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Certificate in Speech-Language Pathology (India)

Neurological Basis Of Speech And Language

Neurological Basis of Speech and Language – Key Terms and Vocabulary

The following explanation presents essential terminology for understanding the neural mechanisms that
underlie speech and language. It is organized by anatomical structures, functional systems, clinical
conditions, assessment tools, and therapeutic considerations. Each term is defined, illustrated with
examples, and linked to practical applications for a speech‑language pathologist (SLP) working in India.

Anatomical Foundations

Broca’s area – Located in the posterior inferior frontal gyrus of the dominant hemisphere, typically the left. It
is a core region for speech production and syntactic processing. An SLP may observe non‑fluent, effortful
speech with relatively preserved comprehension in a client with damage to this area, indicating Broca’s
aphasia.

Wernicke’s area – Situated in the posterior part of the superior temporal gyrus, also usually on the left side.
It supports lexical‑semantic processing and auditory comprehension. A client with a lesion here often
produces fluent but meaningless speech, a hallmark of Wernicke’s aphasia.

Arcuate fasciculus – A bundle of white‑matter fibers that connects Broca’s and Wernicke’s areas. Its integrity
is essential for repetition and phonological working memory. Damage can lead to conduction aphasia,
where the client has relatively good comprehension and spontaneous speech but poor repetition.

Motor cortex – The precentral gyrus contains the primary motor representation for articulators (lips, tongue,
larynx). Precise mapping of this area helps explain the motor deficits seen in dysarthria.

Somatosensory cortex – The postcentral gyrus provides tactile feedback for speech movements. Disruption
can affect the ability to monitor articulatory placement, contributing to articulatory imprecision.

Auditory cortex – Located in the superior temporal lobe, it processes acoustic features of speech such as
pitch, intensity, and temporal patterns. Deficits may manifest as reduced ability to discriminate phonemic
contrasts.

Basal ganglia – Subcortical nuclei that modulate motor timing and sequencing. Their involvement is evident
in hypokinetic and hyperkinetic dysarthria associated with Parkinson’s disease and Huntington’s disease.

Cerebellum – Coordinates timing, rhythm, and smoothness of speech movements. Cerebellar damage often
leads to ataxic dysarthria, characterized by irregular speech rhythm and prosodic disturbances.
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Thalamus – Acts as a relay station for auditory and somatosensory information. Lesions may cause reduced
arousal and affect the fluency of speech output.

Corpus callosum – The major commissural pathway linking the two hemispheres. Its role in
inter‑hemispheric transfer is critical for language recovery after unilateral stroke.

Functional Systems

Language network – A distributed system comprising cortical and subcortical nodes that together support
receptive and expressive language. Understanding this network guides the selection of assessment tasks
that probe specific components (e.g., phonology, syntax, semantics).

Dorsal stream – Connects auditory perception to motor articulation via the arcuate fasciculus and related
pathways. It underlies the transformation of auditory speech signals into articulatory plans. Clinical tasks
such as non‑word repetition test the integrity of this stream.

Ventral stream – Links auditory perception to meaning through the middle temporal gyrus and inferior
frontal regions. It is crucial for semantic processing and lexical retrieval. Picture naming and word‑to‑picture
matching assess ventral stream function.

Phonological loop – A component of working memory that temporarily stores speech sounds. It is essential
for tasks like digit span and sentence repetition. Weakness in the phonological loop may be observed in
children with specific language impairment (SLI).

Semantic memory – Long‑term storage of word meanings and world knowledge. Retrieval deficits can be
identified through semantic fluency tasks (e.g., naming animals).

Prosody – The melodic and rhythmic aspects of speech, including intonation, stress, and timing. Damage to
right‑hemisphere structures often impairs affective prosody, leading to monotone speech.

Motor planning – The process of sequencing muscle movements required for speech. Apraxia of speech
reflects a disruption in motor planning despite intact musculature.

Neuroplasticity – The brain’s capacity to reorganize structure and function in response to experience or
injury. SLPs harness neuroplasticity through intensive, task‑specific therapy and multimodal input.

Hemispheric dominance – The preferential use of one cerebral hemisphere for language functions. In most
right‑handed individuals, the left hemisphere is dominant; however, bilingual speakers in India may exhibit
bilateral or right‑dominant patterns, influencing assessment choices.

