige, Taylor, Lesmes, & Peterson, 1998; Jancke & Steinmetz, 1993; Josse,
Mazoyer, Crivello, & Tzourio-Mazoyer, 2003; Kertesz, Black, Polk, & Howell, 1986; Moffat,
Hampson, & Lee, 1998; Tzourio, Nkanga-Ngila, & Mazoyer, 1998). These inconsistent
findings may stem from the dimension of language examined, differences in how individuals
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perform laterality tasks, mathematical artifact (Mazoyer & Tzourio-Mazoyer, 2004) or
methodological, and demographic factors.

The intracarotid amobarbital (Wada) test has been the gold standard for determining language
laterality and for assessing whether a functional imaging task is a valid measure of language
laterality (Kloppel & Buchel, 2005). For example, Binder et al. (1996b) demonstrated a highly
significant correlation (r = .96) between laterality determined by the Wada test and fMRI
BOLD response for an aurally presented single-word comprehension task. Fig. 1 shows that
the single-word comprehension task engages left-lateralized frontal, lateral and ventral
temporal, and angular gyrus regions, when contrasted with activation for a tone decision task.
These findings suggest that engagement of the posterior superior temporal gyrus is not essential
in the demonstration of language laterality as defined by the Wada test. In support of this notion,
Lehericy et al. (2000) examined the association between regional activation for story listening
and the Wada test. A left hemisphere bias for middle frontal gyrus activation, but not a left
hemisphere bias for temporal lobe activation, was related to Wada language laterality.

Interestingly, there is evidence that a left hemisphere temporal lobe bias in story listening has
astructural basis. Tzourio etal. (1998) and Josse et al. (2003) have both observed an association
between left planum size and the amount of activation in the posterior superior temporal gyrus
during story listening. These studies raise the possibility that functional laterality measured by
the Wada test and story listening may have different structural associations.

In addition to the domain of language that is studied, associations between language laterality
and brain structure may be influenced by factors such as hand preference and sex differences.
People with a left hand preference or mixed handedness are more likely to exhibit reduced left
hemisphere activation and increased right hemisphere activation during language tasks
(Szaflarski et al., 2002). Non-right-handedness has been associated with greater anatomical
variability (Foundas, Leonard, & Hanna-Pladdy, 2002), and people with a non-right-hand
preference are more likely to exhibit symmetry and rightward structural asymmetry of the
planum temporale than right-handed individuals (Foundas, Leonard, & Heilman, 1995;
Steinmetz, Volkmann, Jancke, & Freund, 1991). Samples composed of only strongly right-
handed individuals may fail to identify a linear relation between anatomical and laterality
measures (Heiervang et al., 2000) because of the contribution of handedness to language and
anatomical organization. A relation between planum temporale asymmetry and laterality has
been reported with greater frequency when individuals with right hemisphere laterality for
handedness and language are included in the study (Blonder et al., 1994; Foundas et al.,
1994; Moffat et al., 1998). Some studies have failed to observe an association between
handedness and planum morphology (Josse et al., 2003), however, suggesting that additional
factors determine variation in handedness and planum morphology.

Sex differences have also been observed for measures of language laterality and anatomical
asymmetry, albeit inconsistently. Increased right hemisphere activation has been observed in
females compared to males performing language tasks (Baxter et al., 2003; Vikingstad, George,
Johnson, & Cao, 2000). This finding is not always observed (Frost et al., 1999; Szaflarski et
al., 2002), however, and may occur by chance (Sommer, Aleman, Bouma, & Kahn, 2004).
Reduced planum temporale asymmetry has also been observed in females compared to males
(Kulynych, Vladar, Jones, & Weinberger, 1994), but this finding is not always observed
(Aboitiz, Scheibel, & Zaidel, 1992; Harasty, Double, Halliday, Kril, & McRitchie, 1997;
Jancke, Schlaug, Huang, & Steinmetz, 1994), and planum temporale symmetry has been
reported in males compared to females with leftward planum temporale asymmetry (Knaus,
Bollich, Corey, Lemen, & Foundas, 2004). The reasons for these inconsistent findings are not
clear and could be attributable to differences in planum temporale measurement methodology
and/or sampling bias.
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The Lehericy et al. (2000) study noted above suggests that there are different dimensions of
language laterality, some of which relate to Wada language laterality and some that do not.
This study examined the relations between measures of the planum temporale and language
lateralization as assessed by lateral bias during a single-word comprehension task. Because of
the potential influences of handedness and sex, we also examined the association between
planum morphology and language laterality within handedness and sex groups. The results
demonstrate that planum morphology does not relate to laterality of single-word
comprehension processes and support the notion that language laterality is a multidimensional
construct (Josse et al., 2003).

