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Handout
Speech is essential to human life, but is often taken for granted. There are six components to speech: respiration, phonation, resonation, articulation, audition, and neurologic integration. (Beumer) 

Phonetics: the branch of linguistics dealing with the study of the sounds of speech, their production, combination, and representation by written symbols. (American Heritage Dictionary)
In dealing with removable prosthetics, the prosthodontist is well schooled on the physiology of mastication and occlusion, however the physiology of speech often times is considered secondary and not well covered.

A basic review of speech physiology will be covered here for practical application of these principles to prosthodontic problems.

The speech mechanism consists of upper digestive tract and respiratory tract, modified to form and control valves.

Breathing - At the beginning of inhalation, nostrils dilate, air proceeds through the nares, and the nasal cavity, the soft palate relaxes to provide a free passageway to the pharynx, the pharynx is widely opened, and air goes through the rima glottidis (larynx) through the trachea, to the bronchi in the lungs. In general, this process is reversed in exhalation. The outward flow of air, results from coordinated contraction of the muscles of the abdomen, relaxation of the diaphragm, and "collapse" of the rib cage. 

Speech has a direct relationship to this exhalation. The sound is characterized by phonation or articulation (or both) and resonance.

The Physiology of Speech (Martone)
The speech mechanism involves three principle valves: 

Valve I : Glottis (True vocal folds of the larynx) the vibrating stream of air passes through the rima glottidis when voice is desired, this acoustic output is called voice. 

This differs from when a person whispers, where the valve mechanism may not be as involved. The muscles that control the vocal folds are divided into intrinsic and extrinsic. The intrinsic muscles are a complex set of muscles that adduct and abduct the folds, as well as regulate their tension and length. The extrinsic muscles connect the larynx with the hyoid bone, sternum, tongue and pharynx. (SEE HANDOUT)
Valve II: Palatopharyngeal region ( three parts )

· Nasopharynx (functions in respiratory system)

· Oropharynx (functions on respiratory and digestive systems)

· Laryngopharynx (functions in digestive system)

This valve is located where the respiratory/digestive valves cross (pharyngeal isthmus) The valve divides the pharynx into nasopharynx and oropharynx cavities.

The principal closure is effected by the soft palate into contact with the posterior wall of the pharynx. ( Review Question: What do the levator and tensor veli palatini do?)

palatopharyngeal mechanism physiology and anatomy: (Beumer) this region is extremely important in both phonetics and swallowing (including gagging). At rest, the soft palate drapes downward so that the oropharynx and the nasopharynx are open to allow for normal breathing. When called to action (ie. palatopharyngeal closure required), the middle third of the soft palate arcs upward and backward to contact the posterior pharyngeal wall @ or above the palatal plane. The lateral pharyngeal wall moves medially and posteriorly to contact the margin of the soft palate.

Complete closure is required for normal deglutition and the production of some speech sounds (ie. plosives) In other phonemes such as vowels and other consonants, the palatopharyngeal port will be open in varying degrees. 

Swallowing is a primary and consistent physiological function, whereas speech is a learned function. It has been noted that the character of the palatopharyngeal closure during swallowing differs from speech. In swallowing, the pharynx is more forcefully involved in closure involving the superior, middle and inferior constrictors firing in overlapping sequence. Whereas, in speech the superior muscle fibers of the superior constrictor only appear to be involved during closure. Studies have shown that during swallowing the soft palate contacts the posterior pharyngeal wall at a lower level than is seen during speech.

Valve III: Orifice of the Mouth ( modified by many articulators, mostly by the tongue) The same events that occur at the vocal folds, occur at the lips and teeth (specifically the mandibular to maxillary lip, mandibular lip to maxillary teeth, and the tip of the tongue against the alveolar ridge.. There are different forms of pressure (1) pent up pressure (2) overriding pressure (3) momentary release pressure (4) forming against the obstacle to the breath steam. (SEE HANDOUT)
There are five basic ways to produce sounds:

1. Plosive (p,b,t,d,k,g) any sound where there is a complete closure 

2. Fricative (f,v,s,z,th,sh,zh,h) any sound where there is partial closure

3. Nasal (m,n,ng) forcing air through the velopharyngeal port 
4. Affricate (ch,j) combination of a plosive and a fricative

5. Glide (w,h,l,r,y) smooth graceful movement of the articulators from one position to another

Innervation of the muscles of speech:

· V Trigeminal (soft palate)

· VII Facial (periphery of mouth)

· IX Glossopharyngeal (pharyngeal muscles)

· X Vagus (laryngeal, soft palate, pharyngeal muscles)

· XII Hypoglossal (tongue muscles)

The motor innervation is derived from three pathways:

1. corticobulbar (conscious control, precise movements articulation of speech sounds)

