ANATOMY AND PHYSIOLOGY OF SPEECH AND HEARING

ANATOMY AND PHYSIOLOGY OF SPEECH AND HEARING CONSTITUTE A COMPLEX AND INTERRELATED FIELD THAT EXPLORES HOW
HUMANS PRODUCE AND PERCEIVE SOUND. THIS INTRICATE SYSTEM INVOLVES MULTIPLE ORGANS AND STRUCTURES THAT WORK IN
HARMONY TO FACILITATE COMMUNICATION. UNDERSTANDING THE ANATOMY AND PHYSIOLOGY OF SPEECH AND HEARING IS
ESSENTIAL FOR PROFESSIONALS IN AUDIOLOGY , SPEECH-LANGUAGE PATHOLOGY, AND RELATED DISCIPLINES. THIS ARTICLE
PROVIDES AN IN-DEPTH OVERVIEW OF THE KEY ANATOMICAL COMPONENTS AND PHYSIOLOGICAL PROCESSES UNDERLYING SPEECH
PRODUCTION AND AUDITORY PERCEPTION. |T WILL COVER THE STRUCTURES INVOLVED IN SPEECH, THE MECHANISMS THAT
GOVERN HEARING, AND THE NEURAL PATHWAYS THAT INTEGRATE THESE FUNCTIONS. THE DETAILED EXAMINATION OF THESE
SYSTEMS CONTRIBUTES TO BETTER DIAGNOSIS AND TREATMENT OF SPEECH AND HEARING DISORDERS. THE FOLLOWING SECTIONS
WILL GUIDE READERS THROUGH THE MAJOR ELEMENTS OF SPEECH AND HEARING ANATOMY AND PHYSIOLOGY.

ANATOMY AND PHYSIOLOGY OF SPEECH PRODUCTION

o ANATOMY AND PHYSIOLOGY OF HEARING

NEURAL MECHANISMS IN SPEECH AND HEARING

CoMMON DISORDERS RELATED TO SPEECH AND HEARING

ANATOMY AND PHYSIOLOGY OF SPEECH PRODUCTION

THE ANATOMY AND PHYSIOLOGY OF SPEECH PRODUCTION ENCOMPASS THE COORDINATED FUNCTION OF RESPIRATORY,
PHONATORY, RESONATORY, AND ARTICULATORY SYSTEMS. THESE SYSTEMS ENABLE THE GENERATION AND MODULATION OF
SOUND, WHICH IS THEN SHAPED INTO SPEECH. EACH COMPONENT PLAYS A SPECIFIC ROLE, FROM PROVIDING AIRFLOW TO SHAPING
SOUND WAVES INTO RECOGNIZABLE WORDS.

RESPIRATORY SYSTEM

THE RESPIRATORY SYSTEM SERVES AS THE POWER SOURCE FOR SPEECH BY GENERATING THE AIRFLOW NECESSARY FOR
PHONATION. THE PRIMARY ORGANS INVOLVED INCLUDE THE LUNGS, TRACHEA, DIAPHRAGM, AND ASSOCIATED MUSCLES. DURING
SPEECH, CONTROLLED EXHALATION PROVIDES THE AIRSTREAM THAT PASSES THROUGH THE VOCAL FOLDS.

PHONATORY SYSTEM

THE PHONATORY SYSTEM CENTERS ON THE LARYNX, WHICH HOUSES THE VOCAL FOLDS (VOCAL CORDS). THE VOCAL FOLDS
VIBRATE AS AIR PASSES THROUGH THE GLOTTIS, PRODUCING VOICED SOUND. THE PITCH, LOUDNESS, AND QUALITY OF THE
VOICE ARE MODULATED BY ADJUSTING THE TENSION AND LENGTH OF THE VOCAL FOLDS, AS WELL AS THE SUBGLOTTAL AIR
PRESSURE.

RESONATORY SYSTEM

THE RESONATORY SYSTEM SHAPES THE SOUND PRODUCED BY THE VOCAL FOLDS BY MODIFYING THE ACOUSTIC PROPERTIES OF
THE VOCAL TRACT. KEY STRUCTURES INCLUDE THE PHARYNX, ORAL CAVITY, AND NASAL CAVITY. THESE CAVITIES ACT AS
RESONATORS, AMPLIFYING AND FILTERING SOUND TO CREATE DISTINCT SPEECH CHARACTERISTICS.