2. Methods
2.1. Participants

All participants gave written informed consent according to the Declaration of Helsinki and
according to institutional guidelines for this Medical College of Wisconsin Human Research
Review Committee approved project. Participants were screened using a medical history and
demographics questionnaire. Participants were excluded if they were younger than 18 or older
than 40; had a primary language other than English; had an estimated Full-Scale 1Q < 90; were
medically unable to undergo MRI scanning; had a history of brain injury or illness, substance
abuse, psychiatric illness, auditory illness or symptoms, or cardiac disease; were taking
psychoactive or vasoactive medications; or were found on screening examination to have
neurologic or gross neuropsychologic abnormalities. Participants were also excluded if T1-
weighted MRI scans revealed an intracranial structural abnormality.

One-hundred participants were recruited from Milwaukee, W1 area universities and through
advertisements in local newspapers. One participant was discarded because of poor image
quality. There were 48 males with a mean age of 28.8 years (sd, 8.7) and 51 females with a
mean age of 27.4 years (sd, 11.3). The sample included strongly right-handed, non-dominant
and strongly left-handed participants. Handedness is defined below. These subjects represent
a subset of those included in two prior fMRI studies of language dominance (Springer et al.,
1999; Szaflarski et al., 2002). They were selected to provide a sample with maximal variation
and range of language laterality and handedness, with the aim of optimizing the sensitivity for
detecting any relationships between these variables and the morphological measures obtained
in the present study.

2.2. Neuroimaging

2.2.1. Structural MRI acquisition—All MRI data were acquired on a 1.5 T GE Sigha
scanner (GE Medical Systems, Milwaukee, WI). Volumetric, gapless, 1.1-1.3 mm images were
acquired using a spoiled gradient-recalled sequence (“SPGR”, matrix size = 256 x 128 and
FOV = 24 cm). This structural imaging protocol produces gray-white contrast and spatial
resolution suitable for the anatomical data collection. Statistical analyses were performed to
control for potential influences of different section thickness of the images.

2.2.2. Image processing—-Brain structure data analysis for this study was performed at the
University of Florida McKnight Brain Institute (MBI) and Stanford University (SU). Structural
MRIs obtained at MCW were sent digitally to MBI and SU, using a blind number to identify
the MRI scan. No other identifying information was sent with the scan. The images were

reformatted into 1 mm thick sections to correct for tip in the coronal, axial, and sagittal planes
of section. Parameter files were created that store the distance between the anterior commissure
and borders of the brain. Talairach coordinates were used to identify the same medial to lateral
locations in each brain. The Talairach system standardizes positions by relating them to a brain
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atlas where the horizontal plane intersects the anterior and posterior commissure. The images
were not warped or altered during the reformatting process.