2. extrapyramidal (control depth of breath, vocal folds, lips/cheeks/tongue, phar walls)

3. cerebellar (cortex to the speech muscles, automatic coordination)

Clinical speech considerations in prosthodontics: Perspectives of the prosthodontist and the speech pathologist (Chierici) 
1. Respiration

2. Phonetics

3. Resonance

4. Speech Articulation

5. Audition

6. Neurologic Function

7. Emotional Behavior

Phonetic considerations in denture prosthesis: (Rothman) Consonant sounds are classified according to their anatomic parts involved in their formation : (1) palatolingual sounds (tongue and hard or soft palate)

· s,sh,t,d,n,l (tongue and hard palate)

· k,ng,g (tongue and soft palate)

· n,m,ng (soft palate in speech) recheck velopharyngeal sphin linguodental sounds (a) th (tongue and teeth)

· labiodental sounds (a) f , v (lips and teeth)

· bilabial sounds (a) b, p, m (lips) 

Vowel sounds are produces by the vocal cords imparting their vibrations to the expiratory column of air with the tongue and lip position imparting the overtone structure 

The whistle and swish sound in denture patients (Silverman) sibilant sounds (s.z.sh,zh,sh,j)

· whistle sound - prolonged sibilant s lisp

· swish sound - lateral lisp

Improved phonetics in the denture construction (Allen)
the role of the tongue in speech and use of the palatogram 
Functional contouring of the palatal vault for improving speech with (Goyal) complete dentures

developing a technique that could functionally contour the denture palate (during active speech and incorporate it on the finished denture

Speech patterns of edentulous patterns and morphology of the palate (Tanaka) in relation to phonetics

evaluating the changes in speech patterns before and after denture insertion, and the effect of the palatal contour on speech production

Let /S/ be your guide (Pound)
the /S/ position: is the most forward and most closed position of the mandible (without tooth contact) during the enunciation of the /S/ sound. There should be only 1 to 1.5 mm space between the incisal edge of the lower central incisors and the coronal surface of the upper central incisors. This position can be used as a three dimensional anterior stopping point.

verti-centric: a record used in complete denture fabrication. It involves the simultaneous recording of the vertical dimension of occlusion with the jaws in centric relation (GPT-6)

posterior speaking space: the space that exists between the posterior and/or the edentulous ridges when the mandible assumes its /S/ position while functioning at conversational speed. Of clinical importance in extreme Class II situations. 

Controlling anomalies of vertical dimension and speech (Pound)
Analytical Control Chart

abnormal situations (tongue thrusters, patients who lisp)

Utilizing speech to simplify a personalized denture service (Pound)
how occlusion relates to speech/ Class I, II,III occlusions 

Esthetic dentures and their phonetic values (Pound)
esthetic principles in nature 
Active vs. Passive adaptation: An acoustic study of vowels produces with and without dentures (Tobey)

active articulatory versus passive acoustic changes to orofacial reconstruction

Incisal relationships during speech (Howell) 
movements of the mandible (speech envelope)

GAGGING
The gagging problem in prosthodontic treatment (Conny and Tedesco)

Part I: Description and causes

Part II: Patient Management
 Gag Reflex: is a normal healthy defense mechanism, functions to prevent foreign bodies from entering the trachea. Gagging movements change the shape of the pharynx to eject

foreign bodies from the mouth and pharynx. It is present at birth and can be compared to the swallowing reflex. In swallowing , the muscle action is smooth and coordinated, but in gagging the muscle action is spasmodic and uncoordinated.

Trigger areas: five areas of maximum sensitivity

· fauces

· base of tongue

· palate 

· uvula

· posterior pharyngeal wall

Neural involvement in gagging: when stimulation occurs on the soft palate and/or posterior third of the tongue, afferent impulses transferred to the medulla oblongata.

Involves CN V, IX, X There are also fibers that pass from the center of the medulla to the cerebral cortex, so the reflexes can be modified by the cerebrum.

The efferent pathways from the reflex center in the medulla oblongata involve CN V, VII, IX, X, XI, XII (Interesting note: CN IX glossopharyngeal nerve has afferent fibers that both elicit and inhibit the gag reflex. Hence there is less likelihood to gag with a region innervated by the glossopharyngeal nerve)

Causes of gagging: 

· Systemic disorders (nasal and GI disorders, hx CA stomach, medications)

· Psychological factors ( fear - the most common cause)

· Extraoral and intraoral physiological factors ("sight" of a mirror, increased sensitivity of the upper posterior third of the tongue) 

· Iatrogenic factors. (careless technique)

Patient Management: 
· Clinical (surgical, radiographic, psychologic)

· Prosthodontic (smooth vs. matte finish of CD’s, importance of interocclusal distance)

