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FIXED PROSTHODONTICS REVIEW

DIAGNOSIS AND TREATMENT PLANNING CONCEPTS

Diagnosis- A data collection process used to identify an existing diseased or abnormal condition, to investigate the condition and determine its cause. It is based on the gathered diagnostic information. 

Prognosis- A prediction of a probable development and outcome of a disease. It involves subjective probability and can be formulated using frequencies along with clinical experiences and evidenced-based clinical studies.

ELEMENTS OF A DIAGNOSTIC WORKUP

RECOGNITION OF NORMAL vs ABNORMAL

I .History 

                -Personal

                -Dental

                -Medical  ( medications, drug interactions)

Systemic diseases: 

a. Cardiovascular and pulmonary disease- may limit treatment appointments

b. Diabetes mellitus- if uncontrolled,  there will be a poor response to tissue trauma involved with periodontal treatment, impression making and crown delivery.

c. Scleroderma- restricted mouth opening

Smoker- can have an effect on periodontal treatment and tissue healing and ultimate prognosis.

I. Psychological assessment-  Philosophical, Exacting, Indifferent, Hysterical 

-Patient’s attitude, expectations, previous dental experiences and cooperation need to be considered. 

- EFFECTIVE COMMUNICATION-   What is the patient’s chief complaint.? “Let us meet the mind of the patient before we meet the mouth”   M. M.  Devan

II. TMJ evaluation-  A prerequisite to fixed prosthodontic treatment is a healthy joint and supporting skeletal musculature. Signs of TMD, parafunctional habits, bruxism and pain must be addressed before irreversible procedures are initiated. 

SYMPTOMS OF TMD – 

                        1.  Masticatory pain

                        2.  Acute malocclusion 

                        3 . Limited excursive movements   

                        4.  Joint crepitus

                        5.  Deviation upon opening

                        6.  Pain upon apexification of the condyles

TMD is a neuromuscular skeletal disorder. The relationship between TMD and muscle parafunction (bruxism), tooth attrition and stress is not entirely clear. A patient with bruxism or attrition does not necessarily have TMD. A TMD patient may or may not have bruxism or attrition. Muscle relaxation or stabilization splints are valuable conservative therapy in addressing myospasms and parafunctional habits.

EXTRA ORAL PALPATION- The masseter, temporalis, trigger points of pain and joint capsule inflamation are discernable from palpation. 

FUNCTIONAL EVALUATION OF MUSCLES FOR PAIN- You can not adequately evaluate the superior, inferior or medial lateral  pteryergoids for myositis via palpation. ( Johnstone- “The feasibility of palpating the lateral pterygoid  muscle” :  JPD 44:3: 318, 1980. Okeson (3nd Edition): “Management of Temporomandibular Disorders and Occlusion.” pp. 245-250.)

Functional manipulation by muscle:

MUSCLE
CONTRACTING
STRETCHING 

Inferior lateral pterygoid
Protruding against resistance, increases pain
Clenching on teeth, increases pain. 

Clenching on seperator, 0 pain

Superior lateral pterygoid
Clenching on teeth, increases pain

Clenching on separator, increases pain
Clenching on theeth, increases pain

Clenching on separator, increases pain

Opening mouth , no pain

Medial pterygoid
Clenching on teeth, increases pain.

Clenching on separator, increases pain.
Opening mouth, increases pain

Functional manipulation by activity:

Activity
med. Lat. Ptery.
Inf. Lat. Ptery.
Sup. Lat. Ptery.
Intracapsular Disorder  

Opening Wide
Pain increases
Pain increases slightly
No pain
Pain increases

Protruding against resistance
Pain increases slightly
Pain increases
No pain
Pain increases

Clenching on teeth 
Pain increases
Pain increases
Pain increases
Pain increases

Clenching on separator (unilaterally)
Pain 
No pain
Pain increases
No pain

Protruding against resistance with unilateral seperator
Pain increases slightly
Pain increases
Pain increases slightly (if clenching on unilateral separator)
No pain

                                                                                                      * Okesson

RANGE OF MOTION

Excursive movements- full range vs. limitations and tightness

Limitations-Normal range of  mandibular maximal opening when measured     interincisally is 53-58 mm. A restricted opening is less than 40mm
Deviations/ Deflections- path of the midline of the mandible upon opening. 

Hard endfield = discal problem. Soft endfield = muscular problem
III.  OCCLUSAL  EVALUATION

     Best evaluated on accurate articulated casts- the best view of the dentition

Look for evidence of facets, wear, erosion, abfraction and abrasion- possible etiology could include chemical, mechancial or occlusal stresses.

Look for crepitus/mobility  of teeth intraorally- effect on perio attachment loss

Anterior guidance or posterior guidance?- Angle’s classification, anterior wear or plane of occlusion interferences.

Evidence of bruxism, faceting or parafunctional habits- resulting muscle spasms, have an effect on tooth  stability and periodontal success.

Note the Angle classification and it’s potential impact on the forces of occlusion.

IDEAL  FIXED PROSTHONTIC  OCCLUSION  GOALS:

-Simultanious stable stops on anterior and posterior teeth at VDO 
-Disclusion of all posterior teeth in excursive movements - absence of harmful horizontal forces on the teeth.
-Anterior/Canine guidance  - “the mechancial advantage”-  Class I Lever  vs. Class III Lever

-Plane of  Occlusion - “normal curve of Spee”- look for extruded teeth.
-Long centric- non-locking cusp arrangement

-Anatomical tooth forms- proximal contours  and inteproximal contacts

-Opposing restorative materials of a similar nature 

INTERARCH  RELATIONSHIPS

Angle classification and cross-bites- Impact of forces on the dentition and planned prosthesis.

Vertical dimension of occlusion- Critical in determining space for adequate tooth preparation and  restorative materials.

Centric relation-centric occlusion- Note protrusive and excursive slides and possible effect on vertical dimension.

Tooth contacts in eccentric movements- Need to direct forces along the long axis of the teeth to promote periodontal health.

Vertical and horizontal overlap of teeth- Determines the amount and timing of disclusion.  

BIOMECHANICS:   LEVER SYSTEMS
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Class I   Lever- “the see- saw”-        WORK__r 1___   FULCRUM__r 2___   FORCE 

Class II  Lever- “the wheel-barrel”-  FULCRUM_____WORK_____FORCE

Class III Lever   “the nutcracker”-     FULCRUM_____FORCE_____WORK

WORK  x  r 1   =  FORCE x  r 2  (the closer the work is to the fulcrum, the greater will  be the load that can be lifted by any given force)

The Class I Lever delivers the most destructive forces and should be recognized and avoided.

The Class II and III Levers are less destructive and are representative of the human    

stomathognathic  system. Class III levers generate 4 X the WORK at the molar region   

than the anterior incisal region. 

CEPHALOMETRICS  AS  A  DIAGNOSTIC  TOOL  IN  PROSTHODONTICS

Frankfort mandibular plane angle and its relationship to Class I, II, and III  Angle occlusions:

Normal FM Angle= 25 degrees = +/- 5 degrees ---Angle’s Class I occlusion 
Low  FM angle= < 20 degrees---  Angle’s Class III occlusion-   increased forces
High FM Angle= > 30 degrees---  Angle’s Class II occlusion-   decreased forces

Dipietro- “Significance of the Frankfort-Mandibular Plane Angle to  

Prosthodontics”. JPD 36:624, 1976

Dipietro- “A study of Occlusion as Related to the Frankfort Mandibular Plane Angle”.   

      JPD 38(4): 452, 1977  

      Chaconas- “A Cephalometric Technique for Prosthodontic Diagnosis and Treatment 

      Planning”.  JPD 56(5): 567, 1986

There is a definite relationship between FM Angles and naturally occurring occlusal relationships. This should not be the sole determinant of an occlusal scheme but aid as a guide to interpret and manage and design occlusal treatment.
Low FM Angles correlate with increased forces and canine protected occlusions. High FM Angles correlate with decreased forces and  group function occlusions.

INFLUENCE  OF  THE  FRANKFORT  MANDIBULAR  ANGLE:

CLINICAL  CHARACTERISTIC
HIGH  FM  ANGLE  
LOW  FM  ANGLE

BITING FORCE
Decreased     
Increased

MUSCULAR  LINE  OF  FORCE 
Arced
Vertical

MOLAR TO ELEVATOR  MUSCLE  RELATIONSHIP
Anterior to the line  of  force 
In line  with   forces

MASTICATORY  MUSCLE  SIZE
Decreased
Increased

MANDIBULAR  BONEY  PROCESS
Decreased
Increased

TOOTH  SIZE
Increased
Decreased

ABRASION POTENTIAL
Decreased
Increased

TOOTH  ERUPTION
Complete
Incomplete

VERTICAL  DIMENSION  OF  OCCLUSION
Not critical
Critical

LONG  FPD’S  AND  CANTELEVERS
More  favorable
Less  favorable

COMPLETE  DENTURE  STRESS  TO  THE  RIDGE
Decreased
Increased

COMPLETE DENTURE  FRACTURES
Increased
Decreased

ALVEOLAR  HEIGHT
Increased
Decreased

PALATAL  VAULT
High and Narrow
Broad and Flat

BUCCAL VESTIBULE
Deep
Shallow

MUSCLE  ATTACHMENT
Base of  the  Ridge
Crest  of  the  Ridge

ZONE  OF ATTACHED  GINGIVA
Increase
Decreased

FACIAL  PROFILE
Convex
Concave

DENTITION  STABILITY
Mesial Drift
Stable

FORCE  ON  THE  PROSTHESIS
Anterior
Vertical

RESIDUAL  RIDGE  RELATIONS
Divergent
Parallel

TONGUE  THRUST
Prone
Unlikely

GLENOID  POSITION (* affects the landmarks used in  of  the arbitrary hinge axis location)
Superior and Posterior
Anterior and Inferior

IV. INTRAORAL  SURVEY

ABUTMENT  EVALUATION

Periodontal Prognosis:

     Treatment planning for fixed prosthodontics will occur either before periodontal treatment is initiated or after it’s completion. It is preferable, as the restorative dentist, to be involved with the periodontist as early as possible in order to determine a periodontal diagnosis, extent of treatment and eventual prognosis. The choice of which teeth to retain and which teeth will be used as abutments must be carefully considered, since they will be expected to withstand increased load. As a  general guideline, periodontally involved teeth should have a minimal 5 year prognosis in order to be useful in an overall prosthodontic treatment plan.

Determining a prognosis for periodontally involved teeth is multifactorial and can be difficult. The nature of specific pathogens, host resistance and the patient’s genetic makeup are new variables that are not well understood and have an impact on diagnosis and prognosis of periodontal disease. The extent of that impact is currently unclear. Historically, we have used clinical factors, which are mostly anatomical, to develop a prognosis on periodontally involved teeth and their ultimate role in a prosthodontic treatment plan. (McGuire, JPerio: 67:7:658-661.)

The periodontal literature describes various prognoses for periodontal disease they are as follows:

Good Prognosis (one or more of the following): Control of the etiologic factors and adequate periodontal support as measured clinically and radiographically to assure the tooth would be relatively easy to maintain by the patient and clinician assuming proper maintenance.

Fair Prognosis  (one or more of the following): Approximately 25% attachment loss as measured clinically and radiographically and /or Class I furca involvement. The location and depth of the furcation would allow proper maintenance with good patient compliance.

Poor Prognosis (one or more of the following): 50% attachment loss with Class II furcations. The location and depth of the furcations would allow proper maintenance, but with difficulty.

Questionable Prognosis (one or more of the following): Greater than 50% attachment loss resulting in a poor crown-to-root ratio. Poor root form. Class II furcations not easily accessible to maintenance care or Class III furcations, 2+ mobility or greater. Significant root proximity. Pocket depths 6-8mm.

Hopeless Prognosis: 75% loss of the supporting bone. Inadequate attachment to maintain the tooth. Pocket depths 8-10mm or greater, Class III furcation involvement, hypermobility, poor crown to root ratio, severe root proximity with adjacent tooth , history of repeated periodontal abscess formation.

Factors at the initial examination that were found to worsen the 5 year prognosis are:

Deep probing depths

Severe furcation involvement

Malpositioning of a tooth

Unsatisfactory root form

Endodontic involvement.  

Smoking and diabetes doubled the likelihood of the prognosis worsening  at the 5 year mark. 

(McGuire, JPerio; 67:7:658-661,  1996,  Ghiai, JDent Res 73(Spec. Issue)164 (Abstr. 

499), 1994,  Becker: IJPR Dent4(2): 54-71 1984,   Hirschfeld: JPerio 49:225-237, 1978) 

The decision to restore or extract a mutilated tooth is based upon:

1. The crown root ratio after the tooth is restored

2. The position of the tooth in the arch relative to its strategic value

3. Predictability of treatment procedures and the clinician’s ability to execute them

4. Esthetics

5. Whether the periodontium or adjacent teeth will be compromised as a result of periodontal surgery which may produce an unsatisfactory anatomic deformity in the involved area

6. The ability to maintain the periodontium in a state of health after the restorative procedures  (Ingber Alph Omegan 70: 62-65,1977)  

7.   Alveolar Ridge Preservation: Prolonged retention of  teeth that maintain an active     

      inflammatory response in the attachment apparatus, especially in the radicular areas,  results   

      in unnecessary loss of buccal bone and the eventual creation of a deformity in    the ridge that 

      could have been prevented or lessened by earlier removal. 
PERIODONTAL FACTORS TO CONSIDER IN FIXED PROSTHODONTICS:

-BLEEDING AND PURULENT EXUDATE:  Clinical indicators of disease activity

-PROBING DEPTH: Greater than 4 mm or the ability of the patient to maintain the sulcus

-AMOUNT OF RECESSION:  Relationship of the gingival margin to the CEJ. This measurement puts in perspective the amount ascertained from probing depths. 

-ATTACHMENT LEVEL: The relationship of the CEJ to the bottom of the pocket. This measurement, when viewed  in relation to the AMOUNT OF RECESSION, describes the attachment level loss.