2.3. Structural data analysis procedures

2.3.1. Planum temporale—The Sylvian fissure is surrounded by horizontal and vertical
planes of cortical tissue. The planum temporale (PT) is defined by the horizontal bank that
extends from Heschl's sulcus to the origin of the vertical bank or posterior ascending ramus.
The posterior ascending ramus, also called the planum parietale (PP), rises from the termination
of the PT into the parietal lobe. The surface area of the PT and PP were measured between 46
and 56 mm lateral to the midline in sagittal sections. PT asymmetry (PTA) is most dramatic
in this lateral region of the planum temporale (Best & Demb, 1999). These coordinates were
also chosen to replicate the methods of previous MRI studies showing cognitive associations
with PT measures (Eckert, Lombardino, & Leonard, 2001; Foundas et al., 1994; Gauger,
Lombardino, & Leonard, 1997; Leonard et al., 1996). Some authors have included the PP in
their planum temporale asymmetry measure (Honeycutt, Musick, Barta, & Pearlson, 2000;
Westbury, Zatorre, & Evans, 1999). An asymmetry measure of the combined PT and PP
measurements was also collected (PTPPA). Asymmetry was defined according to the following
formula: (surface area of the left planum — surface area of right planum)/average of the left and
right planum. Inter-rater reliability for 40 planum temporale and 40 planum parietale measures
was alpha = .97 and alpha = .94, respectively, for authors M.A.E. and C.M.L. Fig. 2 presents
examples of the PT and PP measurements. Matlab 6.5 (Matworks, Natick, MA, USA) was
used to randomly display and measure the planum from each hemisphere to avoid measurement
bias that may occur from knowledge of which hemisphere is displayed. Our Matlab program
did not warp the images into a normalized Talairach space. Instead, the medial and lateral
boundaries of the measured surface were adjusted depending on the width of each individual
hemisphere to maintain consistency of location.

2.3.2. Brain volume—Total brain volume was estimated by segmenting the structural
images using SPM2 (Wellcome Department of Cognitive Neurology, University College,
London). Segmentation of the images was based on the MNI prior probability gray, white, and
CSF images that are packaged with SPM2. The number of gray, white, and CSF voxels in each
image were calculated and summed to obtain an index of total brain volume.

2.4. fMRI methods

The fMRI methods used here have been described in detail elsewhere (Binder et al., 1997;
Springer et al., 1999; Szaflarski et al., 2002). The difference in activation during a single-word
comprehension task and a tone decision task was used to estimate language laterality. In the
single-word comprehension task, participants heard spoken English nouns designating animals
(e.g., “horse” and responded with a button press if they considered the animal to be both “found
in the United States” and “commonly used by humans”. In the tone decision task, participants
heard brief sequences of three to seven pure tones. All tones were either 500 Hz (“low”) or
750 Hz (*high”), and participants responded to sequences containing two “high” tones. Button
presses for both tasks were made using the index finger of the non-dominant hand. The two
tasks were matched for average stimulus intensity, average stimulus duration per trial (750
ms), average trial duration (3 s), and frequency of positive targets (1 target/8 s). The protocol
used a block design with alternating periods of the single-word comprehension and tone tasks.
The tone decision task was designed to produce activation of sensory, motor, short-term
memory, and attention systems with minimal activation of phonological, lexical, or verbal
semantic systems (Springer et al., 1999). The animal words varied widely in frequency
(Kucera—Francis mean 7.84 per million, sd 26.2, range 0-203) and had generally high
imageability ratings in the MRC Psycholinguistic Database (mean 594, sd 39.8, range 462—
652, based on available ratings for 72 of the items).

Brain Lang. Author manuscript; available in PMC 2006 November 29.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Eckert et al.

Page 5

2.4.1. fMRI acquisition—Functional T2*-weighted images were acquired in the sagittal
plane using a blipped, gradient-echo echoplanar sequence. Imaging included the entire brain
using the following parameters: TE = 40 ms, TR = 3000-4000 ms, flip angle = 90°, NEX =1,
slice thickness = 6—7 mm, FOV = 24 cm, matrix size = 64 x 64, and slice number = 19-21.