ARTICULATORY SYSTEM

THE ARTICULATORY SYSTEM INVOLVES THE MOVEMENT OF VARIOUS STRUCTURES TO FORM SPEECH SOUNDS. MAJOR
ARTICULATORS INCLUDE THE TONGUE, LIPS, TEETH, ALVEOLAR RIDGE, HARD PALATE, SOFT PALATE (VELUM), AND JAW. PRECISE
COORDINATION OF THESE STRUCTURES IS ESSENTIAL FOR PRODUCING CONSONANTS AND VOWELS.

LUNGS — PROVIDE AIRFLOW

L ARYNX — HOUSES VOCAL FOLDS FOR PHONATION

® PHARYNX — SHAPES SOUND RESONANCE

® TONGUE — PRIMARY ARTICULATOR FOR SPEECH SOUNDS
® LIPS — MODIFY SOUNDS AND ASSIST IN ARTICULATION

® TEETH AND ALVEOLAR RIDGE — HELP FORM SPECIFIC CONSONANTS

ANATOMY AND PHYSIOLOGY OF HEARING

THE ANATOMY AND PHYSIOLOGY OF HEARING INVOLVE THE DETECTION AND INTERPRETATION OF SOUND WAVES BY THE
AUDITORY SYSTEM. THIS PROCESS INCLUDES SEVERAL ANATOMICAL STRUCTURES THAT CAPTURE SOUND, TRANSFORM
MECHANICAL VIBRATIONS INTO NEURAL SIGNALS, AND TRANSMIT THESE SIGNALS TO THE BRAIN FOR PROCESSING.

OuUTER EAR

THE OUTER EAR CONSISTS OF THE PINNA (AURICLE) AND THE EXTERNAL AUDITORY CANAL. THE PINNA COLLECTS SOUND WAVES
AND DIRECTS THEM THROUGH THE CANAL TO THE TYMPANIC MEMBRANE (EARDRUM). THE SHAPE OF THE PINNA ALSO AIDS IN
SOUND LOCALIZATION.

MipDLE EAR

THE MIDDLE EAR CONTAINS THE TYMPANIC MEMBRANE AND THREE SMALL BONES KNOWN AS THE OSSICLES: MALLEUS, INCUS, AND
STAPES. THESE BONES AMPLIFY AND TRANSMIT SOUND VIBRATIONS FROM THE EARDRUM TO THE INNER EAR. THE MIDDLE EAR ALSO
INCLUDES THE EUSTACHIAN TUBE, WHICH HELPS EQUALIZE PRESSURE BETWEEN THE MIDDLE EAR AND THE ATMOSPHERE.

INNER EAR

THE INNER EAR HOUSES THE COCHLEA, A SPIRAL-SHAPED ORGAN RESPONSIBLE FOR CONVERTING MECHANICAL VIBRATIONS INTO
ELECTRICAL SIGNALS. THE COCHLEA CONTAINS THE BASILAR MEMBRANE AND THE ORGAN OF CORTI/ WHICH INCLUDES HAIR CELLS
THAT ACT AS SENSORY RECEPTORS. MOVEMENT OF THE HAIR CELLS GENERATES NEURAL IMPULSES THAT ARE SENT TO THE
AUDITORY NERVE.



AUDITORY PATHWAY

AFTER TRANSDUCTION IN THE COCHLEA, AUDITORY SIGNALS TRAVEL VIA THE VESTIBULOCOCHLEAR NERVE (CRANIAL NERVE
V|||) TO THE BRAINSTEM AND THEN TO THE AUDITORY CORTEX IN THE TEMPORAL LOBE. THIS PATHWAY PROCESSES SOUND
INFORMATION INCLUDING PITCH, LOUDNESS, AND SPATIAL LOCATION.