TOOTH  MOBILITY

This is the most critical clinical parameter in accessing diagnostic and prognostic considerations, regardless of tooth type. Some mobility is normal and may vary during the day. Pathologic mobility has several principal causes:

a. Gingival and periodontal inflamation

b. Parafunctional occlusal habits

c. Occlusal prematurities

d. Loss of supporting bone

e. Traumatic torquing forces applied to clasped teeth by removable partial dentures

f. Periodontal therapy, endodontic therapy, and trauma.

g. Crown to root ratio

Measurement of tooth mobility is measured by applying force buccolingually between two dental instrument handles. Mobility is usually graded as 1,2,or 3 (Miller’s classification)

Grade 1= first distinguishable sign of movement greater than normal

Grade 2= total movement of 1mm

Grade 3= total movement > 1mm in any direction and /or is depressible.

     The amount of remaining alveolar bone support is clinically important, since it determines the capacity of the remaining attachment apparatus to reverse existing tooth mobilities. Mobility can cause deleterious histological changes to the periodontal ligament. In teeth with compromised amounts of the quality and quantity of alveolar bone the tension and pressure forces of tooth mobility cause atrophic, degenerative and necrotic changes in the periodontal ligament. When a tooth approaches a 50% attachment loss, the resulting forces create a Class I lever action, and the prognosis for such a tooth would be classified as POOR.  Success in controlling mobility depends on the ability to reverse these degenerative changes. The amount of alveolar bone support provides a viable zone of periodontal tissue that maintains a source of healthy tissue for repair and regeneration of the traumatized tissue one the traumatizing force is dissipated. The remaining amount alveolar bone is calculated by relating the amount of attachment loss to the remaining amount of root length or remaining root surface area in alveolar bone. A radiograph can determine root length and root morphology. Examples of typical root lengths and surface areas. can be derived from  dental anatomy texts. As a general guideline, a tooth with up to a 25% attachment loss would be classified as having  a FAIR prognosis.

Evaluating the degree of mobility and it’s impact on the prognosis for single rooted  teeth is less complicated than multirooted premolars and molars due to root   morphology, number and furcal areas. 

     Additionally, consider the role of a periodontally involved tooth. Will it serve as an   abutment for a fixed partial denture or RPD? If so, it will be required to withstand  additional forces and their resultant stresses. 

WIDTH OF KERATINIZED GINGIVA:  2 mm or greater of keratinized tissue is recommended to prevent chronic irritation around crown margins, especially if the restoration margin is at or below the gingival crest.  ( Lang, Loe: “The relationship between the width of keratinized gingiva and gingival health.” JPerio 43:623-627, 1972). 
BIOLOGIC WIDTH-  Approximately 2mm from the bottom of the gingival sulcus to the alveolar crest. 1mm is  junctional epithelium and 1mm is connective tissue. (Gargiulo: JPerio 32:261, 1961.) 

     When a restoration or a finish line is >2mm below the marginal gingiva and less than 1mm from the epithelial attachment, surgical crown lengthening is recommended to prevent violation of the biologic width. (Bowley: “Management of the Gingival Sulcus in Fixed Prosthodontics: A Literature Review and Treatment Protocol”. Compendium 19:2 154-162)

       A 3mm distance is recommended between the finish line of a preparation or final margin of a restoration and the alveolar bone. (Ingber: The Biologic Width- A Concept in Periodontics and Restorative Dentistry.  Alpha Omegan 70:62-65,1977) 

THE NEED FOR CROWN LENGTHENING
Purpose:

1. Improved esthetics

2. Correct occlusal plane

      3.
Marginal integrity

      4.
Structural durability

      5.
Adequate resistance and retention form

      6.
Maintain the biological width                     

THE NEED FOR FORCED  ERUPTION:

Advantage: Improves the crown-root ratio, better suited for the esthetic zone than crown lengthening.

Disadvantage: As the tooth is erupted a smaller diameter root cross section is placed  in the same fixed mesial distal space which requires attention to avoid overcontoured    margins on the final restoration. (Ingber: Jperio: 47:203-216, 1976, Ivery JPD: 43:401:1980)

TIMING OF PREPARATION AFTER PERIODONTAL SURGERY:

If there are not esthetic considerations and the periodontium is thick, 8 weeks after surgery. If the surgery is in an esthetic area, or the periodontium is thin, 20 weeks after surgery. Variables are medical condition (ability to heal), nicotine intake, age of the patient, location of the surgery. (Wise: JPD 53:20-23, 1985,  Dowling: JPros: 3: 172-177, 1994) 

MARGIN LOCATION:
Supragingival placement is recommended. Subgingival margins can be successful with exacting fit and finish. Subgingival margins are associated with plaque related periodontitis because of improperly finished margins, insufficient attached gingiva, violation of the biologic width and improper emergence profile. (Richter and Ueno: JPD: 30: 156-161, 1973, Gardner: JPD 48:396-400,1982, Reeves: JPD 66:733-736, 1991)

Indications for subgingival margins:
            1.   caries

2.
pre-existing restorations

3.
esthetics

4.
root sensitivity

5.
cervical erosion

6.
root fracture

MARGIN PREPARATION:

Preps cut without retraction cord resulted in extensive damage to sulcular epithelial and connective tissue. Placement of retraction cord prior to tooth reduction results in minimal damage to the gingival complex. The cord shields the soft tissues from the bur. The tissue needs to but moistened before removal of the second retraction to prevent bleeding. Excessive damage to the gingival complex occurred when a cord was placed after the preparation. It is recommended that the final impression not be taken at the same appointment as the prepartion . (Dragoo: Periodontal tissue reactions to restorative procedures. IJPerioProsDent 1:8-23, 1981,  Shavell: Mastering the art of tissue management during provisionalization and biologic final impression. IJPRDent 8:24-43,1988)

FURCATION INVOLVEMENT:

Periodontium destruction of the intraradicular area of molar teeth. 

Diagnosed with a Nabors probe and periapical x-ray

Maxillary molar with extensive pocket depth of 5 mm or more on the mesial, distal or midfacial aspects should be suspected of having furcation involvement. 

Mandibular molars with extensive midfacial or midlingual pocketing should be suspected of having furcation involvement.

Classification:        Grade  I   - incipient defect (<1mm into furca)

                   Grade  II  - moderate involvement (> 1mm and < 3mm, not through  

                                                  and through  

                   Grade  III  - soft tissue covering, through and through communication

                   Grade  IV – through and through no tissue coverage 

     The presence of furcation involvement complicates treatment and is a major factor in predicting the prognosis for molar teeth to be used as fixed prosthodontics abutments. The degree of severity and the ability of the area to be maintained by the patient are major concerns. Generally, mandibular molars have the best prognosis, followed by mandibular second molars and maxillary first molars. The prognosis for premolars considered poor, even when there is only moderate furcation involvement. The possibility of new attachment in the furcation area, with or without osseous grafting, is not a highly predictable procedure. With the advent of guided tissue regenerative procedures, success in treating these areas 

may be improved.  

CROWN CONTOURS- undercontouring is better than overcontouring,a 0 degree or concave emergence profile of crowns is endorsed. (Stein, Kuwata; DCNA 1977; 21:729-749) 

EMBRASURE DESIGN- A factor that is critical to hygiene, esthetics and strength of the connectors in fixed partial dentures. There are consequences for altering the dimension of a fixed partial denture connector to facilitate adequate biological health. When a connector for a fixed partial denture is reduced to one-half its original width the resistance to deformation is likewise 

decreased by one half. When the height of the connector is reduced by one half,  it has one-eighth the strength of the original connector. This concept is an example of the Law of Beams.. (Miller; DCNA; 21:699-716). 

*As an alternate to weakening a fixed partial denture embrasure connector, consider using a stiffer alloy that can be waxed and cast in a smaller dimension and maintain adequate strength 

TOOTH FORM AND CONDITION

Tooth  Height Requirements: 

The height requirement for tooth preparation in fixed prosthodontics is dependent upon:

tooth type i.e. incisor, canine, premolar or molar

tooth morphology

preparation taper

location of the tooth in the arch

the relationship between the final crown height and preparation height

the amount of space between the prep and the crown for the dental cement. 

Why Do Crowns Fail ? The Relationship Between Tooth Height, Taper,  

Resistance  Form, Caries And  Dental Cements.

Reasons for failure:

Caries-  a.  Patient’s lack of oral hygiene skills

               b.  Patient’s oral hygiene is adequate, prosthesis lacks hygienic design

Loss of retention-  Prosthesis lacks resistance form. This causes disruption of the  

cement seal and subsequent caries.  

Are non-retentive restorations due to caries or are caries  causing restorations to be non-retentive?

Our goal is to make a prosthesis that will be both retentive, yet resist dislodging forces. Sufficient resistance form in crown preparations is more critical to the success of crowns or fixed partial dentures than retention. ( Captuo, Standlee: Biomechanics in clinical dentistry. Chicago; Quintessence; 1987). Resistance form is the ability of prosthesis to resist lateral tipping forces, which are the types of forces encountered in the chewing motion. Tipping forces can potentially break the seal between a retainer and the  

preparation, which can cause failure of the restoration via dislodgment or caries. 

     The literature is helpful in providing some suggestions on preparation dimensions. Maxwell suggests that the minimum height needed for retention and resistance form for full veneer crowns prepared with a 6 degree taper is 3mm.. (Maxwell: Effect of crown preparation height on the retention and resistance of gold castings. Gen Dent 1990: 38: 200-202.). Kaufman, provided information that anterior teeth require about 6mm of vertical height for adequate retention.( Kaufman: JPD 1:487: 1961.). Wiley claims that posterior teeth require about 4mm of tooth height for retention with pin and grooves.  (Wiley: JPD: 35:526:1976). These articles are based on bench top studies which tested to catastrophic failure and did not account for cyclic cumulative forces as seen in an invivo situation. 

     The ideal taper for preparations is 6 degrees.  ( Jorgensen: Acta Odont Scand 1955; 13;35-40, Wilson: JPros 1994; 3:74-78). In reality this amount of convergence is rarely achieved, especially in the molar region, where location, access, the need for parallelism of abutments and the proximity of adjacent teeth make it virtually impossible to prepare a tooth to this degree of taper. Studies have demonstrated that the average taper of preparations is closer to 20-25 degrees. (Norlander: JPD 1988; 60: 148-151, Noonan: JPD 1991; 66:706-708).

     Parker et.al quantified resistance form as an “all or none” phenomenon, which took into account taper, height and diameter as critical variables. As shown through his geometric derivation, there is an important relationship between the taper and the height to base ratio of tooth preparations. In general, anterior tooth preparations have a larger height to base ratio. Premolars have a height to base ratio that is roughly equal. Molar preparations and “short/worn teeth” are in a situation where the base is greater than the height. This height to base ratio becomes critical to achieving adequate resistance form when the minimally accepted taper for a preparation is exceeded. (Parker: JPD 1988; 59:281-288). 

The minimally accepted taper has been calculated to be roughly:

30 degrees  for anterior teeth, 

10 degrees  for premolars 

8 degrees for molars.- with a minimum of .40 height/ base ratio   

(Parker: JPros 1993; 2:61-66)

      If the preparation height, diameter or side length can not be:

· increased

· the taper can not be reduced (or is greater than the ideal) 

· the relationship between the taper and height to base ratio is inadequate

then,  the preparation design needs to be modified with grooves or boxes to enhance it’s resistance form. This will limit the crown’s movement on the preparation and ultimately preserve the cement seal. If the cement seal is broken, caries initiation can result. To resist buccal- lingual forces, grooves or boxes should be placed on the mesial and distal of the preparation. In order to resist mesial – lingual force, boxes or grooves should be placed on the facial and lingual of the preparation.  (Weed: JPD 1984; 52:330-334, Parker: JPD; 66:730-733,  Woolsey: JADA 1978 97: 978-980)

Axial Alignment- Wll endo or ortho be required?. Influence on prep design. If the long axis of the tooth is > 25 deg. From parallel, tooth preparation may encroach upon the pulp. Additionally, forces will not be centered down the long axis of the tooth.

Root Proximity- Root position can complicate perio treatment, tooth preparation and hygiene maintenance if they are too close together. Orthodontic movement or root resection are possible solutions.

Caries, Degree of Destruction - Will a buildup be required? Are there caries under the existing restoration?

Quality of Existing Restoration- Consider occlusal contacts, margins, contours and reason for failure of restoration. Is the current restoration adequate? Is there recurrent caries under the existing restoration? It is recommended that existing restorations be removed to ensure that there are no recurrent caries or direct/indirect pulp caps.

Existing Occlusion-  Consider the effects of the following: natural, fixed, implant, RPD, denture, periodontally compromised, anterior/canine guidance, group function. The occlusion will effect the choice of prosthesis and the prognosis of the restoration.

Restorative Material- (porcelain, metal, enamel, amalgam and potential for wear )

Wear  -Generalized, localized facets, cervical lesions, functional , parafunctional , attrition, abfraction and abrasion and erosion. What is the etiology? Is it parafunctional, chemical (i.e. food, chewing tobacco, work enviorment), gastric reflux, bulemia, bruxism, lack of anterior guidance? ( Grippo. J Estet Dent 1992;55-64, Lee: JPD: 75:5: 487-494)

PONTIC SPACE

Will there be adequate room for an esthetic pontic? Alternatives are to increase the proximal contours and eliminate the pontic, use orthodontics to increase the space or maintain a diastema as is. Small pontics are not advantageous as they promote food and plaque traps.

Tooth size discrepancies and the anterior diastema situtation- to determine whether closure will be possible through orthodontic procedures or restorative procedures consider using a diagnostic wax-up or  a method of predetermining orthodontic success by way of measuring the sum of the mesiodistal widths of the maxillary incisors and cuspids and the mandibular counterparts, and comparing them to established guidelines. ( The Bolton Index). ( Anterior Tooth Site Analysis: How to Determine Anterior Diastema Closure- IJPR 6:9-23; 1988). 

Alveolar Ridge Form- Defects, effect on pontic shape and size. Part of your diagnosis will be to determine if the alveolar ridge needs to be replaced by the fixed partial denture, augmented periodontally, or restored with a removable prosthesis vice fixed due the size /severity of the defect. 

