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This pamphlet implements AFPD 47-1, Dental Services. It is the first of the two volumes that form the
training foundation for the Tri-Service Dental Laboratory Apprentice Course, J3ABR4Y032-005
(available at https://etca.randolph.af.mil), and the Air Force Career De velopment Course (4Y052). In
addition, it is a working reference for all dental laboratory technicians.

This volum e defines the dental laboratory speci  alty and its m ission, presents subject knowledge
necessary to deal with technical problem s and wo rk as a dental laboratory technician, introduces
laboratory safety and infection control practices, and details procedures necessary to construct
removable dental prostheses and orthodontic appliances . It is to be used by the Dental Corps of the
Medical Service, resident dental laboratory courses, 381 TRS, and all dental la boratories in the US Air
Force. Volum e 2 covers basic knowledge and proce  dures necessary to construct fixed and special
prostheses in the dental laboratory.

Send comments and recom mendations for im proving this publication to 381 TRS/XW AA, 917 Missile
Road, Sheppard AFB TX 76311-2246. Ensure all records cr eated as a result of processes prescribed in
this publication are m aintained in accordance with AFMAN 37-123,  Management of Records, and
disposed of in accordance with the Air Force Records Disposition Schedule (RDS) (available at
https://afrims.amc.af.mil/rds/index.cfm). The use of the nam e or m ark of any specific m anufacturer,
commercial product, com modity, or service in this publication does not im ply endorsement by the Air
Force.

See Attachment 1 (Glossary of References and S upporting Inform ation), Attachment 2 (Prefixes and
Suffixes), Attachment 3 (Packing and Shipping Cases to Dental Laboratories), Attachm ent 4 (Denture
Tooth Management), and Attachment 5 (Subject Index).

SUMMARY OF REVISIONS
This instruction is substantially revised and must be completely reviewed.

This volume and Volume 2 incorporate all of the m aterial in the previous three volum es of AFP 162-6.
This volume updates dental m aterials, infection cont rol, laboratory-fabricated orthodontics, lingualized
denture setup, the glossary, and the index. It adds  information on injection m old denture processing
techniques, light cured custom trays, baseplates, re sin veneers for rem ovable partial dentures (RPD),
soft denture liners, denture base characterization, and RPD repairs. It deletes shellac resin base plates.

THIS PUBLICATION CONTAINS COPYRIGHTED MATERIAL
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Chapter 1

DENTAL LABORATORY SPECIALTY AND LABORTATORY ENVIRONMENTAL
CONCERNS

Section 1A—Overview of the Specialty

1.1. Dental Mission. The m ission of the dental laboratory specialty is “to support the Department of
Defense personnel in building the w orld’s most respected air, land, sea, and space forces by fabricating
dental prostheses and specialized products, suppor ting research activities, and providing consultation
services to dental health care pr oviders.” The foundation of our country ’s national security is based on
the strength and readiness of its military services. As part of th e medical mission, each person assigned
to the Dental Service plays a v ital role in es tablishing and m aintaining the dent al health of uniformed
military personnel.

1.2. Description of the Dental Laboratory Specialty. The dental laborato ry specialty is an integral
element of the Dental Service. It deals with the design, fabrication, and repair of dental prostheses
(crowns, complete dentures, and fixed and removable partial dentures [RPD]) under the supervision of a
dentist. Pro sthesis is a general term that applie s to any artificial replacem ent for a lost b ody part.
Prosthetic dentistry (prosthodontics) is the art and science  of fabricating artifici al replacements for
missing oral structures.

1.3. Specialty Duties. The duties and responsibil ities of personnel assigned to the dental laboratory
specialty increase as a p erson grows in knowledge, skill, and grade. These duties b egin by performing
routine procedures in the various areas of fixed, partial, and complete dentures. As skills and knowledge
increase, m ore advanced procedures are learned th rough on-the-job training or in advanced training
courses. The technician who de monstrates personal and professional m aturity is expected to assum e
supervisory responsibilities. These duties include la  boratory training, labo ratory supervision, and
administrative and leadership positions. A m ore extensive breakdown of skill a nd career progression is
described in the Air Force Dental Laboratory Specialty Career Field Education and Training Plan.

1.4. Professional and Patient Relationships. A special stan dard of ethical behavior is re quired of all
people involved in health care delivery. That is, a spirit of service and personal commitment must be the
controlling factor in duty performance. Supporting patient care requires committed and responsible duty
performance. Your performance affects the health of others.

1.4.1. Dentist’s Relationship to the Technician. The dentist shou 1d tr eat the tech nician as a
professional. The dentist is responsible for givi  ng the technician very sp  ecific directions (a
prescription) for each case to be fabricated, b eing availab le to answer the technician’s v alid
questions, and providing assistance as necessar y. After determ ining the patient can wear the
prosthesis made by the technician, the dentist assumes legal responsibility for the entire procedure.

1.4.2. Technician’s Relationship to the Dentist. As a professional, a technician must m aintain
knowledge and proficiency by continuing his or he r education. Every restoration the technician
makes must represent his or her best effort. The technician must follow the dentist’s prescription
exactly. In the technician’s judgm ent, if a prescr iption change is indicated, the dentist m ust be
consulted. Technicians m ust conduct them selves in a professional m anner, especially when
patients are present. Pro fessionally oriented conversations between a technician and a dentis t are
privileged communications that must not be repeated to others.

1.4.3. Technician’s Relationship to the Patient:

1.4.3.1. The technician must fabricate each prosthesis to the highest standard of which he or she
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is capable. The techn ician is respon sible for any deliberate inappropriate actions resulting in
failure of the prosthesis.

1.4.3.2. The technician’s moral responsibility is to the patient. The technician must behave in a
professional manner at all tim es. NOTE: Because the te chnician and dentist are jud ged on the
basis of observed behavior, they must ensure their behavior is always acceptable.

1.4.3.3. The patient’s dental condition and progress  of treatm ent are privileged infor mation;
therefore, this inform ation m ust not be re peated in anything othe rthanap rofessional
conversation. Anything the tec hnician learns about a patient’s  personal life or habits is
privileged information.

Section 1B—General Health Conditions

1.5. Work Positions. Improper posture can produce fatigue, pa in, and discom fort. Sitting with your
head lowered forward can cause a feeling of cramping in the back of your neck, and a curved spine can
cause backache. General health can be impaired because po or posture could caus e displacement of the
internal organs. The following are proper postures for the positions in dental laboratory work:

1.5.1. Standing Position. Stand erect, with your legs comfor tably parted. This posture ensures

maximum stability. The weight is carried m ainly on the balls of your feet. In this  position, an
imaginary line dropped from the base of the ear would pass through your shoulder, hip joint, and
kneecap and just in front of your ankle.

1.5.2. Sitting Position. Sit erect. In this position, an im aginary line would pass through your ear,
shoulder, and hip joint. Sit as  far back in your chair as possible. W  hen you work at a desk or
bench, your body should bend forward from the waist without breaking the straight line previously
described.

1.6. Room Illumination. The exactness of d ental labo ratory work dem ands good lighting. W hen
possible, place th e equipment so natural light com es from behind and above you r shoulders. When
artificial light is in front of th e operation, it must be shielded so  there is no glare and it should be
directed onto the work being performed.

1.7. Room Ventilation:

1.7.1. Properly filtered ventilation is essential for good health and maintaining a positive working
attitude. Ventilation supplies clean air at a controlled temperature so the environment is kept safe
and comfortable. A controlled tem perature is also essential when working with dental m aterials.
Waxes and investm ents require a controlled temp erature of approxim ately 70 - 72 degrees to
achieve proper expansion for accurate-fitting restorations.

1.7.2. Ventilation should be sufficient to rem ove fumes, gases, and excessive heat and dust. In
some areas of dental laboratories, some form of m echanical ventilation is required to rem ove air
contaminants such as dust and fumes. This is done by using exhaust hoods located at the areas
where contaminants are generated.

1.8. Noise and Vibration:

1.8.1. Prolonged exposure to noise and vibration can affect your hearing ability, general health,
and working efficiency. Many noises can be elim  inated at their sou rce, while others can be
guarded against by individual protective m easures. Proper location and lubr ication of m achinery

are essential.
1.8.2. The Air Force Occupational Safety and Health (AFOSH) Standard 48-19, Hazardous Noise
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Program, enforces Occupation al Safety and Hea 1th Adm inistration (OSHA) standards and
requires the use of devices (such as soft rubber earplugs when you work close to noisy equipment)
and rubber mats placed under equipm ent and in pl aces where people stand to operate equipm ent,
thus reducing the effects of vibration. These m easures reduce the effects of long term exposure to
noise and vibration detrimental to your general health.

Section 1C—Safety in the Laboratory

1.9. Housekeeping in the Dental Laboratory. A dental laboratory must be neat and orderly at all times.
Clean, orderly surroundings are conduc ive to the best efforts and safe ty of all concerned. Continuous,
routine care of the laboratory is ev eryone’s responsibility. The easiest way to maintain a neat work area
is to clean the area after each pro  cedure. W hen this becom es habit, only a short cleanup period is
necessary each even ing to prepar e the laboratory for use the next day. W hen the day’s work is
completed, work benches, lathes, and bench engines must be cleaned and dusted. Sinks must be emptied
and scoured, and water baths m ust be drained. As required by clinic policy, floors should be swept,
mopped, and waxed. Instruments must be cleaned and returned to their proper storage areas.

1.10. Eye Protection. You must constantly be alert to hazards that might harm your eyes. Intense light
from gas-oxygen torches, acids, corrosive fum es, and flying particles pose serious safety hazards in the
laboratory. All personnel must be trained to use an approved eyewash station which should be located in
the laboratory for easy access by all personnel. This station will be used to flush the eyes with cold water
in the event hazardous materials get into the eyes. (For guidelines on eyewash station requirements, see
AFOSH Standard 91-32, Emergency Shower and Eyewash Units.) Neutralizers for chemicals used in the
laboratory must be available. Refer to material safety data sheets (MSDS) for specific neutralizers.

WARNING

WEAR PR OTECTIVE GLASS ESORGOGGL ESWHE NT HEREM OTEST
POSSIBILITY OF EYE DAMAGE EXISTS.

1.11. Hand Care:

1.11.1. Fingernails should be trimmed short so they do not collect dirt or becom e torn and cause
injury to fingertips. Certain laboratory procedures require wearing rubber gloves; other procedures
require wearing insulated gloves or mitts. Using hand creams frequently during cold weather helps
prevent chapping.

1.11.2. Give immediate care to all scratches, cuts, burns , or bruises to lessen th e risk of infection.
Appliances worn by patients can harbor organism s that m ay cause serious infection or disease
through cuts or breaks in the skin. Therefore, al ways wear latex or rubber gloves when pouring
impressions, cleaning impression trays, or handling a prosthesis that was in the patient’s mouth.

1.11.3. Keep hands clean by frequently brushing them with a handbrush, soap, and water. Remove
rings and bracelets to prevent catching them in equipment.

1.12. Hair Care. Hair should be trimm ed short to prevent tangling it in lathes. Long hair will alm ost
certainly be singed or set on fire near an open flame. If the need is obvious, use hairnets or bobby pins.

1.13. Clothing. As with long hair, dangling shirttails, sl eeves, and neckties can pose a problem near
lathes and flames. A securely fastened, well-fitting lab coat provides protection. Use an apron over your
lab coat when pouring impressions or cleaning im pression trays. This clothing m ay be disposable or
cleaned by a laundry service.

1.14. Instruments. As a general rule, sharp instrum ents are less dangerous than dull ones. Rather than
straining to use a dull tool, you can exercise m ore deliberate control with a sharp one. Keep all cutting
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tools sharply pointed or edged, but don’t carry dangerous, unshiel ded instrum ents on your person.
Dispose of broken instruments and worn or broken lab blades in an appropriate “sharps” container.

1.15. Lathes and Rotary Attachments:

1.15.1. Wear protective goggles or glasses during finishing and polishing procedures. Do not leave
a running lathe unattended; turn it off when it is not in use.

1.15.2. Ensure all chucks and attachm ents are secure ly mounted before starting the lathe. Do not
use attachments that vibrate or do not run true. Do not adjust or re place chucks, wheels, or similar
attachments while the lathe is runn ing unless the machine is equipped with an autom atic chuck.
Do not attempt to stop a running lathe by grasping the attachment with your hands.

1.15.3. Adjust the glass shield of high speed lathes  to an angle that deflect s flying debris away
from the face. Follow the m anufacturer’s direct ions f or inser ting a ttachments, starting and
stopping the lathe, and releasing the attachments.

1.16. Heat Sources and Flammable Substances:

1.16.1. ALL DENTAL LABORATORY PERSONNEL MUST KNOW L OCAL PROCEDURES
FOR REPORTING FIRES, W HERE THE FIRE EXTINGUISHER IS KEPT, AND HOW TO
USE IT.

1.16.2. After use, turn off equipm ent having electric heating elem ents. Be aware that these units
have a tendency to stay hot long after they are switched off.

1.16.3. Do not leave a Bunsen burner or blowto  rch flam e unattended. Turn off these flames
immediately after use. Control the height of a B unsen burner flame. (A 3-inch flame is sufficient
for alm ost all laboratory procedures.) Close  the outle t v alve at once when a gas flam  eis
accidentally extinguished. Make sure a Bunsen flame is not burning through the hose that supplies
the unit.

1.16.4. Replace damaged lengths of hose immediately. Store flammables (in permissible volumes)
in proper containers and inside approved storage facilities. Keep flames away from storage areas
containing flamm ables. Avoid heating both ends  of a double-ended inst rument. Use care in
handling hot waxes and liquids.

1.17. Airborne Dust and Fumes. Ensure a 11 p ositive exhaust machinery is working proper ly. W hen
working with acids or any other su bstance having toxic fu mes, place and use th ese substances under a
power exhaust hood. K eep all acid cont ainers properly m arked and covere d when they are not in use.
Position them to prevent spills. Use a proper mask to prevent inhalation of airborne dust during grinding
and polishing procedures when adequate exhaust machinery is not available.

1.18. Electrical Connections. Report all electrical defects (frayed cords, loose plugs, etc.) as so on as
they are discovered. Treat all electrical wires as “live” wires. Unplug all equipment not in use unless it is
required to be plugged in at all times for proper function (for example, porcelain ovens).

1.19. Compressed Air:

1.19.1. Do not allow horseplay around com pressed air. (NOTE: Serious injuries have occurred by
the entry of com pressed air into the body. Laboratory air pressu re is routinely 30 1b/in?, and it is
estimated that a pressure of 4 1b/in® will rupture intestines.)

1.19.2. Wear eye protection at all tim es when compressed air is being used. Do not use m ore than
the recom mended pr essure in pressurized cu ring units or other com pressed air-pow ered
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equipment. Do not use more than 30 Ib/in * for cleaning purposes. Label each air outlet acco rding
to the air pressure available (Ib/in?).

Section 1D—Infection Control in the Laboratory
1.20. Introduction:

1.20.1. Preventing the spread of inf ectious disease is a factor less obvious than safety, but equally
as important in m aintaining the health and well-being of patients and clin ic personnel. Infection
control procedures reduce the sp read of pathogenic m icroorganisms by breaking the chain of
infection at critical points in the fabrication, repair, and delivery of prostheses.

1.20.2. The key concept in dental laboratory infec tion control is to clean and disinfect all
contaminated items before they are allowed to reach the production area of the laboratory. If this is
done, dental laboratory personnel and equipment will not become contaminated.

1.21. Exposure and Precautions:

1.21.1. Dental health care workers (DHCW ) are routinely exposed to blood, saliva, and other
potentially infectious materials. Because of the potential for cross-contamination, dental personnel
must follow strict infection control precautions.

1.21.2. Dental laboratory technicians are also susceptible to infection via cross-contamination. For
example, it has been docum ented that they are alm ost three tim es more likely to be exposed to
hepatitis B than the general population. Because of this potential for exposure, dental laboratory
personnel are included in the hepatitis B high-risk population.

1.21.3. Some of the other potential pathogens the de ntal laboratory technician may be exposed to
include the hum an i mmunodeficiency virus (H IV), tubercle bacillus (tuberculous), and herpes
virus (primary and secondary herpes).

1.21.4. The potential for transm  ission of various types of infectious m icroorganisms from
impressions and prostheses to dental laborato ~ ry personnel is always  present, and universal
precautions form the foundation for th e prev ention of cross-con tamination. As described by
OSHA, “Universal Precautions” indicates all bl ood, saliva, and bodily fluids in the dental
workplace should be treated as potentially infectious.

1.21.5. In addition, routine infection control procedures should be developed and implemented for
every patient. The term Standard Universal Precautions refers to the standard precautions applied
universally to all patients, regardle ss of the infectious status, to reduce the risk of transmission of
bloodborne pathogens. (See  https://www.afms.mil/afdental/almajltr/1997/970414.pdf.) Various
methods have been developed to minim ize exposure of dental personnel to potentially infectious
microbes. For exam ple, engineering prin  ciples, person al pro tective equipm ent, chem ical
disinfection, sterilization, and vaccination all play a role in m inimizing exposure to pathogenic
microrganisms.