® PINNA — COLLECTS AND DIRECTS SOUND

EXTERNAL AUDITORY CANAL — TRANSMITS SOUND WAVES
e TYMPANIC MEMBRANE — VIBRATES IN RESPONSE TO SOUND
e OSSICLES — AMPLIFY SOUND VIBRATIONS

e COCHLEA — CONVERTS VIBRATIONS TO NEURAL SIGNALS

e AUDITORY NERVE — TRANSMITS SIGNALS TO THE BRAIN

NeURAL MECHANISMS IN SPEECH AND HEARING

THE NEURAL MECHANISMS UNDERLYING SPEECH AND HEARING INVOLVE COMPLEX BRAIN REGIONS AND NEURAL PATHWAYS THAT
COORDINATE PERCEPTION, PRODUCTION, AND COMPREHENSION. THESE SYSTEMS INTEGRATE SENSORY INPUT AND MOTOR OUTPUT
TO FACILITATE EFFECTIVE COMMUNICATION.

BrRAIN REGIONS INVOLVED IN SPEECH

KEY CORTICAL AREAS SUCH AS BROCA’S AREA AND W/ERNICKE’S AREA PLAY CRUCIAL ROLES IN SPEECH PRODUCTION AND
LANGUAGE COMPREHENSION. BROCA’S AREA, LOCATED IN THE FRONTAL LOBE, IS RESPONSIBLE FOR MOTOR PLANNING AND
ARTICULATION, WHILE \W/ERNICKE’S AREA, IN THE TEMPORAL LOBE, PROCESSES LANGUAGE COMPREHENSION.

AuUDITORY PROCESSING CENTERS

THE AUDITORY CORTEX, SITUATED IN THE SUPERIOR TEMPORAL GYRUS, PROCESSES INCOMING AUDITORY INFORMATION. THIS
REGION ANALYZES SOUND FREQUENCY, INTENSITY, AND TEMPORAL PATTERNS, ENABLING RECOGNITION OF SPEECH SOUNDS AND
ENVIRONMENTAL NOISES.

MoTor CONTROL OF SPEECH

THE PRIMARY MOTOR CORTEX, CEREBELLUM, AND BASAL GANGLIA COORDINATE MUSCLE MOVEMENTS REQUIRED FOR SPEECH.
THESE STRUCTURES CONTROL THE TIMING, FORCE, AND SEQUENCING OF MOVEMENTS IN THE RESPIRATORY, PHONATORY, AND
ARTICULATORY SYSTEMS.

e BROCA’S AREA — SPEECH PRODUCTION AND MOTOR PLANNING



\X/ERNICKE’S AREA — LANGUAGE COMPREHENSION

e AUDITORY CORTEX — PROCESSING AUDITORY STIMULI

® PRIMARY MOTOR CORTEX — CONTROLS SPEECH MUSCULATURE

CEREBELLUM AND BASAL GANGLIA — REGULATE MOTOR COORDINATION

CoMMoN DiISorDERS RELATED TO SPEECH AND HEARING

DISRUPTIONS IN THE ANATOMY OR PHYSIOLOGY OF SPEECH AND HEARING CAN LEAD TO A VARIETY OF DISORDERS.
(UNDERSTANDING THESE CONDITIONS REQUIRES KNOWLEDGE OF THE UNDERLYING BIOLOGICAL SYSTEMS INVOLVED IN
COMMUNICATION.

SpPeecH DISORDERS

SPEECH DISORDERS MAY RESULT FROM ANATOMICAL ABNORMALITIES, NEUROLOGICAL DAMAGE, OR DEVELOPMENTAL ISSUES.
EXAMPLES INCLUDE DYSARTHRIA, APRAXIA OF SPEECH, AND STUTTERING. THESE DISORDERS AFFECT ARTICULATION, FLUENCY,
AND VOICE QUALITY.

HeARING DISORDERS

HEARING LOSS CAN BE CONDUCTIVE, SENSORINEURAL, OR MIXED, DEPENDING ON THE SITE OF PATHOLOGY. CONDUCTIVE HEARING
LOSS INVOLVES PROBLEMS IN THE OUTER OR MIDDLE EAR, WHILE SENSORINEURAL LOSS RESULTS FROM DAMAGE TO THE COCHLEA
OR AUDITORY NERVE. COMMON CAUSES INCLUDE OTITIS MEDIA, NOISE EXPOSURE, AND AGING.

NeUrROLOGICAL DISORDERS AFFECTING SPEECH AND HEARING

CONDITIONS SUCH AS STROKE, TRAUMATIC BRAIN INJURY, AND NEURODEGENERATIVE DISEASES CAN IMPAIR NEURAL PATHWAYS
ESSENTIAL FOR SPEECH AND HEARING. APHASIA, AUDITORY PROCESSING DISORDER, AND CENTRAL AUDITORY DYSFUNCTION ARE
EXAMPLES OF SUCH IMPAIRMENTS.