DEFECT CLASSIFICATION:

Seibert Ridge Classification:

Class I- BL loss normal ridge height. 

Class II- loss of ridge height with normal BL ridge width. 

Class III- combination of  loss of  ridge height and BL width.( Siebert: “Periodontal considerations for fixed and removable prosthodontics.” DCNA 1987; 31:529-55).

Allen Ridge Severity Classification:

Mild- <3 mm

Moderate- 3-6mm

Severe- > 6mm

V. RADIOGRAPHIC SURVEY-  mental check-list

1. Root length and morphology                             8.  Overhangs

2. Clinical crown-root ratio                                   9.  Root fractures

3. Approximate amount of bone destruction         10. Caries

4. Widening of the periodontal ligament               11. Root resorption

5. Advanced furcation involvement                       12. Root proximity 

6. Periapical pathosis                                              13.  Adequacy of root canal obturation

7. Calculus

Radiographic Evaluation- 

Crown/root ratio (1:1 is minimal, 1:1.5 is better , 1:2 is best) – also consider if the tooth is multirooted or conical, the Angle classification and the opposing occlusion- denture? RPD?, natural dentition ?, implant? 

Root length, root form, PDL area of potential abutments (Ante’s Law)- it’s not really a “law” but merely a suggestion. Surface area of abutments should equal or exceed the PDL of teeth to be replaced.
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Consider that an abutment tooth is being called upon to support itself as well as share the occlusal load of the pontic teeth. 

Pontic Length And Number  

Edentulous span length- the Law of Beams (deflection of an FPD is proportional to the cube of its length. Force on one pontic = Dist., same force on 2 pontics= 8xDist., same force on a 3 pontic FPD= 27xDistance. This will influence prep design, number of abutments, and the design of FPD connectors)
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Intermediary Abutments-  Potential class I levers. Need for non-rigid connector or the use of a cantilever design.  
Arch form- lever arm length of pontics to the fulcrum line. Counterbalance retention must be provided to offset the lever arm length.  Retention on additional teeth should extend at least as far behind the fulcrum line as the pontic are located head of the fulcrum line.  ( rationale for double abutting ).

Cantilevers

Limited uses. Creates a  class I lever system. 

Improving the prognosis of cantilevers:

-the number of abutments should be increased and the number of pontics decreased (requires at -least two abutment teeth except when replacing a maxillary

lateral incisor off of a canine)

-the abutment need long roots and acceptable alveolar support

-the abutments require adequate length and parallel axial walls.

-requires an equilibrated, harmonious occlusion

-requires excellent oral hygiene
-contraindicated for endodontically treated abutments.

-all metal prosthesis has a better success rate than porcelain fused to metal

-rigid alloys preferable

-use cements with the highest tensile strengths
(Ewing: :JD 7:78-92: 1957, Wright JPD 42:411-16: 1979, Wright:JPD 55:542-5:   

1987, Randow: Acta Odontol Scand 44:271-7: 1986,)

VI. ENDODONTIC  EVALUATION

Tooth Vitality 

Pulpal health- pulp testing of abutments. - consider pulp size, age of the patient, treatment history of tooth ( pulp caps)  before you prepare the tooth. It is suggested that ALL teeth with direct and indirect pulp caps should be endodontically treated before utilization as a fixed partial denture abutment. 

“Stressed pulps” are more prone to developing pulpal disease after prosthodontic treatment.

Incidence for endodontic treatment in Fixed Prosthodontics:

Incidence for endodontic treatment is 3-21%. Fixed partial dentures and complex prostheses had higher incidence rates than single crowns. Higher rates are probably due to the need for greater tooth reduction to align multiple abutments.

Teeth with deep carious lesions 

Teeth with bone loss exceeding 1/3 of the root 

50% of pulpal problems occur 7-12 years from crown/fixed partial denture delivery (Bergenholtz: Jperio 1984; 55:63-68)

Requirements for good endodontic prognosis:

· Good apical seal ( at least 4-5 mm of gutta percha remaining in the canal)

· No sensitivity to pressure

· No exudate

· No fistulas

· No apical sensitivity

· No active inflammation 

Treatment Planning Considerations:

· Tooth location in the arch- anterior, posterior, mid-ships

· Root morphology- influence on type and shape of post

· Degree of coronal destruction- will a core buildup or custom core be required?

· Amount of occlusal stress- Angle classification, FPD or RPD abutment

· Alveolar bone support- potential for Class I lever action- The post length should be at     least ½ the length of the root contained in the remaining radiographic bone

· when possible. (Jacoby: J Pros Dent: 1976;35: 357-360)

· Degree of lateral forces-  does the core material have sufficient “stiffness”  (Gorig: JPD 49:3:340-345) 

· Type of post design, if required. Consider an amalgam core buildup in premolar and molars when there is a chamber height of 4mm or greater.

THE NEED FOR CROWNS: 

Coronal coverage crowns did not improve success of endodontically treated anterior   

teeth. Success of premolars and molars improved with coronal coverage crowns.

PURPOSE OF A POST:

Posts do not reinforce endodontically treated teeth. The purpose of a post is to retain   

a core. Posts are not necessary when substantial tooth structure is present after teeth  

have been prepared. 

REASONS FOR FAILURE:

Post failure is usually due to loosening or tooth fracture. It is theorized that this could  

be due to excessive forces on the crown, which in turn breaks the cement seal. The  

ferrule effect, stiffness of the core material and proper prep design should be  

carefully considered when restoring endodontically treated teeth. Endodontically   

treated teeth have a higher failure rate due to loss of tooth structure from caries  

previous restorations, alveolar bone loss and stresses from RPDs and FPDs.

POST DESIGN:

Threaded posts are the most retentive and most destructive post designs ( they will  

cause fractures) , parallel sided posts are the next most retentive over tapered posts.  

Tapered post designs can cause wedging effects and subsequent fractures in the root.  

3-10% of post and core failures are due to root fractures. 

FERRULE EFFECT:

The ferrule effect (cervical bevel of 1-2mm) on remaining coronal tooth structure of a  

tooth restored with a post and core will decrease fracture resistance and it is theorized  

that it will prevent fracture of the cement seal due to lateral forces.   
Posts must have a similar  modulus of elasticity to that of dentin (18 Gpa) to reduce stress pm the root. A high modulus of elasticity prevents distrotion of the definitive restoration at it margins and subsequent breakdown  of the luting cement. ( Sorensen; Rationale and clinical technique for esthetic restoration of endodontically treated teeth with CosmoPost and IPS Empress Post System. QDT 1998; 21: 81-90)

POST LENGTH-  Some quoted guidelines: post equal to the length of the crown, 2/3 the root, 3-5 mm of remaining gutta percha, at least 1/ 2 the post in the remaining alveolar bone.   

VII. ESTHETIC/PHONECTIC EVALUATION

Selection of tooth form and shade-  The diagnostic appointment is an excellent opportunity to decide on form and shade in order to pre-processed provisionals of a compatible color. Also, if a treatment partial denture or removable partial denture prosthesis is planned, choose the shade of the denture tooth before selecting the porcelain shade in order to obtain better shade uniformity of the entire dentition.   

Vertical tooth position- relationship between the incisal edge of the maxillary incisors to other facial landmarks. As one ages, less maxillary incisal edges is shown and more mandibular incisal edge is shown. The esthetic ideal is exposure of the entire central incisor and 1mm or less of gingiva when a patient smiles. 

The “Gummy” Smile

     Patients who present with the “gummy” smile often display short lip lines and or more than 3mm or more of gingiva during a relaxed smile. In order to diagnosis and treatment plan these patients the following must be evaluated:

location of CEJ

evaluation of incisal edge position in relationship to the lips

the incisal occlusal plane 

the posterior occlusal plane. 

     Treatment will involve exposure of additional tooth structure if there is redundant gingival tissue.  If the patient’s entire length of crown is exposed the incisal and posterior occlusal planes need to be evaluated. If they are both at the same level the cause of the problem may be vertical maxillary hyperplasia. This is an over growth of the maxilla vertically. In these situations, orthognathic surgery may be required to reposition the entire maxilla. If there is a two tier incisal and posterior occlusal plane, the problem may be corrected by orthodontic intrusion of the maxillary anterior teeth. Treatment of these patients later in life may require a combination of orthognathics, orthodontics and restorative dentistry. 

Esthetic Margin Placement  

Margin placement as related to esthetics-  “smile line”, amount and location of tooth exposure in the esthetic zone will influence your choice on restoration type, margin design and margin placement. In the maxilla, gingival margins did not show in 44% of the canines, 34% of lateral incisors and in 50% of central incisors!!  In the mandibular anterior teeth  the gingival area did not show in 51- 65% of the patient population. !! ( Crispin- “Marginal placement of esthetic veneer crowns. Part I : Anterior tooth visibility.” JPD 1981; 45(3): 278-282.) 

E.    INDICATIONS  FOR COLLARLESS METAL‑CERAMIC RESTORATIONS
· For patients with thin, finely textured gingival tisssues. Supragingival finish line with less risk of tissue trauma.

· Patients with a high smile line or thin teeth. No cervical band of metal. Increased bulk of porcelain in the cervical third.

· Teeth with exposed root surfaces or an alignment that will not permit the preparation to be extended beneath the gingiva.

· In clinical situations where gingival recession is likely  (young patient or  patient with prominent maxillary canines).

Interpupillary line- needs to be parallel to the incisal plane and posterior occlusal plane. If they are not parallel but are symmetrical to each other asymmetrical skeletal growth has occurred in the condyle. This in turn results in unilateral eruption of maxillary teeth. 

Midline evaluation- relation between papillae and philtrum.

Evaluation of provisional restorations- very important information gained on phonetics, esthetics, occlusion, patient acceptance, useful information for the laboratory.

Phonetics- tooth position/ incisal edge position are critical to vertical dimension determinations, esthetics and phonetics. Provisional restorations are a helpful diagnostic tool to make this determination with the required feedback of the patient. : ( Preston, Jack D. J. Prost. Dent. 35(4):393-401, Apr. 1976.)
VIII.   DIAGNOSTIC CASTS/ ARTICULATION

*AN ESSENTIAL PHASE OF THE DIAGNOSTIC PROSCESS

Allows good visualization of the arches in relationship to each other. (consider Angle classifications and cross-bites.) 

Allows evaluation of occlusion/malocclusion, anterior guidance, plane of occlusion discrepancies. 

The minimum required is a facebow transfer, a centric relation record and accurate casts articulated on a semi-adjustable articulator to simulate the clinical situation. A simple hinge articulator is not adequate to provide an accurate relationship between the arches. Consider arc of closure errors in the occlusion between the articulated casts and the patient. ( vertical and horizontal errors in cast articulation )

Weinberg- “An evaluation of the face-bow mounting.” JPD 11:32, 1961 and Zuckerman- “The geometry of the arbitrary hinge axis as it relates to the mandibular hinge axis theory.” JPD 48: 725, 1982

Clinical situations where a facebow transfer are indicated:

a. when using a centric relation record at an increased vertical dimension

b. when there is a lack of canine or anterior guidance

c. when preparing the terminal tooth (teeth) in a quadrant or arch

d. multiple missing teeth and mutilated occlusions

     The preliminary articulation and occlusal  analysis may reveal information that may require you to seek additional diagnostic information using  such items as a kinematic hinge axis locator, an axiograph, a pantographic or stereographic recordings and the use of  a more sophisticated articulator.  

Provides an opportunity to pre-plan all tooth modifications by way of equilibrating casts (as needed), evaluating and correcting plane of occlusion problems (discrepancies evaluated with a Broderick Occlusal Plane Analyzer.) 

Allows the clinician to make diagnostic preparations (this step may guide you in determining the minimum tooth height  required as well as the amount of  resistance and retention form of your preparations). 
Allows for the diagnostic waxing of the proposed treatment plan to envision the final product. ( Morgan-  “A diagnostic wax-up technique” JPD 1975: 33 (2): 169-77.) The diagnostic  wax-up can then be used to make provisional templates, preparation guides( e.g. PVS), or provisional restorations and record bases as needed.  

Treatment Planning:

A treatment plan is the logical sequencing of necessary treatment to restore what is missing while preserving and protecting what remains. It consists of a series of choices made by the clinician based on his or her diagnosis and the projected prognosis for the entire dentition. It should include prioritizing definitive adjunctive treatment such as caries control, oral surgery, endodontics, periodontics and oral surgery in order to correct pathology and create a more favorable environment prior to prosthodontic rehabilitation.  

A successful  Fixed  Prosthodontic treatment plan:

-uses the diagnostic information to understand the etiology of the problem 

-considers the biomechanical reasons for failure and success

-utilizes dental materials that have been adequately researched and developed

-employs treatment modalities which are “evidenced” based in the literature to provide an  acceptable prognosis   

-meets the esthetic and functional needs of the patient

-allows for proper maintenance of the prosthesis and the periodontium  

Is fixed, removable or implant prosthodontics  indicated?

 A fixed prosthesis is indicated whenever properly distributed and healthy teeth exist to serve as the abutments, provided that these teeth are capable of supporting an increased load.

-To treat or not to treat? All edentulous spaces may not need to be restored. The decision is based on the stability of the occlusion, loss of function, esthetics, and patient’s desires. 

-To refer or not to refer. Depends on clinicians experience, capabilities, and  knowledge. Need to treat to the standard of care.  

-The choice or restorative material must address the need to restore the functional  and esthetic requirements for each patient. 

-Advantages and disadvantages of amalgam and composite (lack of control over contours, occlusion, strength of material)

-Advantages and disadvantages of gold, non-precious alloys and ceramics

-Wear characteristics of materials against each other and against enamel.

-EVIDENCED BASED SUCCESS OF THE RESTORATIVE MATERIAL!

-Type of restoration- full coverage, partial coverage, veneers, metal ceramic, all ceramic, veneers, conventional fixed partial dentures, resin retained fixed partial dentures, cantilever restorations, use of non-ridged connectors. Choice is dependent on the role, position, condition and desired dimension of each prospective abutment tooth as well as one’s philosophy on restoring teeth.  