1.22. Infection Control Terminology. The following terms apply to infection control:

1.22.1. Antiseptic. An antisep tic is a chem ical agent applie d to a tis sue to inhib it the growth of
microorganisms.

1.22.2. Asepsis. Asepsis is a pathog en-free condition; that is, the process of preventing the access
of microrganisms.

1.22.3. Aseptic Technique. Proper use of dental instrum ents to ensure sterilized an d disinfected
items are not contaminated before use is the aseptic technique.
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1.22.4. Bioburden. Bioburden is the num ber and type of microorganisms that m ust be rem oved
via mechanical debridement to allow proper disinfection.

1.22.5. Dental Item Classifications. Dental item s can be classif ied as critical, se micritical, or
noncritical in their need for ster  ilization or various levels of  disinfection. As f ollows, these
classifications are determined by where and how the items are used:

1.22.5.1. Critical Items. Critical items are obje cts that en ter the skin, muc ous membrane, or
vascular sys tem and present th e greates t ri sk of infection. CRITICAL ITEMS MUST BE
STERILE PRIOR TO USE. Scalpe 1 blades, hypoderm ic needles, surgical instrum ents, and
suture needles are examples of critical items.

1.22.5.2. Semicritical Items. Semicritical items are ob jects that frequ ently con tact m ucous
membranes and are often contam inated by oral secretions and blood, but they do not enter the
tissue or vascular system. THESE ITEMS MUST HAVE HIGH TO INTERMEDIATE LEVEL
DISINFECTION. Shade guides, facebows, ja w relationship records, im  pressions, and
prosthetic devices are examples of semicritical items.

1.22.5.3. Noncritical Items. Noncritical items are objects that don’t ordinarily contact mucous
membranes or broken skin. THESE ITEM S SHOULD HAVE INTE RMEDIATE TO LOW
LEVEL DISINFECTION. Receiving areas, case pa  ns, and articulators are exa  mples of
noncritical items. NOTE: The term “noncritical” does not imply “nonimportant.”

1.22.6. Disinfection:

1.22.6.1. The destruction or inhibiti on of most pathogenic bacteria (w hile they are in their
active growth phase) and the inac tivation of som e viruses are termed disinfection. In m ost
cases, the disinfecting process does not kill spores and cannot be easily verified. In ad dition to
their norm al spectrum , disinfectan ts used ina  dental clinic environm ent also need to be
tuberculocidal.

1.22.6.2. The Environmental P rotection Agency (EPA) is tasked with classifying sterilants and
disinfectants. They classify high-level disinfectan ts, which are sporicidal, as sterilizing agents.
Defined levels of disinfection are based on the bi ocidal activity of an agent agains t bacterial
spores, tubercle bacilli, vegetative bacteria, and viruses as  well as th e conta ct tim e of the
solution.

1.22.6.3. High-level disinfectants (s  terilizing agents) are biocid al against all classes of
microbes, and they are used for all critical and some semicritical items.

1.22.6.4. Interm ediate-level disinfectan ts will not routinel y kill spores, but they are biocidal
against all other clas ses. Inte rmediate-level di sinfectants ar e used f or s emicritical and som e
noncritical items.

1.22.6.5. Low-level d isinfectants are not effective ag ainst tubercle bacilli, bacterial spores, or
certain nonlipid viruses. Low-level disinfectants are used only for noncritical items.

1.22.7. Personal Protective Equipment (PPE). Specialized cloth ing or equipm ent (such as
gloves, masks, protective eyeglasses, and gowns) that provide a physical barrier between the body
and the source of contamination are called PPE.

1.22.8. Sanitation. Sanitation is the process that rem oves gross debris and reduces the num ber of
microorganisms or nonliving material.

1.22.9. Sterilization. The process of totally de stroying all for ms of life within an environment,
including viruses and spores, is  called sterilization. Heat ster ilization can be monitored and
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verified, bu t sterilizatio n by high-level disinfectant soluti  ons cannot easily be monitored or
verified.

1.22.10. Unit Dose. Dispensing only those m aterials or supplies required for treating a single
patient (or prosthesis) is the unit dose method.

1.22.11. Standard-Universal Precautions. DHCWs must assum e all body fluids and
contaminated instrum ents and m aterials are infec tious and routinely u se standard ized inf ection
control procedures. The use of st andard-universal precautions pr otects both the patient and the
dental team.

1.23. Laboratory Barrier System:

1.23.1. Laboratory personnel can be protected against infection by the establishm ent of a strict
barrier system. This is usually initiated by establ ishing a receiving area (a n engineering control)
that is physically se parate from the rest of the dental labo ratory. If'it is not possible to create a
physically separate receiving ar ea, a portion of the laboratory s~ hould be designated as the
receiving area which would be considered con taminated. (The rest of the laboratory would be
considered uncontaminated.)

1.23.2. All items needing disinfecting will first be processed through the receiving area (paragraph
1.24). This barrier system is esse ntially a series of cleaning and disinfecti ng procedures that
removes blood, saliva, and other pote ntially infectious material from the impression or prosthesis.
After an item has passed through the barrier system , dental laboratory personnel m ay safely work
on the case with minimum PPE. In practice, this means sterilizing or disinfecting dental items that
have had contact with the patient before and af ter any labo ratory work is pe rformed (paragraphs
1.25 through 1.38). After a prosthesis has been through the barrier system, it can then be processed
through the laboratory.

1.24. Receiving Area Requirements. Dental personnel w orking in th e receiving area should wear the

appropriate PPE (gloves, mask, eye protection, and smocks). They should wash their hands as they enter
and leave the receiving area. Dirty and clean cases m ust be separ ated. Every item with a po tential for
contamination must not leave the receiv ing area until is h as been clean ed and dis infected. Rush cases

should not be allowed to break the infection control barrier. The bench top must be disinfected between
each case and at the end of the day with an intermediate disinfectant solution.

1.25. Disinfection of Reversible Hydrocolloid and Alginate Impressions:

1.25.1. After removal from the m outh, each impression should be carefully rinsed with runnin g
water in the dental treatm ent room before it is transported to the receiving area. Small am ounts of
dental stone m ay be sprinkled in the im pression and gently scrubbed into the im pression with a
camel hair brush. This addition of the stone will aid in cleaning the impression. The im pression
should then be gently rinsed under running water. After rinsing, the impression will be transported
to the receiving area in a plastic bag.

1.25.2. In the receiv ing area, the im pression will be sprayed with an appropriate disinfectan t
solution and placed in a sealed plas tic bag. Alginate im pressions shou ld be dis infected with a
spray because they will absorb moisture if placed in a so lution. Sealing the impression in a plastic
bag creates a “charged atm osphere” which enh ances disinfection. The most accurate casts have
been produ ced when the spray an d plas tic bag t echnique was used to di  sinfect alginate and
reversible hydrocolloid im pressions. Appropriate disinfectant sprays include iodophors, sodium
hypochlorite (1:10 solution), 2 percent glutaraldehyde, and chlorine dioxide products.
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1.25.3. After the recom mended time of disinfection, the impression will ag ain be gently rin sed
under running water an d then pou red in the trad itional manner. Because reversible hydrocolloid
and alginate i mpressions lose dim ensional accuracy as a function of time, they should be poured
within 12 minutes after removal from the mouth. A disinfectant should be selected that produces
an appropriate level of disinfection in as short a time as possible.

1.26. Disinfection of Addition Silicone and Polysulfide Impressions. These impressions m ay be
managed like the hydrocolloid impressions (paragraph 1.25), or they may be immersed in an appropriate
hospital lev el disinf ectant. ( EXCEPTION: These im pressions should not be imm ersed in neutral
glutaraldehyde.) Immersion with any acceptable disinfectant will not adversely affect the accuracy of the
impression or the surface detail of the resulting cast. The surface detail of the cast seems to be enhanced
if these impressions are immersed in a 2 percent acidic glutaraldehyde disinfectant.

1.27. Disinfection of Polyether Impressions. Polyether impressions are hydrophilic and should not be
immersed in a disinfectant solution. These impressions are disinfected in the same manner as reversible
hydrocolloid and alginate im pressions (paragraph 1.25). A chlorine-bas ed disinfectant with a short
disinfectant time is recommended for these impressions.

1.28. Disinfection of Prostheses Entering the Laboratory:

1.28.1. Carefully rinse fixed and removable prostheses under running water after removal from the
mouth. This is the precleaning step. Then scrub the prosthesis with an antimicrobial soap and rinse
it. This procedure can occur in the dental treatment room, professional work area, or the receiving
area. If this cleaning step is performed in the dental treatment room, place the cleaned prosthesis in
a plastic bag and take it to the receiving area.

1.28.2. In the receiving area, place the prosthesis  in an ultrasonic cleane r with the appropriate
cleaning solution. Place the cover o n the ultraso nic cleaner and clean th e prosthesis according to
the manufacturer’s recommended time. Then immerse the prosthesis in an accepted tuberculocidal
disinfectant. Exam ples of accepta ble dis infectants are s odium hypochlorite (1 :10 solution ),
iodophors, and gluteradehyde. The immersion tim e is 10 minutes or the m anufacturer’s specified
time. Metal com ponents of prostheses can be corroded by m any disinfectants, but this is unlikely
to occur if proper disinfectant times are followed.

1.28.3. After the d isinfectant procedure is accomplished, the prosthesis will again be rins ed and
can be processed through the labor atory. This procedure allows the laboratory technician to work
on the prosthesis with minimum PPE.

1.28.4. If the prosthesis is to be shipped to anot her laboratory, the prosthes is will be disinfected
and sealed in a plastic bag, which prevents ¢~ ontamination of the shipping m aterials. Also, a

statement should be included in th e shipping container stating the prosthesis has been disinfected.
NOTE: Disinfectant is not added to the plastic bag containing the prosthesis because the exposure
time to the disinfectant will be excessive and may damage the prosthesis.

1.29. Disinfection and Sterilization of Prosthodontic Items. Dental equ ipment th at h as m inimal
contact with oral fluids will be clea ned and disinf ected with an accepta ble disinfec tant. Exam ples of
such items are shade tabs, dental torches, case p ans, articulators, facebows, spatulas, and rubb er bowls.
Equipment that has been placed in the patient’s mouth will be sterilized. Examples of such items are the
facebow’s bitefork and reusable impression trays.

1.30. Dispensing the Finished Prosthesis to the Dentist. The prosth esis will be cleaned, disinfected,
and placed in a plastic bag before it is r eturned to the dentist. A statement m ay be affixed to the bag
stating the prosthesis has been disinfected.
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1.31. Preparation of Saturated Calcium Sulfate Dihydrate Solution (SDS). Prepare the SDS fro m
fresh set stone that has never been poured against a potentially contaminated impression.

1.32. Disinfection of the Dental Casts:

1.32.1. Ideally, an im pression will be disinfected  before it is poured in dental stone. If the
impression was poured before disinf ection, the subsequent cast will be considered contam inated.
Spraying the cast with an iodophor or a chlorine di sinfectant can disinfect the cast. The cast will
then be placed upright and allowed to completely dry. Care must be taken not to dam age the stone
cast’s surface.

1.32.2. Another method is to place a 0.5 percent solu tion of sodium hypochlorite in a solution of
clear SDS and soak the cast for 30 m  inutes. Th e cast will be rem oved from the solution and
allowed to dry com pletely. This so lution will not damage the surface of the cast. The solutio n
must be prepared daily to maintain its effectiveness.

1.33. Dental Laboratory Personnel and Standard Universal Precautions. A sa mi nimum,t o
minimize the possibility of contamination in the workplace, (1) PPE should be used when necessary, (2)
excellent personal hygiene should be maintained, (3) hepatitis B vaccination should be accom plished,
(4) eating o r drinking s hould not b e perm itted in th e den tal labo ratory, and (5 ) the receiv ing and
shipping area should be controlled.

1.33.1. Rush Cases. Do not allow rush cas es to jeopardize the barrier system . If a prosthesis is
adjusted or modified in the dental treatm ent room and additional laboratory support is required,
make one of the following two choices:

1.33.1.1. Recognize that, depending on the disinfectant, up to a 20-minute turnaround tim e is
required to protect the dental laboratory.

1.33.1.2. Establish a unit dose polishing area physically removed from the dental laboratory. In
the isolated area include a po lishing unit, individually wrapped wheels , abrasive points, and

polishing agents. Enclose catch pa ns for pum ice in sealed p lastic bags for single patient use.
Ensure all pum ice and polishing w heels used on ¢ ontaminated appliances are sterilized after
each use.

1.33.2. Hand Cleansing. Personnel involved with patient care must follow the rigid handwashing
regimine below:

1.33.2.1. Hands must be thoroughly wash ed and free of rings to rem ove resident bacteria and
transient organisms acquired from contact with patients or contaminated surfaces.

1.33.2.2. Cleanse hands at the b eginning of each duty day. Fingernails should be free of nail
polish and trimmed and cleaned, using a nail clea ner. (DO NOT wear fals e fingernails because
contamination may occur from fungal growth occurring between the false and natural nail.)

1.33.2.3. Wet hands, apply an antisep tic solution, and scrub hands and nails with a surgical
sponge or b rush. Rinse thoroughly because so me antiseptic handcleansing agents may irritate
the skin if they are not thoroughly removed. Finally, dry hands, using a clean paper towel.

1.33.2.4. Repeat handcleansing is required after wo  rking with contam inated dental item s,
before lunch, and before leaving the dental clinic.

1.34. Chemical Sterilization and Disinfection:

1.34.1. Although heat sterilization is the preferred m ethod, certain instruments and m any dental
materials cannot be placed in a he at sterilizer. Therefore, they re quire chemical sterilization or
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disinfection. Many different chem ical d isinfectants are availa ble with varying degrees of
effectiveness.

1.34.2. Itis im portant to rem ember that disinfec tants can be rendered ineffective by soiled or
heavily contaminated prostheses. Therefore, adequate debridement and cleaning are necessary for
effective disinfection.

1.34.3. The American Dental Association (ADA) Council on Dental Therapeutics recommends the
following five disinfectants; iodophor (paragraph 1.35), glutaraldehyde (paragraph 1.36), phenolic
(paragraph 1.37), chlorine (paragraph 1.38), and for maldehyde compounds. Form aldehyde
compounds are usually used as surface or immersion disinfectants in dentistry.

1.35. lodophor. Examples include Wescodyne® and Biocide®.

1.35.1. Iodophor compounds contain 0.05 to 1.6 percent iodine and surface-active agents (usually
that of detergents), which carry and release free iodine. Because the antimicrobial activity of an
iodophor compound is greater than iodine alone, it can be used as a chemical disinfectant.

1.35.2. Because the vapor pressure of iodine is reduced in the iod ophor, its o dor is not as
offensive. Also, iodophors do not stain as readily as iodine.

1.35.3. Intermediate levels of disinfection can be achieved after 10 to 30 m inutes of contact when
mixed with water according to the manufacturer’s directions..

1.35.4. Antiseptic iodine com pounds approved by th e Federal Drug Adm inistration (FDA) m ust
not be used as disinfectants.

1.36. Glutaraldehyde:

1.36.1. Examples. Examples of glutaraldehyde include, Cidex ®, Sporicidin ®, Steriliz e®,
Glutarex®, and Banicide®.

1.36.2. Chemical Sterilization:

1.36.2.1. The types of available glutaraldehyde ar e alkaline, neutral, and acidic. Most
formulations contain 2 percent glutaraldehyde and com e in two containers. W hen the proper
amounts from each container are mixed, the solution is activated.

1.36.2.2. Glutaraldehyde sterilizati on cannot be verified by usi ng sterilization m onitors.
Because it is caustic to the ski n, forceps or rubb er gloves should be used to hand le prostheses
that have been immersed in glutaraldehyde. A 2-percent, room-temperature solution of alkaline
or neutral glutaraldehyde should be used to sterilize heat-sen sitive item s. (Read the
manufacturer’s directions carefully because some formulations cannot be used on carbon-steel
instruments. )

1.36.2.3. Immersion for 6 3/4 to 10 hours in a fr esh solution of alkaline or neutral
glutaraldehyde usually achieves  sterilization, but metallic item s ca nnot be left in any
glutaraldehyde solution for longer than 24 hours.

1.36.2.4. After activation, the shelf life and reuse life of each solution m ay vary de pending on
the formulation. Place an expiration date on each container of fresh solution to en sure only
active solutions are used. Acidic glutaraldehydes heated to 600  °C in a closed sy stem will
sterilize instruments in 1 hour. Because of the need for frequent heating and a closed system to
eliminate toxic vapors, the use of acid glutaraldehyde is impractical for sterilization.

1.36.3. Chemical Disinfection. The types of glutaral dehydes used for disinfection are the same as
for sterilization, but their us  age differs. A 10-m inute immersi on in glutaraldehyde norm ally
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provides an interm ediate level of disinfection. T he label states shel f life (after ac tivation), reuse
life, and dilution factors. Glutaraldehydes are best used as immersion disinfectants. They are not
practical to use as su rface disinfectants becau se surfaces wiped down with g lutaraldehydes must
have the residual disinfectant film wiped off with sterile water.

1.37. Phenolic Compounds. Synthetic phen olics have been accepted as disin fectants. In high

concentrations, phenolics are protoplasm ic poisons; in lo w concentra tions, th ey inactivate e ssential
enzyme system s. As disinfectants, p henolics are us ually combined with a detergent. Som e phenolic
compounds have also been shown to be bactericidal, fungicidal, virucidal, and tuberculocidal.