· Pharmacologic (peripheral and centrally acting drugs)

· Psychologic (hypnosis, behavioral therapy)

Gagging, a problem in prosthetic dentistry (Means)
· Psychogenic gagging

· Somatogenic gagging

 A new approach to the gagging problem (Krol)
Importance of occlusal dimension in the new denture 
Management of the gagging patient (Schole)
Neurophysiology/Etiology

Treatment of a gagging patient with a maxillary RPD (McArthur)
Case Report 
Abstracts

40-001. Silverman, M.M. The Whistle and Swish Sound in Denture Patients. J Prosthet Dent 17:144-148, 1967.
Purpose: Common abnormal sounds, such as whistling and swishing, occurring in speech of patients wearing fixed and removable restorations are discussed. Etiology and treatment of these undesirable conditions are presented.

Discussion: 

1. Sibilant sounds- s, z, sh, zh, sh, and j

2. Definition-
a) whistle sound- shrill musical sound; prolonged sibilant, ors lisp
b) swish sound- lateral lisp; substitution of mushy sh or zh sound when trying to say s

3. Relationships of oral structures during proper enunciations: "s" sounds- sides of the tongue are pressed against the sides of the palate up to, but not including the central incisors; air passes through a narrow groove "sh" sound- entire tongue is drawn back and slightly broadened " s & z "- maxilla and mandible are in their closest speaking relation; teeth are edge to edge in a horizontal relation and sufficient vertical overlap is present; other phonetic sounds require the mandible to be at varying levels in relation to the maxilla.

4. Causes and corrections of whistle and swish sounds
a) maxillary anteriors too far posteriorly- s sounds like "sh"
b) abnormal interincisal space- rule of thumb/vertical overlap should equal closest speaking space
c) palatal form incorrect- palatograms(Coles); reproduction of reverse curves(Snow); wax addition to trial bases(Allen, Pound); soft wax in processed denture replaced by quick set acrylic(Swerdlow) 

Summary: All abnormal sounds can be avoided by using pre-extraction records in patients with normal speech and placement of teeth in exact locations they previously occupied. If these records are unavailable or inappropriate; anterior-posterior positions- "th" sounds vertical overlap- closest speaking space.

40-002. Allen, L.J. Improved Phonetics in Denture Construction. J Prosthet Dent 8:753-763, 1958.
Purpose: A study of the tongues role in speech was preformed using a palatogram. By charting the areas of the maxillary denture that are contacted by the tongue in normal speech, it is possible to show how alterations in the denture construction can improve phonetics. 
Discussion: The region of a denture most sensitive to thickness is the anterior alveolar area from cuspid to cuspid. Increasing the thickness by 1 mm made speech awkward and indistinct whereas increasing the thickness of the posterior region by 1 mm only made speech more awkward. The entire vault area could be thickened up to the tongue palatal tracing line without interfering with speech. To develop a normal /s/ and /sh/ sound, it may be necessary to thicken the incisive papilla region to prevent the jet of air emitted by the median sulcus of the tongue from escaping toward the vault. Bulking of the tongue palatal contact area and the area of the incisive papilla will facilitate proper enunciation and eliminate much of the post-insertion practice period.

40-003. Rothman, R. Phonetic Considerations in Denture Prosthesis. J Prosthet Dent 11:214-223, 1961.
Normal speech depends on:

1. Motor - lungs and muscles

2. Vibrator - vocal cords

3. Resonator - oral and nasal cavities

4. Initiator - brain

5. Enunciators - tongue, lips, teeth, and palate

The primary concern in phonetics is the changes in the stream of air as it passes through the oral cavity. The tongue plays a major role, changing shape and position for pronunciation of vowels and contacting a specific part of the teeth, ridge or palate for each consonant. If these structures are replaced by dentures the dentist must know where the tongue contacts them.
     Review of palatolingual, linguodental, labiodental, and bilabial sounds and the factors that effect them are detailed. Correct vertical dimension, occlusal plane, contour of palate, and position of anterior teeth are common requirements for speech sounds. Factors that cause phonetic difficulty and an approach to correct them are proposed.

40-004. Chierici, G. and Lawson, L. Clinical Speech Considerations in Prosthodontics: Perspectives of the Prosthodontist and Speech Pathologist. J Prosthet Dent 29:29-39, 1973.
Purpose: A focus on the function of speech and the morphologic and physiologic bases for its relationship to prosthodontics.
Discussion: Seven functions of speech are of concern to prosthodontists and speech pathologists including: Respiration, Phonation, Resonance, Speech articulation, Audition, Neurologic function, Emotional behavior. 

Respiration is not usually related to prosthodontics but can be effected in the case of a poorly designed obturator.