Functional image processing was performed at MCW using the MCW-AFNI software package
(Cox, 1996). Event-related MRI signal changes were determined using a multiple regression
approach on a voxel-by-voxel basis. The predicted change in fMRI signal was modeled by
convolving a square wave representing the task alternation with an idealized (gamma function)
hemodynamic response. Translation and rotation movement parameters were included in the
model, as were linear trends and global MRI signal values for each imaging run. Individual
subject activation maps were thresholded at an uncorrected p <.001.

Activation volumes were determined for each participant by counting the number of
significantly activated voxels in each hemisphere. A laterality index was then calculated by
determining the asymmetry in activation between the two hemispheres ((volume of left
hemisphere — volume of the right hemisphere)/average volume of both hemispheres). This
laterality index, computed using the same voxel threshold and voxel-counting method as used
here, was shown previously to be highly correlated with language dominance as measured with
the Wada test (Binder et al., 1996a, 1996b). This laterality index is also predictive of language
outcome after left temporal lobe surgery for intractable epilepsy (Sabsevitz et al., 2003). Thus,
this measure has been thoroughly validated as an index of language dominance. Fig. 1
demonstrates brain regions exhibiting significant activation during the semantic decision task
relative to the tone control task.

2.5. Handedness

A modified version of the Edinburgh handedness inventory was used to provide a quantitative
index of handedness (Oldfield, 1971). Participants were asked to indicate how frequently the
left or right hand is used to perform tasks such as throwing a ball or brushing teeth. The
quantitative score ranges from —100 to 100 for dominant left-handedness to dominant right-
handedness. Forty-seven participants had handedness scores below 75 and were classified as
non-right-handed (Eckert et al., 2001).

2.6. Statistics

3. Results

Hierarchical regression analysis (Cohen & Cohen, 1983) was used to examine the amount of
individual variability in language laterality that could be explained by planum temporale
asymmetry, after controlling for the influences of sex, age, handedness, brain volume, and
image section thickness. Pearson correlations were subsequently performed within sex groups
because of previous studies suggesting sex influences on planum morphology and laterality
(Knaus et al., 2004; McGlone, 1980).

Tables 1 and 2 present descriptive statistics for the laterality and anatomical variables,
respectively. The sample demonstrated significantly leftward PTA (t(1 0g) = 6.86, p < .001),
leftward PTPPA (t(1,08) = 2.13, p <.05), and leftward language laterality (t(1,9g) = 15.26, p <.
001). The language laterality index was significantly more leftward than PTA (t(1,9g) = —6.24,
p <.001). Table 3 shows that handedness, age, sex, and image section thickness did not
contribute significantly to variance in planum asymmetry.

Hierarchical multiple regressions were performed to determine if PTA and PTPPA predicted
the language laterality index, after controlling for potential effects of handedness, brain
volume, age, sex, and image section thickness. Table 4 shows that neither PTA nor PTPPA

Brain Lang. Author manuscript; available in PMC 2006 November 29.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Eckert et al.

Page 6

significantly predicted the language laterality index. Fig. 2 presents examples of left and right
planum temporale from participants whose direction of language laterality did not match the
direction of their PTA. Fig. 3 presents the association between PTA and the language laterality
index for male and female participants, by hand preference. In each regression, brain volume
predicted unique variance in the language laterality index. Leftward language laterality was
associated with the lowest brain volumes. There was more variation in the direction of language
laterality for participants with the largest brain volumes. The strength of the brain volume and
language laterality association was weak, however, and did not survive a post hoc correction
for multiple comparisons.

We also categorized the planum temporale and language laterality measures to determine if
there were qualitative associations between these measures that were not captured by the linear
regressions above. The participants were categorized into three groups depending on whether
their PTA, PTPPA, and the language laterality index fell within a distribution of scores that
were within or beyond *1 standard deviation from the mean of each measure. Chi-square

analyses between the PTA (;((i) =5.68, ns)and PTPPA groups (X(i) =1.58, ns) with the
language laterality groups were not significant.