1.38. Chlorine. Chlorine is available as sodium hypochlorite (common household bleach) or as chlorine
dioxide. If improperly used, chlori ne-containing compounds can cause co rrosion of dental instrum ents
and materials.

1.38.1. Sodium Hypochlorite. Sodium hypochlorite is thought to oxidize microbial enzymes and
cell-wall components. It is used as a chem ical disinfectant. A 10-percent solution (one part bleach
to nine parts water) yields 10,000  parts per m illion of available ch lorine which achieves an
intermediate level of disinfecti on in 30 m inutes. Because a sodium hypochlorite so lution tends to
be unstable, a fresh solution must be prepared daily. This solution possesses a strong odor and can
be harmful to eyes, skin, colored clothing, and metals.

1.38.2. Chlorine Dioxide. This new chemical sterilant has been approved by the EPA.

1.38.2.1. It contains no glutaraldehyde, is ec onomical to use, and is nontoxic and
nonsensitizing. It is safe to use on most nonmetal items, but very corrosive to nonstainless steel
metal instruments.

1.38.2.2. It requires an imm ersion time of 6 hours for sterilization. ~After activation, it has a
shelf life of 14 days, but a reuse li fe of only 1 day. It is biodegra dable, does not stain hands or
equipment, and does not have to be wiped off environmental surfaces.

1.38.2.3. If used within 24 hours of preparation, it requires an immersion time of only 1 minute
to achieve an interm ediate level of disinfecti on. However, if used 24 or m ore hours after its
preparation, 3 minutes of immersion or wetting are required.

1.39. Ethylene Oxide. Ethylene oxide is the most reliable agent for chemical sterilization. It sterilizes
objects that are heat stabile without producing rust or corrosion.

1.39.1. Like heat sterilization, it can be verified with biological spore m onitors. Monitoring with
the B subtilis spore should be performed with each sterilization cycle.

1.39.2. Certain disadvantages prohibit the routine us e of ethylene oxide in the dental laboratory.
First, it is very slow acting, ta  king 4 to 6 hours to com plete sterilization. In addition, certain
sterilized item s retain ethylen e oxide gas so they m ust be aerated for a m inimum of 12 hours
before they can be used in the oral cavity. Fi nally, there is som e concern about whether ethylene
oxide vapors may be mutagenic and (or) carcinogenic.

1.39.3. Ethylene oxide must be used according to OSHA standards.
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Chapter 2
DENTAL MATERIALS

Section 2A—Overview

2.1. Introduction. This chapter describes the com position, properties, and use of m aterials in a dental
laboratory. Inform ation on the use of the m aterials is also discussed in those chapters dealing with
specific laboratory procedures.

2.2. Knowledge of Dental Materials:

2.2.1. Alm ost all dental m  aterials are obtai ned from acom mercial m anufacturer. Each
manufacturer furnishes recom mendations for handli ng and storage of its product so the desired
results are consistently obtained. The dental labor atory technician m ust know which m aterial is
needed to do a good job, the way it is handled, how it reacts, and how it is stored to m aintain its
physical properties.

2.2.2. Knowledge of m aterials is not only necessa  ry to routinely perform laboratory tasks
successfully, but to evaluate a f ailure so it won’ t be repeated. A failure m eans wasted laboratory
time, additional clinic time, and physical discomfort for the patient.

Section 2B—Gypsum Materials
2.3. Introduction. Gypsum is the common name for calcium sulfate dihydrate.

2.3.1. Gypsum products are more frequently used in laboratory procedures than any other group of
compounds. Controlled variations in the m anufacture of gypsum products yield a group of dental
materials that include plaster, dental stone , die stone, casting investm ent, and soldering
investment.

2.3.2. Each substance is a carefully form ulated pow der that has the particular com bination of
physical properties to do a specific job. W hen th e prepared powder is m ixed with the proper
amount of water, the blend initially form s a fluid pa ste that gradually hardens into a solid. In the
fluid paste state, the mixture can be poured into molds or otherwise shaped. As gypsum sets, dense
masses of crystals form and heat is liberated. =~ This liberation of heat, called an exotherm  ic
reaction, happens while all gypsum products are setting.

2.4. Physical Properties: (NOTE: See Table 2.1 for an analysis of the physical properties of gypsum
materials.)

2.4.1. Crushing Strength. Crushing strength or com pressive strength is the m  easure of the
greatest am ount of com pressive force that can be applied to a substance without causing it to
fracture. The strength of a gypsum product increases rapidly as it hardens. Because the relative
amount of water left in the set m aterial has a distinct effect on strength, the following kinds of
gypsum product strengths (wet and dry) are recognized:

2.4.1.1. Wet Strength. This is the strength of the material with excess water still present in the
set up mass.

2.4.1.2. Dry Strength. This is the strength of a drie  d gypsum specimen. Twenty-four hours
after setting, the compressive strength of a gypsum specimen left to dry will double.



40 AFPAMA47-103V1 15 NOVEMBER 2005

2.4.2. Setting Time. The setting tim ¢ is the tim e required for the m aterial to set or harden. It is
divided into the following stages:

2.4.2.1. Initial Set. The tim e starts when the powder is m ixed with water and ends when the
material becomes solid enough to remove from the tray and trim without distortion.

2.4.2.2. Final Set. This is the time required for full crystallization to occur. All exothermic heat
dissipates and the mass reaches about half its potential crushing strength.

Table 2.1. Physical Properties of Gypsum Materials.

A B C D | E | F
| Technique
T Normal
E Heat Setting Hygroscopic Thermal
M | Material Setting Time Resistance Expansion Expansion Expansion
1 | Plaster Initial: NA As low as NA NA
7 - 13 minutes possible
Final: 45 minutes

2 | Stone Initial:

(Hydrocal) | 8 - 15 minutes

Final: 45 minutes

3 | Die Stone Initial: 15 minutes
Final:
25 - 30 minutes

4 | Soldering Initial: Matched to Matched to

Investments | 8 - 12 minutes the melting the
Final: temperature expansion of
18 - 22 minutes of the solder the metals
being
soldered
5 | Gold- Initial: Matched to Thermal Expansion Technique:
Casting about 12 minutes the burnout Semihygroscopic and thermal expansion
Investments | Final: and casting must compensate for gold shrinkage (about
35 - 45 minutes temperature | 1.4 percent)
6 of the metal | Hygroscopic Expansion Technique:
being cast Hygroscopic expansion, pattern wax
expansion, and thermal expansion must total
about 1.4 percent.

7 | Chrome- Initial: Special, Combined semihygroscopic and thermal
Nickel 8 - 12 minutes gypsum- expansion must compensate for shrinkage of
System Final: bound chrome-nickel (about 1.7 percent).
Investment | about 20 minutes investment

for the
Ticonium®
system

2.4.3. Setting Expansion. A gypsum product enlarges in volum e as it sets. This enlargem ent is
called setting expansion and usually amounts to a fraction of 1 percent. A gypsum material sets up
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in air or in contact with water. The setting  expansion varies, depending on the conditions the
material is exposed to (Table 2.1).

2.4.3.1. Normal Setting Expansion. A gypsum product expands predictably when it is allowed
to solidify unconfined in a norm al room tem perature environment. A setting expansion that
takes place under these conditions is called normal setting expansion.

2.4.3.2. Hygroscopic Setting Expansion. Hygroscopic setting expansion occurs when a
gypsum material is allowed to solidify under wa ter. A hygroscopic expansion can be expected
to more than double a norm al setting expansion. In some dental procedures, a gypsum product
solidifies in limited contact with water. For exam ple, an investm ent is som etimes made to set
against a wet ring liner. This expansion is great er than the norm al setting expansion, but it is
not as great as a hygroscopic expansion. A setting expansion that occurs as a result of lim ited
contact with water is called semihygroscopic expansion.

2.4.3.3. Thermal Expansion. This kind of expansion occurs as the result of a gypsum product
being heated. The amount of thermal expansion is proportional to the temperature.

2.5. Effect of Selected Variables on Crushing Strength. The strength of set gypsum products can be
directly affected by several variables under the control of the technician:

2.5.1. Water-Powder Ratio. The crushing strength lowers as m  ore water is used in the m  ix.
Gypsum products are porous, and the greater am ount of water increases porosity because there
will be fewer crystals formed per unit of volume of the material.

2.5.2. Mechanical Mixing. Longer and more rapid mixing, up to a maximum of 1 minute, results
in greater strength. However, overm ixing break s down the form ing crystals and reduces the
crushing strength of the end product.

2.5.3. Chemical Modifiers. In general, chem ical m odifiers reduce crushing strength. However,
borax can act to increase the surface hardness of the material.

2.6. Effect of Selected Variables on Setting Time. The setting tim ¢ of a gypsum product can be
affected directly by certain variables the dental tec hnician can control. These variables m ust be applied
with extreme care. In gaining a m ore desirable setting time, other physical properties, such as strength,
may be adversely affected as follows:

2.6.1. Water-Powder Ratio. A longer setting tim e is required wh en more water is used in the
mix. Conversely, the setting time is reduced when less water is used in the mix.

2.6.2. Water Temperature. As the tem perature of the water used in the mix is raised from 32 to
85 °F, the setting tim e is shortened. W hen the water is between 85 and 120 °F, the setting time is
lengthened. If boiling water is used and the mixture is m aintained at about 212 °F, the m aterial
will not set at all.

2.6.3. Mixing. The setting tim e is shortened as the m ixture is stirred (spatulated) either f or a
longer time or at a faster rate.

2.6.4. Accelerators and Retarders:

2.6.4.1. An accelerator is a substance that, when added to a gypsum  product, decreases the
setting time. Conversely, a retarder increases the setting tim e. The m anufacturer uses these
substances to standardize the setting behavior of a product. At tim es, accelerators or retarders
may be used to alter the usual setting behavior of a product.
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2.6.4.2. Potassium sulfate and com mon table salt are accelerators; vinegar, potassium citrate,
and borax are retarders.

2.6.4.3. Unfortunately, accelerators and retarders also change properties other than setting time,
and they tend to reduce both setting expansion and crushing strength. For this reason, chem ical
accelerators or retarders should never be used w ith casting or soldering investm ents because a
predictable setting expansion is im  portant in these m aterials. Manipulating the water
temperature, mixing time, and mixing rate are safer ways of controlling setting tim e than using
chemicals.

2.6.4.4. There are a few laboratory pr ocedures where using a specific accelerator is acceptable.
One outstanding exam ple is when slurry water is  used to accelerate plaster or dental stone
mixes in cast m ounting procedures. Slurry water is a concentrated suspension of gypsum
particles in water m ade by catching the runoff from a cast trim ming machine. The suspended
gypsum particles are allowed to settle, and about two-thirds of the water is siphoned away. The
object is to develop am ore highly concentrat ed suspension when the sedim entary calcium
sulfate dehydrate particles are reagitated. Each of these calcium sulfate dehydrate particles acts
as a center of crystalline formation.

2.6.4.5. Depending on the concentration of the suspension, you can expect much shorter setting
times when you use slurry water than when you use plain water.

2.7. Effect of Water-Powder Ratio and Mixing Time on Setting Expansion. The m anufacturer
strictly controls the setting expansion of a gypsum  product by using a carefully m easured amount of
chemical modifiers. The m anufacturer recommends standard proportioning and m ixing procedures that
make physical properties, including setting expansion, predictable. In the case of investm ents, setting
expansion is such a sensitive f actor that deviating from the manufacturer’s directions is a questionable
practice. Always be aware that a num ber of gypsum’s properties are interdependent. For exam ple, steps
taken to change setting time can also alter setting expansion. If there is good reason to change a gypsum
material’s normal setting expansion, follow these guidelines:

2.7.1. Thick mixes (less water) tend to result in increased setting expansion and vice versa.
2.7.2. Long mixing times tend to increase setting expansion and vice versa.

2.8. Modeling Plaster:
2.8.1. Manufacturing Process:

2.8.1.1. Gypsum is converted into m odel plaster by grinding it into sm all particles and then
heating it slowly in open vats to drive off the water of hydration. Under a m icroscope, the
plaster is seen to be m  ade up of rough irregular  crystals. Each crystal contains a definite
proportion of water. This is called water of crystallization or water of hydration. The amount of
water eliminated by heating has a bearing on the be havior of the plaster when it is again m ixed
with water in the laboratory.

2.8.1.2. A special process is used to ensure plas ter made for dental use has suitable working
properties. These properties m ust always be uni form throughout a batch of m aterial and from
one batch to another.

2.8.1.3. One of the m ost important requirements of pl aster is that it m ust set or harden within
definite time limits. The am ount of setting expansion m ust also be from 0.2 to 0.3 percent. A
setting expansion of 0.3 percent is the m aximum amount allowed by the Am erican National
Standards Institute (ANSI) of the ADA’s Specification Number 25 for model plaster.
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2.8.2. Model Plaster’s Uses. Model plaster has m any uses in the laboratory. It is used for
constructing a matrix, flasking a denture, attaching cas ts to an articulator, and as an ingredient in
some investments. The initial setting tim e for most dental plasters is f rom 4 to 12 m inutes. The
final setting time is approximately 20 to 45 minutes.

2.9. Impression Plaster. This is a plaster that has been specially com pounded for m aking impressions
of the mouth, as follows:

2.9.1. Impression plaster must behave differently than m odel plaster. It m ust be able to set m uch
faster to reduce the tim e it is held in the pa tient’s mouth. Because a plaster im pression cannot
spring around an undercut as it is withdrawn from the mouth, it m ust be broken into pieces and
reassembled outside the mouth. For this reason, it must be weak and brittle.

2.9.2. Impression plasters are rarely used in dentis try today due to the availability of hydrocollids

and elastomers. Impression plaster must have a very low setting expansion of 0.13 percent because
an impression that changes size significantly is inaccurate. Various accelerators and retarders are

added to control the setting tim e of plaster, and co loring agents are often added to distinguish one

gypsum product from another.

2.9.3. Today, im pression plaster is m ainly used to obtain bite registrations for dentures or
orienting a fixed partial denture in the mouth for a solder index.

2.10. Dental Stone:

2.10.1. Dental stone is medium strength plaster that is stronger and more resistant to abrasion. It is
used primarily for casts (such as diagnostic casts), opposing arch casts, and com plete and partial
denture working casts.

2.10.2. Dental stone is made by autoclaving the gypsum under pressure and then grinding it into a
hemihydrate powder. The particles are more prismatic and regular in shape. For this reason, dental
stone requires less water in mixing and sets more slowly. When set, it is harder, much more dense,
and has a higher crushing strength than m odel or im pression plaster. The average setting
expansion is approximately 0.12 percent.

2.10.3. The m anufacturer colors dental stone to m ake it easy to distinguish from plaster. The
initial setting tim e of a typical dental stone produc tis from 8 to 15 m inutes. The final set takes
approximately 45 minutes.

2.11. Die Stone (Improved Stones):

2.11.1. Improved stones are specially processed form s of gypsum products used to m ake crown,
onlay, and inlay dies. They are harder, m ore dense than dental stone, and have a 0.08 to 0.18
percent setting expansion. They are also colored to distinguish them from plaster.

2.11.2. Because the am ount of setting expansion is critical, it is im portant to use the water-to-
powder ratio the manufacturer recommends. These high strength plasters are made by first boiling
the gypsum in a 30-percent calcium chloride solution before autoclaving and then grinding the
stone into very fine particles. Some manufacturers use a 1 percent solution of sodium succinate, or
they add resin particles to increase the hardness of the stone.

2.12. Investment Materials. Investm ents are products used to form molds for m olten m etal and to
relate pieces of metal to one another prior to sold ering. Investments are composed of a refractory (heat-
resistant) substance, like cristobalite or quartz, and a binder. Com mon binders are gypsum , phosphate,
and silicate com pounds. As a result, investm ents are often described as gypsum , phosphate, or silicate
bound.
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2.12.1. Investm ents with a high cristobalite cont ~ ent expand m ore than those with a high
percentage of quartz. Depending on what m  etal is to be used, som e casting investm ents need
significant expansion to com pensate for metal shrinkage, and their refractory com ponent needs to
contain a higher am ount of cristobalite. W hen low expansion is required (such as for soldering
investments), the refractory component will be high in quartz.

2.12.2. Investm ents are supposed to withstand  heat without decom posing. Depending on the
binder, they become more or less able to resist heat-induced breakdown.

2.12.3. Overheated, gypsum -bound investments liberate sulfur dioxide which m akes the casting
brittle. Tom  inimize sulfur dioxide liber ation, gypsum -bonded investm ent m olds are
recommended to burn out below 1300  °F. Also, m olten m etals thrown (cast) into those m olds
should have casting temperatures below 1950 °F.

2.12.4. The com pany that produces Ticonium chrome alloy m akes a special gypsum -bound
investment that withstands a 1350 °F burnout tem perature and a casting tem perature of 2600 °F.
Barring this kind of exception, phosphate and sili cate bound investments have excellent high heat
resistance and are com monly used when cas ting or soldering tem peratures exceed 1950 °F. Some
more recent investm ents can be used as “all- purpose” investm ents. They have a high silicate
bound makeup and use burnout temperatures of 1500 to 1600 °F.