Phonation also is not a great concern to prosthodontists unless dealing with patients with neurological disorders, laryngeal nodules or ulcers, or vocal abuse.

Resonance is created in the pharynx, oral cavity and nasal cavities and can be effected in patients with palatal defects and ill fitting or bulky dentures.

Speech articulation can be effected in patients that have had cerebral trauma, parkinsonism, cerebral palsy or strokes as well as those that have deformities of the lips, mandible, tongue, teeth, and hard and soft palates. The lips are used in the fricative sounds and the /p/ and /b/ phonemes. The tongue is the most important element in speech articulation and can be hindered by an ill fitting denture. Anterior more than posterior teeth are needed for the precision of articulation so position is important. The hard palate will effect /s/ and /sh/ phonemes and the soft palate is significant in the articulation of plosive and fricative sounds. 

Audition problems are often seen in patients who have hearing loss or who try to accommodate for a perceived change in speech with a new prosthesis. 

Neurologic function impairment can be suspected in patients who exhibit difficulty in word finding, distort or slur word or speak very slow.

Emotional behavior can effect speech if the patient tries to hide their denture from others while speaking.

Summary: It is crucial for a prosthodontist to differentiate between speech defects inherent in the prosthesis and those produced by other coexisting conditions. The static features of incisal relationships and denture contours should not be emphasized at the expense of dynamic considerations providing acceptable speech. 

40-005. Tanaka, H. Speech Patterns of Edentulous and Morphology of the Palate in Relation to Phonetics. J Prosthet Dent 29:16-28,1973.
Phonetics is one of the most important factors in dentures, and is often neglected due to the adaptive capability of the patient. An evaluation of speech in the edentulous patients with new dentures was conducted and the following conclusions were made:

1. Most patients showed speech improvement when dentures first inserted

2. Speech improved with increased length of time wearing dentures

3. Speech improved with experience 

4. Individual sounds showed different levels of intelligibility (zh toughest, l easiest)

5. Acoustic distortions more frequent in s, sh, ch, zh, and j than in z, t, n, d, and l

6. S sound is critical, does not improve over time

7. Palatal form in dentate patients is convex and in most dentures is concave

40-006. Pound, E. Utilizing Speech to Simplify a Personalized Denture Service. J Prosthet Dent 24:586-600, 1970.
Purpose: To discuss the relationship of speech to the positioning of both anterior and posterior teeth and occlusion.
Discussion: Maxillary anterior teeth are positioned so the incisal edges make a definite seal against the lower lip, at or near the wet dry line when the patient is pronouncing the "F" or "V" sounds. This position sets the stage for the positions of all the remaining teeth. The mandibular anterior teeth are set using the "S" sound, slightly lingual to the labial edges of the upper incisors with a space of 1-1.5 mm between them. Next the recording of the patients original class of occlusion, vertical dimension, centric relation, and incisal guidance are accomplished. This is accomplished by first recording the "S" position, then recording the extent of mandibular retrusion from that position and permitting the teeth to contact until the lower anterior teeth touch. This establishes the horizontal and vertical overlaps, class of occlusion and incisal guidance. A Technique of progressive refinement is outlined utilizing diagnostic treatment dentures, tissue treatment material, and resin blocks on the posterior of the mandibular denture. After occlusion is developed and tissues are in good tone, patient is comfortable,and esthetics are satisfied these dentures are used as a mockup for the making of "continuance" dentures. Discussion of incisal guidance, posterior tooth position and occlusal scheme follow.

40-007. Martone, A.L. and Black, J.M. An Approach to Prosthodontics Through Speech Science, Part VI: Physiology of Speech. J Prosthet Dent 12:409-419, 1962.
Purpose: A review of the physiology of speech to provide a background for the application of the principles of speech science to prosthodontic problems.
Discussion: Speech mechanism consists of the upper digestive and respiratory tracts modified to form and control valves. 

There are three principle physiologic valves. 

1. True vocal folds of the larynx.

2. Palatopharyngeal region.

3. The mouth

The three physiologic valves form a number of more specific articulatory valves, these are formed by the momentary intrusion of some segment of the physiologic valves into the path of the outgoing airstream. The successive events that give rise to speech sounds are pent up pressure, overriding pressure, momentary release of pressure, forming again the obstacle to the breath stream. The dentist that alters the airflow can give the patient an articulatory disorder. The severity depends on the extent of the alteration, the auditory acuity of the patient, and on the patients ability to compensate.
     The principle motor nerves of speech are CN 5(muscles of mastication), 7(muscles of expression), 9 (stylopharyngeus muscle), 10(muscles of larynx,pharynx and soft palate), 12(muscles of the tongue). The motor innervation involved is derived from three pathways, corticobulbar, extrapyramidal, and cerebellar. 