Clinical Conditions

Aphasia – An acquired language disorder resulting from cortical or subcortical lesions. Types include:
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- Broca’s aphasia (non‑fluent, good comprehension)
- Wernicke’s aphasia (fluent, poor comprehension)
- Global aphasia (severe deficits in all language modalities)
- Conduction aphasia (impaired repetition)
- Transcortical motor aphasia (non‑fluent, good repetition)

Each subtype has distinct therapeutic goals. For instance, a client with Broca’s aphasia benefits from
constraint‑induced language therapy to encourage verbal output, whereas a client with Wernicke’s aphasia
may require auditory discrimination training.

Dysarthria – A group of motor speech disorders caused by weakness, paralysis, or incoordination of the
speech musculature. Classification includes flaccid, spastic, ataxic, hypokinetic, hyperkinetic, and mixed
dysarthria. An SLP assesses respiratory support, phonatory control, articulation precision, and prosody to
determine the subtype.

Apraxia of speech (AOS) – A motor planning disorder where the client has difficulty sequencing speech
movements despite normal strength. Errors are often inconsistent and may improve with repeated practice.
Treatment approaches such as the integral stimulation approach focus on enhancing motor planning
through cueing and gradual complexity increase.

Developmental language disorder (DLD) – A persistent difficulty acquiring language in the absence of other
neurological or sensory deficits. It is prevalent in Indian multilingual contexts, where code‑switching may
mask underlying deficits. Early screening using the Language Development Milestones Checklist aids in
timely intervention.

Neurodegenerative diseases – Conditions such as Parkinson’s disease, Alzheimer’s disease, and amyotrophic
lateral sclerosis (ALS) affect speech and language. For Parkinson’s disease, reduced vocal intensity
(hypophonia) and monotone speech are common; the Lee Silverman Voice Treatment (LSVT) LOUD program
is an evidence‑based intervention.

Traumatic brain injury (TBI) – Can produce diffuse axonal injury affecting language networks.
Cognitive‑communication deficits often accompany language impairments, requiring combined
speech‑language and neuropsychological rehabilitation.

Stroke – The most frequent cause of acquired aphasia. Ischemic strokes in the middle cerebral artery
territory commonly affect Broca’s or Wernicke’s areas, while hemorrhagic strokes may involve deep
structures like the basal ganglia, leading to dysarthria.

Assessment Tools and Terminology

Oral reading – Evaluates decoding skills and phonological awareness. Errors such as substitution or
omission provide insight into phonological processing deficits.
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Picture description – A discourse task that assesses spontaneous speech, grammar, and lexical retrieval. The
SLP can analyze the number of content words, sentence complexity, and use of cohesive devices.

Non‑word repetition – Tests the dorsal stream and phonological loop. Poor performance may indicate a
phonological processing disorder.

Token test – Measures auditory comprehension of increasingly complex commands. It is useful for
differentiating receptive from expressive deficits.

Boston Naming Test (BNT) – Assesses lexical retrieval and semantic memory. Difficulty naming
low‑frequency items can suggest anomia associated with temporal lobe damage.

Western Aphasia Battery (WAB) – Provides an overall aphasia quotient and classifies aphasia type.

Apraxia Diagnostic Profile (ADP) – Differentiates AOS from dysarthria by examining consistency of errors
and the influence of speech cues.

Acoustic analysis software – Tools such as Praat allow quantitative measurement of voice quality (e.g., jitter,
shimmer), pitch range, and speech rate. These metrics guide treatment planning for dysarthria and voice
disorders.

Neuroimaging – Techniques that visualize brain structure and function:

- Magnetic resonance imaging (MRI) – Provides high‑resolution images of cortical and subcortical lesions.
- Computed tomography (CT) – Useful for rapid detection of hemorrhage.
- Functional MRI (fMRI) – Shows activation patterns during language tasks, assisting in pre‑surgical
mapping.
- Positron emission tomography (PET) – Measures metabolic activity, helpful for identifying viable tissue
after stroke.
- Electroencephalography (EEG) – Records electrical brain activity; event‑related potentials such as N400 can
reveal semantic processing deficits.

Event‑related potentials (ERP) – Time‑locked brain responses to linguistic stimuli. The N400 component
reflects semantic integration; reduced amplitude may indicate impaired lexical access.

Mismatch negativity (MMN) – An automatic response to auditory deviation, useful for assessing
pre‑attentive auditory discrimination.

Diffusion tensor imaging (DTI) – Visualizes white‑matter tracts like the arcuate fasciculus, enabling
prediction of recovery potential after stroke.