2.13. Inlay Investment:

2.13.1. Inlay investm ents are usually gypsum bound. Inlay investments are com monly used for
investing many different kinds of fixed restorations cast in conventional golds.

2.13.2. When molten gold alloy is cast into a m old, it cools and solidifies. As it cools, it shrinks.
The amount of shrinkage is approxim ately 1.4 (£ 0.2) percent. If nothing is done to com pensate
for this shrinkage, the casting will be too sm all. The mold space must be enlarged so the m olten
metal is cast into a space that is 1.4 percent oversize. As the m olten metal solidifies and shrinks,
the casting attains the correct size.

2.13.3. Techniques have been devised to use setti  ng and therm al expansion characteristics of
investments to compensate for cast metal shrinkage. In one technique, high heat (1290 °F) is used
to produce the m  ajority of the required expa  nsion. In another technique, the hygroscopic
expansion of the investment is responsible for most of the compensation.

2.13.4. Inlay investments tend to fall into two br oad categories depending on how they are used--

high heat technique investm ents (above 1300 °F) and low heat tec hnique investments (1300 °F or
less). One type of low heat technique is used with a high water content called a hygroscopic
technique. This technique creates additional expansion at a lower temperature burnout.

2.14. Soldering Investment:

2.14.1. A soldering investm ent is sim ilar in com position to a casting investm ent with a quartz
refractory. An investment with a quartz refractory expands less than one having cristobalite as the
heat resistant component.

2.14.2. Minim al norm al setting expansion is a desira ble soldering investm ent characteristic. A
soldering investment does not expand nearly e nough to com pensate for the shrinkage of m olten
gold and should not be used for casting purposes. Li ke casting investments, soldering investments
are made with gypsum or high heat binders. The h eat resistance of the binder is m atched to the
anticipated soldering tem perature. As a rule of thum b, a soldering procedure that takes place
above 1950 °F requires an investment with a high heat binder.
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2.15. Investments for Chrome Alloys:

2.15.1. High-Heat, Chrome-Alloy Investment. A high-heat, chrome-alloy investment is made to
withstand a much higher heat than the 1300 °F normally used in eliminating wax for casting gold.
Such an investm ent consists of a quartz powder mixed with an ethyl silicate liquid and is used
with the high melting range of chrome alloys (2700 to 2800 °F).

2.15.2. Low-Heat, Chrome-Alloy Investment:

2.15.2.1. A low-heat, chrom e-alloy investm ent is gypsum bound and has a silica refractory
component. It is sim 1ilar to the investm ent used for casting gold. A low-heat, chrom e-alloy
investment is used as part of the system for producing Ticonium chrom e alloy castings.
Ticonium metal is used throughout the Air Force Dental Service for RPD frameworks.

2.15.2.2. The burnout tem perature of ticonium investment molds is 1350 °F, and the casting
temperature of ticonium metal is 2500 to 2600 °F.

2.15.2.3. There is a sulfur dioxide liberati on problem associated with gypsum  bound
investments at high burnout or casting tem peratures. One way to com bat this problem is to
increase the percentage of refractory m aterial relative to the gypsum binder in an investm ent
formula. Ticonium m etal shrinks 1.7 percent as it solidifies. The investm ent and burnout
techniques are balanced to furnish that amount of expansion in the mold.

2.16. Investments for Ceramic Gold Alloys:

2.16.1. Gypsum-bonded investments are not adequate for casting ceramic golds. The expansion is
not high enough, and the gypsum decomposes under the high tem peratures. Instead, investm ents
containing magnesium oxide and soluble phosphate should be used.

2.16.2. The dissolved phosphate reacts with m agnesium oxide to form a m atrix of m agnesium
phosphate which binds silica particles together m uch the sam e as gypsum binds low heat
investments. Phosphate-bound investm ents are coarse in particle size, heat resistant, strong, and
sometimes difficult to rem ove from castings. The i nvestment is sluggish and sets rather rapidly
with a working tim e of 3to4 minutes. All-purpose investm ents have a sm aller particle size;
therefore, a smoother casting can be made.

2.17. Rules for Handling Gypsum Materials:

2.17.1. Use Clean Equipment. Always use a clean m ixing bowl and spatula. Hardened particles
left in the bowl from a previous mix alter the setting time and weaken the material. As little as 0.1
percent of the hardened particles in a mix of casting investment reduces the setting time and alters
the therm al or hygroscopic expansion. The best  time to clean a bowl and spatula is while the
plaster is still soft and easy to remove.

2.17.2. Tumble the Contents. Tum bling helps ensure an even distribution of the investm  ent
constituents.

2.17.3. Add the Powder to the Water. The powder is always added to the water; the water is
never added to the powder. Place the required am  ount of water into the bowl and then sift the
powder into the water until the powder form s an island. The powder gradually absorbs the water;
consequently, the mixture is free of lum ps and air. Because tap water contains contam inants, use
only distilled water.
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2.17.4. Measure the Water and Weigh the Powder. To ensure the properties of any gypsum
product are m aintained, an accurate water-to-pow der ratio m ust be obtained. W eigh the powder
and measure the volume of water before mixing the gypsum material.

2.17.5. Mix Well. Ensure all powder is spatulated into the water. As m ixing proceeds, the water
and powder form a mixture of creamy consistency. (To avoid excessive incorporation of air into
the mix, do not whip the mix.)

2.17.6. Vacuum-Mix the Materials. Phosphate-bound investm ents release am monia gas when
mixing. Vacuum-mixing removes gas and air from the mix. Avoid gas entrapm ent by holding the
mix under vacuum for 30 seconds. (Gas entrapment in the mold results in nodules on the casting.)

2.17.7. Never Add to a Mix. Adding to a mix interferes with the setting mechanism and results in
a weak and distorted product. It is better to begin a new mix.

2.17.8. Use Good Equipment. A scarred or cracked plaster bowl allows m  inute particles of
material to lodge in the cracks. These particles could contaminate and spoil the mix.

2.17.9. Do Not Contaminate the Material. Never allow water or other contaminants to fall into a
bin containing gypsum material. One drop of water can adversely affect the entire batch.

2.17.10. Know the Material. An aged investm ent can ruin a piece of work. Be aware that
investments have batch numbers and expiration dates stamped on them. Contact the m anufacturer
if any problem s are suspected with your inve stments. Another good practice is to keep
investments rotated, with the oldest packs being used first.

2.18. Storing Gypsum Materials:

2.18.1. Improper Storage:

2.18.1.1. When gypsum material is exposed to air, it absorbs water. The water m ay alter its
working qualities and m ake it unfit for use. W hen plaster or stone is exposed to air for a short
period of tim e, it sets faster than usual. If it is exposed for a longer period, it m ay set very
slowly and be weak when it’s set.

2.18.1.2. A prolonged period of storage in an uns ealed container m ay alter the physical
properties of casting investm ents, greatly ch anging the setting tim e, setting expansion, and
reducing the crushing strength.

2.18.1.3. The setting tim e of casting and soldering i nvestments is listed on the container along

with the physical properties expected when the recom mended powder to water ratios are used.

This data is based on fresh material as it leaves the factory. It does not apply to aged batches of
material that have been improperly stored.

2.18.1.4. If an investm ent takes an unusually long time to reach an initial set (m ore than 20
minutes), the entire batch m ust be discarded. A prolonged setting tim e is a warning that som e
or all of the desirable physical properties m ay have been lost or so altered as to render the
investment unfit for use.

2.18.2. Proper Storage:

2.18.2.1. Gypsum material must be properly store d. The storage problem is m ore acute in a
humid climate than in a dry one. All gypsum products must be stored in a sealed container in a
dry room.
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2.18.2.2. A systematic plan for withdrawing older stock from the supply room should be used.
To minimize prolonged periods of storage, larg e quantities m ust not be stockpiled due to the
danger of deterioration.

2.18.2.3. Some authorities also recommend that still another factor be taken into account when
casting investm ents are stored. The heavier constituents (f or exam ple, quartz) settle to the
bottom of the container, thereby altering the wo rking properties of the investm ent. Therefore,
investments should be tum bled before use, either m echanically or by hand, to m ake sure the
powder is evenly mixed throughout.

2.19. Proper Handling of Plaster and Dental Stone Casts:
2.19.1. Erosion of Casts:

2.19.1.1. A well-poured cast can be ruined by contact  with water because hardened stone is
soluble in water in a ratio equal to or less than 1 part stone to 500 parts of water. W hen a stone
cast is im mersed in water, an erosion proce ss begins im mediately on the surface of the stone.
The erosion is noticeable in as short a period as 10 m inutes. This can be shown in the
laboratory by suspending a stone cast in water so pa rt of the cast is submerged, while part of it
remains out of the water. In 10 m inutes, the er osion of the subm erged part will be evident
because of its pitted appearance.

2.19.1.2. The time necessary to produce a noticeable effect depends on the m ineral content of
the water, temperature of the water, and density of the stone. A poured impression should never
be submerged in tap water because of the harmful effect it has on stone.

2.19.2. Saturated Calcium Sulfate Dihydrate Solution (SDS) Preparation:

2.19.2.1. SDS is a clear, true solution of water and a maximum amount of dissolved dihydrate
(set) gypsum product. Cast surfaces exposed to  SDS do not erode nearly as m  uch as cast

surfaces bathed in tap water. If a cast must be soaked for more than 1 or 2 minutes, SDS should
be used.

2.19.2.2. SDS is m ade by im mersing fragments of gypsum casts in water for about 5 days. A
saturated solution consists of about 0.2 grams of dehydrate in 100 cc of water.

2.19.2.3. If a slurry water suspension is left to se ttle out for 3 to 4 days, the clear fluid above
the sediment is SDS. For use, siphon off the SD S into another container without agitating the
sediment layer.

2.19.2.4. SDS can be made from plaster, dental stone, or gypsum bound investment, whichever
is best suited for the kind of cast you expect to wet.

2.19.3. Wetting Casts:

2.19.3.1. Occasionally, casts require quick superf icial wetting (for exam ple, cleansing cast
surfaces). SDS must be used instead of tap water for this purpose.

2.19.3.2. When a cast is shaped on a cast trim mer, gypsum slurry splashes onto its surface. If
this slush layer is allowed to dry, it is hard to rem  ove and cast dam age could occur. As the
slurry buildup accumulates, rinse the cast in a su itable container of SDS to rem ove the slurry.
The SDS must be changed often or it will also turn into concentrated gypsum slurry.
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2.19.3.3. When outright cast soaking must be done in conjunction with a laboratory procedure,
the cast must not be com pletely submerged in SDS. Total im mersion slows down the soaking
process because air trapped in the cast cannot r eadily escape. Instead, the fluid level should be
maintained below the tissue surface of the cast. A cast can be moistened in this manner in 20 to

30 minutes.

2.19.3.4. The wetting process can be seen gradually wo rking up from the base of the cast to the
tips of the teeth, m uch the sam e as oil dam pens the wick in a lam p. If relief wax has been

placed on the cast, there is danger of the escap

ing air from the cast lifting the wax from the

stone. Instead of setting the cast on its base, set it on its end in the SDS.

Section 2C—Dental Waxes

2.20. General Information:

2.20.1. Wax compounds used in dentistry are m ixtures of individual waxes of natural or synthetic
origin. As with all other dental m aterials, each co mponent in the m ixture is selected to give the
specific properties best suited for the proce dure being perform ed. Depending on the purpose the
wax serves, modifiers are included to change the melting range, increase or decrease stickiness, or
impart a distinguishing color.

2.20.2. Dental waxes are supplied in various shap
familiar with their uses and m

different waxes supplied by manufacturers.

es, sizes, colors, and com positions. Becom e
anipulation and be prepared f or variations in the behavior of

2.20.3. See Table 2.2 for the types of waxes used in the laboratory.

Table 2.2. Types of Dental Waxes.

I A B C
T
E
M | Material Use Remarks
1 | Baseplate Denture wax-ups, fill the tongue space | Supplied in medium or hard types.
Wax of a lower impression, other uses Most baseplate wax sheets are about 1
miscellaneous. mm thick (18 ga).
2 | Inlay Wax | Wax patterns: inlays, onlays, crowns, Highest requirements for accuracy of
and pontics; RPD frame wax-ups. any wax. Supplied in medium and hard
types.
3 | Ivory Wax | For waxing acrylic resin jackets and Nonpigmented inlay wax.
compression-molded acrylic veneers.
4 | Wax Forms | RPD patterns: spiral retention posts, Same characteristics as the softer inlay
sprues, external finish lines, etc. waxes.
5 | Sheet- Relief to create areas under RPD 24 ga=0.51 mm
Casting acrylic resin retention grids. 26 ga = 0.40 mm
Wax 28 ga=0.32 mm
30 ga=0.25 mm
6 | Sticky Wax | To hold broken pieces together prior to | Breaks with a “snap” at room
pouring an indexing cast. temperature; shows very little flow
when cool.
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I A B C
T
E
M | Material Use Remarks
7 | Utility Wax | Beading impressions prior to boxing. Tacky at room temperature.
8 | Boxing Wax | Damming impressions for controlled Supplied in strips 1 1/2 inch wide by
pouring of casts. 12 inch long.
9 | Blockout To block out undercuts in RPD Flows easily, sticks to a cast well, cuts
Wax fabrication. cleanly.
10 | Beeswax To seal a refractory cast. Use at around 290 °F.
2.21. Groups of Waxes. Most dental waxes fall generally in to three functional groups; im pression,

pattern, or processing, as follows:

2.21.1. Impression Waxes. These waxes are used prim arily by the dentist at the chair. They have
low melting points and flow fairly easily at m outh temperatures. They can be distorted very easily
and require extreme care in handling. Exam ples of impression waxes are corrective wax and jaw
movement recording wax.

2.21.2. Pattern Waxes. These waxes are used by the dentist and laboratory technician.

2.21.2.1. They are used to form  the m olds in which prosthodontic restorations are m ade.
Examples of pattern waxes are inlay wax  (paragraph 2.23), baseplate wax (paragraph 2.22),
wire wax (paragraph 2.25.1), preform  ed wa x (paragraph 2.25.1), and sheet-casting wax
(paragraph 2.25.3). With the notable exception of inlay wax, almost all of the pattern waxes are
meant to be used in controlled thicknesses.

2.21.2.2. Gauge (ga) is a m easure of thickness. The term is applied to the diam eters of metal
wires and wax form s having circular and sem icircular cross sections (for exam ple, wire wax).
Gauge is also used when talking about sheet metal and sheet wax thicknesses.

2.21.2.3. Unfortunately, m anufacturers don’t always us e the sam e gauge standard. Even if the
discussion is limited to wax, the thickness of wax shapes with the sam e gauge number can vary
between two manufacturers. Table 2.3 shows a por tion of the Brown and Sharpe Gauge Scale
for nonferrous (non-iron containing) sheets and wire. Notice that as gauge numbers get smaller,
the thickness increases.

Table 2.3. Brown and Sharpe Gauge Scale.

I A B C
T

E

M Gauge Number Inches Millimeters
1 10 0.1019 2.59
2 12 0.0808 2.05
3 14 0.0641 1.63
4 16 0.0508 1.29
5 18 0.0403 1.02
6 20 0.0320 0.81
7 22 0.0253 0.64
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| A B C

T

E

M Gauge Number Inches Millimeters
8 24 0.0201 0.51

9 26 0.0159 0.40

10 28 0.0126 0.32

11 30 0.0100 0.25

12 32 0.0080 0.20

2.21.3. Processing Waxes. These waxes are used prim arily for fabricating prosthodontic
restorations. Examples are sticky wax (par agraph 2.26), utility wax (paragraph 2.27), boxing wax
(paragraph 2.28), blockout wax (paragraph 2.30), and beeswax (paragraph 2.32).

2.22. Baseplate Wax:

2.22.1. Composition. Baseplate wax is com posed m ainly of beeswax, paraffin, and coloring
matter. The ingredients are melted together, cast into blocks, and then rolled into sheets. A typical
baseplate wax m ight contain 50 parts of yellow beeswax, 6 parts of gum  m astic, 3 parts of
prepared chalk, and 4 parts of vermilion.

2.22.2. Requirements. There are several requirem ents for a baseplate wax. The wax m ust be
fairly rigid at mouth temperature under biting pressure. It must be capable of holding porcelain or
acrylic teeth in position, but m ust not be brittle. The wax should m aintain a uniform consistency
throughout a normal range of room temperatures as well as at mouth temperature.

2.22.3. Types. Baseplate wax is supplied in two types, hard and m edium. The hard wax is
indicated for warmer climates because it resists flow at higher temperatures. At cold temperatures,
it m ight be too brittle and have a tendency to crack. The m edium wax is indicated f or low
temperatures, but might exhibit too much flow in a warmer environment.

2.22.4. Uses. Baseplate wax is used for occlusion rim s, as a boxing for m atrices, for filling the

tongue space of lower im  pressions, in com plete and partial denture waxups, and for m any
miscellaneous purposes. Most baseplate wax sheets are about 1 m illimeter (mm) (18 gauge [ga])

thick.