-Occlusal scheme-  anterior guidance, group function,  cusp to fossa . cusp to marginal ridge occlusion.

-The need to integrate fixed restorations with removable partial denture designs. 

-Eliminate modification spaces where it would be advantagous.

-Surveyed crowns, milled crowns.  Incorporating enough reduction in preparations to accommodate rest seats, cingulum rests, minor connectors, clasps etc.
PROGNOSIS:

Longevity/lifespan of restorations -  In general cast restorations will outlast complex amalgam.  Predictability of failure is difficult to forecast. Different studies draw conflicting conclusions.  Average lifespan of  fixed restorations are anywhere from 10- 21 years. Success depends on adequate diagnosis, caries control, as well as radiographic, clinical and laboratory quality control procedures. 

Mean length of service-  8.3 years.     

 Caries = most often cause of failure 24%

 Mechanical problems ‑ 69%

 Porcelain failure  5.7 years  17%

 Cementation failure  5.8 years  15%

       Poor esthetics  11%

2 unit cantilever had earliest replacement. 3.7 years

6 unit canine to canine had longest life.  10.4 years

Ceramic/metal retainer ‑ shortest life  6.3 years

( Maryniuk: “Longevity of restorations: Survey results of dentists’ estimates and estimates and attitudes. JADA 1986; 112:39356 , Walton: “A survey of crown and fixed partial denture failures: Length of service and reasons for replacement”.  JPD 1986; 56:416-421, (Linquist: “Success rate and failure for fixed partial dentures: After 20 years- IJP 11:2:98 133-138)

Success rate of fixed partial dentures over a 20-year period was found to be 65%. Reasons for failure: cariesl, loss of retention, esthetics, wear, periodontal disease (Linquist: “Success rate and failure for fixed partial dentures: After 20 years- IJP 11:2:98 133-138)

Less than 15% of fixed partial dentures were removed or in need of replacement at 10yeares; whereas , nearly one third were removed or in need of replacement at 15 years. Less than 5% of abutments were removed at 10 years. (“Meta-analysis of fixed partial denture survivial: prostheses and abutments”. Scurria- JPD 1998 79;4;459-64)

Resin retained fixed partial dentures had a 74% success rate after 5 years. ( Creugers: JDent Res 1991 Feb 70: 146-9)

     The length of service of a fixed partial denture is not dependent on the number of years in service, but the use of specific procedures and routine recall appointments that can increase the length of service of the restoration. (Libby: “Longevity of fixed partial dentures”. JPD:78:2127-131, 1997)

     Use of specific clinical, laboratory, radiographic procedures may improve the length of service of fixed partial denture and prevent recurrent caries, which was the most prevalent cause of failure. Some of Libby’s suggested procedures:

-pretreatment periapical radiograph of abutments

-removal of preexisting restorations and bases

-use of high gold content alloys

-finish lines with a shoulder preparation

-margins placed at or coronal to the gingival crest

-metal gingival collars when feasible

-occlusal stops on metal

-precementation radiograph of restoration/abutment

-luting agent of zinc phosphate cement

-dental hygiene follow-ups

BIOMECHANICAL CONSIDERATIONS

1.
Abutment evaluation

a.
Occlusal forces


b.
Vitality


c.
Roots and supporting tissues



1)
crown-root ratio - 1:2 ideal, 1:1.5 optimal, 1:1 minimal



2)
configuration - multirooted better than single-rooted



3)
periodontal surface area - Ante’s Law

2.
Law of Beams  (Brumfield’s Law)- deflection varies directly with the cube of the length and inversely with the cube of the occlusogingival thickness of the pontic.

3.
Ante’s Law - The root surface area of the abutment teeth should equal or surpass that of the teeth being replaced.

4.
Secondary Abutments
    
-
root surface > primary abutment


-
crown/root ratio > primary abutment


-
retention must be > primary abutment

5.
Pier Abutments

a.
Physiologic tooth movement:  56-108 microns B/L and 28 microns of intrusion


b.
Fulcrum of pier abutment


c.
Non-rigid connector



-
Distal of pier abutment

6.
Tilted molar abutments

a.
Orthodontic uprighting


b.
Proximal half-crown


c.
Non-rigid connector

7.
Canine - replacement FPD's

a.
Maxillary: forces directed outward


b.
Mandibular:  forces inward, more favorable

8.
Cantilever FPD's

a.
Direction of forces



-
occlusal/gingival - tip tooth or break seal



-
buccal/lingual - rotate teeth


b.
Max. lateral - cuspid, if sound


c.
Man. 1st Bi - secondary retention (2nd bi and 1st molar)


d.
Man. molars - 1st and 2nd bi and "1/2" pontic

TOOTH PREPARATION: PRINCIPLES AND INSTRUMENTATION

PRINCIPLES
I.
Biologic Considerations


A.
Conservation of tooth structure


1.
Partial Veneer; design of choice



2.
Minimize taper


B.
Margin placement - Supragingival ideal, at crest still good, problems w/ subging.

II.
Mechanical Considerations


A.
Retention form: prevents removal along the path of insertion (long axis).



1.
Parallelism - Taper vs. Convergence Angle




a.
6o optimal convergence angle




b.
Tapered diamonds



2.
Surface area (Large teeth vs. small)


B.
Resistance: prevents dislodgement by oblique or apical forces



1.
Occlusogingival Length (pivoting arc)



2.
Grooves/Proximal boxes



3.
Path of insertion - 12” from object w/ one eye visualizes 6 degree angle


C.  Structural Durability



1.
Adequate bulk - Occlusal clearance - based on anticipated occlusal plane




a.
1.5mm on functional cusp or for porcelain occlusals




b.
1.0mm elsewhere




c.
Biplanar on facial



2.
Alloy Selection


D.  Marginal Integrity


1.
Chamfer



a.
Least stress




b.
Preferred for metal veneers



2.
Shoulder (90 degrees with unprepared tooth)




a.
All ceramic crowns




b.
PFM’s with porcelain labial margin



3.
Shoulder with bevel - resists distortion during porcelain firing




a.
Occlusal shoulder on partial veneers




b.
PFM's



4.
Knife Edge



a.
Inadequate bulk - Overcontoured restorations may result




b.   
Unable to read margin in impression

THE RESTORATION OF PRIVATE 

ENDODONTICALLY TREATED TEETH

I. 
General

A.
The successful restoration of an endodontically treated tooth requires skill, planning, and patient education.  An endodontically treated tooth is usually a compromised tooth; it may be mutilated from the ravages of caries and restorations or simply structurally weakened from endodontic instrumentation.  Our primary objective must be to restore this tooth to the functional and esthetic demands to which it will be subjected.  Root canal treatment saves the tooth; the final restoration restores the tooth as a useful unit of the masticatory apparatus.  The post and core is used to provide retention and support for a cast restoration as well as to improve resistance to laterally directed forces by distributing them over as large an area as possible.  IT DOES NOT ACT TO REINFORCE, OR STRENGTHEN, THE TOOTH!

B.
Clinical Evaluation

1.
Pre-endodontic treatment - "To save, or not to save."



a.
presence of subgingival caries



b.
periodontal condition



c.
alveolar bone support



d.
root morphology



e.
inter/intra arch space



f.
occlusal habits



g.
assessment of root fractures



h.
purpose for which tooth will be utilized


2.
Post-endodontic treatment



a.
amount of remaining clinical crown



b.
type, quality, and duration of endodontic treatment



c.
radiographic evaluation (Hx)

C.
Restoration Types

1.
One segment (Richmond Crown) - Disadvantages



-  Less control over marginal fit



-  Expansion rate of two castings can be better controlled



-  A replacement restoration can’t be provided without removing the post



-  A different path of insertion can’t be selected for the crown

2.
Two segment - finished crown covering a substructure of:



a.
Tapered cast post and core




1)
Advantages:





-  High strength





-  Better fit than prefabricated post





-  Conserves more radicular tooth structure




2)
Disadvantages





-  Not as retentive





-  Greater chance of splitting tooth (wedge)





-  Multiple visits required




3)
Indications:





-  Canals that have a noncircular cross section





-  Canals with extreme taper/flaring



b.
Prefabricated, parallel-sided, dowel, with core




1)
Advantages:





-  High strength





-  Good retention





-  Reduced stresses




2)
Disadvantages:





-  Loss of tooth structure “Makes the tooth fit the post”





-  Possible corrosion with stainless steel posts




3)
Indications:





-  Straight, circular canals



c.
Radicular amalgam core




1)
Advantage





-  Conserves more radicular tooth structure




2)
Disadvantages





-  Low tensile strength





-  Corrosion with base metals



3)
Indications





-  Posterior teeth with adequate pulp chambers (4 mm depth)

D.
Optimum Design Criteria

1.
Preservation of sufficient endo filling material to preserve the apical seal.  
At least 4 mm of gutta percha should remain.


2.
Post length as long as possible.



a.
Minimum length should be no less than equal to the length of the clinical crown; optimum length is 2/3 to 3/4 of the root length.



b.
Post length at least 1/2 the length of the root contained in the remaining radiographic bone when possible.


3.
Post configuration as parallel as possible.


4.
Conservation of tooth structure in internal canal preparation.  Post dimensions conforming to the shape of the root canal system.


5.
Post lying within the long axis of the root even if the core deviates to another angle.


6.
The use of antirotational devices, where needed.


7.
Avoidance of sharp line angles (reduces stresses).


8.
A positive occlusal seat for the core portion perpendicular to path of insertion (prevents overseating and root splitting).


9.
A cementation groove to vent hydrostatic pressure during placement.

II.
Considerations for Anterior Teeth
A.
Not all anterior teeth require complete coverage.  When the endodontic access was conservative, and marginal ridges are intact, the patient is best served by a plastic restorative material.  Discoloration may better be treated by bleaching.  When this is the case, a post is contraindicated, because:


1.
post preparation removes more tooth structure;


2.
the post may not provide adequate retention for the core material; and


3.
the post can complicate or prevent future endodontic retreatment.

B.
Indications for post-core


1.
When loss of tooth structure is extensive


2.
When the tooth will be serving as an FPD or RPD abutment.

III. 
Considerations for Posterior Teeth
A.
Molars


1.
sound dentin under all cusps - coronal radicular amalgam with cusps 



protected


2.
1, 2, 3 cusps undermined - coronal-radicular amalgam or post-core with full crown


3.
no remaining cusps; post-core with full crown


4.
maxillary molar - posts are placed in palatal canal


5.
mandibular molar - posts are placed in the distal canal

B.
Premolars 


1.
when used as an abutment - post-core


2.
most desirable - post-core with full crown


3.
coronal radicular amalgam with cusp protection


4.
posts are placed in the larger canal, when indicated

IV.
Clinical Technique
A.
Post Space Preparation

1.
Prepare the tooth for the final restoration



a.
Remove all caries, bases, old restorations.



b.
Evaluate remaining structure



c.
Remove thin unsupported tooth structure




-  create a positive stop - perpendicular to long axis




-  ferrule effect


2.
Remove gutta percha to desired length



a.
immediate - warm plugger; rotary instruments could disturb the apical seal



b.
delayed - warm plugger or rotary instrument




-  Gates Glidden burs




-  Peeso reamers


3.
Place an anti-rotational keyway, when necessary

B.
Pattern Fabrication (Custom post-core technique)

1.
Solid plastic sprue trimmed to reach the preparation apex - loose fit


2.
Roughen surface of sprue or place retention notches


3.
Lubricate the canal (water or Duralay lubricant)


4.
Mix resin and syringe into canal space; insert sprue


5.
At initial set - pumping action


6.
Check the pattern - refine if necessary


7.
Complete coronal acrylic build up


8.
Coronal preparation in acrylic pattern


9.
Pattern is removed and sent to lab


10.
Lab instructions



a.
no liner in ring



b.
extra ml of water

C.
Dowel-core delivery

1.
Visually check pattern for bubbles


2.
Check the fit in the tooth - seat with light pressure:  PASSIVE!


3.
Check any binding with indicator of choice.


4.
Place a cementation groove from the apical end to coronal level.


5.
Dry canal system with paper points and dry air


6.
Cavidry


7.
Deliver cement to the canal with a lentulo spiral


8.
Coat post - core with cement and deliver with light pressure

D.
Indirect dowel-core technique

1.
Prepare 1, 2, or 3 canals similar to the technique for a single canal tooth


2.
Lubricate canal system


3.
Contour solid plastic sprues to loosely fit the canals


4.
Place impression material adhesive on the plastic sprues and custom impression tray


5.
When impressing, place impression material into the canal system with lentulo spiral and insert plastic sprues and tray with impression material


6.
Pour impression


7.
Wax, cast, fit post-core


 SOFT TISSUE MANAGEMENT

PRIVATE 


The first requirement for successful tissue displacement is reasonably healthy tissue with adequate distance between the crest of bone and base of gingival sulcus (biologic width).




The goal of tissue displacement is to achieve space for impression materials both vertically (exposure of tooth surface apical to the finish line) and laterally (bulk of material for strength).  Many methods of achieving tissue displacement have been described.  These are grouped under the following categories:


I.
Mechanical


II.
Mechanicochemical


III.
Rotary gingival curretage


IV.
Electrosurgical

I.
MECHANICAL METHODS


1.
Rubber Dam - complete arch impressions not possible.


2.
Cotton fibers, cord, string, or unwaxed dental floss - a blunt instrument is used to carefully pack the string or cord into the crevice.  Cords are of varying thicknesses and may be plain, braided or knitted.


-
Advantages:  
providing pressure hemostasis, excellent  healing.


-
Disadvantages:  tissue displacement may be good, but heme and crevicular fluid control poor compared to impregnated cords.  Cord should be wet with water PRIOR TO removal to prevent sulcus injury.

II.
MECHANICO-CHEMICAL METHODS:


Most chemical solutions recommended for use in tissue management are used in conjunction with retraction cords as described in 2) above.  The cords or strings are used to keep the chemicals in contact with the tissue and confine them to the application site.  The cord may be saturated with solution prior to insertion or placed dry and the solution applied.  Some cords are pre-impregnated with chemical.