Therapeutic Concepts and Techniques

Constraint‑induced language therapy (CILT) – Encourages use of spoken language by restricting alternative
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communication modes. It is particularly effective for individuals with non‑fluent aphasia.

Melodic intonation therapy (MIT) – Utilizes singing to tap into right‑hemisphere melodic processing,
facilitating speech output in severely non‑fluent aphasia.

Semantic feature analysis (SFA) – A therapy that expands semantic networks by prompting clients to
generate attributes of target words, improving naming abilities in aphasia.

Phonological component analysis (PCA) – Focuses on the sound structure of words, aiding clients with
phonological retrieval deficits.

Lee Silverman Voice Treatment (LSVT) – A high‑intensity program that increases vocal loudness and
improves voice quality in Parkinson’s disease and other hypokinetic dysarthrias.

Augmentative and alternative communication (AAC) – Systems ranging from low‑tech picture boards to
high‑tech speech‑generating devices. Selecting appropriate AAC is crucial for individuals with severe
expressive deficits.

Multimodal input – Combining auditory, visual, and tactile cues enhances learning, especially for children
with DLD who benefit from visual supports.

Home practice – Structured assignments reinforce therapy gains; adherence can be monitored through logs
or mobile applications.

Tele‑rehabilitation – Remote delivery of speech‑language services via video conferencing, increasingly
relevant in Indian rural settings where access to specialists is limited.

Challenges in Clinical Practice

Cultural and linguistic diversity – India’s multilingual environment requires SLPs to consider language
dominance, code‑mixing, and dialectal variation when assessing and treating language disorders. For
example, a client who speaks Tamil at home and English in school may exhibit different error patterns across
languages, necessitating bilingual assessment tools.

Limited normative data – Standardized tests often lack Indian norms, leading to potential misdiagnosis. SLPs
must supplement formal assessments with locally developed language samples and informal checklists.

Resource constraints – In many settings, access to advanced neuroimaging or high‑tech AAC devices is
limited. Clinicians must prioritize low‑cost interventions such as picture cards, oral motor exercises, and
community‑based group therapy.

Stigma and awareness – Families may view speech and language disorders as a social handicap,
discouraging early intervention. Education about the neurobiological basis of these conditions can reduce
stigma and promote timely referral.
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Interdisciplinary coordination – Effective management of neurological speech‑language disorders often
involves neurologists, physiatrists, occupational therapists, and psychologists. Clear communication of
terminology and treatment goals is essential for cohesive care.

Assessment of covert deficits – Some clients, particularly those with mild aphasia, may compensate with
gestures or written language, masking underlying impairments. Detailed discourse analysis and
neuroimaging can uncover hidden deficits.

Recovery prognostication – Predicting language outcomes after stroke requires integration of lesion
location, size, patient age, and pre‑morbid language proficiency. Tools such as the Prognostic Aphasia Index
combine these variables to guide therapy intensity.

Technology integration – While mobile apps for language practice are promising, ensuring cultural
relevance and language accuracy is critical. Customizing app content for Indian languages improves
engagement and efficacy.

Key Vocabulary Summary (alphabetical)

Apraxia of Speech (AOS) – Motor planning disorder affecting speech sequencing.

Aphasia – Acquired language impairment due to brain injury.

Auditory Cortex – Region that processes sound characteristics.

Basal Ganglia – Subcortical nuclei involved in motor control.

Broca’s Area – Left inferior frontal gyrus, speech production hub.

Conduction Aphasia – Impaired repetition with relatively intact fluency and comprehension.

Dorsal Stream – Pathway linking auditory perception to motor articulation.

Dyspraxia – Synonym for apraxia of speech in some Indian contexts.

Event‑Related Potential (ERP) – Brain response to specific linguistic events.

Global Aphasia – Severe loss of both expressive and receptive language.

Hemispheric Dominance – Preference of one hemisphere for language functions.

Hyperkinetic Dysarthria – Excessive, involuntary movements affecting speech.

Impaired Prosody – Disruption of intonation and stress patterns.

Language Network – Distributed cortical and subcortical system for language.
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Lesion – Area of damaged brain tissue.

Lexical Retrieval – Process of accessing words from the mental lexicon.

Motor Cortex – Primary area controlling voluntary speech movements.

Neuroplasticity – Brain’s ability to reorganize after injury or learning.

Phonological Loop – Working memory component storing speech sounds.

Prosody – Rhythm, stress, and intonation of spoken language.