2.23. Inlay Wax:

2.23.1. General Composition. Inlay wax consists of paraffin (to make up the bulk); gum dammar
(to im prove the sm oothness in m olding and to re nder the wax m ore resistant to flaking and
cracking); and carnuba (to control the softening point and hardness of the wax).

2.23.2. Requirements for Use in Dental Procedures. Inlay wax is one of the m  ost carefully
compounded of all the dental waxes. It should have the following qualities: high accuracy in
reproducing every detail of a cavity or crown pr  eparation; ease of carvi ng without chipping or
flaking; workable in the m outh at body tem perature and in the laboratory at room temperature;
dimensionally stable when transferred from  one tem perature environm ent to another; strong
enough in thin areas to withstand the ordinary stre sses of investing; and finally, the ability to burn
out cleanly from the mold at ordinary burnout temperatures without leaving a solid residue.
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2.23.3. Types of Inlay Wax. There are three types of inlay wax—Type A, a hard or low flow wax
used in some indirect methods; Type B, for the direct technique of pattern making or intraoral use;
and Type C, for the indirect technique or laboratory use.

2.24. lvory (or White) Wax. Ivory or white wax is an inlay wa  x containing no color pigm ent. It is
especially useful for waxing acrylic jacket patterns. It does not leave a colored residue in the plaster
mold which might discolor the resin of the jacket crown.

2.25. Casting Waxes for Partial Dentures:

2.25.1. Preformed Wax (Round and Half-Round Cross Section). Preformed wax is supplied by
the manufacturer in a variety of shapes and sizes suitable for use in constructing the wax pattern
for a partial denture framework. Some of the round forms (wire wax) can also be used for spruing
fixed prosthetic units.

2.25.2. Inlay Wax. When waxing frameworks, inlay wax is primarily used to free flow and carve
those parts of the pattern that join preform ed components to each other. Inlay wax is also used to
sprue patterns.

2.25.3. Sheet-Casting Wax. Sheet-casting wax is very sim ilar to baseplate wax (paragraph 2.22).
At room temperature, sheet-casting wax possesses the properties of toughness and pliability and
sufficient tackiness to adhere to the cast and stay where it is placed.

2.25.3.1. Gauge. Sheet-casting wax is m anufactured in several thicknesses or gauge. The m ost
common sizes are 24, 26, 28, and 30 gauge.

2.25.3.2. Color. Although manufacturers supply the wax sheets in several colors to distinguish
waxes of different consistencies and handling ch  aracteristics, there is no standardization of
colors among manufacturers. For example, one brand of green wax may be entirely different in
working properties from the green wax of another manufacturer.

2.25.3.3. Uses. Sheet-casting wax can be used when a de finite thickness of wax is needed. Its
principal use is with RPD work to provide relief of the residual ridge on the m aster cast. It is
often combined with one thickness of baseplate wax to produce a palate of uniform thickness in
a complete denture.

2.26. Sticky Wax. Sticky wax is com posed of beeswax, para ffin, and a considerable am ount of natural
resin. The resin gives the wax its adhesiveness and hardness. An important property of sticky wax is that
it breaks under pressure instead of bending or distor ting. This property m akes it useful for joining the
parts of a broken denture or holding together the structural parts of a wrought wire clasp while it is
invested for soldering.

2.27. Utility Wax. Utility wax is an extrem ely pliable wax that is marketed in rope f orm. It is plastic
and som ewhat tacky at room tem perature, which makes it usable without heating. Most im portantly,
utility wax is used for beading im pressions before pouring the cast. It is som etimes used in im pression
techniques before pouring the cast to build up the impression tray borders.

2.28. Boxing Wax. Boxing wax is a specially prepared wax, supplied in strips 1 1/2 inches wide by 12
inches long. It is primarily used to box impressions. Most boxing waxes do not require heating; they are
pliable enough at room temperature to be formed into desired shapes.

2.29. Low-Fusing Impression Wax. Low fusing im pression wax is specially com pounded to flow
under controlled pressure in the m outh. It is melted in a water bath and painted on the tissue surface of
an individual impression tray as a corrective liner for final complete and RPD impressions. Because the
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wax is easily distorted, low-fusing wa x impressions must be handled with the utmost care. Fingers must
never touch the tissue side of the im pression, including the periphery. W hen the impression is rinsed, a
gentle stream of room temperature water should be use d. A separator is not necessary when the cast is
poured.

2.30. Undercut (Blockout) Wax. Undercut wax has physical proper ties that allow it to be built up
around an abutm ent tooth and then easily carved w ith surveying tools. Undercut wax ism  ade by
combining beeswax, resin, and kaolin. It is usually supplied in small, wide-mouthed jars. The form ula
for making this kind of wax is shown in Chapter 8, paragraph 8.42.1.4.1.

2.31. Disclosing Wax. Disclosing wax has a very low fusing ra nge. It flows readily under pressure and
is used to detect points of unequal pressure when  seating m any kinds of castings. Disclosing wax is
melted on the tissue side of a casting and then held  in place under pressure. It flows away from  the
pressure points and discloses them for corrections.

2.32. Beeswax. Refined beeswax is supplied in cakes or bars. It is used in m olten form (280 to 300 °F)
as a dip for sealing refractory casts. To prevent cr acking, casts m ust be heated and dehydrated before
they are dipped. Subsequent sealing of refractory cas ts provides a satisfactory surface for attaching wax
and plastic patterns, and prevents absorption of moisture when invested for casting RPD frames.

Section 2D—Impression Materials
2.33. Introduction:

2.33.1. A variety of im pressions are made in the dental clinic. Each variety requires a m aterial of
slightly different properties. In com plete dentur e work, a m aterial is needed that accurately
registers all the denture-bearing areas. In partial denture work, there is an additional requirem ent.
The material must be capable of registering bot h tooth and soft tissue undercuts. In m any dental
impression procedures, two m aterials and som etimes even three are used in sequence to take
advantage of the most favorable qualities of each.

2.33.2. A useful table of impression materials is shown in Table 2.4.

Table 2.4. Types of Impression Materials.

[ A B C

T

E

M | Material Use Characteristics

1 | Modeling Preliminary complete denture Rigid at room temperature, but begins
Plastic impressions, final impressions, and to distort when it gets warm.

final impression trays.

2 | Low-Fusing | Specialized impressions. Very easily distorted by warmth or
Impression pressure. Must be handled with care.
Wax

3 | Zinc Oxide- | Final complete denture impressions Holds dimensional stability well.
Eugenol Paste | and jaw relationship records and for Rigid.

stabilizing baseplates.
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I A B C
T
E
M | Material Use Characteristics
4 | Rubber Base | Final complete denture impressions Stains clothing badly and indelibly.
(Polysulfide) | and impressions for fixed prosthetic Extremely accurate and durable. Can
units. be poured twice if necessary. Elastic.
5 | Hydrocolloid, | RPD and fixed prosthetic impressions. | Highly susceptible to drying. Should
Reversible In a tougher form, it is used in the be poured within 10 minutes after the
laboratory for cast duplication impression is made. Can be broken
procedures. down and reused many times. Elastic.
6 | Hydrocolloid, | Preliminary impressions for diagnostic | Highly susceptible to drying. Should
Alginate cast and final RPD impressions. Can be | be poured within 10 minutes after the
used as a matrix to make temporary impression is made. Cannot be reused
fixed prosthetic units. like the reversible type. Elastic.
2.34. Impression Compound:

2.34.1. Impression compound is a material that can be softened by heat into a soft plastic mass and
then hardened by cooling it with either a stream of cold water or a blast of air. It is used in the
clinic for prelim inary impressions, to m ake custom impression trays, and to m odify stock trays.
Because it does not accurately spring around an unde rcut and return to its form  er shape,
impression compound has very limited use in partial denture work.

2.34.2. Although im pression com pound is a basic m aterial in the clinical phases of prosthetic
dentistry, it is not often used in the laboratory. = The laboratory technician uses it periodically to
attach a cast to its mounting in an articulator.

2.34.3. Impression compound is marketed in several colors and designated by the manufacturer as
high, medium, or low fusing. However, there is no uniformity among manufacturers as to exactly
what constitutes high or low fusing. One brand of “high-fusing” impression compound may have
about the sam e fusing range as another brand la beled “medium-fusing,” and the two m ay be the
same or different colors. In general, high-fusing impression compounds flow at approximately 135
to 140 °F while low-fusing types may flow at 115 °F. Several of the m anufacturers make a “tray”
compound which is high fusing (about 140 °F). It is almost always black in color and is the type of
impression compound most suitable for a custom impression tray.

2.34.4. Im pression com pound is one of the few im  pression m aterials an am algam die can be
packed against. Any of the gypsum materials can be poured into a com pound impression without
the need of a separator. The material is supplied in the form of cakes and sticks.

2.35. Low-Fusing Impression Wax:

2.35.1. Low-fusing im pression wax is specially form ulated to flow under controlled pressure in
the mouth. It is melted in a water bath and painte d in an individual impression tray as a corrective
liner for final impressions. It is also used for reline impressions for complete dentures and RPDs.

2.35.2. Low-fusing wax im pressions must be handled with extreme care in the laboratory because
the wax is so easily distorted. Fingers must never touch the tissue side of the impression, including
the periphery. If an im pression is rinsed, it shoul d be done very carefully with room -temperature
water. A separator is not necessary when a cast is poured.
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2.36. Impression Paste:

2.36.1. Impression paste is usually supplied as two separate components, a base and a hardener.
The base and hardener are mixed together in specific proportions to form a paste. Impression paste
is rigid when it sets, and it does not spring over unde rcuts. Its principal ingredients are zinc oxide
and eugenol or lauric acid. Im pression paste is used primarily as a corrective m aterial inside an
individual impression tray.

2.36.2. One use of im  pression paste is to reline im  pressions for both com plete and RPDs.
Occasionally, it is used in im mediate denture work as a lining for a sectional im pression. It can
also be used to provide a lining for a com plete denture record base to m ake it fit the cast and the
mouth more accurately. A separator is not require d when the cast is poured into an im pression
made with this material.

2.37. Elastomeric Impression Materials. These m aterials are supplied as two-part system s; a base
paste and an accelerator paste. Some manufacturers supply the accelerator as a liquid. W hen the two are
mixed in the correct proportions, the resulting m ixture polym erizes into a rubbery state. Elastom eric
materials are not reversible and can be used only on ce. They are used prim arily for fixed prosthodontic
units (crowns or onlays), although they can also be used as corrective liners in com  plete denture
impressions and RPD bases. Pastes and accelerators from different brands of elastomeric materials must
never be cross-mixed. Materials must be carefully handled because the stains that some of them produce
on contact with clothing and towels are im  possible to rem ove. Four different types of elastom eric
impression m aterials are available; polysulf ides, silicones, polyvinylsiloxanes, and polyethers, as
follows:

2.37.1. Polysulfides. The basic ingredient of a polysulfide ~ im pression m aterial is polysulfide
rubber with various fillers, pigm ents, and m odifiers. The polysulfides are easily recognized
because one of the two pastes is usually dark and the other paste is white in color. This m aterial
has a very characteristic odor. The polysulfides are m  ore com monly known as rubber base or
polysulfide rubber base im pression material. The low viscosity of this m aterial allows accurate
registration of the soft and hard tissues. It is most often used in removable prosthodontics.

2.37.2. Silicones (Condensation Reaction Silicones):

2.37.2.1. Silicone im pression m aterial consists of silicone and ethyl silicate. This m  aterial
exhibits significant setting shrinkage and should be used in thin consistent layers.

2.37.2.2. Silicone m anufacturers were the first to offer a two-phase im pression method. The
dentist first makes an impression, either in the m outh or on the diagnostic cast, of the patient’s

arch, using a stock im pression tray and a putty form of the silicone m aterial. The resulting

custom-fitted tray is used to carry a wash of the lower viscosity silicone m aterial to the m outh
for the final impression.

2.37.2.3. Silicone m aterials are generally lighter in  color and translucent when set, and they
have a much more subdued odor than the polysulfides. A disadvantage is that shrinkage occurs
if the material is allowed to sit for more than 30 minutes before pouring the impression.

2.37.3. Polyvinylsiloxanes (Addition Reaction Silicones). Polyvinylsiloxanes are like the
conventional silicones in their elastic nature, but they differ in chem ical structure and reactions.
Because of this, the polym erization shrinkage of polyvinylsiloxanes is well controlled, and a thin
uniform thickness of the m aterial is not so si gnificant a requirem ent for accurate im pressions.
Polyvinylsiloxanes are also used with a two-st age im pression technique. A disadvantage is the
rigidity and cost of the material.
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2.37.4. Polyethers. The base of this im  pression m aterial is a polyether com pound, and the
accelerator is a sulfonic acid. Laboratory studies have shown that polyethers, along with
polysiloxanes, are the m ost accurate of the elasto meric impression materials. However, when set,
polyether impression material is very stiff, m aking it difficult to rem ove the impression tray from
the mouth if large tooth undercuts are present. This is also a problem when trying to separate casts
from the impression without breaking off stone teeth.

2.38. Special Characteristics of Elastomeric Impressions:

2.38.1. Polysulfide rubber base and condensation s ilicone impressions should be poured within 25
minutes of their rem oval from the m outh. Thes e materials do not have long term  dim ensional
stability. Second pours may be made from these impressions, but the resulting cast does not have
the sam e accuracy as the cast from  the first pour. Addition reaction silicone and polyether
impressions show great dimensional stability. Pours of casts may be delayed up to 7 days with no
significant loss of accuracy. Second pours m aintain accuracy of detail and dim ension comparable
to first pours.

2.38.2. Polyethers are highly hydrophilic (they absorb ~ water) and exposure to liquids m ust be
minimized. They m ay not be used in die-plati ng procedures because water sorption leads to
unwanted dimensional change. Addition reaction s ilicones are more difficult to pour or achieve a
bubble-free cast due to their hydrophobic nature.

2.39. Impression Plaster and Soluble Impression Plaster:

2.39.1. Impression plaster is a plaster that has b een specially compounded by the manufacturer for
use in the mouth. It must set rapidly to reduce the time it is held in the mouth. Because plaster will
not flex over an undercut as it  is withdrawn from the m outh, it m ust be broken into pieces and
reassembled outside the m outh. For this reason, it should be weak and brittle so it will fracture
cleanly, and it must have a very low setting expansion to make an accurate impression.

2.39.2. Various accelerators and retarders are added to give the plaster the required properties. In
addition, coloring and flavoring agents are ofte  n added. Because of the difficulty som  etimes
experienced in rem oving a plaster im pression from the cast, som e impression plasters are m ade
water soluble by adding cornstarch. If a separator is used, the plaster can be dissolved off the cast
with hot water. This decreases the possibility of breaking the cast when it is separated f rom the
impression.

2.40. Hydrocolloids. In partial denture work, an im pression material is needed that accurately registers
both tooth and soft tissue undercuts. A hydrocolloid m aterial elastically deforms and then returns to its
original shape. The undercuts are thus accurately  reproduced in the im pression. There are two basic
types of hydrocolloids, the agar type and the alginate type. They are chemically and physically different
and require different handling, but the purposes for which they are used are very sim ilar. They are often
referred to as  reversible and irreversible, respectively. The agar type can be softened by heat and
stiffened by cooling. Because this behavior can be driven either way, it is reversible. The alginate type is
a powder that, when m ixed with water, hardens by gelling. Because it cannot be softened to be used
again, it is irreversible.

2.40.1. Hydrocolloid, Agar Type (Reversible). There are two different reversible hydrocolloids.
One is designed to be used in the m outh for impressions; the other is com pounded for duplication
use in the laboratory as follows:

2.40.1.1. Impression Type. Impression hydrocolloid is a gelatin-like material that is composed
mainly of agar-agar and water. The m aterial is heated in a double boiler or in a special heating
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syringe to soften it to a thick consistency. Itis then tem pered, carried to the m outh in a tray,
and cooled with 70 °F water to m ake it set. W hen it has set, it isrem oved, and the cast is
poured. Im pression-type agar can be used fo  r duplicating in the laboratory if laboratory
duplicating agar is not available. Its principle use, however, is for making RPD impressions and
fixed prosthodontic final im pressions. A m ain di sadvantage of this m aterial is that an
impression can only be poured one tim e due to the dim  ensional change caused by the
evaporation of water.

2.40.1.2. Laboratory Type. Laboratory duplicating hydrocolloid is specially m anufactured for
laboratory use. It is stronger and, therefore, m ore satisfactory for duplicating than the
impression type. It can be used repeatedly if it is properly handled and stored. In order to
maintain a precise water balance, heat the material in a stainless steel double boiler. The double
boiler has a dom e-shaped lid that condenses the water and returns it to the m ixture. The water
balance of the hydrocolloid is critical and is m aintained by the double boiler. Store any
unmixed hydrocolloid in a sealed container.

2.40.2. Hydrocolloid, Alginate Type (Irreversible):

2.40.2.1. General Description. The alginate-type hydrocolloid is supplied in the form of a fine
powder. The powder is m ixed with a prescribed amount of water to form a mixture that, like
the agar-type hydrocolloid, is capable of accurately reproducing an undercut of either a tooth or
soft tissue. In general, the ingredients used to m ake an alginate impression material are sodium
or potassium alginate, plaster, m agnesium oxide, trisodium phosphate, sodium phosphate, and
ditomaceous earth as a filler.