Variation in the degree of PTA has been attributed to variation in the size of the right planum
temporale (Galaburda, Rosen, & Sherman, 1990). In addition, a study by Foundas et al.
(1994) suggests that PTA predicts right hemisphere language laterality in non-right-handed
individuals. Post hoc analyses were performed in the non-right-handed sample to determine if
the left and right hemisphere planum temporale measures predicted language laterality. Left
hemisphere language laterality was less likely in males with a large right PT (ro0) = —44, p
<.05 uncorrected), but no such relationship with language laterality was observed for the right
PTPP (r(20) = —33, ns). A similar relation between language laterality and the right PT was
not observed in females (r23) = .33, ns). Language laterality was not associated with the left
PT or left PTPP measures in either males or females.

4. Discussion

The goal of this study was to test the longstanding hypothesis that left hemisphere lateralization
for language is associated with leftward asymmetry of the planum temporale. Surface area
measures of the planum temporale and functional activation during a single-word
comprehension task both demonstrated significant left hemisphere asymmetries, but were
unrelated. These results are consistent with a recent study showing no association between
volumetric and voxel based measures of planum temporale asymmetry and language
dominance, as measured with the Wada test in epilepsy patients (Dorsaint-Pierre et al.,
2006). The results from our study of normal individuals suggest either that planum morphology
is unrelated to language laterality or that planum morphology predicts another processing
dimension of language laterality not measured by the fMRI task used here.

Classic models of language organization, based on studies of patients with aphasia, implicate
a network of perisylvian structures in expressive and receptive language. These models
postulate a one-way projection from receptive language areas in the posterior superior temporal
gyrus (including the planum temporale) and the inferior parietal lobule to expressive language
areas in the inferior frontal gyrus (Heilman & Valenstein, 2003). Some support for such a
projection is provided by a functional imaging connectivity study of language production that
demonstrated that activation in all of the above brain regions was correlated during speech
(Horwitz & Braun, 2004). However, the posterior superior temporal gyrus is rarely activated
in child and adult fMRI studies of language when the experiment is designed to examine
activation specific to language after controlling for auditory features of oral language stimuli
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(Ahmad, Balsamo, Sachs, Xu, & Gaillard, 2003; Balsamo et al., 2002; Binder et al., 2000;
Binder et al., 1996a, 1996b; Scott, Blank, Rosen, & Wise, 2000).

The present study involved a level of semantic analysis that required accessing world
knowledge after spoken word identification. Although this task requires phonological analysis
of spoken lexical items, it does not require lexical phonological retrieval or production, which
some authors have argued are processes in which the posterior superior temporal gyrus and
planum temporale play a particular role (Hickok et al., 2000; Indefrey & Levelt, 2004). The
single-word comprehension task used in this study elicits activation within the superior
temporal sulcus and middle temporal gyrus rather than the superior temporal gyrus, in
comparison to activation for a tone decision task (Binder et al., 1997; Binder et al., 19963,
1996b). This pattern is consistent with the finding that electrical stimulation of the middle
temporal gyrus in epilepsy patients produces auditory comprehension deficits but spares
repetition and naming (Boatman et al., 2000), and with a large lesion-deficit correlation study
in chronic aphasic patients, which showed a relationship between impaired sentence
comprehension and middle temporal gyrus damage but not posterior superior temporal gyrus
damage (Dronkers, Wilkins, Van Valin, Redfern, & Jaeger, 2004). While the posterior superior
temporal gyrus appears to be important for processing frequency modulated auditory stimuli
(Hart, Palmer, & Hall, 2004) and the fast-formant changes of human speech (Belin et al.,
1998), it does not appear to be specifically involved in processing the semantics of language.