Chemicals used include the following:

1.
EPINEPHRINE (0.1% & 8%) - creates local vasoconstriction and seems to have little internal side effects if USED IN AN INTACT SULCUS.


CONTROVERSY 


- 
one (1) inch of cord saturated with racemic epinephrine will contain 0.5 to 1.0 mg to the inch.  


-
One (1) inch with 1.0 mg epinephrine contains 2.5x the maximum dose for healthy patients and 12x the dose recommended for cardiac patients.


-
Cumulative effects of epinephrine injected with block or infiltration plus retraction cord must be considered.


NOTE - The maximum dose of epinephrine in a healthy adult is 0.2 mg, which is equivalent to that contained in ten (10) carpules of a 1:100,000 dilution.  The maximum dose for a cardiac patient is 0.04 mg of epinephrine, the amount contained in two (2) carpules of the same dilution.


CONTRAINDICATIONS:


-
Positive history of cardiovascular disease


-
Hyperthyroidism


-
Known sensitivity to epinephrine


-
Exercise caution with patients using:



-
Rauwolfia compounds



-
Ganglionic blockers



-
Epinephrine potentiating drugs


GENERAL INFORMATION


-
0.8% solution causes more damage than 0.1%, but healing complete after 14 days (0.1 mm permanent loss of crestal tissue).


-
Epinephrine acts on the walls of the arterioles, less on capillaries, venules and larger arterioles.  Therefore, it is sometimes ineffective in controlling bleeding.


EPINEPHRINE SYNDROME


-
The following signs/symptoms of epinephrine administration have been reported in some patients as indicators of possible contraindications:



-
Tachycardia



-
Increased respirations



-
Nervousness



-
Increased blood pressure



-
Post-operative depression


-
These symptoms appear after cord has been in place for few minutes or shortly after removal.


-
If you must use it, 0.1% strength is better than 8%.


HOW SUPPLIED


-
Cords with Epinephrine 



-
Racord



-
Gingi-Pak



-
Sil-Trax with Epinephrine


-
Cords with Epinephrine and Aluminum Sulfate



-
Racord II



-
Sil-Trax Plus

2.
ALUMINUM (POTASSIUM ALUMINUM SULFATE)


-
Only slightly less effective than epinephrine at shrinking tissues.  


-
Slight tissue injury with 10 minute placement, completely healed after 10 days.


-
0.1 mm permanent loss of crestal tissue.


HOW SUPPLIED


-
Cords with Aluminum Sulfate



-
Sil-Trax AS



-
Pascord


-
Aluminum Sulfate Solution (25%)



-
Rastringent II

3.
ALUMINUM CHLORIDE (5-10%)


-
Studies show concentrations in excess of 10% cause local tissue destruction.


-
Ten (10) minute application usually is sufficient.


-
0.1 mm permanent loss of crestal tissue.


-
NO MAJOR CONTRAINDICATIONS AND MINIMAL SYSTEMIC EFFECTS


-
Within tissue concentrations recommended, it is felt this is the MOST EFFECTIVE of the mechanochemical means available.


TRADE NAME - Hemodent

4.
FERRIC SULFATE (13.3%)


-
Does not traumatize tissue as noticeably, and heals more rapidly than aluminum chloride.  It coagulates blood quickly, but should be applied directly to the cut tissue.  If not, it becomes tied up with extra-vasated blood and floats away.  


-
Tissue is temporarily discolored (1 or 2 days).


-
Recommended use of one (1) to three (3) minutes, but 10 to 20 minutes is also acceptable.


-
Displacement for at least 30 minutes.


TRADE NAMES



-
CUT-TROL 



-
Ultradent kit has Ultra-Pak Cord and Astrigident (15.5% Ferric Sulfate).

5.
SYMPATHOMIMETIC AMINES

-
Tissue displacement slightly better than epinephrine (8%)


-
pH in 6-7 range instead of 3-4 range



-
TETRAHYDROZOLINE HCL (0.05%)



TRADE NAME - Visine



-
OXYMETAZOLINE (0.05%)


TRADE NAME - Afrin

6.
ZINC CHLORIDE (Bitartrate) (8% & 40%)


-
Tissue displacement is equal to epinephrine at 8%.


-
Has an even more profound effect at 40%.


-
TISSUE NECROSIS IS HIGH, with delayed healing for 60 days.


-
40% solution is so caustic that it is classified as a chemical cautery agent.


-
USE OF ZINC CHLORIDE IS NOT RECOMMENDED.

THE TWO CORD TECHNIQUE


This technique is very popular and effective.  In this technique, the tooth is prepped to the gingival margin and a very small cord is placed.  Tissue is slightly retracted and the finish line placed.  A larger diameter cord is then placed in the sulcus, displacing initial cord slightly vertically and tissue laterally.  Only the second cord placed is removed prior to impression.

III.
ROTARY GINGIVAL CURRETAGE


-
In this technique, preparation of the tooth is done subgingivally, while simultaneously curetting the inner lining of the gingival sulcus with a rotary diameter instrument.


-
The goal is to eliminate the trauma of pressure packing and the necessity of electrosurgical procedures.  Usually followed by pressure packing of retraction cord.


-
No significant difference from the retraction cord technique with regard to gingival inflammation and recession.

IV.
SURGICAL


A.
CROWN LENGTHENING - prevents impingement of the restoration on biologic width.



-
Can be used in situations where extensive subgingival caries, a subgingival fracture, or root perforation exists.



-
Crown lengthening will increase crown/root ratio



-
Carefully consider:  esthetics, root length within bone, effect on adjacent teeth, root furcation exposure in a posterior tooth, mobility, extent of the defect, and location of root perforation.


B.
ELECTROSURGICAL METHODS (TROUGHING)

TECHNIQUE:


Prepare the tooth to the crest of the gingiva, create the trough with the surgical electrode, and drop the finish line on the tooth.


KEY POINTS:


-
The trough extends from the crest of the gingiva to a point 0.3 mm to 0.4 mm apical to the finish line.


-
Fully rectified, filtered current is best.


-
Various shaped electrodes recommended include:



-
Vari-tip



-
Full loop



-
U loop



-
AP 1/2


-
No pressure is used.


-
Delay at least five (5) seconds before reapplying electrode to tissue.


-
Apply tincture of benzoin and myrrh (CAMPHO-PHONIQUE) over surgical site.


-
Bleeding is not a problem with this technique.  Healing is rapid and tissues look normal after one (1) week.  


-
Setting the correct current is important and must be balanced with the amount of tissue hydration.  If the current is too high, sparking and "cellular explosions" may occur.  If the current is too low, dragging and poor cutting can be expected.  


-
Some studies show gingival crest reduction between 0.1 mm and 0.6 mm.


-
Unpleasant odor can be counteracted by placing aromatic oil on lip and the use of HVS.


-
Burn marks on root surface, significant recession, and slight loss of crestal bone have been reported.


If proper precautions are taken, electrosurgery is a technique that is almost mandatory for certain tissue problems.  If upon removal of the retraction cord, the tissue returns back to lie against the tooth (no lateral space achieved), electrosurgical approach should be considered.


Electrosurgery is contraindicated in patients with pacemakers or delayed healing.
PROVISIONAL RESTORATIONS

A.  Requirements
1.  Insulate pulp

2.  Protect periodontium
3.  Cleansable
4.  Maintain arch stability
5.  Provide occlusal function
6.  Improve esthetics
7.  Ease of fabrication
8.  Removable
B.  Limitations

1.  Low strength

2.  Poor margins
3.  Color stability
4.  Poor wear properties
5.  Accumulate odor
6.  Need for relining (bonding)
7.  Tissue irritation
8.  Cement removal difficult
9.  Fabrication is time consuming
C.  Types of Provisional Restorations
1.  Copper band, “Tin can”
2.  Stainless steel crowns
3.  Cellulose acetate shells
4.  Polycarbonate crowns
5.  Heat-cured (laboratory fabricated) crowns/FPD’s
6.  Custom acrylic provisional crowns/FPD’s

a.  Autopolymerizing resins

1)  Polymethyl methacrylate (PMMA) (Jet)

· High strength
· Best wear resistance
· Most color stable
· Most exothermic
· High shrinkage
· Low cost
2)  Polyethyl methacrylate (PEMA) (Snap, Trim)

· Moderate strength
· High wear resistance
· Color stability OK (Short term)
· Moderate exothermicity
· Moderate shrinkage
· Low cost
3)  Epimine plastic (Scutan)

· Poor strength
· Poor wear resistance
· Absence of color stability
· Low exothermicity
· Cannot repair
· High cost

4)  Hybrids (Bis-GMA) (Pro-Temp)

· Moderate strength

· Moderate wear resistance

· Color stability OK

· Low exothermicity
· Moderate shrinkage

· No putty stage

· Moderate cost

b.  Light-activated (Triad)

· Strength varies with components

· Low to high wear resistance

· Color stability OK

· Low to moderately high exothermicity

· Low to high shrinkage

· Low to high cost

D.  Techniques

1.  Direct (in-the-mouth) techniques - disadvantages:
· Duplicates existing morphology

· No visualization

· Polymerization shrinkage

· Tissue/pulp irritation

· Minimal patient comfort/tolerance

2.  Specific direct techniques:

· Direct alginate technique

· Direct foil/wax technique

· Direct PVS putty technique

3.  Specific indirect (out-of-the-mouth) techniques:

· Indirect alginate technique

· Vacuform template technique


IMPRESSION MATERIALSPRIVATE 

ALGINATE (IRREVERSIBLE) HYDROCOLLOID


Consists of:

                                               

   (H20)

Potassium alginate + Calcium sulfate dihydrate -------> Calcium alginate gel + potassium sulfate

Ingredients & Functions:


-
Potassium alginate (18% of weight) dissolves in H2O & reacts with Ca++


-
Calcium sulfate dihydrate (14% of weight) reacts with Calcium alginate forming insoluble Calcium alginate gel


-
Potassium sulfate, Potassium Zn. Fl, silicates, borates (10%) - counteracts inhibiting effect on setting of gypsum


-
Diatomaceous earth, silicate powder (56%) -
controls consistency of mixed alginate and flexibility of set impression

REVERSIBLE HYDROCOLLOIDS

                              



(heat)


-
Agar-agar  Gel (30-50 C.) <------------>  Sol (71-100 C.)

                             

   
         (cooling)

Ingredients & Functions:


-
Agar (12.5%) - Provides dispersed phase of sol and fibril structure of the gel


-
Potassium sulfate (1.7%) - counteracts inhibiting effect on setting of gypsum 


-
H2O (85.5%) - controls flow properties of sol and physical properties of the gel

ELASTOMERS

1.
POLYSULFIDES

Base (polysulfide 80-85% +filler 16%) +*Accelerator (lead dioxide 60-68%)


-
0.4% shrinkage during first hour - pour dies and models promptly


-
long working and setting times - 8-10 minutes 


-
flexible and high resistance to tearing - ideal for deep subgingival preps 

-
high permanent deformation makes deep undercuts a problem


- 
more hydrophilic than silicone- contact angle of 82o

*
light green or blue color of some polysulfides such as "OMNIFLEX" due to hydrated copper oxide or cumene hydroperoxide as accelerator rather than lead dioxide.

2.
CONDENSATION SILICONES

Base (dimethyl siloxane + fillers 35-75% + Accelerator (alkyl silicate + tin octoate)


-
Largest dimensional change of elastomers, 0.6% shrinkage during first 1/2 hour 


-
Low viscosity and permanent deformation (% recovery) 


-
More hydrophobic than polysulfides - contact angle of 98o
3.
ADDITION SILICONES (POLY VINYL SILOXANES)

Base (silicone with silane & inert filler) + Accelerator (silicone with vinyl + chloroplatinic acid + filler)


-
0.14-0.17% shrinkage - very stable


-
release of H+ after setting - some newer materials have H+ absorbers (Pt, Pd)


-
low permanent deformation during removal


-
hydrophobic brands, contact angle - 98o; hydrophilic brands, contact angle - 53o


-
talc from latex gloves may cause material to not set

4.
POLYETHERS

Base (polyether + filler + plasticizer + Catalyst (sulfonate + thickening agent)


-
0.19-0.24% shrinkage - stable - low permanent deformation & multiple pours possible


-
low flexibility - short working and setting times 

-
Absorbs water, must not be disinfected by immersion and must be stored dry

-
hydrophilic - contact angle of 49o

Comparison of Elastomerics

Setting time - Polysulfides > Silicones > Polyethers

Tear strength - Polysulfides > Silicones > Polyethers

Stiffness - Polyethers > Silicones > Polysulfides

Dimensional Change - Cond Silicone > Polysulfides > Polyethers > Addition Silicone

DISINFECTANTS FOR IMPRESSION MATERIALS:

Glutaraldehyde:  

-  Indicated for all impression materials except hydrocolloids

Phenols:

-  Indicated for polysulfide rubber base only

Iodophors and NaOCl:

-  Indicated for all impression materials

DIE SPACERSPRIVATE 


Studies show that die relief increases retention of crowns by 25% and results in more complete seating of castings.

1.
Methods used to improve seating of castings include:


a.
Venting - reduces the cement film thickness under castings by decreasing the hydrostatic pressure during cementation.  A disadvantage is that the perforation must be repaired.


b.
Internal Relief - 



1.
Mechanical grinding.



2.
Carving of wax pattern.



3.
Etching with aqua regia.



4.
Electrochemical milling.



5.
Die spacing.


Die spacing has emerged as the most popular technique because it is a much more accurate procedure.  The other techniques have been shown to be impractical and give inconsistent results.

2.
Die Spacing - die relief agents should be 20-40 microns thick.  This is because the ideal film thickness of luting materials is 25 microns.  Important factors in controlling film thickness of die spacers are the use of thinning agents and the variability employed in application.

3.
Die Spacers Commonly Used

Approximate FilmThickness Per Coat


a.
Tru-fit Die Relief (Taub)



12 microns


b.
Belle de St. Claire Cement Spacer


12 microns


c.
Aerogloss Paint (Model airplane paint)

  5 microns



(must be 'hot-fuel' proof)

 ARTICULATORS


Non-Adjustable - (Class 1)  A simple holding instrument capable of accepting a single static registration.  Vertical motion is possible.