2.40.2.2. General Uses. Alginate is used as an im pression material for partial dentures. It can
be used alone or in conjunction with another m aterial for immediate denture impression and is
sometimes used for cast duplication in the labor atory. When used for duplicating, alginate is
usually mixed with more than the usual amount of water (2 or 3 times more, depending on how
fluid a mix is needed).

2.40.2.3. Handling Requirements:

2.40.2.3.1. Making an accurate cast from  a hydroc olloid im pression requires following
certain rules. The water balance in a gelled hydr ocolloid material is critical to its accuracy.
When gelled hydrocolloid is exposed to water or air, it changes its dimensions quickly. This
is why hydrocolloid impressions must be poured as soon as possible after they are made. (As
soon as possible means within 10 minutes after the material is set.)

2.40.2.3.2. Reversible and irreversible hydrocollo ids tend to exude a fluid that causes
gypsum surfaces to be soft and chalky. Not all gypsum  products are affected in the sam e
manner. Some brands of reversible hydrocolloid m aterial require immersing the impression
in a 2 percent solution of pota  ssium sulfate before the cast is poured. This procedure is
called fixing. It im proves the surface qualities of th e cast. Of course, m  anufacturer’s
directions must be followed.

Section 2E—Denture Base Materials
2.41. Introduction:

2.41.1. A great variety of materials have been used over the years to make denture bases. Today, a
plastic material is by far the most universally used. The chemical name is methyl methacrylate; the
common name is acrylic resin.
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2.41.2. Since it was first introduced in 1937, a ¢ onsiderable am ount of refinem ent and
improvement has been made in acrylic resin and in the methods of handling and processing it.

2.41.3. Manufacturers supply acrylic resin as both a powder (polymer) and a liquid (m onomer) or
in the form of a premixed gel. The powder and liquid form is the one most commonly used. When
the m aterial is supplied in this form , the tec hnician adds a m easured am ount of powder to a

specific volume of liquid to form a dough. The dough is then packed into the denture m old, and
heat is used to cure (harden) the denture. Dry h eat can be used, but curing in hot water is the m ost

commonly used m ethod. Known as polymerization, the cure or hardening of the acrylic resin in
the mold takes place by a chemical reaction between the powder and the liquid.

2.41.4. The types of denture base materials are shown in Table 2.5.

Table 2.5. Types of Denture Base Materials.

I A B C

T

E

M | Material Use Comment

1 | Heat-Cured Complete and RPD bases. Improper packing and/or processing
Denture Resins result in contamination, breakage,
(powder + liquid) porosity, etc. Heat is required for

polymerization.

2 | Heat-Cured Complete and RPD bases. Basic composition is the same as the
Denture Resins powder and liquid varieties. Must be
(gel) refrigerated to inhibit

polymerization.

3 | Autopolymerizing | Repairs, relines, impression trays, Heat is not required to induce
Acrylic Resins and baseplates. polymerization. Can be applied by

the “sprinkle” method or used in
dough form.

4 | Resins for Tinting | Tinting standard pink denture base | Pigments may be mixed with

material. polymer powder or packed
separately.

5 | Tooth-Colored Custom denture teeth, temporary Fine polymer powders that come in
Resins fixed prostheses repairs, etc. a variety of natural tooth shades.

Available in self-curing or heat-
curing forms.

6 | Soft-Lining Tissue-conditioning denture liners. | Polymerize to a semisoft state.
Resins

7 | Vinyl Resins and | Complete and RPD bases. Special processing equipment is
Polystyrenes necessary.
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2.42. Heat-Cured (Heat-Activated) Denture Resins. Heat-cured denture resins are processed in the
dental laboratory, using heat and pressure to obt  ain a product that m eets the requirem ents of the
particular appliance being constructed. Heat-cured denture resins are bought in packages containing
powder (polymer) and liquid (monomer). The monomer has an inhibitor to prevent polym erization until
activated by heat. Monom er is highly flam mable. It is a skin and eye irritant and is known to cause
allergic reactions.

2.43. Acrylic Resin Gel. This is a prem ixed form of acrylic resin. The m anufacturer mixes the powder
and liquid at the f actory and adds a substance (inhibitor) that prevents polym erization until the resin is
placed in the m old and heated. The gel is m ore homogeneous because it is m achine mixed in large
quantities. It is som ewhat handier and quicker to  use, but its shelf lif e is lim ited so itm ust be
refrigerated when stored.

2.44. Autopolymerizing (Chemically Activated) Resins:

2.44.1. Composition. Another member of the acrylic resin group used in the dental laboratory is
the autocuring or self-curing resin. The basic com position of these autopolym erizing resins is the
same as that of heat-cured denture acrylic. The di fference is that, instead of using heat to bring
about polymerization, a chemical agent (activator) is added to the liquid so the dough polym erizes
in about 10 to 20 minutes at room temperature.

2.44.2. Uses. The self-curing acrylic resins are used for most denture repairs. In repair procedures,
these resins have a decided advantage over heat-cur ed resins because the denture does not have to
be subjected to a high-curing tem perature which often causes the denture base to warp. These
resins are also used for im pression trays, record bases, and denture base construction. The self-
curing resins can be m ixed and used as a dough, or they can be applied by the sprinkle m ethod.
The liquid provided with the self-curing resins s hould always be well shaken before it is used
because the activators are lighter than the liquid and tend to rise to the top of the bottle.

2.45. Acrylic Resins Used for Tinting. Methyl-m ethacrylate resins are used to m odify the color of
basic pink, denture base plastics. The pigm ents are used to more closely simulate the colors of natural
gum tissue in the finished denture base. Some are applied to the desired areas of the denture mold before
the resin material is packed; some are shaped into preformed patterns that are placed in the mold prior to
packing.

2.46. Hard-Lining Resin. This is a slightly different type of acrylic resin which is m arketed and
intended for one step (clinical) denture relines. ~ The m aterial has been com pounded specifically for
clinical purposes. It does not lend itself well to laborat ory use. It can be used for im pression trays if a
more suitable material is not available in the laboratory.

2.47. Tooth-Colored Acrylic Resin. Tooth-colored m ethyl-methacrylate resins are very sim ilar to
denture resin except for the color and finer particle size. Tooth-colored pigm ents are added to the
polymer to simulate natural tooth shades. Tooth-colo red acrylic resins are available in heat-curing and
autopolymerizing form s. They can be used to m  ake denture teeth, veneer crowns, and tem  porary
restorations. These resins are extensively used to perform repairs.

2.48. Soft-Lining Resins. Some clinical conditions require a soft, cushion-like liner in the tissue side of
denture bases. These soft m aterials are usually known as resilient liners. It is im portant for these lining
materials to bond well to the denture base, resist tear ing, and retain their cushion effect. There are three
basic kinds of lining resins; velum acrylic, silicone, and ethyl methacrylate.

2.48.1. Velum Acrylic Resin. Velum resin is a form of acry lic resin that never polym erizes
rigidly in the m anner of ordinary resin. It is supplied as a powder and liquid. The liquid is m uch
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more viscous than regular acrylic liquid. It cont  ains a retarder which prevents the resin from
hardening. The principal use of velum resin is in cleft palate prostheses. It is occasionally used for
denture reliner when a soft m aterial is needed. Unfortunately, the ingredient that keeps the resin
soft is eventually lost. Loss of this ingredient causes the liner to gradually harden. Once it hardens,
it must be replaced.

2.48.2. Silicone Resin Liners. These soft liner materials, composed primarily of silicone gum and
a liquid or paste hardener, are available as heat-cured or autopolym erizing types. These silicone
liners are the m ost truly elastic of the sof t-lining materials. However, these liners have am ajor
disadvantage. They have poor abrasion resistan ce and are difficult to trim  properly. Also, like
velum resins, silicone liners do not rem ain soft indefinitely, although they harden m ore slowly
than other lining materials.

2.48.3. Ethyl Methacrylate (Sof Pac®, Dura Soft®). Ethyl m ethacrylate is a two-com ponent,
heat-processed resilient material designed for use in the construction of long-term denture relines
and m axillofacial prostheses. Ethyl m ethacrylate bonds to m ethyl m ethacrylate, increasing its
durability in the m outh. Ethyl methacrylate is pro cessed using standard techniques. The liner can
either be used against f resh acrylic in the initia I processing of a new denture, or it can be cured
against an existing denture base. Ethyl m ethacrylate offers easy polishing and finishing. It can
easily be trim med with a carbide bur or arbor band. It is then polished to a luster using a cloth
wheel, pumice, and polishing compound.

2.49. Tissue Conditioners. Until the patient’s oral tissues return  to a healthy state, the dentist uses
tissue conditions as a temporary soft liner for dentures that require relining. Tissue conditioners must be
changed at 3 to 4 day intervals. Some clinical techniques use tissue conditioning resins in a denture base
as the master impression for relining or rebasing an old denture or fabricating a new one. Because these
materials are very delicate and do not adhere well  to the denture base, tissue conditioner im pressions
must be handled with great care in the laboratory.

2.50. Vinyl Resins and Polystyrenes. Vinyl and polystyrene are plastics which are chem ically similar
to acrylic resin but differ som ewhat in their physical properties. They are formed into a denture using a
method of m olding known as injection molding. Advocates of these m aterials say they have superior
dimensional stability over acrylic resin dentures.

2.51. Handling Acrylic Resin. Acrylic resin, with all its good qualitie s of excellent appearance, am ple
strength, lightweight, and ease of ~ cleaning, is far from foolproofin its m anipulation. Even when
properly handled throughout the processing procedure, acr ylic resin is subject to dim ensional changes.
These changes appear as minor faults in the occlusion and loss of contact of the processed resin with the
master cast. The changes are m  ore noticeable acro ss the posterior palatal seal area ofam  axillary
denture. However, changes can be kept to a minimum when the technician understands the behavior and
working characteristics of the material, and takes precautionary steps to avoid certain pitfalls. The errors
that are m ost apt to occur in processing acrylic re sin dentures are distortion, contam ination, warpage,
breakage, and porosity, as follows:

2.51.1. Wax Distortion. An error can be introduced duri ~ ng the wax-up that m ay alter the
occlusion on the finished dentures. To m inimize the effects of baseplate wax distortion, wax up
one denture at a time. After the wax-up of this single unit is completed, it should be returned to the
articulator and the occlusion examined. Correct any discrepancy in the occlusion before rem oving
the other cast from the articulator for wax- up. After com pleting the wax-up of both upper and
lower dentures, exam ine the occlusion and correct any changes in it before beginning flasking
procedures.
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2.51.2. Acrylic Resin Contamination. Acrylic resin is especially susceptible to contam  ination
while it is being m ixed and packed in the m old. Meticulous cleanliness m ust be practiced, and
clean measuring containers are essential. Using a clean, stainless steel sp atula, the mixing should
be done in a clean jar. Hands should be gloved a  nd kept very clean. Acrylic resin liquid is an
excellent solvent capable of dissolving grease a nd dirt from hands. A standard precaution is to
handle the resin dough with plastic gloves or sheets rather than with bare hands. The mold must be
absolutely clean and dry before the resin is packed.

2.51.3. Acrylic Resin Warpage. During the curing phase, several dim ensional changes occur in
the acrylic resin. The net effect is shrinkage. A ch  aracteristic of acrylic resin is that it shrinks
toward its greatest bulk. In a denture, this bulk is in the area over the alveolar ridge. From waxup
to finishing, this distortion can be kept within  acceptable lim its if each step in the processing
procedure is carefully performed as follows:

2.51.3.1. Take great care to ensure the m old has cooled to room temperature before starting to
deflask a denture. Rapid cooling may create uneven internal stresses. The ideal way to cool the
flask is to allow the water in the curing bath to cool down to room temperature before removing
the flask from the carrier press. If faster cooli ng of the flask is necessary, bench-cool the flask

for 1 hour and then cool it for 15 minutes in cold water.

2.51.3.2. Warpage may also result from excessive heat generated during polishing operations.
Avoid excessive pressure against brushes and ragwheels because heavy pressure during
polishing generates heat.

2.51.3.3. Warpage occurs from allowing the denture to dry out after it is processed. Com pleted
acrylic resin prostheses of any ki nd must be stored in a container of water. If it m ust be mailed
to another location, the denture should be sent in a sealed plastic envelope containing a sm all
amount of water.

2.51.4. Resin Breakage. Most breakage of acrylic resin occu rs during recovery of the denture
from the m old. The breakage is often the resu It of careless deflaski ng. Deflasking cannot be
hurried; take the time to do it right.

2.51.5. Acrylic Resin Porosity. Porosity may be due to one of the following handling errors:
2.51.5.1. An Improper Liquid-to-Powder Ratio:

2.51.5.1.1. The ratio of powder to liquid is im  portant when m ixing acrylic resin. A high
percentage of powder in a m ix speeds up the set and tends to reduce shrinkage during the
cure. However, sufficient liquid m ust be used to wet the powder thoroughly if the chem ical
reaction between the two is to be completed.

2.51.5.1.2. The usual ratio is three parts of powder to one part of liquid by volum e. Ten cm’
of liquid to 30 cm* of powder is considered an adequate amount of material for the average
denture. Measure the liquid and pour it into a clean jar. Then m easure and sift enough
powder to absorb all the liquid. Tap the jar on the bench top to bring any excess liquid to the
surface, and then add the rem aining powder. Thoroughly mix the powder and liquid with a
stainless instrument. Unless the mixture is well stirred, the color tends to float to the surface
of some brands of acrylic resin.

2.51.5.2. Packing the Dough Before it is Ready:

2.51.5.2.1. After mixing the acrylic resin, place a lid on the mixing jar and allow the resin to
set for several m inutes. Then rem ove the lid and test the m ix by placing the blade of the
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spatula between the mix and the side of the mixing jar. When the mix no longer sticks to the
side of the m ixing jar, most heat-curing resins are ready to pack. First, the m ixture appears
sandy, then stringy, and finally doughy. When the doughy stage is reached, it is ready for the
mold.

2.51.5.2.2. A further test involves m aking a roll of some of the material and pulling it apart.
When it snaps apart cleanly, it has reached pack ing consistency. The test for proper packing
consistency does not apply to all denture re sins. Be sure to read the m anufacturer’s
directions to ensure proper procedures are followed.

2.51.5.3. Underpacking the Mold:

2.51.5.3.1. The acrylic resin dough must be packed into room temperature molds. Too warm
a mold may cause the dough to becom e too sti ff too fast. W hen trial packing, overfill the
mold slightly and apply the pressure from the flask press very slowly until the two halves of
the flask are as near as possible to m etal-to-metal contact. Then release the pressure, open
the flask, and remove the resin flash from the land area.

2.51.5.3.2. This procedure m ust be repeated at leas t three tim es to ensure the m old is full
and the halves of the flask m  eet in m etal-to-metal contact. To prevent opening of the
occlusal vertical dim ension, additional m aterial must never be placed in the m old before
final closure.

2.51.5.4. Curing the Acrylic Resin Too Quickly. The resin dough starts to polym erize at
around 160 °F. As this chemical reaction takes place, heat is given off. The internal temperature
of the flask tends to rise above the external h eat being used to m ake the resin polymerize. The
faster the resin dough reaches curing tem perature, the m ore rapid the polym erization reaction
and the higher the internal tem perature of the flask. Depending on how fast polym erization
progresses, a flask’s internal temperature can reach 300 °F.

2.51.5.4.1. The boiling point of the m onomer component of the resin dough is about 212 °F.
If the dough reaches curing tem perature too quick ly, the internal flask tem perature exceeds
212 °F and causes the m onomer to boil. A porous resin results. The thick sections of a
denture base are especially susceptible to this problem.

2.51.5.4.2. A packed flask m ust be brought to a cu ring temperature at a rate that does not
induce rapid polymerization. A tem perature rise of 2 °F per minute is recom mended. Make
sure the curing bath contains enough water to dissipate the excess heat that m ight be
generated by the polymerization reaction. The flask press should never contact the bottom of
the container; it should rest on a rack.

Section 2F—Metals in Dentistry
2.52. Introduction:

2.52.1. Metals are alike in certain aspects. There is no all-inclusive definition for a m etal that is
entirely satisfactory. However, m etals do have cer tain properties that distinguish them  from
nonmetals. They possess a m etallic luster; are good conductors of heat and electricity; and, with
the exception of mercury (and one other rare metal), are solids at ordinary temperatures.

2.52.2. As com pared to nonm etals, som e metals are malleable (can be pounded or rolled into
sheets), others are ductile (can be drawn into wire ), and most of them have a fairly high specific
gravity (are dense and heavy as a result).
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2.52.3. Metals are also different in certain othe  r aspects. For exam ple, each m etal possesses
physical properties peculiar to it alone, which disti nguishes it from all other metals. It has a fixed
melting point, a definite specific gravity, and a certain degree of hardness, malleability, ductility,
etc. By knowing these physical properties, you can pr edict with a fair degree of accuracy the way
a metal will behave under different conditions. In the sam e way, you can also predict am etal’s
degree of usefulness as a dental restoration or structural part of a prosthesis.

