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Brain Damage and Impairment 
A Brief Overview of Brain-Behavior Relationships

Several techniques have been developed to relate patterns of brain damage to speech
and language deficits seen after a stroke. Lesion-deficit studies, like the ones
discussed below, investigate how a lesion (measured on a structural MRI or CT) is
related to a deficit. That is, these studies use statistical tests to relate areas of brain
damage to scores on a given behavioral measure (e.g., standardized assessment
scores). These techniques have been widely adopted in stroke research, and have since
provided a great deal of information about what kinds of deficits to expect after a
stroke lesion. 
 
This resource provides a basic overview of some of the information we have learned
from lesion-deficit studies and studies on brain-behavior relationships. Though
knowing the location of a lesion can guide your clinical assessment, diagnoses must
always be supported by behavioral testing.
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Models of Language Processing
 
The Wernicke-Lichtheim-
Geschwind (WLG) model is
probably one of the most well-
known models to explain the
symptoms of aphasia; however, it
was proposed well before the
advent of neuroimaging and is
considered outdated for the most
part. A more recent model that
has been used to explain how the
brain processes speech and
language is called the Dual
Stream model (DS) of speech
processing.  This model was
proposed by Hickok and Poeppel
[1, 2]. The DS model states that
speech is served by two
processing streams in the brain:
one ventral, and one dorsal.

The ventral stream is responsible for lexical-semantic processes for perception and
comprehension, and the dorsal stream is responsible for articulatory and motor
processes for production. Notably, the ventral stream is represented in both the left
and right hemispheres, meaning right hemisphere ventral areas support some aspects
of comprehension. The figure to the right illustrates the areas involved in these
streams (based on work by Fridriksson et al., 2016 [3]).
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To summarize some of the work implicating the DS model in aphasia [3, 4]:
Production deficits are more likely to occur following damage to dorsal regions; for
example, apraxia of speech (additional information provided below), reduced speech
fluency/speech rate 
Comprehension deficits are more likely to occur following damage to ventral
regions; for example, word recognition, semantic processing, and semantic
production errors

The degree of deficits in comprehension/expression may reflect how much of each
stream is impaired. In the case of a left hemisphere middle cerebral artery stroke, it is
highly possible that both streams may be affected to some degree. 
 
The figures below summarize some additional information about lesion-deficit
relationships. 
 
Apraxia of Speech (AOS)
 
Results from case studies [5, 6] and a group study [7] suggest that damage to the
precentral gyrus, postcentral gyrus, supramarginal gyrus, and supplementary motor
area is predictive of the presence of AOS. See the figure below for region locations.
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Neglect 
 
Neglect has been reported to occur in up to 80% of individuals with right hemisphere
damage [8].

Dysarthria
 
The dysarthrias have more of a clear, one-to-one correspondence between areas of
damage/dysfunction and the dysarthria subtype. The figure below includes each of the
dysarthria subtypes and associated locations [10]. Note that mixed dysarthria can
include any combination of the dysarthria subtypes.
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A note about brain connectivity 
 
Although studies investigating the effects of a lesion have provided a great deal of
information about how lesions give rise to different types of impairments, they do not
always account for the connections between different brain regions that work together
to support communication and cognition. Research pertaining to brain-behavior
relationships in aphasia and other neurogenic communication disorders has started
to consider functional connectivity and structural connectivity measures [4, 11-13].
Structural connectivity refers to the white matter connections that directly connect
different grey matter regions; for example, Broca's and Wernicke's areas are connected
by the arcuate fasciculus, a large white matter pathway.  Functional connectivity refers
to brain regions that may not be structurally connected but demonstrate coherent
activity during rest or a task. For example, the "executive control network" has been
studied by many researchers to explain goal-directed behavior [14]. This network is
comprised of dorsolateral frontal and parietal cortical regions, and research has
shown that these areas demonstrate similar patterns of activity in resting conditions
which predicts performance on executive function tasks [14]. There is still a lot of work
to be done about how connectivity measures inform behavioral assessment and
treatment. The current state of the literature supports that the brain is highly
connected, and that changes in connectivity do affect communication and recovery.  
 
Summary
 
Lesion-deficit studies provide information to increase our understanding of brain
regions that support cognitive-linguistic processes. As clinicians, this information may
be used to inform our expectations of the different cognitive-communicative disorders
that may be present in individuals who have experienced a brain injury or stroke.
Research is still working to refine this information, specifically investigating how
connections between these regions support cognitive and communicative function;
however, it is clear that these newer models support a more complex arrangement
when compared to models designed before the advent of neuroimaging.
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