The non-significant association between planum temporale asymmetry and the language
laterality index may not be surprising considering that the single-word comprehension task
does not elicit superior temporal gyrus activation after controlling for activation related to low-
level auditory processing. A significant association between left planum size and PET
activation in the superior temporal gyrus has been observed for a story listening task that
included a rest condition as the baseline contrast (Josse et al., 2003; Tzourio et al., 1998). The
authors hypothesized that the association was due to the posterior superior temporal gyrus' role
in perceptual representation of spoken language. It is possible that we would have observed a
similar association using a resting condition contrast, but this approach would not have
controlled for activation related to motor function, auditory processing, short-term memory,
and attention. A strength of our task design was the isolation of linguistic representations from
these other processes, an approach that produces lateralization results very similar to Wada
testing (Binder et al., 1996b). Given the well documented leftward bias in planum morphology
(which was further confirmed in this study), however, we predict that planum morphology
correlates with other dimensions of language laterality not indexed by the single-word
comprehension task.

Planum temporale morphology may predict laterality for lexical retrieval and production,
processes that were not indexed in this study. Chiarello et al. (2004) examined the association
between planum temporale asymmetry, using identical measurement techniques, and visual-
half field measures of laterality. The planum temporale asymmetry of their sample composed
only of male subjects (mean = .51, sd = .54) was similar to the planum temporale asymmetry
of males in this study (mean = .44, sd = .63). Laterality was defined based on reaction times
and accuracy for orthographic stimuli presented to the left versus right visual field for real word
naming, non-word naming, and verb generation tasks. A left hemisphere advantage in reaction
time and accuracy for the naming tasks was associated with leftward planum temporale
asymmetry. Verb generation reaction time and accuracy, a semantically-loaded cognitive task
more similar in nature to the one used in this study, was not associated with planum temporale
morphology.

In addition to the dimension of language examined, hand preference may influence associations
between planum morphology and language laterality. Post hoc analyses weakly suggested that
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right hemisphere language was related to a large right planum temporale in non-right-handed
males. This relation did not survive post hoc correction for statistical significance, but the
relation is consistent with an interpretation, based on previous studies (Blonder et al., 1994;
Foundas et al., 1994; Moffat et al., 1998), that variation in right planum morphology reflects
the degree of language laterality for individuals who have mixed laterality for language and
handedness. A sample composed of greater number of individuals with mixed laterality for
language and handedness may be necessary to observe this association. We did not observe
strong associations between right planum size and the language laterality index across the
combined sample of non-right-handed males and females, however.

The inconsistent associations reported between measures of language laterality, handedness,
and planum morphology suggest that additional variable(s) influence the relation between these
measures. Attention to space (auditory or visual) is a lateralized function that has rarely been
examined in studies of the planum temporale. Laterality for attention and language are typically
inversely associated and left-handed adults are more likely than right-handed adults to
demonstrate mixed or atypical laterality for attention and language (Floel, Buyx, Breitenstein,
Lohmann, & Knecht, 2005). Interestingly, functional imaging and lesion studies demonstrate
the importance of the right posterior superior temporal gyrus for attention to auditory and visual
space (Hillis etal., 2005; Krumbholz et al., 2005). An association between planum morphology
and sensitivity and/or laterality for attention to auditory space could partly explain variation
in the size of the right planum and influence associations between planum morphology,
handedness, and laterality. In support of this premise, associations between laterality and
planum morphology have been observed when the laterality task involved attention to left or
right visual space (Chiarello et al., 2004; Hellige et al., 1998).

If planum temporale morphology is not a causal factor in left hemisphere language organization
for single-word comprehension, then what neurobiological factors drive the development of
laterality for semantic representation? The laterality task used in this study engages frontal,
temporal, parietal, and cerebellar regions, supporting the notion that language laterality is a
multidimensional construct (Josse et al., 2003). Variation in the development of each of the
anatomical regions engaged in a laterality task, and the strength of their connectivity, could
contribute to the degree of language laterality indexed by a particular task. For example, the
degree of leftward white matter asymmetry for fiber bundles coursing near the superior
temporal sulcus or middle frontal gyrus may relate to the degree of language laterality (Herve,
Crivello, Perchey, Mazoyer, & Tzourio-Mazoyer, 2006).