2.53. Structure of Metals:

2.53.1. General Properties:

2.53.1.1. Metals are crystalline in structure, and many of their physical properties depend to a
large extend on the size and arrangem ent of the crystals. The word grain is a very popular
name for a m etallic crystal. As m olten metal cools and solidifies, clusters of molecules come
together from the liquid to f orm solid crystal nuclei. These crystallites grow into grains. The
faster molten metal cools to the solid state, the smaller will be the grain size and vice versa.

2.53.1.2. Generally speaking, sm all grains arranged in an orderly fashion give the m  ost
desirable properties. The size and arrangem ent of grains can be changed m arkedly by the way
the metal is handled in the laboratory. The am ount of heat a m etal is subjected to, the m ethod
by which it is heated, the rate by which it is cooled, and the way it is worked (for exam ple,
bending or swaging) all have a pronounced effect on its physical properties.

2.53.2. Cast Metal. A cast metal is a piece of m etal formed by pouring or forcing m olten metal
into a m old and allowing it to cool and harden. As  previously stated, the size of the grains in a
casting depends on the rate of cooling during so lidification. The shape and arrangem ent of the
grains are also established at the same time.

2.53.3. Wrought Metal. W hen rolling, pounding, bending, or twisting changes the shape of a
casting, it becom es a wrought m etal. Producing change s in the shape of a m etal at norm al room
temperature is called cold-working. Working a metal changes its grain structure and has a m arked
(and sometimes detrimental) influence on the physical properties of the material. You must have a
thorough understanding of the changes taking place in the worked m etal to control and, if
necessary, correct the changes (paragraph 2.56.2).

2.53.4. Metal Alloys:

2.53.4.1. Nature of Alloys. Som ¢ of the properties of a gi  ven m etal m ight be ideal for a
specific use while other properties of the sa me m etal m ight be less desirable or even
detrimental. By combining several metals in the correct proportions, it is possible to produce a
compound in which the desirable properties of each metal are retained, while the less desirable
ones are nullified or entirely elim inated. This is known as alloying, and the com bination of
metals thus formed is a m etal alloy. The physical properties of an alloy cannot be accurately
predicted solely by knowing the properties of th e constituent metals. For example, two metals
of extreme hardness, when com bined, might yield an alloy of only m oderate hardness, rather
than one as hard as (or harder than) the individual component metals.

2.53.4.2. Knowledge Requirement. With few exceptions, metals used in dentistry are alloys.
You should have an understanding of the structur e and physical properties of dental alloys.
This will enable you to accomplish the following:

2.53.4.2.1. Determine the combination of physical properties required in an alloy to be used
for a prosthesis.
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2.53.4.2.2. Understand the proper manipulation and heat-handling procedures to be followed
with the selected alloy in order to retain and make the most of its desirable properties.

2.54. Physical Properties of Metals. The physical properties of metals are described in definite, precise
terms. A fam iliarity with the m eaning of these term s is basic to an understanding of the characteristic
traits or the way a m etal behaves under different ¢ onditions. Moreover, the suitability of a particular
metal for a specific purpose can be determined only by someone who fully understands the terms used to
describe its qualities. These qualities are explained in paragraphs 2.54.1 through 2.54.12.

2.54.1. Hardness:

2.54.1.1. This is am easure of the re sistance of a m etal to an indentation or scratch. It is an
indication of the strength and wearability of the metal. Due to the varied functions the different
types of dental prostheses m ust perform, hardness is a highly significant property of dental
alloys.

2.54.1.2. For exam ple, different types of restorati ons call for varying degrees of hardness. An
onlay casting, which is to be subjected to heavy occlusal wear, should be harder than a casting
made for the facial surface of a tooth. On the other hand, a m etal might be too hard. The
amount an inlay or crown can be burnished (ada pted) to a tooth is directly dependent on the
hardness of the metal. Harder metals are more difficult to burnish.

2.54.1.3. Several m ethods are used for m easuring the hardness of m etals. When an alloy has
been tested for hardness, it is given an index number. Depending on the method used to test the
alloy, it is then said to have a certain Brinell, Vickers, or Rockwell hardness (or another index).
Regardless of the scale used, the higher the inde x number, the harder the metal. Figure 2.1 lists
the comparative hardness of some common metals.

Figure 2.1. Comparative Hardness of Selected Metals.

Very Hard Medium Hard Soft
Chromium Cobalt Gold
Manganese Nickel Alum inum
Copper Cadm um
Iron Tin
Platinum Lead
Silver
Magnesium

2.54.1.4. Brinell hardness is determined by pressing a steel ball into a dental gold alloy under a
measured load. The amount of surface indentation is computed according to the load.

2.54.1.5. The Vickers test uses a diam ond in the shap e of a square-based pyram id. The test is
more suitable for determ ining the hardness of a wider variety of m aterials. Recently, the
Vickers test replaced the Brinell test for testing dental gold alloys.

2.54.1.6. The Rockwell hardness is a standard m easure of the hardness of an alloy. It is sim ilar
to the other tests, but with a different range of numbers. It is often used to measure the hardness
of chrome alloys.

2.54.2. Ductility. Ductility is the property of a metal that permits it to be drawn into a thin wire
without breaking. A study of the tables of har dness and ductility indicates that ductility decreases
as hardness increases. Figure 2.2 lists the relative ductility of several metals.



64 AFPAMA47-103V1 15 NOVEMBER 2005

2.54.3. Malleability. Malleability is an indication of the amount of extension the metal can sustain
in all directions without breaking. The pressure m  ight be applied by ham mering, rolling, or
burnishing. Malleability makes it possible to burnish the margin of a gold restoration to the tooth’s
surface and m inimize the chance of leakage between the two. Gold is the m ost malleable of all
metals. One grain of gold can be rolled and beaten in to a leaf that is 6 square f eet. A more brittle
metal is less malleable. Figure 2.3 compares the malleability of several metals.

Figure 2.2. Comparative Ductility of Selected Metals.

High Ductility Medium Ductility Low Ductility
Gold Palladium Manganese

Silver Cadm  ium Beryllium
Platinum Zinc Antim ony
Copper Tin Chronium
Aluminum Lead

Nickel

Cobalt

Figure 2.3. Comparative Malleability of Selected Metals.

High Malleability Medium Malleability Low Malleability
Gold Zinc Chromium
Silver Iron Manganese
Copper Nickel Antimony
Tin Cobalt Bismuth
Platinum Molybdenum
Lead

2.54.4. Specific Gravity and Density:

2.54.4.1. Specific gravity is the weight of a unit of metal compared with an equal volum e of
water at the same temperature. Specific gravity is som etimes a factor in planning the design of
a cast partial denture. The design selected for a dental prosthesis in which one of the heavier
alloys is to be used might differ from one employing an alloy of a lighter weight.

2.54.4.2. The specific gravity of water is  one, which is the standard of com parison. Thus, a
metal that has a specific gravity of two is exactly twice the weight of an equal volume of water.
Table 2.6 lists the specific gravity of some of the metals.

2.54.5. Elasticity, Flexibility, and Resiliency. Complete and technically accurate definitions of
the term s elasticity, f lexibility, and resiliency ar e quite com plex. For laboratory purposes, they
refer to the characteristic of an alloy that enables it to bend under pressure and then return to its
former shape when the pressure is removed. This is an important property in a RPD clasp because
the clasp m ust spring on and off an abutm ent tooth without exerting harm ful pressure on the
supporting structures of a tooth.
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2.54.6. Elastic Limit, Proportional Limit, and Yield Strength. These three term s have subtly
different definitions. However, f or practical purpos es, the term s will be used interchangeably in

this pamphlet. A gross definition for all three would be the m aximum amount of stress that can be
applied to a metal without permanently deforming the metal.

Table 2.6. Relative Specific Gravity of Metals.

| A B
T

E

M Metal Specific Gravity
1 | Calcium 1.54
2 | Magnesium 1.70
3 | Beryllium 1.84
4 | Aluminum 2.70
5 | Antimony 6.68
6 | Chromium 6.92
7 | Zinc 7.19
8 | Tin 7.30
9 | Manganese 7.42
10 | Iron 7.85
11 | Nickel 8.60
12 | Cobalt 8.70
13 | Copper 8.90
14 | Bismuth 9.78
15 | Molybdenum 10.20

16 | Silver 10.50

17 | Lead 11.34

18 | Palladium 11.90

19 | Mercury 13.59

20 | Gold 19.32

21 | Platinum 21.37

22 | Osmium 22.48

2.54.7. Percentage Elongation. Elongation is a m easure of the am ount an alloy can be deform ed
without breaking. The percentage of elongation of an alloy has m uch to do with its suitability for
making appliances that must be bent or burnished into shape. The elongation should be as high as
possible, consistent with strength requirements.

2.54.8. Grain Size:

2.54.8.1. When metal is heated and allowed to cool, the rate of cooling affects the grain size.
Slow cooling results in a com paratively large grain size. Fast cooling produces a finer grain

structure. A metal with a fine grain structure is stronger than a coarse-grained one.

2.54.8.2. The metal rod at the top of Figure 2.4 wa s cast and solidified rapidly, which resulted
in a fine grain structure. The rod in the lower part of the figure cooled slowly, which resulted in
a larger grain size.
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2.54.9. Grain Growth. Prolonged heating below a m etal’s melting temperature may cause grain
growth; that is, small grains merging to form larger ones. This grain growth causes the metal to be
brittle. Malleability and ductility can som etimes be restored in a m etal that has becom e brittle by
heat-treating it. It is f ar better, however, to handle the m etal in such a way that it never becomes
brittle.

Figure 2.4. Differences in Grain Size.

Table 2.7. Howe’s Color Scale.

2.54.10. Color of Heated Metals:

2.54.10.1. When gold alloys are heated, definite color changes occur. The tem perature of the
metal can be estim ated by the color it radiates as listed in Howe’s Color Scale (Table 2.7). As
metal is heated, colors are observed in the fo llowing sequence: dull red, brighter red, orange,
and finally, white as the temperature progressively increases.

I A B

T

E Approximate Temperature
M Color Range

1 | Dull red 1020 - 1150 °F

2 | Cherry red 1300 °F

3 | Light red 1560 °F

4 | Orange 1650 °F

5 | Yellow 1740 - 1920 °F

6 | White 2100 °F or above

2.54.10.2. Tem peratures associated with the colo

rs are only approxim ations because color

determinations differ from person to person. A nother variable in appraising the color of a
heated metal is the light under which it is exam ined. The m etal may appear black in bright
sunlight, but m ay look red when viewed in a sh adow. W hen the color of a heated m etal is
evaluated, it should be viewed in as near normal light as possible.

2.54.11. Melting Range:

2.54.11.1. Pure metals melt suddenly at definite places or points on a temperature scale (Table
2.8). Dental alloys do not m elt abruptly at precise temperatures because they contain a num ber
of metals with different m elting points. W hen a high enough tem perature is reached, an alloy
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first softens and becom es mush. As the heat is increased, the alloy gradually becom es more
fluid until it finally behaves much like a thick liquid.

Table 2.8. Melting Points of Pure Metals.

| A B

T

E

M Metal Melting Point
1 | Aluminum 1218 °F
2 | Beryllium 2332 °F
3 | Bismuth 520 °F
4 | Cadmium 610 °F
5 | Chromium 3434 °F
6 | Cobalt2723 °F
7 | Copper 1981 °F
8 | Gold 1945 °F
9 | Iron 2795 °F
10 | Lead 621 °F
11 | Manganese 2246 °F
12 | Molybdenum 4748 °F
13 | Nickel 2651 °F
14 | Palladium 2820 °F
15 | Platinum 3190 °F
16 | Silver 1761 °F
17 | Tin 450 °F
18 | Tungsten 6098 °F
19 | Zinc 787 °F

2.54.11.2. This gradual softening takes place over a spread of tem perature known as the

melting range. The lower limit of this range, known as the solidus, is the temperature at which
the metal first begins to soften. The higher limit, called the liquidus, is the temperature at which
the metal is com pletely molten. The spread of the melting range for m ost dental gold casting
alloys varies from 75 to 150 °F.

2.54.12. Fusion Temperature. The manufacturer does not provide the melting range of a casting
alloy. Very often the fusion temperature is provided instead. The fusion tem perature is slightly
above the lower lim it of the m elting range. It s hould never be exceeded when a m etal is being
soldered. The fusion tem perature is provided to ai d in selecting solder that has a m elting range
safely below the f usion tem perature of the pare nt m etal. This m inimizes the possibility of
overheating the parent metal during a soldering operation.

2.55. Deformation of Metal:

2.55.1. W hen an external force (load) is applied toam  etal, it is opposed and resisted by the
internal force of the m aterial’s otherwise regular ly spaced atom s (stress). If the load is great
enough, a change results in the distance between the atom s in the areas where the load is applied
(strain) and a degree of distortion (deform ation) occurs which is directly related to the am ount of
the load and the direction in which it is applied.
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2.55.2. A distortion that disappears when the load is rem oved is called an elastic deformation.
When the stresses are rem oved, the atom s return to their original position. A distortion that does
not disappear when the load is rem oved is called a permanent deformation. (The metal is said to
have exceeded its elastic limit or proportional limit or yield strength.) The stresses are not relieved
and the affected groups of atoms slip along a plane to new positions within the boundaries of their
particular grains.

2.55.3. Ifapiece of m etal is flattened by pounding or rolling, the individual grains are also
flattened. As a pulling force is exerted on the m etal, like drawing it through a die plate to form a
wire, each grain is elongated to assume a fiber-like appearance.

2.56. Strain-Hardening of Metal:

2.56.1. Strain-Hardening or Cold-Working. When a metal is permanently deformed repeatedly,
the m etal becom es stif fer and harder. This process is called  strain-hardening or cold-working.
Continued application of a deform ing load results in m ore and m ore atom s or grains slipping
within the metal until the metal fractures. This is what happens when a paper clip is bent back and
forth. Up to a point, it becomes stiffer and harder. Then it breaks.

2.56.2. Annealing or Heat Treatment:

2.56.2.1. Annealing is the process of heat-treating a m etal to remove the stresses introduced by
cold working and to prevent the m etal’s fracture. For example, there is a considerable am ount
of cold-working to bend or contour a wire to form a clasp to fit on the surface of a tooth.

2.56.2.2. The strain hardness built up in the m etal can be removed and the original properties
restored by heating it to the proper tem perature (for example, cherry red) and then cooling it
rapidly by quenching in cold water. The cold-working can then proceed because the regular
arrangement of the slipped atom s has been rest ored and the stresses and strains have been
relieved. The grains retain the changed shape caused by the cold-working. Thus, ductility and
malleability increase, but all other physical properties decrease. The m etal is in its softest state
so a crown or inlay is most burnishable and a partial denture clasp is most adjustable.

2.57. Effect of Constituent Metals. The exact role of a metal varies with the particular alloy system the
metal is added to. For example, copper is included in many of the high palladium alloys to help form an
oxide layer for porcelain bonding. Howeve r, copper is added to the m edium silver-palladium alloys to
effectively lower their m elting range and perm it the use of gypsum -bonded investments. The following
elements are f requently used in the traditional gold-base alloys: ( NOTE: Their descriptions are
generalized.)

2.57.1. Aluminum (Al). Aluminum is added to lower the m elting range of the alloy. It is also a
hardening agent and influences oxide formation.

2.57.2. Beryllium (Be). Like aluminum, beryllium lowers the melting range, improves castability,
serves as a hardener, and influences oxide  formation. Reportedly, it im proves polishability by
acting as a lubricant f  or polishing agents, thus perm itting them to work m ore ef fectively.
Electrolytic “etching” of nickel-chromium-beryllium alloys rem oves a nickel-beryllium phase to
create microretention for the etched-metal resin-bonded retainers (Maryland Bridges).

2.57.3. Boron (B). Boron is a deoxidizer, hardening agent, and elem ent that reduces the surface
tension of an alloy and thereby im proves castability. In the nickel chrom ium alloys, boron acts to
reduce ductility and to increase hardness.
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2.57.4. Chromium (Cr). Chromium acts as a solid solution hardening agent and ensures corrosion
resistance by its passivating nature.

2.57.5. Cobalt (Co). Cobalt-base alloys are an alternate to the nickel-base types, but are m  ore
difficult to cast.

2.57.6. Copper (Cu). Copper serves as a hardening and strengthening agent, lowers the m  elting
range, and interacts with platinum , palladium, and silver (if present) to provide a heat-treating
capability. It helps form oxides for porcelain bonding, lowers the density slightly, and can also
enhance passivity.

2.57.7. Gold (Au). Gold provides a high level of resistance to corrosion and tarnish (no associated
passivity) and slightly increases the m elting range as well as workability and burnishability. Gold
imparts an esthetically pleasing color to the alloy while markedly increasing density.

2.57.8. Indium (In). Indium serves as a less volatile scav enging agent, tends to lower the m elting
range (gold-base alloys), helps form an oxide layer for ceram ic alloys, and lowers the density.
Reportedly, an indium content of 20 percent can adversely affect the corrosion resistance of silver-
base alloys.

2.57.9. Iridium (Ir) and Ruthenium (Ru). These two elements serve as grain refiners to improve
the mechanical properties and tarnish resistance.

2.57.10. Iron (Fe). Iron is usually added to gold-base ceramic alloys to harden the alloy and aid in
the production of oxides for porcelain bonding.