40-008. Goyal, B.K. and Greenstein, P. Functional Contouring of the Palatal Vault for Improving Speech with Complete Dentures. J Prosthet Dent 48:641-646, 1982.
Purpose: To develop a method by which the palatal contour of the complete maxillary denture could be modified according to the individual's tongue-to-palate contact for enunciation of "normal" speech immediately on insertion of dentures, thereby eliminating or considerably reducing the postinsertion practice period.
Methods & Materials: Ten edentulous patients were constructed complete maxillary and mandibular dentures. An additional maxillary denture was made identical to the original in VDO, occlusion, and overall thickness of the denture base. The palatal contour of the second denture was modified, with physiologic wax, according to the tongue contact of each patient in speaking different vowels and consonants.
     The recording of each patient's speech was done in three modes: without the denture, with the mandibular and conventional maxillary denture, and with the mandibular and modified maxillary denture. 
Results: The study shows that the improvement in immediate speech with the modified maxillary denture is more significant than that with the conventional maxillary denture. All 10 patients showed improvement of speech with the modified denture. 
Summary: The tongue plays a major role in enunciation of speech. It is the principal structure involved in articulation of consonant sounds that are produced by an effective contact among the tongue, teeth, and palatal vault. However, when natural teeth are lost and a maxillary denture is placed in the mouth, the tongue loses the tactile sensation and positional relationship with palatal structures. In this new environment the tongue usually has to function against a highly polished palatal surface of the denture, resulting in an altered speech pattern immediately after the insertion of the denture. It is possible that the tongue might be able to "adapt" to the new environment and might even produce "normal" speech with practice in time. However, the authors' approach was to functionally modify the palatal surfaces of the maxillary denture so that at the time of insertion and afterward the tongue does not have to adapt itself to the changed environment to produce normal speech.

40-009. Pound, E. Esthetic Dentures and their Phonetic Values. J Prosthet Dent 1:98-111, 1951.
Purpose: To present a method of treating the problem of phonetics based upon the belief that nature knows best.
Discussion: Esthetic Principles in Nature.:

I. Natural setting of teeth.

A. The natural plane of occlusion is parallel to the floor when the patient is standing or sitting in a normally relaxed position.

B. The correct clearance between the anterior teeth should be 1 or 2 mm. between the incisal edges of the anterior teeth when the patient is unconsciously repeating the letter "S."

C. To develop the appropriate tongue space, the lingual surfaces of the lower molars should fall between two lines drawn between the lingual and buccal aspects of the retromolar pad and the mesial surface of the canine.

D. It is common practice to set teeth directly over the center of the ridge. Pound believes this principle precludes the development of either esthetic or phonetic dentures simply because teeth did not originate from this position. They should be set in an anterior, buccal, and occlusal position, and it should never be necessary to grind properly selected teeth because of ridge interference.

II. Development of an entirely new concept of denture form.

   A. Fashioning the palate areas is most important from the phonetic standpoint.
        1. Contouring the lingual aspects of the porcelain teeth.
        2. Duplication of any distorted part of the palate of which there is a record.
        3. Uniting these two areas in true anatomical form.

III. Reproduction of the natural colors of living tissues. 

A. Tinting of the denture base to resemble the tissues of the mouth. The basic colors and the intensity of colors vary with the type of individual, but the general shading of these base colors is fairly constant.
1. Harder and more tense tissues are always lighter in shade than the softer tissues.
2. The gingival roll and the cuspid eminence are usually lighter than their adjacent tissues, sometimes almost white.
3. Deeper red or pink tones start in the body of the papillae and extend upward fanning out into the other soft tissues or disappearing in the lighter but harder prominences.
4. Strong colors exist in the region of the muscle attachments and other more flexible tissues. 

Conclusion: The development of this "New Look in dentures - that speak - by themselves" can be a decided stimulus to esthetic and phonetic dentistry.

40-010. Pound, E. Controlling Anomalies of Vertical Dimension and Speech. J Prosthet Dent 36:124-135, 1976.
Purpose: To discuss in detail ways and means of recognizing and managing edentulous patients in whom atypical and abnormal problems of occlusion and speech previously existed.

Problems of Control:
1. Anterior stops of patient's mandible has been lost, therefore only remaining controls are the fixed but fluid temporomandibular joint and dependable but fluid musculature that controls the joint's movement.

2. To restore relations with functional accuracy
- establish static spacial control point on maxillae to simulate incisal edge of natural position of the anterior teeth.
- locate the position of the lower anterior teeth in the mandible so that the incisal edge will relate properly with the upper tooth position.