       (Class 2)  An instrument that permits horizontal as well as vertical motion but does not orient the motion to the temporomandibular joints.


Uses:
Single restorations



Multiple restorations if good bilateral cuspid disclusion exists



Certain FPD’s.


Semi-Adjustable - (Class 3)  An instrument that simulates condylar pathways by using average or mechanical equivalents for all or part of the motion.  These instruments allow joint orientation of the casts and may be arcon or nonarcon instruments.


Examples:



Hanau H2 (condylar/non-arcon)



Hanau University Series (arcon)



Whip Mix (arcon)


Uses:
Multiple restorations



Fixed partial dentures with:



-
minimal occlusal pathology



-
no loss of VDO



-
no immediate side shift



Full mouth restoration if good anterior guidance exists.


Fully-Adjustable - (Class 4)  An instrument that will accept three dimensional dynamic registrations.  Those instruments allow for orientation of the casts to the temporomandibular joints.


Uses:
Full mouth restoration



Extensive occlusal pathology



Group function/posterior guidance



Restoring at a different VDO

ARCON ARTICULATOR - An instrument following anatomic guidelines such that the ball of the condyle analogs are carried on the mandibular element, and the fossa assemblies on the maxillary element. 

CONDYLAR ARTICULATOR - A non-arcon articulator.


Advantage of Arcon over Condylar Articulator - When using an occlusal record to relate opposing casts, the thickness of the record increases the VDO upon articulation.  When the record is removed the condylar guidance inclination would be decreased in the  non-arcon articulator creating a potential negative error in excursive movements. 

DETERMINANTS OF OCCLUSION


-
Incisal guidance - The influence of the contacting surfaces of the mandibular and maxillary anterior teeth on mandibular movements.


-
Condylar guidance - Mandibular guidance generated by the condyles traversing the contours of the glenoid fossae.

The closer the determinant to the teeth, the more effect it will have.


·        Occlusal Plane

·        Musculature

·        Neuromuscular System

GYPSUM PRODUCTS & INVESTMENTS
A.  Gypsum Products

1.  Classification

a.  Type I:  Impression Plaster

b.  Type II:  Model Plaster

c.  Type III:  Dental Stone

d.  Type IV:  High-Strength Dental Stone

2.  Manipulation Effects

Manipulation Variable
Setting Time
Consistency
Setting Expansion
Compressive Strength

Increased W/P Ratio
Increased
Increased
Decreased
Decreased

Increased Spatulation
Decreased
Decreased
Increased
No Effect

Increased Temperature
Decreased
Decreased
Increased
No Effect

B.  Investments 
1.  Gypsum Bonded Investments

a.  Composition:  60-65% refractory, 30-35% binder, 5% modifiers

b.  Used only with low heat; breaks down at 700o Celsius
c.  Setting vs. Hygroscopic expansion - difficult to differentiate, occur at the same time




-  Setting expansion - occurs when exposed to air

-  Hygroscopic expansion - occurs when in contact with water (water bath, wet ring liner

-  When a hygroscopic technique is used, expansion is increased 2-4x

d.  Manipulation Effects

               Factor
Setting/Hygroscopic Expansion


Thermal Expansion

Increased W/P Ratio


Decreased
Decreased

Increased Spatulation Time


Increased
No Effect

Increased Spatulation Rate


Increased
No Effect

Increased Investment Age


Decreased
No Effect

Increased Delay Before Immersion (Hygroscopic)


Decreased


Increased Water Bath Temperature (Hygroscopic)
Increased


2.  Phosphate-Bonded Investments

a.  Composition - 80% refractory (quartz or silicate), 20% binder (ammonium diacid phosphate)

b.  Special liquid (silica sol in water)

1.  Mixed with water to wet investment powder

2.  Increases setting expansion (hygroscopically)

3.  Increases strength

c.  Used for high heat metals (metal-ceramic restorations and RPD frameworks) and all ceramic restorations

3.  Soldering Investment - is used to hold units in place during the soldering procedure.  The investment material must expand with the metal components and contract with the solder as it changes from the molten to solid state.

a.  Composition - quartz refractory, gypsum binder (like phosphate-bonded investment)

b.  Need lower setting and thermal expansions to maintain spatial relationships of units being joined

c.  No special liquid is used.

Investing and CastingPRIVATE 

A.  Metals

1.  Noble/Precious Alloys

a.  Noble Metals

· Au, Pt, Pd, Ir, Rh, Os, Ru

· Form sulfides, resist oxidation, tarnish, and corrosion

b.  Precious Metals

· All of the above + Ag

c.  Base Metals

· In, Sn, Zn, Cu, Ni

· Added to develop specific properties

2.  Classification

a.  "Crown and Bridge" Gold Alloys (Non-ceramic)

· Type I  (soft) - min. 83% Noble Metal

· Type II (medium) - min. 78% Noble Metal

· Type III (hard) - min. 78% Noble Metal

· Type IV (extra hard) - min. 75% Noble Metal

b.  Ceramo-metal alloys

· High Noble: > 60% Noble with Au > 40%

· Noble: > 25% Noble with Au < 40%

· Predominately Base: < 25% Noble

3.  Selection

a.  "Crown and Bridge" (gold) alloys:

· Type I   - small inlays; very slight stress

· Type II  - inlays, thick 3/4 crowns, complete crowns

· Type III - thin 3/4 crowns, abutments, pontics, complete crowns, short-span FPD's

· Type IV  - RPD Frameworks, long span FPD's

b.  Ceramo-metal alloys:  (Additon of Pt or Pd decrease CTE)

1)  High Gold alloys (97% noble:  Au-Pt-Pd) (Jelenko “O”, Microbond)


+  Ideal hardness, excellent corrosion resistance


+  No porcelain discoloration


-   Low elastic modulus, poor sag resistance


-   High Cost

· Contraindication:  Long-span FPD

2)  Gold-Palladium Alloys (50% Au, 40% Pd)(Olympia, Olympia II, Eclipse, Encore)

+  Good hardness, tensile strength, corrosion resistance,                       excellent porcelain/metal bond


+  Highest elastic modulus (stiffness) of any but base metals


+  Some difficulty matching CTE with porcelain


+/-  Cost

3)  Gold-Palladium-Silver Alloys (45-50% Au, 20-30% Pd,10-15% Ag) (Cameo)


+  High elastic modulus


+  Good corrosion resistance


-   Ag causes porcelain discoloration (greening)

4)  High Palladium Alloys (70-80% Pd, 10-15% Cu or Ag) (Legacy, PTM-88, Option, Ultrabond)


+  High hardness, high tensile strength


+  Cost


-   Dark blue oxide sometimes difficult to cover


-   Low elastic modulus, poor sag resistance

· Contraindication:  Long-span FPD

5)  Palladium-Silver Alloys (50-60% Pd, 30-40% Ag) (Legacy XT, Jelstar, Tempo, Acclaim, Albabond-60)


+  Good tarnish, corrosion resistance


+  High elastic modulus


-   Porcelain discoloration

6)  Base Metal Alloys (Ni-Cr, Co-Cr, Ti) (Genesis, Rexillium, Pentillium)


+  Very high hardness, tensile strength


+  Very high elastic modulus


+  Low cost


-   Allergenicity (if Ni alloy used)


-   Soldering unreliable (tenacious Cr oxide)


-   Difficult to polish

· Indication:  Long-span FPD

B.  Goal of Investing and Casting Technique:  Achieve slightly oversized casting

1. Metal shrinks after casting.

2. 3 sources of investment expansion - Setting, Hygroscopic, Thermal

C.  Sprue Attachment and Placement in Ring

1. Use large as possible sprue - must remain molten slightly longer than the pattern

2. Attach at point of greatest bulk


-  angled (135 degrees) for optimum flow

3. Center in ring

4. Pattern 6mm from end of ring, equidistant from walls

5. Sprue length no longer than 6mm

6. All connections smooth and conical

D.  Investing

1.  Ring liners

a.  Place dry

b.  Within 3 mm of end of ring

c.  Dip ring in water to wet liner (hygroscopic expansion)

2.   Investing



a.   Vac-U-Spat



b.   Water/Powder ratio critical



c.   Spatulate time exactly



d.   Place ring in humidor/37 degrees C water bath

E.  Casting
1.  Burnout

a.  Separate crucible former

b.  Set crater down in 200 degrees C. oven for 30 minutes

c.  Transfer to 480 degrees C. (hygroscopic technique) or 650 degrees C. oven for one hour.  Invert ring for last 10  minutes.

d.  No more than 30 seconds to elapse between removal of ring and casting!

2.  Casting

a.  Crucible when wet liner adapted

b.  Torch used

· Gold alloys:  Gas-air

· Ceramometal alloys:  Gas-oxygen

c.  Gas/Air Zones

· Mixing Zones - invisible

· Combustion Zone - 1st cone; dark blue

· Reducing Zone: 2nd cone; light blue; hottest; used for melting alloy

· Oxidizing Zone

3.  Cleaning the casting

a.  Air abrade of all investment

b.  Pickling (50% sulfuric acid) - Removes surface oxide and tarnish from gold alloys

DENTAL SOLDERINGPRIVATE 


Soldering is the process by which two (2) metals are joined together by the use of a lower fusing intermediate metal. The fusion of solder and parent metal is adhesion (primarily metallic bonding) which is the attraction between unlike molecules of dissimilar substances.

I.
Composition

a.
Gold alloy solders


1.
Gold

(45-80%)
Resists tarnish and corrosion



2.
Silver

(8 -30%)
Improves flow - narrows melting range



3.
Copper

(7 -20%)
Increases hardness - gives yellow color



4.
Tin

(2 - 3%)
Increases hardness



5.
Zinc

(2 - 4%)
Increases hardness - reduces melting range - 






de-oxidizing agent


b.
Ceramo-metal solders


1.
Gold & Platinum
80%



2.
Silver - Tin - Indium
20%

2.
Classification

a.
Fineness - The amount of gold in parts per thousand



Example: 65% gold = 650 ppt = 650 fine solder.


b.
Carat  -  The actual carat of the solder does not describe the actual carat of the solder, but rather the carat of the parent gold alloy on which it is to be used.  It is the amount of gold in parts per 24.  For example, an 18K solder could have a range of 58-65% gold, but is designed to be used on an 18/24 = 75% or 750 fine gold based parent metal.


c.
Fusion Temperature
 - High fusing solders have a melting temperature above 2000o F., with low fusing solders found below this range.

3.
Properties

a.
Fusion Temperature - Should be 100-150 o F. below that of the casting alloy.  The higher the fineness, the higher the fusion temperature.  650 fine has a higher melting range than 580 fine.


b.
Strength - As gold content increases, the strength of the solder joint decreases.  A solder over 650 fine should not be used in high stress areas.


c.
Tarnish & Corrosion - As gold content decreases, the amount of tarnish and corrosion increases.  A solder under 580 fine should not be used.


d.
Solder Gap - Decreased space can restrict access to the molten solder, cause pitting and give a weakened joint.  Increased space gives a stronger joint; yet increases the possibility of distortion.  The optimal space is considered to be about 0.25mm (0.008”).  Better to be a little bigger gap than too small a gap to accommodate for heat expansion and gap closure.

4.
Flux

(Borax, Boric Acid, Silica, or Sodium tetraborate) - used with noble alloys (gold alloys for crown and bridge and ceramo-metal alloys).  Added to the metal surface to improve solder flow, prevent oxidation (actually flux dissolves oxides), and prevent contamination.


Fluoride Fluxes are need for Chrome-Nickel metals (base metal alloys) since BORAX BASED FLUX DOES NOT DISSOLVE CHROMIUM OXIDE.

5.
Anti-Flux - (Rouge [Iron Oxide]), or graphite or Whiting compound (a calcium based compound).  Used to outline the areas to be soldered in order to restrict the flow of solder.

6.
The Soldering Procedure

a.
Index - is taken to relate units to be soldered.  Materials commonly used are:  Plaster, Duralay, ZOE Paste, and Elastomer impression materials.


b.
Invest - Investments discussed earlier

7.
Pre-soldering - Refers to soldering the metal framework before the addition of porcelain.  A high fusing solder is used because the solder joint must withstand subsequent heating during the addition and firing of porcelain.

8.
Post-soldering - Refers to soldering after the porcelain is added.  A low fusing solder is used because soldering must be done at a lower temperature than the maturation of porcelain.  All staining and glazing of ceramic units must be done prior to soldering, the porcelain should not contact the investment or flux, and the units should not be quenched.

9.
Soldering of Base Metals (Ni/Cr, Cr/Co) 


Is VERY technique sensitive with a high incidence of failure.  Rapid oxide formation must be overcome with proper flux and, if possible, soldering should be done in an oxygen-free environment.  A Cast-To or Secondary Casting technique is often used as an alternative form of connecting the units.

DENTAL CERAMIC RESTORATIONSPRIVATE 

I.
PORCELAIN CHARACTERISTICS


The principal components of dental porcelain are:


a.
Feldspar (K2O-Al2O3-6SiO2  + Na2O-Al2O3-6SiO2)(81%) - becomes glassy, retains form without rounding on firing (Pot-Ash provides increased viscosity, Soda-Ash decreases fusion temp)


b.
Quartz (SiO2)(15%) - provides a framework for porcelain during firing 


c.
Kaolin (Clay - Al2O3-2SiO2-2H2O)(4%) - provides opaqueness, aids in forming workable mass during molding, high shrinkage on firing


d.
Fluxes (Glass Modifiers - K2O, CaO, B2O3, Al2O3, N2O) - increases hardness, viscosity, K2O increases CTE during firing through the formation of leucite (KAlSi2O6); K2O and N2O decrease fusion temp.


These components are first fused at a high temperature (2800 o F), forming a frit.  The frit is than ground to powder and metal oxides are added to form the various shades.  This powder has a fusion temperature range of 1600 - 1950 o F (930 - 980 o C.) and is called low fusing porcelain. Low fusing porcelains are used to fabricate most dental ceramic restorations.