® DYSARTHRIA — IMPAIRED MUSCLE CONTROL AFFECTING SPEECH

e APRAXIA OF SPEECH — DIFFICULTY PLANNING SPEECH MOVEMENTS

® STUTTERING — DISRUPTIONS IN SPEECH FLUENCY

o CONDUCTIVE HEARING LOSS — OBSTRUCTION OR DAMAGE IN OUTER/MIDDLE EAR

® SENSORINEURAL HEARING LOSS — COCHLEAR OR AUDITORY NERVE DAMAGE



FREQUENTLY AskeD QUESTIONS

\WHAT ARE THE PRIMARY ANATOMICAL STRUCTURES INVOLVED IN SPEECH PRODUCTION?

THE PRIMARY ANATOMICAL STRUCTURES INVOLVED IN SPEECH PRODUCTION INCLUDE THE LUNGS, TRACHEA, LARYNX, PHARYNX,
ORAL CAVITY (TONGUE, TEETH, LIPS, AND PALATE), AND NASAL CAVITY. THE LUNGS PROVIDE AIRFLOW, THE LARYNX HOUSES
THE VOCAL CORDS FOR SOUND GENERATION, AND THE ARTICULATORS SHAPE THE SOUND INTO SPEECH.

How DOES THE VOCAL FOLDS' VIBRATION CONTRIBUTE TO SPEECH?

THE VOCAL FOLDS (OR VOCAL CORDS) IN THE LARYNX VIBRATE WHEN AIR FROM THE LUNGS PASSES THROUGH THEM, PRODUCING
VOICED SOUNDS. THE FREQUENCY OF THESE VIBRATIONS DETERMINES THE PITCH OF THE SOUND, WHICH IS ESSENTIAL FOR SPEECH
TONE AND PROSODY.

\WHAT ROLE DOES THE AUDITORY SYSTEM PLAY IN SPEECH PERCEPTION?

THE AUDITORY SYSTEM DETECTS AND PROCESSES SOUND WAVES, CONVERTING THEM INTO ELECTRICAL SIGNALS THAT THE BRAIN
INTERPRETS AS SPEECH. KEY STRUCTURES INCLUDE THE OUTER EAR, MIDDLE EAR, COCHLEA, AUDITORY NERVE, AND AUDITORY
CORTEX, WHICH TOGETHER ALLOW US TO PERCEIVE AND UNDERSTAND SPOKEN LANGUAGE.

How DO THE RESPIRATORY AND PHONATORY SYSTEMS INTERACT IN SPEECH
PRODUCTION?

THE RESPIRATORY SYSTEM PROVIDES THE NECESSARY AIRFLOW AND AIR PRESSURE FROM THE LUNGS, WHILE THE PHONATORY
SYSTEM (MAINLY THE LARYNX AND VOCAL FOLDS) MODULATES THIS AIRFLOW TO PRODUCE SOUND. PROPER COORDINATION
BETWEEN THESE SYSTEMS IS ESSENTIAL FOR CONTROLLED SPEECH.

\WHAT IS THE FUNCTION OF THE COCHLEA IN HEARING?

THE COCHLEA IS A SPIRAL-SHAPED ORGAN IN THE INNER EAR THAT CONVERTS SOUND VIBRATIONS INTO NEURAL SIGNALS. HAIR
CELLS WITHIN THE COCHLEA RESPOND TO DIFFERENT FREQUENCIES, ENABLING THE PERCEPTION OF PITCH AND VOLUME CRUCIAL
FOR UNDERSTANDING SPEECH.

How DOES THE ARTICULATORY SYSTEM SHAPE SOUNDS INTO INTELLIGIBLE SPEECH?

THE ARTICULATORY SYSTEM USES MOV ABLE STRUCTURES LIKE THE TONGUE, LIPS, JAW, AND SOFT PALATE TO MODIFY SOUNDS
GENERATED BY THE VOCAL FOLDS. THESE MOVEMENTS PRODUCE DIFFERENT SPEECH SOUNDS (PHONEMES) BY ALTERING THE SHAPE
AND RESONANCE OF THE VOCAL TRACT.