4.1. Summary

The results of this study provide no support for the idea that the degree of planum temporale
asymmetry influences language laterality, as defined by a single-word comprehension task.
This does not preclude an association between planum morphology and other measures of
behavioral asymmetry. Hemispheric asymmetries for perceptual representation of complex
sounds, language production, or even attention to space may relate to planum temporale
asymmetry. The findings do, however, question the widely held belief that planum temporale
asymmetry is the foundation of a left hemisphere dominance for the production and reception
of language.
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Fig. 1.

Brain activation associated with the semantic decision task (relative to the tone control task)
in 100 healthy, right-handed adults. The group activation map was thresholded at a corrected
p < .05 and mapped onto a representative "inflated" cortical surface. The data are shown in
lateral, medial, ventral, and dorsal views. Activation is strongly left-lateralized and involves
large regions of the prefrontal cortex, lateral and ventral temporal lobe (middle and inferior
temporal gyri, anterior fusiform gyrus, parahippocampus, and hippocampus), posterior parietal
lobe (angular gyrus), posterior cingulate region, and basal ganglia. Lateral temporal lobe
activation extends upward into the superior temporal sulcus but not to the dorsal temporal
plane.
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Left Hemisphere Right Hemisphere

Rightward PTA But left hemisphere language laterality

Leftward PTA but right hemisphere language laterality

Fig. 2.

Left and right planum temporale of: (A) 44 years old non-right-handed female with left
hemisphere language laterality (1.17) and rightward PTA (—.64); and (B) 20 years old right-
handed male with bilateral language laterality (.13) and leftward PTA (.74). Arrowheads
indicate planum temporale. Arrows indicate planum parietale. The star in the upper left image
indicates the presence of a sulcus intermedius that divides Heschl's gyrus into two separate

gyri.
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Fig. 3.

Planum temporale asymmetry (PTA) did not predict the language laterality index in males and
females. The trend for greater leftward PTA and language laterality in non-right-handed males
was due to the size of the right planum temporale. Post hoc analyses demonstrated that a right
planum temporale was associated with greater right hemisphere representation for language in
non-right-handed males only. Filled diamonds represent right-handers. Open squares represent
non-right-handers.

Brain Lang. Author manuscript; available in PMC 2006 November 29.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Eckert et al. Page 15

Table 1
Descriptive statistics for the language laterality score, the amount of significantly activated voxels for each
hemisphere in milliliters, and the measure of quantitative handedness for the entire sample and within male and
female groups (sd)

Language laterality Left hemisphere activation Right hemisphere activation QH
Males .95 (.62) 40.48 (22.94) 14.88 (12.57) 48 (62)
Females .95 (.63) 35.03 (16.01) 13.71 (12.39) 31(75)
Males and females .95 (.62) 37.67 (19.76) 14.28 (12.43) 39 (70)

QH, quantitative handedness.
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Multiple regressions demonstrating the relation between language laterality and the planum temporale asymmetry
measures (PTA and PTPPA, respectively) after controlling for handedness, brain volume, age, and image section

thickness

Standardized p

Sig.

Level 1 (r=.01, F =0.13, ns)

PTA .04
Level 2 (r = .44, F = 3.66, p < .01)
PTA .03
Handedness .39
Brain volume =32
Age -.09
Sex -.15
Section thickness -.02
Level 1(r = .05, F = 0.20, ns)
PTPPA —.05
Level 2 (r=.44,F=3.73, p<.01)
PTPPA -.06
Handedness 40
Brain volume =31
Age -11
Sex -.15
Section thickness -.02

.36

.33
3.84
-2.41
—.98
-1.17
-17

—.45

—.66
3.88
-2.35
-1.14
-1.16
-.23

ns

ns
*kk

ns

ns

ns

ns
*xA

ns
ns
ns

ns, non-significant.

*
p<.05.

FokKk

p < .001.
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