After porcelain is heated it does not crystallize, but solidifies as a supercooled liquid.  The absence of crystallization on cooling and solidification is called vitrification.  If porcelain is fired too often, it changes from a lattice structure to a crystalline form which is called devitrification.  When porcelain devitrifies, it loses many of its physical properties (decreased strength) and looks overly glassy and transparent.


Porcelain can be finished by polishing, overglazing, or autoglazing.  Whether overglazing improves the strength of porcelain is controversial.  Dykema’s text states categorically that porcelain without the surface glaze is significantly weaker.  The theory is that a surface glaze eliminates the focus for crack formation.  Rosensteil’s text is just as adamant that polishing the porcelain reduces the surface flaws thereby eliminating the need to glaze.


For the purpose of this test:  overglaze should be applied to the porcelain as it fills in the surface flaws thereby strengthening the porcelain.  If the porcelain is ground, it should be reglazed.  The overglaze should have a slightly lower Coefficient of Thermal Expansion (CTE) than that of the body porcelain.  If the CTE is too high the surface may craze.  However, if it is too low, compressive stresses may cause cracks resulting in “peeling.”

II.
PORCELAIN FUSED TO METAL RESTORATIONS - 80% of restorations.  PFM’s or all-ceramic restorations must be able to withstand normal vertical masticatory forces from 565 MPa in the molar region to 155 MPa in the incisor region and average horizonal forces in the vicinity of 60-70 MPa.  


The porcelain-to-metal bond consists of:


a.
chemical bonding


b.
mechanical interlocking


c.
compression


d.
VanDerWall forces


The metal is finished, cleaned, and oxidized at 1900 F. to form an oxide layer.  Opaque porcelain is baked onto the metal to mask the metal and form the porcelain-to-metal bond.  Body and incisal porcelain are baked on at a slightly lower temperature under 25" Hg vacuum drawing any trapped air out of the restoration.  The final restoration is characterized and glazed at a slightly higher temperature without vacuum, resulting in a smooth, finished surface.


The thickness of the oxide layer is critical for porcelain retention.  If it is too thin, the chemical bond is insufficient to hold porcelain.  If the oxide layer is too thick, the porcelain will fail through that weak layer.  Alloys which oxidize readily, such as predominantly base metals, must be handled correctly to avoid too thick of an oxide layer.


Compression of the porcelain on a PFM is a main factor in porcelain retention.  The coefficient of thermal expansion (CTE) of the metal and porcelain must be closely matched, such that the metal has a slightly larger CTE than the associated porcelain.  This results in, upon cooling, a slightly greater amount of contraction than the porcelain.  Consequently, the porcelain is compressed.  Each layer from opaque to body to enamel has a slightly lower CTE (i.e. opaque has the greatest CTE of any porcelain layer).  Typically porcelain has CTE's in the range of 13.0-14.0 x 10(-6)/degree C. and alloys between 13.5-14.5 x 10(-6)/degree C.


Advantages:

1.
Superior marginal fit - PFM


2.
Metal framework supports fixed partial dentures (Most all-ceramic systems do not have sufficient modulus of elasticity or tensile strength for FPD’s).


3.
Metal provides excellent support for the feldspathic porcelain.  Flexural strength of feldspathic porcelain alone = 60-70 MPa; with metal substructure = 300-500 MPa


Disadvantages:

1.
Metal facial margin may give objectionable esthetics. (Several all porcelain margin techniques have been developed to satisfy increasing aesthetic demands:)



a.
Platinum foil matrix - Platinum foil is adapted over the facial margin aiding the transfer of porcelain from the die to the oven.



b.
Porcelain and wax matrix - (A 7:1 ration of porcelain to wax).  The wax is used as a binder for the porcelain powder.



c.
Duplicate refractory die - Porcelain is baked directly on a duplicate refractory die.



d.
Direct lift technique - The die is sealed with cyanoacrylate and a ceramic separator is added to the facial margin.  A high fusing porcelain is used to establish the facial margin so it will not be disturbed by future firing.


2.
Metal substructure only allows relection of light rather than transmission; can result in a shadowing within the root.

III.
ALL-CERAMIC RESTORATIONS - 20% of restorations.  Allows for maximal translucency and light interaction


A.
History



1.
C.H. Land - First ceramic crowns and inlays (1886); patented platinum foil matrix technique with feldspathic porcelain (1887).



2.
McLean and Hughes - High-strength ceramic core of glass-alumina composite (1965)



3.
1980’s - “Esthetic Explosion”  Castable Ceramics (DICOR), High Strength Ceramics using leucite crystals in a glassy matrix (Optec, Empress), Slip-Cast Alumina Core (In-Ceram), CAD-CAM



4.
Opalescent Porcelain Systems - (Vitadur Alpha, Omega Porcelain, Vintage Opal porcelain, Creation Porcelain) Light interacting with HA crystals may be scattered so that at certain angles the tooth may appear orange-brown, but at a different angle, under the same light, it may appear blue-gray.  May be used on the surface layer of  PFM and ceramic crowns.



5.
Fluorescent Porcelain Systems - (Creation Porcelain)  Modifies light waves such that invisible light becomes visible.  Ideally used in the shoulder porcelain of collarless PFM crowns.


B.
Porcelain Jacket Crown - Very esthetic, but poor fracture resistance (flexural strength of aluminous porcelain = 80-90 Mpa).  Not commonly used anymore.



Alumina particles are added to the porcelain to give it extra strength by blocking the propagation of cracks through the porcelain restoration.



Technique



1.
Platinum foil matrix adapted to die (0.025 mm)


2.
Aluminous porcelain (40-50% alumina crystals bonded in a low fusing fritted glass) is formed on the foil matrix.



3.
Traditional body and incisal feldspathic porcelains applied over core.



4.
Foil matrix removed after porcelain firing is completed.



Advantages:



1.
Superior esthetics




2.
Stronger than regular porcelain




3.
Increased fracture resistance



Disadvantages:



1.
Limited to single units




2.
Poor marginal adaptation




3.
Increased tooth reduction


C.
Interpenetrating Phase Composites (In-Ceram) - So named due to the intertwined phases that extend from internal to external surface.


Advantages



1.
Improved mechanical and physical properties (flexural strength = 450-600 MPa; cracks must follow a tortuous path to result in fracture)



2.
Can be used for 3-unit anterior FPD’s and single unit posterior crowns



3.
Strength not significantly improved by bonding.



Disadvantages



1.
Aluminous core is relatively opaque; not as esthetic as other all-ceramic systems.



Basic Technique



1.
Fine grained pure alumina core is formed to 0.5 mm on a porous special plaster die and sintered.  This results in a porous coping called a slip.



2.
The sintered core is infused with a special glass (lanthanum aluminosilicate)



3.
Aluminous  porcelain (Vitadur Alpha) applied over core



Variations on the Basic Technique



1.
Instead of a fine grained pure alumina to form the core, Vident developed a magnesium-alumina powder which forms a “spinell”(magnesium aluminate).  In-Ceram SPINELL does not possess the flexural strength of traditional In-Ceram (only 350 MPa) but it is more translucent.  This material does not necessarily need any overlying porcelain.



2.
In-Ceram Zirconia uses zirconia to form the porous substructure.  This material has a flexural strength of 800 MPa.  However, since  its translucency is less than that of traditional In-Ceram, it will be primarily used for posterior multiple unit restorations.


D.
Heat-Pressed Ceramics (IPS Empress, Optimal Pressable Ceramic) 40-50% leucite-reinforced feldspathic porcelain.  Leucite crystals improve the flexural strength (140-180 MPa) and fracture resistance of feldspathic glass matrix.  Translucency slightly less than Dicor.



Technique



1.
Heat-softened ceramic is slowly forced into a mold created by the lost wax technique.



2.
Traditional body and incisal feldspathic porcelains can be  applied over restoration to enhance esthetics.


E.
Cast Ceramics (DICOR) (120 MPa)


This system developed by Corning Glass uses a castable ceramic material, utilizing the lost wax process.  The restorations are waxed to full contour, invested, and cast. Shading is controlled through external staining techniques.



Unique Characteristics



1.
Low abrasiveness of opposing enamel.



2.
Low plaque accumulation



3.
High translucency


4.
Picks up color of adjacent tooth (chameleon effect)



Materials



1.
Glass ingot



2.
Special casting and ceraming machines



Technique



1.
Glass is softened and cast into mold.  Result is a clear, fragile casting



2.
Casting is partially converted to a crystalline structure by nucleation and growth of tetrasilicic mica (ceraming).



3.
Colored glass is then applied over the crown to match the shade of the tooth.



4.
Better esthetics are achieved by cutting back the pattern and overlaying the facial veneer with feldspathic porcelain (Willi’s Glas Crown).

IV.
CERAMIC MACHINING SYSTEMS


A.
Computer Aided Design - Computer Aided Machining (CAD-CAM) (CEREC II)



Special Materials



1.
Special video camera



2.
Ceramic blocks (either feldspathic-based or glass ceramic)



3.
Computerized milling machine



Technique



1.
Tooth preparation is critical; certain shapes cannot be milled.



2.
Preparation is coated with an opaque powder, then scanned.



3.
Computer feeds information to the milling machine.



4.
Ceramic block milled both internally and externally.


B.
Precision Copy Milling (Celay) - not computer driven


Special Materials



1.
Copy milling machine



2.
Ceramic blocks (In-Ceram blanks, feldspathic-based ceramic)



Technique



1.
Light-cured composite replica of the restoration is fabricated intraorally or an a master cast.



2.
Replica mounted on one side of the milling machine.



3.
Scanning tool traces the surface of replica while milling tool removes corresponding ceramic.


This technique eliminates time intensive sintering in slip fabrication of In-Ceram restorations.

V.
PORCELAIN LAMINATE VENEERS


A.
Preparation Rationale



1.
Eliminate caries, extend margins beyond old restorations



2.
Only one path of insertion



3.
Sufficient room for material




a.
Strength - only need 0.3 mm




b.
Color change - with greater desired color change, preparation must be deeper, since veneering materials are translucent.



4.
Interproximally, it may be necessary to extend the margins subgingivally to enhance contour and emergence profile.



5.
Incisal wrap only necessary if increased incisal translucency is desired or if incisal length needs to be modified.



6.
Keep preparation in enamel wherever possible, especially at the margins.


B.
Materials



1.
Interpenetrating Phase Composites (In-Ceram SPINELL)


2.
Pressed Glass Ceramics (IPS Empress)

DENTAL LUTING AGENTSPRIVATE 

I.
PROPERTIES OF AN IDEAL LUTING AGENT


-
Low viscosity and film thickness


-
Long working time with rapid set


-
Good resistance to water or acid attack


-
High compressive and tensile strength


-
Resistance to plastic deformation


-
Adhesion to tooth structure and restoration


-
Cariostatic properties (fluoride release)


-
Biologic compatibility


-
Translucency


-
Radiopaque properties

II.
CATEGORIES OF LUTING AGENTS


A.
 Phosphate Bonded (Zinc Phosphate - DICOR, Fleck’s, Hy-Bond, Modern Tenacin, Zinc Cement Improved)


B.
Phenolate Bonded (Zinc Oxide Eugenol)



1.
Polymer reinforced (Fynal)



2.
Alumina + EBA added (Opotow Alumina EBA, SuperEBA)


C.
Polycarboxylate Bonded


1.
Zinc Polycarboxylate (Durelon, Livcarbo, PCA, Tylok-Plus)



2.
Glass Ionomer (Fuji I, Glasionomer, Ketac-Cem)


D.
Polymethacrylate Bonded (Resins)



1.
Filled, Auto-Cure (All-Bond C&B, Biomer, Panavia, Scotchbond Multi-Purpose Plus, Thin Film Cement)



2.
Filled, Light- or Dual-Cure (Choice, Colorlogic, Dicor MGC, Enforce, Insure, Imperva Dual, Porcelite, Variolink)



3.
Unfilled (C&B Metabond, Superbond)


E.
Hybrids (Resin Modified Glass Ionomer Cements)



1.
Advance, Duet, Infinity, Vitremer

III.
CHARACTERISTICS OF LUTING CEMENTS


A.
Zinc Phosphate


1.
Powder:
90% Zinc oxide, 10% Magnesium oxide




Liquid:
Orthophosphoric acid buffered with aluminum phosphate and calcium phosphate



2.
The working time can be varied through incremental mixing (1-2 min) and the use of a cool glass slab.  This also allows more powder to be incorporated, which increases the strength of the cement.



3.
Advantages




a.
Easy to use/manipulation variables not critical
d.
Film thickness (25um)




b.
Successful clinical record (>100 years - 1878)
e.
Low cost




c.
Medium strength/rigidity


f.
Excess easily removed



4.
Disadvantages




a.
Pulp irritation/sensitivity (pH of 3.0 @ 3 min, 4.2 @ 1 hr, 7.0 @ 48 hrs.)




b.
Moderate solubility in oral fluids leading to washout




c.
No chemical bond to tooth or restoration



5.
Fluoride addition leads to decreased strength


B.
Zinc Polycarboxylate


1.
Powder:
Zinc oxide




Liquid:
Polyacrylic acid.  Modern products have additions to improve strength



2.
The powder is divided into halves and incorporated into the liquid within 30-60 seconds.  The mix should not be used after the surface loses it's gloss.



3.
Advantages




a.
Low irritation (neutral pH) 

c.
Low film thickness




b.
Adhesion to tooth structure 

d.
Radiopaque



4.
Disadvantages




a.
Short working time

c.
High microleakage




b.
Low/medium strength

d.
Creep (flows with time and pressure)


C.
Glass Ionomer


1.
Powder:
Silicate glass containing calcium, aluminum, and fluoride




Liquid:
Polyacrylic acid (plus additives)




2.
The powder is divided in halves and mixed into the liquid within 30-60 seconds.  The mixture should have a glossy appearance when applied.



3.
Glass ionomer is a "hydrated gel".  Two reactions take place which influence its characteristics.




a.
In the first phase, calcium ions enter the matrix forming a soluble gel




b.
In the second phase, aluminum ions replace the calcium form an insoluble cement.




c.
The calcium matrix must be protected from moisture contamination




d.
Protection with varnish or resin is probably not necessary for most modern products.