W/HAT PHYSIOLOGICAL CHANGES OCCUR IN THE LARYNX DURING SPEECH VERSUS
BREATHING?

DURING BREATHING, THE VOCAL FOLDS ARE OPEN (ABDUCTED) TO ALLOW AIR TO PASS FREELY. DURING SPEECH, THE VOCAL

FOLDS COME TOGETHER (ADDUCT) AND VIBRATE TO PRODUCE VOICED SOUNDS. THE TENSION AND LENGTH OF THE VOCAL FOLDS
ALSO ADJUST TO CONTROL PITCH AND VOLUME.

How DOES NEUROLOGICAL CONTROL INFLUENCE SPEECH AND HEARING FUNCTIONS?

NEUROLOGICAL CONTROL FROM THE BRAIN COORDINATES THE MUSCLES INVOLVED IN SPEECH PRODUCTION AND PROCESSES
AUDITORY INFORMATION. AREAS SUCH AS BROCA’S AREA, \X/ERNICKE’S AREA, AND THE AUDITORY CORTEX ARE CRITICAL FOR
PLANNING, PRODUCING, AND UNDERSTANDING SPEECH.



\WHAT IS THE ROLE OF THE EUSTACHIAN TUBE IN HEARING?

THE EUSTACHIAN TUBE CONNECTS THE MIDDLE EAR TO THE NASOPHARYNX AND HELPS EQUALIZE AIR PRESSURE ON BOTH SIDES OF
THE EARDRUM. PROPER PRESSURE BALANCE IS ESSENTIAL FOR OPTIMAL VIBRATION OF THE TYMPANIC MEMBRANE AND EFFECTIVE
SOUND TRANSMISSION.

How DO AGE-RELATED CHANGES AFFECT THE ANATOMY AND PHYSIOLOGY OF SPEECH
AND HEARING?

AGE-RELATED CHANGES CAN INCLUDE DECREASED LUNG CAPACITY, REDUCED ELASTICITY OF VOCAL FOLDS LEADING TO WEAKER
OR HOARSER VOICE, AND DEGENERATION OF HAIR CELLS IN THE COCHLEA CAUSING HEARING LOSS. THESE CHANGES CAN IMPACT
SPEECH CLARITY AND AUDITORY PERCEPTION.

ADDITIONAL RESOURCES

1. SPeecH SCIENCE: AN INTEGRATED APPROACH TO THEORY AND CLINICAL PRACTICE

THIS BOOK PROVIDES A COMPREHENSIVE OVERVIEW OF THE ANATOMY AND PHYSIOLOGY OF SPEECH PRODUCTION AND
PERCEPTION. |T INTEGRATES THEORETICAL CONCEPTS WITH CLINICAL APPLICATIONS, MAKING IT VALUABLE FOR BOTH STUDENTS
AND PRACTITIONERS. DETAILED EXPLANATIONS OF RESPIRATORY, PHONATORY, ARTICULATORY, AND AUDITORY SYSTEMS ARE
INCLUDED, ALONG WITH PRACTICAL CASE STUDIES.

2. PHYSIOLOGY OF SPEECH AND HEARING

FOCUSED ON THE BIOLOGICAL FOUNDATIONS OF SPEECH AND HEARING, THIS TEXT COVERS THE STRUCTURE AND FUNCTION OF
THE VOCAL TRACT AND AUDITORY MECHANISMS. |T EXPLAINS THE PHYSIOLOGICAL PROCESSES UNDERLYING SPEECH PRODUCTION
AND AUDITORY PERCEPTION WITH CLEAR DIAGRAMS AND CLINICAL CORRELATIONS. THE BOOK IS IDEAL FOR STUDENTS IN
COMMUNICATION SCIENCES AND DISORDERS.

3. ANATOMY AND PHYSIOLOGY FOR SPEECH, L ANGUAGE, AND HEARING

THIS BOOK OFFERS AN IN-DEPTH LOOK AT THE ANATOMICAL STRUCTURES AND PHYSIOLOGICAL FUNCTIONS CRITICAL TO SPEECH
LANGUAGE, AND HEARING. |T INCLUDES DETAILED ILLUSTRATIONS AND EMPHASIZES THE CONNECTION BETWEEN ANATOMY AND
CLINICAL PRACTICE. THE CONTENT IS DESIGNED TO SUPPORT STUDENTS PREPARING FOR CAREERS IN SPEECH-LANGUAGE
PATHOLOGY AND AUDIOLOGY.