3. Restore relations in the position of the remaining anterior ridge of the mandible.
- Using the /S/ sounds to establish phonetics and vertical dimension

4. Use of the Analytical Control Chart.

Fluidity of Controls:
1. To avoid contact with teeth during speech and rapid conversation, /S/-vowel sounds should be used.

2. In most patients the classic /S/ position did exist with natural teeth. If restored the following benefits are noted:
- Developing centric relation requires little judgement.
- Developing VDO requires only closure of lower teeth to contact upper teeth after retrusion.
- Incisal guide angle is automatically re-established
- Degree of retrusion from the classic /S/ position usually re-established patients former class of occlusion.

Abnormal Situations:

1. Patients who have never exhibited a classic /S/ with their own teeth
- real tongue thrusters
- lisp

2. Patients with a lisp are mild tongue thrusters
Posterior Speaking Space:

1. Interocclusal space which exist when patient speaks rapidly
- Class I - 1.5 - 3.0 mm
- Class II - 3 - 6 mm
- Class III - < 1 mm
2. Varies a great deal with patient that have an atypical /S/ position.
Cosmetic Considerations:
1. Speech, tongue activities, swallowing and breathing are influenced by faulty tooth position.

2. Class III patients present "bulldog" effect due to incisors being edge-to-edge or are anterior to upper incisors, this can be altered by inclination of the lower teeth.

Summary: Definite ways and means have been discussed for controlling VDO by using tooth-to-tooth and tooth-to-tissue relations that exist in normal speech.

An Analytical Control Chart has been introduced to separate problem patients from normal.

40-011. Pound, E. Let /S/ be your Guide. J Prosthet Dent 38:482-489, 1977.
Purpose: That controls used necessary to develop clarity of speech in patients who wear dentures can able used to develop a dependable VDO for most patients.

Principles involved:

1. /S/ sound is the most forward, most closed position of mandible during speech.

2. No teeth or denture parts should contact during speech

3. The mandible, with or without teeth is consistently carried forward and upward to the same /s/ position.

4. At the /s/ position the condyles are usually anterior to terminal hinge position, and because of this semiprotrusive position it is possible to obtain a definitive horizontal recording of the body of the mandible at its most closed position during speech.

5. At proper /s/ clearance, the vertical and centric relation positions can be recorded by simply retruding the mandible to a comfortable hinge position and then closing until the lower anterior teeth make contact with the upper teeth

6. If retrusion results in a palatal contact an acceptable vertical dimension of occlusion can be attained by a study of the posterior speaking space.
Exploring Controls:

1. Check the consistency of the /s/ clearance

2. Check the consistency of vertical /s/ level of mandible with and without teeth.

3. Slow speech create larger incisal space with /s/ sounds, therefore adjusting an /s/ clearance to slow speech will create tooth contact during rapid speech.
Posterior Speaking Space:
1. Existing between posterior teeth

2. Existing between edentulous ridges

3. At established vertical dimension with /s/ sound
- Class III occlusion exhibit little or no overlap, therefore posterior space is only 1 - 1.5 mm
- Class I jaw relation have vertical overlap of incisors that vary from 1.5 to 3 mm, posterior speaking space have corresponding smaller spaces.
- Class II occlusions have as much as 10 mm of posterior speaking space.

4. Classes I and II who have practically no forward jaw movement in speech place limitations on the dentist that are difficult to overcome. The posterior speaking space diminishes with the lack of forward movement.

Protrusive registration
1. Facebow, set condylar guidance at 45

2. Adapt warm baseplate wax around the incisal of four lower anterior teeth on the casts, close articulator in an edge-to-edge midline incisal position, make good imprints with upper incisors, refine imprints and secure with sticky wax.

3. Block of soften wax 1 cm square is sealed with sticky wax on each side of the rims in region opposing the 2nd molars, articulator is closed making imprints of the upper molars.

4. Warm post wax (110 F), place base in mouth and guide patient into preformed incisal outline with slight pressure.

5. Remove the lower rim, trim wax, chill, dry, spread Zinc-oxide paste between controls, place rim in patients mouth, have patient close into outlines and hold until set.

6. Secure rims to casts with sticky wax, loosen and rotate the condyle controls on each side of the articulator to make solid anteroposterior contacts on both sides.

Conclusions:

· the body of the mandible assumes an easily recordable, repetitive horizontal and vertical position when the patient is at the /s/ position during speech.

· The controlled method of developing vertical dimension correlates the posterior speaking space with the placement of the upper and lower anterior teeth when set to a phonetic standard.

· A method of protrusive registration is presented; it coordinates the angle of the eminences with the actual incisal guide angel of the patient.