4.
Advantages




a.
High Strength



e.
Biocompatible (non-irritating)




b.
Fluoride release


f.
Low film thickness




c.
Low solubility



g.
Translucent




d.
Adhesion to enamel and dentin
h.
Low microleakage



5.
Disadvantages




a.
Manipulation/proportions critical
  d.
Can be dehydrated and crazed




b.
Moisture sensitivity during initial set
  e.
More difficult clean-up




c.
Pulpal irritation (if used incorrectly)


D.
ZOE Cement with Ethyl Benzoid Acid (EBA)


1.
Powder -
Zinc oxide with alumina particles




Liquid -
Eugenol and orthoethoxybenzoic acid



2.
Considered a final luting material.  However, it does not have very high strength properties.  The powder is incorporated into the liquid and spatulation is continued for at least 60 seconds.



3.
Advantages



a.
Low irritation to pulp - extremely biocompatible (sedative effect)




b.
Easy manipulation - longer working time




c.
Good seal



4.
Disadvantages



a.
Lower strength (additions of alumina/EBA or PMMA increases strength)




b.
Hydrolytic breakdown/washout




c.
Viscoelastic deformation



5.
Indications - Very sensitive teeth with excellent retention/resistance form

III.
CHARACTERISTICS OF RESIN ADHESIVES


A.
Self-Cure Resin Adhesives



1.
Increases filler content increases compressive and tensile strength, resistance to water sorption, and wear resistance.  However it also increases film thickness.




a.
Filled resins (Bis-GMA with active Phosphate Esters)




b.
Unfilled resins (Methyl Methacrylate)



2.
A dentin bonding agent must be used as polymerization shrinkage could result in marginal shrinkage and sensitivity.  Products which do not have either HEMA or 4-META will require an additional dentin bonding agent



3.
Bond to metal enhanced via silica treatment (Rocatec, Silicoater)



4.
Advantages




a.
Very high strength

c.
Adhesion




b.
Very low solubility

d.
Low post-operative sensitivity



5.
Disadvantages




a.
Increased shrinkage





b.
Difficult clean-up


B.
Light- or Dual-Cure Resin Adhesives (Esthetic resins)


1.
Used for all-ceramic and indirect composite restorations (crowns, inlays, onlays veneers).  Most kits include a range of shades, opacities, and consistencies.



2.
Light-cured resins can only be photopolymerized to a depth of 1.5 mm.



3.
Porcelain restorations should be etched with hydrofluoric acid, then silanated


C.
Resin Modified Glass Ionomer Cements (RMGIC)



1.
Characteristics




a.
Fluoride release




b.
Bond to dentin < Glass ionomer




c.
Bond to enamel = Glass ionomer




d.
Microleakage < Glass ionomer




e.
Moisture sensitivity < Glass ionomer




f.
Increased strength - less brittle, increased rigidity



2.
Not recommended for use with all ceramic systems as there is some expansion on setting - could fracture porcelain

IV.
CLINICAL INDICATIONS


A.
Single crowns, 3-unit FPD, no pulpal sensitivity, good retentive form - Glass ionomer

B.
Single crowns , some pulpal sensitivity - Zinc polycarboxylate


C.
Long span, no sensitivity (requires more rigidity) - Zinc phosphate, RMGIC


D.
Minimal retention, Resin Bonded FPD - resins

E.
High caries rate - Glass ionomer


F.
Esthetic inlay/onlay or crown - Dual-cure resin


G.
Veneer - Light-cured resin


H.
Posts - Glass ionomer, Zinc phosphate

RESIN RETAINED FIXED PARTIAL DENTURESPRIVATE 


The concept of acid etching enamel was first described by Buonocore in 1955.  Rochette applied that technology to the resin bonding of periodontal splints to teeth in 1973.  Howe and Denehy were the first authors to describe resin bonding a PFM pontic using macromechanical retention (the “swiss cheese” retainers) in 1977.


The idea of bonding an etched cast restoration (micromechanical retention) to enamel with a composite resin luting agent was first described by Thompson and Levaditis in 1982 (Maryland Bridge).  This idea replaced the earlier perforated type resin bonded bridge because of it's weakened metal structure and increased exposure of the luting agent to the oral environment.  Research has shown that the bond strength of resin to metal is 2-3 times greater than the bond strength of the resin to etched enamel.


Recent variations include a Crystal Bond System in which a mixture of soluble and insoluble crystals are incorporated on the bond surface of the wax pattern.  The soluble crystals are rinsed away and the insoluble crystals remain as part of the pattern, creating a positive and negative retention configuration.  Another variation is called the “Lost Salt Crystal Procedure” or Virginia Bridge described by Moon in 1987.  In this technique salt crystals are added to the bond surface of the Duralay pattern and are dissolved away, creating microcubic pores.  Both of the above techniques rely on macro retention created on the metal bonded surface.

Advantages include:  They do not require etching and one does not need to worry about contamination of the metal.  A disadvantage is the probability of resultant overcontoured retainers.

A.
Applications  


1.
Replace missing teeth (span length should be short)


2.
Periodontal splinting


3.
Post-orthodontic stabilization


4.
Combination (hybrid) restorations


5.
Innovative applications (RPD rests)

B.
Advantages/Disadvantages


1.
Advantages 



a.
Conservative (minimal tooth preparation)



b.
Supra-gingival margins



c.
No pulpal involvement



d.
Hygienic



e.
Excellent esthetics (if done correctly)



f.
No anesthetic required



g.
Less expensive


2.
Disadvantages


a.
Restricted applications (possibility of displacement and aspiration)



c.
No trial period to determine patient acceptance of anterior guidance



e.
Apparent ease (lack of tooth preparation)

C.
Treatment Planning


1.
Periodontal Considerations - Splinting of a weakened abutment should be avoided


2.
Edentulous Space - pontic space should have normal M-D dimension


3.
Abutment teeth should have adequate crown length and not be highly translucent to avoid “Blue thru”


4.
Incisal Clearance



a.
Contact with the opposing dentition should be limited to the incisal 1/3 or incisal edge.



b.
Contact in the middle or gingival 1/3 is a contraindication for this technique.


5.
Occlusal Philosophy for Posterior RBFPD’s



a.
Average or reduced occlusal forces should be present.



b.
Cuspid or Mutual Protection vs. Group Function



c.
Opposing arch - eliminate supereruption of teeth, plunging cusps

D.
Tooth Preparation


a.
Path of Insertion - for best results, there should be only one path of insertion for maximal resistance to dislodgment (prepare parallel walls).


b.
Resistance Form -the preparation should extend past the proximal line angles to resist displacement in a lingual direction.  If a 180 degree or more wrap cannot be achieved, small grooves are indicated.


c.
Retention Form - maximum bonding surface area (use as much of the tooth as possible).


d.
Vertical Stop - A positive seat in the form of a cingulum rest, ledge, or depression must be established.  Posterior teeth require occlusal rests.


e.
Margins - well defined margins 1 mm supragingival should be established.


f.
Tooth Reduction - 0.3 to 0.5 mm lingual reduction and at least 1.0 mm in stress bearing proximal marginal ridge areas.


g.
Existing Restorations - Interproximal restorations must be covered by the preparation.  If possible,  cover occlusal restorations as well.  Place the margins on enamel!

E.
Metal  Bonding Surface Preparation


1.
Metal commonly used:  Rexillium - Ticonium - (Ni-Cr-Be)






  Biobond - (Ni-Cr-Vanadium)






  Vitallium - (Cr-Co)



Why?  Because base metals (non-precious alloys) give maximum strength, rigidity in thin sections, and are favorable for porcelain addition.


2.
Most adhesives do not require etching of the metal.  However, air abrading must be accomplished which increases the bonding surface area as well as creating some micromechanical retention.

F.
Etched Tooth Surface:


Contamination of the etched surface can reduce bond strength up to 70%.  The most common contaminants are saliva and oil from the air line. Delivery under rubber dam is very strongly recommended.



The abutments should be pumiced with plain pumice before etching A 37% phosphoric acid solution is used on the tooth surface for about 30 seconds.  The gel is preferred over the liquid because it is easier to control.

G.
Dealing with “Blue-Thru”


1.
Vaseline “test” prior to stain/glaze


2.
Opaque luting agent


3.
Remove incisal aspect of framework (compromises maximal surface area)


4.
Last resort is to stain the pontic blue in the incisal 1/3

H.
Resin Luting Cements Commonly Used


-  C&B Luting Composite (Bisco Dental Products)


-  C&B MetaBond (Parkell Products)


-  Cement-It! (Jeneric/Pentron)


-  Panavia 21 (J. Morita Co.)


-  Resiment (Septodont Inc.)


-  Scotchbond Resin Cement (3M Dental Products)

I.
Debonds/Failures


1.
Survival rate (Creugers N.H.J., J. Dent. Res.  1991; 70:146-149)




1 year  = 89%




2 years = 84%




3 years = 80%




4 years = 74%


2.
Reasons for failure



a.
Inadequate preparation




1.
No resistance form (grooves, 180o wrap)




2.
No retention form (parallel walls, single path of insertion)



b.
Unfavorable occlusion



c.
Contamination of the etched metal or tooth surface.



d.
Faulty etching of the metal surface.


3.
Treatment of a failed RBFPD



a.
If failure was due to solely to debonding, ensure all adhesive/luting agent is removed from RBFPD and tooth, air abrade RBFPD, reetch tooth, and rebond.



b.
If there is any question about the fit of the RBFPD or quality of the preparation, REMAKE IT!!!!

COLOR IN DENTISTRYPRIVATE 

1.
Color is the property of a surface or substance after incident light rays have been absorbed or reflected.  Light rays are radiant energy found within the electromagnetic spectrum.  Visible light is located between infrared and ultraviolet light near the middle of the spectrum (380-760 nm) and can be separated according to it's characteristic wavelengths.  Blue having shorter wavelengths and red with the longest.

2.
Light sources normally consist of daylight, incandescent bulbs, and various types of fluorescent tubes.  No one light source is perfect for color matching or shade selection.  Some of the characteristics of light that are important when choosing a proper light source are:


a.
Color temperature - Is expressed in degrees Kelvin (K).  When the K temperature is low, the red end of the spectrum predominates and, as the temperature rises, the blue content increases.  The spectrum becomes balanced at about 5,000 degrees K, which is considered suitable as a shade selection source.


b.
Spectral curve - Is measured by a spectrophotometer.  A straight horizontal line is preferred over one with peaks and valleys, showing high energy wave bands that can cause color distortion.


c.
Color rendering index (CRI) - Is derived from a 3-D chromatic diagram.  A perfect balance is given a value of 100.  A CRI of 90-100 is considered necessary for accurate color matching.


d.
Quantity of light - It is suggested that a minimum of 150 foot candles be available in the dental peratory and laboratory.

3.
Metamerism - Is when two (2) objects match in color under one (1) light source and not under another.  The best solution is to use several light sources and make shade comparisons more than one.  Metamerism should be explained to patients as an occurrence and not a fault or an error.

4.
The three dimensions of color:

a.
Hue - is the name of the color.  It is the quality by which we distinguish one color family from another, red from yellow, green from blue, etc.


b.
Value - is the relative whiteness or blackness of a color.  The value dimension is achromatic, such as viewing black and white television or photography.


c.
Chroma - is the amount of saturation of a hue.  Chroma is the quality by which a weak color is distinguished from a strong color.

5.
Color order system - Munsell Color Notation:  (A system of relating the three dimensions of color in an orderly fashion) expresses color notations as a simple 3-D formula.  Hue value/chroma (H V/C).  Teeth have a hue range of yellow to yellow-red (orange), a value range of 5.8/to 8.5/, and a chroma range of /1.5 to /5.6.  Munsells notation of a shade could look like YR 6.8/3.6 for a selected tooth.

6.
Color mixing - is predictable properties and different wavelengths of color have been combined or subtracted from one another.


a.
Additive color mixing - applies only to light systems.  The blending of certain pure-colored lights to yield white light.  



Primary Colors (red-green-blue) = white light.

b.
Subtractive color mixing - applies to pigment systems.  White light can be filtered or absorbed so that the light that emerges is lacking those particular wavelengths (subtracted).  



Primary Colors (cyan-magenta-yellow) = Black (absence of visible light).

c.
Partitive color mixing - it uses the subtractive principles and is based on interpretation of the eye.  This is the color mixing system as we PERCEIVE IT.



Primary Colors (red-yellow-blue)...think of the neumonic of grade school ROY G. BIV...its the alternate primaries red-yellow and blue with visual mixes to produce the 



in-between hues.

7.
The Color Wheel - as indicated above is basically the PARTITIVE SYSTEM.


   orange
 yellow




PRIMARY COLORS









RED - YELLOW - BLUE

red

          green









SECONDARY COLORS


    violet
  blue




ORANGE (RED  + YELLOW)









VIOLET (RED  + BLUE)









GREEN  (BLUE + YELLOW)


Complimentary colors:  are located opposite each other on the color wheel.


1.
They appear to have a higher chroma when viewed slide by slide.


2.
When mixed together, they produce a lower value approaching gray

8.
Methods of staining porcelain restorations:

a.
Intrinsic modification - Internal staining in either the opaque or body build up stage. Very difficult to control.


b.
Extrinsic modification - External staining techniques easily done chairside.

9.
Color characterization -Surface stains used to simulate cervical or embrasure stains, hypocalcified areas, checklines, etc.

10.
Shade Modification:

a.
Value adjustments - 



RAISE: it is very difficult to make a restoration lighter.  Can try blue or finely distributed white.  Smoother surface (highter reflectance) will help.  Most often, you have to start over.



LOWER: Add a complementary color. Violet is used on yellow; also increases translucency. Grey is discouraged as it produces a semitransparent appearance and looks 'cloudy'.


b.
Chroma Adjustments -



RAISE: add dominant hue (orange or yellow).



LOWER: add complimentary color (Difficult to accomplish).


c.
Hue adjustments -



Shift from orange to yellow - add yellow.



Shift from yellow to orange - add red.
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