’

4. INTRODUCTION TO SPEECH SCIENCE

PROVIDING A FOUNDATIONAL UNDERSTANDING OF SPEECH SCIENCE, THIS BOOK COVERS THE ANATOMY AND PHYSIOLOGY OF
SPEECH PRODUCTION AND AUDITORY PROCESSING. | T INTRODUCES KEY CONCEPTS IN ACOUSTICS, NEUROANATOMY, AND SPEECH
PERCEPTION. THE TEXT IS ACCESSIBLE FOR BEGINNERS AND INCLUDES EXERCISES TO REINFORCE LEARNING.

5. ESSENTIALS OF ANATOMY AND PHYSIOLOGY OF SPEECH AND HEARING

THIS CONCISE GUIDE FOCUSES ON THE ESSENTIAL ANATOMICAL AND PHYSIOLOGICAL KNOWLEDGE NEEDED FOR SPEECH AND
HEARING SCIENCES. |T COVERS THE RESPIRATORY, PHONATORY, RESONATORY, ARTICULATORY, AND AUDITORY SYSTEMS WITH
CLEAR EXPLANATIONS AND CLINICAL RELEVANCE. THE BOOK IS SUITABLE FOR STUDENTS AND PROFESSIONALS SEEKING A QUICK
YET THOROUGH REFERENCE.

6. NEUROANATOMY AND NEUROPHYSIOLOGY OF SPEECH AND HEARING

CONCENTRATING ON THE NEURAL MECHANISMS INVOLVED IN SPEECH AND HEARING, THIS BOOK EXPLORES BRAIN STRUCTURES AND
NEURAL PATHWAYS ESSENTIAL FOR COMMUNICATION. | T INTEGRATES NEUROANATOMICAL DETAILS WITH PHYSIOLOGICAL
PROCESSES, HIGHLIGHTING DISORDERS RELATED TO NEUROLOGICAL DAMAGE. ADVANCED STUDENTS AND CLINICIANS WILL FIND
THIS RESOURCE PARTICULARLY VALUABLE.

7. AUDITORY SYSTEM: ANATOMY, PHYSIOLOGY, AND CLINICAL CORRELATES

THIS TEXT DELVES INTO THE ANATOMY AND PHYSIOLOGY OF THE AUDITORY SYSTEM, FROM THE OUTER EAR TO THE AUDITORY
CORTEX. |T EMPHASIZES CLINICAL APPLICATIONS AND AUDITORY PATHOLOGIES, HELPING READERS CONNECT ANATOMICAL
KNOWLEDGE WITH DIAGNOSTIC AND THERAPEUTIC PRACTICES. THE BOOK IS SUITED FOR AUDIOLOGY STUDENTS AND
PROFESSIONALS.

8. SPeECH AND HEARING SCIENCE: ANATOMY AND PHYSIOLOGY



COVERING FUNDAMENTAL CONCEPTS IN SPEECH AND HEARING SCIENCE, THIS BOOK OUTLINES THE STRUCTURES AND FUNCTIONS
INVOLVED IN COMMUNICATION PROCESSES. |T INTEGRATES SCIENTIFIC THEORY WITH PRACTICAL INSIGHTS, MAKING IT USEFUL FOR
BOTH ACADEMIC STUDY AND CLINICAL TRAINING. THE BOOK INCLUDES DETAILED ILLUSTRATIONS AND REVIEW QUESTIONS TO AID
COMPREHENSION.

9. CLINICAL ANATOMY AND PHYSIOLOGY OF THE SPEECH AND SWALLOWING MECHANISMS

THIS COMPREHENSIVE RESOURCE FOCUSES ON THE ANATOMY AND PHYSIOLOGY RELEVANT TO SPEECH AND SWALLOWING
FUNCTIONS. |T COVERS NORMAL STRUCTURES AND PROCESSES AS WELL AS COMMON DISORDERS AFFECTING COMMUNICATION
AND DEGLUTITION. THE BOOK IS DESIGNED FOR CLINICIANS, OFFERING PRACTICAL GUIDANCE ALONGSIDE ANATOMICAL AND
PHYSIOLOGICAL INFORMATION.
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