Semantic Memory – Long‑term storage of word meanings and concepts.

Subcortical Structures – Deep brain areas such as thalamus and basal ganglia.

Ventral Stream – Pathway linking sound perception to meaning.

Wernicke’s Area – Left posterior superior temporal gyrus, language comprehension hub.

Practical Application Scenarios

Scenario 1 – Post‑stroke aphasia assessment: An 55‑year‑old male presents with non‑fluent speech, good
comprehension, and poor repetition. The SLP conducts a picture description, token test, and BNT. Imaging
shows a left inferior frontal lesion. Diagnosis: Broca’s aphasia. Intervention includes CILT, SFA, and
home‑based naming drills.

Scenario 2 – Parkinson’s disease voice therapy: A 68‑year‑old woman with hypokinetic dysarthria reports
reduced speech intelligibility. Acoustic analysis reveals low mean fundamental frequency and reduced
intensity. The SLP implements LSVT LOUD, focusing on sustained phonation and increased vocal effort.
Progress is monitored through weekly PRAAT measurements.

Scenario 3 – Bilingual child with DLD: A 4‑year‑old bilingual (Hindi‑English) child exhibits limited two‑word
combinations and frequent phonological errors in both languages. The SLP uses a bilingual language
sample, non‑word repetition, and parent‑reported checklists. Therapy emphasizes phonological awareness
activities with visual supports in both languages.

Scenario 4 – Traumatic brain injury with mixed aphasia: A 30‑year‑old male sustains a diffuse axonal injury
after a motor vehicle accident. Assessment reveals impaired comprehension, reduced speech output, and
inconsistent articulatory errors. The SLP differentiates between aphasia and AOS using the ADP, then
designs a combined approach integrating semantic feature analysis and motor planning drills.

Scenario 5 – Tele‑rehabilitation in a rural setting: An SLP provides weekly video sessions to a client with
chronic global aphasia living in a remote village. The therapist uses shared screen to conduct picture
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naming tasks, incorporates low‑tech AAC boards, and uploads recorded practice sessions to a cloud folder
for caregiver review.

Common Assessment Pitfalls and How to Avoid Them

- Over‑reliance on a single language test: Use a battery of tasks covering comprehension, expression,
reading, and writing.
- Ignoring cultural relevance: Choose stimuli that reflect the client’s daily life (e.g., pictures of local foods).
- Failing to assess non‑verbal communication: Observe gestures, facial expressions, and eye gaze, especially
in severe aphasia.
- Misinterpreting effortful speech as aphasia: Conduct a dysarthria assessment to differentiate motor from
linguistic deficits.

Evidence‑Based Intervention Strategies

High‑Intensity Practice – Research shows that therapy delivered for at least 10 hours per week yields better
outcomes in post‑stroke aphasia.

Task‑Specific Training – Activities that mirror real‑world communication (e.g., ordering food, telephone
conversations) promote functional gains.

Error‑less Learning – Providing correct models before client attempts reduces frustration and enhances
confidence, especially in apraxia therapy.

Feedback Timing – Immediate feedback is beneficial for motor speech disorders, whereas delayed feedback
may facilitate lexical retrieval in aphasia.

Multisensory Integration – Pairing auditory input with visual cues (e.g., written words) strengthens neural
connections across modalities.

Community Involvement – Engaging family members in therapy activities improves carry‑over and supports
generalization.

Future Directions and Emerging Concepts

Neuro‑feedback – Real‑time fMRI or EEG feedback may allow clients to modulate brain activity during
speech tasks, a promising avenue for aphasia rehabilitation.

Genomic Profiling – Identifying genetic markers associated with language disorders could guide
personalized intervention plans.

Artificial Intelligence (AI)‑driven assessment – Machine‑learning algorithms that analyze speech samples for
subtle dysarthric features are being piloted in research settings.
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Cross‑modal plasticity – Studies suggest that training in music or rhythm can enhance language recovery by
recruiting overlapping neural circuits.

Virtual Reality (VR) environments – Immersive simulations provide safe contexts for practicing
conversational skills, especially for clients with social communication deficits.

In summary, mastery of the terminology outlined above equips speech‑language pathologists with the
conceptual framework needed to assess, diagnose, and treat neurological speech and language disorders
across diverse Indian populations. Continuous integration of scientific advances, culturally appropriate
practices, and interdisciplinary collaboration will enhance the quality of care and promote optimal
communication outcomes for clients.
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