40-012.  Tobey, E.A. and Finger, I.M. Active vs. Passive Adaptation: An Acoustic Study of Vowels Produced with and without Dentures. J Prosthet Dent 49:314-320, 1983.
Purpose: To explore the question of active verses passive adaptation to orofacial reconstruction in relation to (a) what speech changes accompany volume changes in the oral cavity during edentulous verses a denture-speaking condition and (b) what extent do passive acoustic and active articulatory effects contribute to these changes?
Methods & Materials: Ten subjects, 5 men and 5 female, 40 - 75 years, and previous history of denture wearing of Maxillary and mandibular denture prior to current treatment. New dentures were made, all subjects reported satisfactory with esthetics and masticatory function of dentures.
     Target words were given in a carrier sentence "Here is a again."
     Initial consonants consisted of /t/, /s/, and /sh/, medial vowels were /e/ as in "seat" and /a/ as in "sat".
     Subjects were tested in a quiet room and recorded without dentures and immediately following insertion of the new denture. Analysis was done of the recordings with a Kay Sonagraph machine and broad spectrograms were generated for each of the target sounds.
Results: 

· Edentulous, /a/ segments were longer than /e/ and increased in duration with wearing of the dentures.

· /sh/ was associated with the greatest % of change (3%), followed by /s/ (0.9%) and /t/ (0.7%)

Discussion: 

· Speakers produce longer vowel segments when speaking with dentures than without.

· Overall frequency relationship between vowels are achieved by variations in tongue, position, and jaw opening. 

· Lower frequencies during edentulous conditions may reflect subtle lengthening of the oral cavity - a passive acoustic rather than active articulatory effect.

· Lower frequencies for /a/ may occur because speakers overcompensate for dentures by using wider mouth opening an active articulation adjustment.

· Speakers actively change jaw position to accommodate the prosthesis if it may potentially interfere with speech sounds like vowel production.

· It is possible that speakers attempt to slow overall articulation in order to provide a longer time window for specific articulatory adjustments.

Conclusion: Data indicates that close examination of vowels, as well as consonants, assists in delineating active articulatory versus passive acoustic changes to orfacial reconstruction. Adjusting prostheses by listening for changes in consonant sounds may change only the passive acoustic characteristics of prostheses and may not necessarily influence active articulatory accommodation by the patient. 

40-013. Howell, PGT. Incisal Relationships During Speech. J Prosthet Dent 56:93-99, 1986.
Materials & Methods: The dimensions of movement of the mandible during the reading of a standard passage of text were measured using a bar magnet (affixed to the mandibular incisors), magnetometers, and computer software. This enabled a speech envelope to be described.
Summary: The relationship between closest speaking space and the vertical overlap of the incisor teeth shows that there is a trend in this direction, but it is not as definitive a correlation as has been previously assumed.
     The relationship between the anterior speaking space and the horizontal overlap of the incisor teeth shows a similar trend but with a much reduced correlation.
     There was often a small space of approximately 0.2 mm between the mandibular incisor teeth and the palatal aspects of the maxillary incisor teeth that, although a common finding in this study, was by no means a constant feature for all subjects.

40-014. Schole, M.L. Management of the Gagging Patient. J Prosthet Dent 9:578-583, 1959.

Neurophysiology: Nerves of the gagging (or vomiting reflex) pathways are mainly of the parasympathetic portion of the autonomic nervous system. It is triggered by any threat to the patency of the airway and the expulsion of noxious stimuli from the GI tract. The movements of gagging alter the shape of the pharynx in such a way as to compel any object, real or imagined, to be ejected from the esophagus or pharynx. The gagging reflex is triggered by an initial irritation usually arising from the soft palate and the posterior third of the tongue.

Management: First ensure that all of the possible biomechanical factors of a prosthesis (e.g. VDO, palatal extension, retention, posterior palatal seal, occlusion, etc.) have been addressed. Consider psychiatric help. Drug treatment may include those that selectively depress the parasympathetic nervous system. Examples are barbiturates, atropine, Thorazine, or antihistamines. Topical anesthetics may only worsen the problem due to the numb feeling in the throat.

40-015. Means, C.R. and Flenniden, I.E. Gagging, A Problem in Prosthetic Dentistry. J Prosthet Dent 23:614-620, 1970.
Physioanatomic Pathways:
Brief description of the mechanism of the gagging reflex is provided.
     The reflex is innervated by Cranial Nerves V, IX, X, XI, and XII. Nerve fibers from the medullary center to the cerebral cortex enable the reflex to be modified by conscious control.

Psychogenic Gagging: This can be induced by fear, anxiety, apprehension, visual stimuli, odors, or imagination. It can be treated with medications, hypnosis, or distraction.

Somatogenic Gagging: This is due to local, physical or systemic stimuli.

Postinsertion Denture Gagging:
Immediate - Due to overextension of the base, inadequate or excessive VDO, denture instability, or constriction of the tongue space.

