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Introduction

There has been increasing interest in understanding the role of executive processes
(e.g., cognitive control, selection, working memory) in the recovery of post-stroke
language deficits. Cortical executive function regions have been shown to be recruited
for language both in post-stroke aphasia and in healthy subjects performing difficult
language tasks [[1]. Researchers have also found that executive regions play a major
role in recovery from aphasia [2]. However, little research has evaluated whether white
matter tracts involved in executive functions support language recovery [3]-[4].

Here, we specifically evaluated if white matter integrity (measured by tract
volume) of segments of the corpus callosum, bilateral cingulum, and bilateral IFOF
predicted a) pre-treatment written and spoken ability and b) treatment effectiveness (for
trained and untrained items) in chronic post-stroke participants who received language
therapy for sentence processing, naming, or spelling impairments.

Methods

Fifty-eight participants (19 female, 58+1.6 years, 59+6.9 months post-stroke) with a
single left-hemisphere stroke underwent T1-weighted and diffusion-weighted imaging
(b=0, 1500 s/mm2) and completed a three-month behavioral spelling, naming, or
sentence processing rehabilitation. Eleven age-matched healthy controls (8 female,
62+3.4 years) underwent the same scanning protocol. Whole-brain deterministic
tractography was performed in ExploreDTI [5] using constrained spherical
deconvolution [6], and seven white matter tracts (three segments of the corpus
callosum, bilateral cingulum, bilateral IFOF) were segmented according to standard
protocols [7]-[8]. Each tract’s volume was normalized by the participant’s right
hemisphere white matter volume to control for between-subject differences in brain size.
Normalized tract volumes were entered into stepwise regression models to predict pre-
treatment language ability (spelling, naming, and sentence processing), improvement
on trained items, and generalization to untrained items.

Results



(1) Behavioral measures of executive functions at the pre-treatment time point were
significantly associated with pre-treatment spelling (p < .05), spoken naming (p < .01),
and sentence processing (p < .05) severity of impairment. However, these behavioral
measures were not significantly associated with the magnitude of response to language
treatment (all ps > .1). (2) Neural analysis found that executive white matter tract
integrity significantly predicted both: pre-treatment language severity [spelling: p <.001,
spoken naming: p < .05, sentence processing: p < .01] and response to treatment on
trained (p < .05) and untrained (p < .05) items. (3) Specifically, volumes of the genu of
the corpus callosum (p < .05) and right cingulum (p < .01) explained significant and
unique variance in trained and untrained item improvement. (4) Volumes of the genu
and right cingulum were also significantly greater in post-stroke individuals than in age-
matched healthy control participants (ps < .001).

Conclusions

Volumes of two white matter tracts associated with executive processes (genu and right
cingulum) were found to be associated both with severity of language deficits and with
extent of improvement following language therapy. These results are consistent with
and extend previous evidence indicating relevance of executive brain regions in post-
stroke language recovery [2]. We also report, for the first time, evidence of significant
post-stroke neuroplasticity (increased WM volume relative to controls) in executive
white matter structures.
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Partial correlation plots indicating a positive relationship between stroke participants’
tract volume of the right cingulum with trained and untrained item improvement.
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