Delayed - Due to salivary leakage under the denture base related to poor occlusion or inadequate seal.

Treatment:
Moore - Increasing the length of the denture will often help. Keep the anteriors out of contact to prevent unseating of the denture.

Joffre - Suck on hard candy or take tranquilizers.

Appleby and Day - Put salt on the intaglio.

Krol - Try reducing the VDO.

Stolzenberg - Educate the patient and allow time for psychological adjustment to the denture.

Therapeutic Management: Parasympatholytic drugs (e.g. atropine). Antihistamines, barbiturates, tranquilizers, topical anesthetics (may have paradoxical effect).

Controlling the Local or Physical Stimuli:
1. Well rested patient

2. Have the patient report with an empty stomach.

3. Have him rinse with cold water prior to manipulative procedures.

4. Have the patient get accustomed to foreign objects in the mouth by digital massage of the palate at home .

5. Make impressions as atraumatic as possible.

6. Consider fluid wax impression.

40-016. Krol, A.J. A New Approach to the Gagging Problem. J Prosthet Dent 13:611-616, 1963.
Purpose: The purpose of this paper is to present information relating inadequate interocclusal clearance as a cause of gagging related to complete dentures.
Materials & Methods: An 8-year study was conducted of 100 patients, who had serious difficulty wearing dentures because of gagging.
Discussion: The amount of interocclusal clearance was evaluated for each patient and found to be inadequate. The inadequate clearance caused the elevator muscles enter into a spasm which, in turn, affected all of the other muscles involved in the kinetic chain of swallowing. The spasm of the tensor palati muscle is most likely responsible for the sensation that the maxillary denture seems to extend too far posteriorly, because, in contracting, the tensor palati muscle slightly depresses the soft palate, pressing it against the posterior border of the denture.
Results: The interocclusal clearance was increased by either mounting the dentures on an articulator and simply grinding the teeth, or by remaking the dentures to a newly determined occlusal vertical dimension. Some patients were relieved immediately of gagging; others were relieved in a few hours, and others, within a few days. A few patients required several reductions, but, eventually, all of the patients were freed from gagging.
Conclusion: The relationship between interocclusal distance and the gag reflex was discussed. 

40-017a. Conny, D.J. and Tedesco, L.A. The Gagging Problem in Prosthodoontic Treatment, Part I: Description and Causes. J Prosthet Dent 49:601-606, 1983. 
Purpose: The purpose of this paper is to review the dental literature that describes and identifies the gag reflex and its causes. This paper will also review the various approaches for the management of the gagging patient.
Discussion: 

I. Description and identification
A. The gag reflex: normal, healthy defense mechanism which functions to prevent foreign bodies from entering the trachea

B. Trigger areas: fauces, base of the tongue, palate, uvula, and posterior pharyngeal wall

II. Causes of gagging
A. Systemic disorders: deviated septum, nasal polyps, sinusitis, GI tract irritability, alcoholism, chronic gastritis, carcinoma of the stomach, peptic ulcer, cholecysitis, diaphragmatic hernia, etc.

B. Psychologic factors: gain attention, avoid treatment, and/or avoid the outcome of treatment; conditioned reflex

C. Physiologic factors:
1) Extraoral stimuli - sight, acoustic stimuli, certain smells
2) Intraoral stimuli - tactile irritation

D. Iatrogenic factors: poor execution of intraoral procedures, careless technique and temperature extremes of instruments.

40-017b. Conny, D.J. and Tedesco, L.A. The Gagging Problem in prosthodontic Treatment, Part II: Patient Management. J Prosthet Dent 49:757-761,1983.
Management procedures
A. Clinical techniques:
1) Surgical - shorten and tighten the soft palate, removal of the uvula
2) Prosthodontic - impression wax, marble technique 
3) Radiographic - fast-speed film, preset timer, moisten film pack, cool water rinse
4) Psychologic - divert the patient's attention - conversation, counting, reading aloud, holding leg in the air

B. Prosthodontic management: avoid excess thickness, overextension, and inadequate postdam, smooth surface vs matte finish, interocclusal distance, intramucosal inserts

C. Pharmacologic measures:
1) Peripherally acting drugs - topical/local anesthetics, alcohol injection, common table salt
2) Centrally acting drugs - antihistamines, sedatives and tranquilizers, parasympatholytics, and CNS depressants; (Valium, Phenergan, Nisentil, Tigan)

D. Psychologic intervention:
1) Hypnosis
2) Behavioral therapy 

Summary: The gag reflex is a complex physiologic phenomenon. The causes as well as the associated management techniques are patient specific. The quality of dental treatment for the problem gagger depends on the clinician's effective management of the reflex.