2.57.11. Manganese (Mn). Like silicon, m anganese acts as an oxide scavenger to prevent the
oxidation of other elements when the alloy is melted. It is also a hardening agent.

2.57.12. Molybdenum (Mo). Molybdenum is added to adjust the coefficient of thermal expansion
and improve corrosion resistance. It also influences the oxides produced for porcelain bonding.

2.57.13. Nickel (Ni). Nickel has been selected as the base  for alloys because its coefficient of
thermal expansion is close to that of gold and because it possesses a resistance to corrosion. It is
easier to cast than the cobalt-base alloys.

2.57.14. Palladium (Pd). Palladium is added to increase the strength, hardness (with copper),
corrosion, and tarnish resistance of an alloy. It increases the melting range and im proves the sag-
resistance of a ceram ic alloy. Palladium has a st rong whitening effect, which renders m etals as
white alloys. It has a high affinity for hydrogen, and it lowers the density of the alloy slightly.

2.57.15. Platinum (Pt). Platinum increases the strength, m elting range, and hardness while it
improves the corrosion, tarnish, and sag-resistance of an alloy. It whitens the alloy and increases
its density.

2.57.16. Silicon (Si). Silicon serves as an oxide scavenger to prevent the oxidation of other
elements during the melt. It is also a hardening agent.

2.57.17. Silver (AQ). Silver im parts a m oderate increase in the strength and hardness of an alloy
(with copper), tends to tarnish in the presence of sulfur, possesses a rather high affinity for oxygen
absorption, and lowers the density of the alloy. In ceramic alloys, silver lowers the m elting range
by counteracting the influence of palladium . Ceram ic alloys with a high silver content m  ay
produce discoloration (green or brown) in many porcelains.

2.57.18. Tin (Sn). Tin serves as a hardening agent, tends to decrease the m  elting range of the
alloy, and helps produce an oxide layer in ceramic systems.
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2.57.19. Titanium (Ti). Titanium is added to lower the m elting range and im prove castability. It
also acts as a hardener and influences oxide formation.

2.57.20. Zinc (Zn). Zinc helps lower the m elting range and acts as a deoxidizer or scavenger to
combine with any oxides present. It im proves the castability of an alloy and, when com bined with
palladium, contributes to its hardness. Zinc is commonly included in gold alloy solders.

2.58. Classification System:

2.58.1. The ADA classifies alloys according to the percentage of noble metals present. Noble
metals include gold and the six m  embers of th e platinum -palladium group; ruthenium (Ru),
rhodium (Rh), palladium (Pd), osm ium (Os) , iridium (Ir), and platinum  (Pt). The ADA
classification system is identified in Table 2.9.

Table 2.9. ADA Classification System.

I A B

T

E

M | Classification Au and Pt Group

1 | High Noble Greater than or equal to 90 percent

2 | Medium Noble Less than 90 percent; greater than or equal to 70 percent
3 | Low Noble Less than 70 percent

4 | Base Metal (0 percent

2.58.2. Table 2.10 contains specifications of dental alloys.

Table 2.10. Essential Specifications of Dental Alloys.

I A B C D E F
T
E Brinell Melting
M| Alloy Purpose ADA Specification | Number Range Heat Treatment
1 | Soft Inlay§ subject | A minium of 83 40 to 75 | 1740 to 1920 | Not subject to
to little stress percent of the gold- °F heat treatment
platinum group of
metals
2 | Medium | Inlays of any A minimum of 78 70 to 1650 to Bench cool for 5
kind percent of the gold- | 100 1780 °F minutes after
platinum group of casting and
metals quenching
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I A B C D E F
T
E Brinell Melting
M| Alloy Purpose ADA Specification | Number Range Heat Treatment
3 | Hard Single onlays, | A minimum of 78 90 to 1650 to Softening heat
crowns, and percent of the gold- | 140 1760 °F treatment: heat
fixed partial platinum group of to 1292 °F and
retainers metals quench;
hardening heat
treatment: heat
to 840 °F; drop
temperature to
480 °F; quench
4 | Extra RPD A minimum of 75 130 + 1600 to NA
Hard frameworks percent noble metal 1800 °F
content
5 | Ceramic | Porcelain Enough noble metal | 160 to 2200 to
Gold veneer fusion | to provide 200 2400 °F
Alloys corrosion resistance
6 | RPD RPD No less than 85 431 2300 to
Alloys frameworks percent chromium, 2500 °F
cobalt, and nickel

2.59. Dental Alloy Terminology. There are so m any different m etal-ceramic alloys for porcelain
tics. For that reason, it is often difficult to
accurately communicate with others about these alloys . For exam ple, Olympia is the brand nam ¢ of a
metal-ceramic alloy that can be called cither a precious alloy, a high noble alloy, or a gold-palladium
alloy. It is easy to see why there is so m uch confusion associated with describing a particular alloy. The
most accurate description of an alloy can only be m ade by listing its m ajor constituents and any m inor
metal considered important for its functional use.

bonding, each with its own peculiar handling characteris

2.60. Conventional Dental Gold Alloys (Nonceramic). Conventional gold alloys are used to fabricate

and repair inlays, onlays, crowns, and fixed partial

dentures. These gold-base alloys can be organized

into three categories; casting gold, gold solder, and gold foil. Each is formulated and marketed in a form
best suited to its intended use.

2.60.1. Dental Casting Golds:

2.60.1.1. Casting golds are alloyed and m ade into ingots suitable for melting and casting into a
mold. Different types of restorations require all oys with slightly different physical properties.

An alloy used f or an inlay m ust have som ewhat different capabilities than an alloy used f or a
crown or fixed partial denture.

2.60.1.2. The physical property hardness is regarded as a useful indi cator of the strength of an

alloy. Therefore, restorations such as inlays are m

ade using a soft or medium gold alloy

(formerly Type I and II). Sim ilarly, a crown or fixed partial denture requires a m uch harder
casting alloy. On occasion, even RPD frameworks are made of extra hard gold for patients who
may be allergic to chrom e alloys. The dentist se lects the type of casting alloy according to the

needs of the particular case, personal preference, and availability.
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2.60.1.3. Elements most commonly found in gold-base casting alloys are gold, silver, copper,
platinum, palladium, and zinc. Table 2.11 show s typical com positions of conventional gold
casting alloys according to hardness.

2.60.1.4. The increased use of silver in m edium and hard alloys is intended to lighten the color
of the alloy, not affect the hardness. As the coppe r content of gold alloys is increased, the color
of the alloy is darkened unless it is offset by s ilver. Most people consider this darker color less
attractive.

Table 2.11. Typical Composition of Conventional Gold-Casting Alloys.

I A B C D E F G
T

E

M Alloy Gold Silver Copper Platinum | Palladium Zinc
1 | Soft 85 10 4 0-0.5 0.5
2 | Medium 76 12 8 1 2.5 0.5
3 | Hard 72 12 9 3 3 1to2
4 | Extra Hard 66 12 12 3.5 3 l1to5

2.60.1.5. The zinc in these alloys is present to  prevent the loss of copper by oxidizing the
molten metal. As a result, when the copper is incr eased, the zinc content is also increased. Zinc
lowers the melting range of the finished alloy a nd makes the material more fluid and easier to
cast.

2.60.1.6. Heat treatm ent of wrought and cast golds is an integral part of all fabrication
procedures in which they are used. Careless heat handling is responsible for m uch of the
breakage of cast and wrought wire prosthetic a ppliances. When gold alloys are properly heat
treated, their desirable properties are appreciably increased.

2.60.1.7. In general, when gold alloys are heated to 1292  °F (cherry red) for 10 m inutes and
then quenched in water, the m etal is in its softest state (annealing). Ductility and m alleability
increase, all other physical properties show d ecreased values. W rought gold is m ost bendable
and cast gold is more burnishable (adaptable) after being subjected to softening heat treatment.

2.60.1.8. Gold restorations that are to be subjected to heavy chewing loads or other m echanical
pressures in the mouth cannot be used in a heat-softened condition because they would deform
too easily. These restorations must be treated by a process of controlled heating and cooling to
restore hardness called tempering. For example, certain gold alloys are hardened by heating to
840 °F, allowed to cool slowly over a 15-m inute period to 480 °F, and then quenched in water.
Gold alloy destined for heat hardening should fi rst be heat softened. Any strain hardening is
relieved, and the heat hardening process yields more predictable results.

2.60.1.9. There are two ways of expressing the gold ¢ ontent of an alloy. One is in term s of its
carat and the other is its  fineness. By definition, a caratisaun it of m easure that indicates
purity of form ulation. A 24-carat rating m eans th at a m etal is solid gold with nothing else
added. A metal having an 18-carat rating is auto matically an alloy, 18 parts of which are gold.
The six rem aining parts are other m etals. The concept of fineness is similar to carat only it
deals with 1,000 parts instead of 24. Pure gold is said to be 1,000 fine . Therefore, if an alloy is
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75 percent gold, it is 750 fine. An easy way to convert fineness to carat and vice versa is to
insert the known number into the following formula and solve for the unknown:

Cara = Fineness
24 1000

2.60.2. Gold Solders. Gold solders are primarily used to join units of fixed partial dentures. They
are also used in repairs of all kinds--every thing from plugging holes in castings to adding
proximal contacts on restorations. Solders are supp lied in m any forms. Wires and strips are the
most common.

2.60.2.1. Physical Properties of Gold Solders:

2.60.2.1.1. Melting Range. Dental gold solders are designed to melt and flow within precise
temperatures called a melting range. A melting range is the temperature range from the time
an alloy begins to melt until it is completely molten. A precise melting range is necessary to
prevent overheating and m elting the parts to be joined (that is, the parent m  etal). Solders
should melt at a tem perature 100 °F below the fusion tem perature of the parent m etal. Tin
and zinc are added to solder form ulas to provide a fusion tem perature lower than the fusion

temperature of the parent m etal. The melting range of a typical, conventional gold solder is
1375 to 1445 °F.

2.60.2.1.2. Tarnish Resistance. After a soldered prosthesis has been in the patient’s m outh
for a period of tim e, the solder should show a de gree of tarnish resistance that is very close
to the parent metal.

2.60.2.1.3. Color Compatibility. The color of the solder should m atch the parent m etal as
closely as possible.

2.60.2.1.4. Strength Requirement. As the fineness of solder increases, its strength
decreases. Solders with fineness ratings in ex cess of 650 should not be used to unite fixed
partial denture units that are subject to a lot of stress.

2.60.2.2. Choosing a Solder:

2.60.2.2.1. When the Properties of the Parent Metal are Known. Several rules of thum b
can be used in selecting a solder if either th e carat, fineness, or the fusion temperature of the
parent metal or m etals is known. The prim ary objective is to pick a solder with a fusion
temperature about 100 to 150 °F lower. Solder with carat ratings that are two values lower or
fineness ratings that are 100 units lower than the parent m etal are assum ed to have fusion
temperatures at least 100 °F lower than the parts to be joined.

2.60.2.2.2. When the Properties of the Parent Metal can be Guessed. Fixed prosthesis
castings that are not porcelain veneered are  made with conventional Type II or Type III
golds. The m inimum fusion tem perature for these kinds of golds is around 1650 °F;
therefore, a solder should be selected accord ingly. A problem arises when the m ass of gold
alloy used to m ake a casting already contains some solder (for exam ple, a reclaim ed fixed
partial denture). The presence of the solder acts to lower the fusion temperature of the mass.
If a technician tries to solder castings w ith this kind of unknown com position, success is
doubtful. If old, previously used gold is recy cled, the solder m ust be ground off. Ceram ic
golds have melting ranges in excess of 2100 °F.

2.60.2.3. Supplemental Remarks. The 650-fine solder is widely used for soldering fixed
prosthetic restorations m ade out of conven tional casting golds. As fineness increases above
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650, tarnish resistance increases, but strength dr  ops off. Below 650 fine, the solder gets
stronger but m ay descend below acceptable tarnis h resistance lim its. If ceram ic casting golds
are soldered before porcelain fusion, use special so Iders that m elt at around 2000 °F. After
porcelain fusion, they can be soldered with m aterials used on conventional casting golds (for
example, a 650-fine solder).

2.60.3. Gold Foil. Foil is used in repairs such as repairi ng a hole in a gold crown with solder. It is
fabricated at the refinery by rolling gold into sheets of various thickness.

2.61. Alternatives to Gold-Base Alloys (Nonceramic). There are precious nongold-base alloys and
nonprecious chrome alloys which are offered as altern atives to conventional gold-casting alloys. The
nonprecious alloys, nickel-chromium and cobalt-chromium, are less desirable alternatives and, as such,
are not discussed here. The rem aining precious all oy group can be subdivided into the following three
subgroups:

2.61.1. High Silver-Palladium Group. Alloys in this group contain roughly 70 to 71 percent
silver and 25 percent palladium . They require the use of phosphate-bonded casting investm ents
and generally possess gold-base alloy handling char acteristics. These alloys cost less than gold-
base alloys.

2.61.2. Medium Silver-Palladium Group. This second group of silver-palladium alloys was
developed to provide a less expensive casting alloy that could be used with conventional gold
techniques. These alloys contain between 58 to 68 percent silver, 25 to 26 percent palladium , and
10 to 15 percent copper. Adding copper to this sy stem lowers the m elting range and perm its the
use of gypsum-bonded investments. Several of these alloys possess properties similar to extra hard
casting golds, while others are m arketed as hard casting gold alternatives. Som e alloy brands can
be cast into gypsum  -bonded investm ents, wh ile others require phosphate-bonded casting
investments. Consult the manufacturer’s directions regarding information on their use.

2.61.3. Silver-Palladium-Gold Group. By lowering the silver content of  the silver-palladium
system and replacing copper with gold, m anufacturers produce a more tarnish-resistant alloy. The
increase in noble m etal content of this system m akes this alloy m ore expensive, but it is still
cheaper than conventional gold-base alloys. P hosphate-bonded investm ents are indicated with
these alloys and processing is similar to the high silver-palladium group.

2.62. Metal-Ceramic Alloys. These high-m elting range alloys are blended for porcelain application.
They retain both form and physical properties when porcelain is applied and fused to them . The alloy’s
coefficient of therm al expansion is slightly m ore than porcelain, placing the porcelain veneer under
compression when the alloy cools. The porcelain is m ost likely to rem ain attached to the alloy in this
condition. The titles of the following subparagraphs show the classification of the metal-ceramic alloy in
parenthesis beside each alloy topic:

2.62.1. Gold-Platinum-Palladium (High Noble):

2.62.1.1. Alloy Contents. Gold-platinum-palladium alloys contain m ostly gold. Platinum and
palladium are added to raise the m elting tem perature, reduce the coefficient of therm  al
expansion, and strengthen the alloy. Sm all portions of base m etals, such as indium , zinc, and
tin, are included to produce a thin oxide film on the surface of the gold alloy which provides
the chemical means for bonding between the metal and porcelain.

2.62.1.2. Advantages. The bond strength of gold-platinum -palladium alloys is excellent. They
also cast easily, finish and polish easily, and produce fine, burnishable margins.
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2.62.1.3. Disadvantages. The only reasons for replacing gold- platinum-palladium alloys are
cost and m echanical strength. To m aintain its stre ngth, this alloy m ust be used in f airly thick
sections in areas such as connectors. One of th ¢ other alloys might be a better choice for a long
span fixed partial denture subject to increased occlusal loading.

2.62.2. Gold-Palladium-Silver (Medium Noble):

2.62.2.1. Alloy Contents. The elim ination of platinum and the addition of silver are the
principal differences between this alloy and the gold-platinum -palladium alloy described
above. Silver tarnishes and is, therefore, not a noble metal.

2.62.2.2. Advantages. These newer “white golds” or “sem iprecious” alloys have gained in
popularity, probably due to their lower cost and increased mechanical strength. Because these
alloys are higher in yield strength than the hi gh gold content alloys, they are useful for long-
span restorations. They are easy to cast, finish, and polish.

2.62.2.3. Disadvantages. The silver present in these alloys m ay cause greening of the fired
porcelain and contam ination of the m uffle w ithin the porcelain furnace. Also, the high
palladium content can increase the risk of hydrogen gas absorption during casting. During the
porcelain processing step, the release of hydrogen gas from the metal can create gas bubbles in
the porcelain veneer. Although, the porcelain bond is not as good as the gold-platinum -
palladium alloy, it is adequate.

2.62.3. Palladium-Silver (Low Noble). More recently, an effort has been m ade to eliminate gold
from metal-ceramic alloys completely by substituting palladium and silver.

2.62.3.1. Alloy Contents. The m anufacturer m ust achieve a careful balance between the
amount of palladium and silver in the alloy because increasing the palladium content raises the
melting range and lowers the coefficient of expansion, whereas silver has the opposite effect.

2.62.3.2. Advantages. Due to the lower density of palladium-silver alloys combined with their
low intrinsic cost, these alloys have a substantia 1 decrease in total m etal cost com pared to the
gold-containing alloy system s. A further advantag e is that their handling characteristics and
physical properties are comparable.

2.62.3.3. Disadvantages. The disadvantages associated with the use of palladium and silver are
the same as in paragraph 2.62.2.3. Additionally, the increase in palladium makes casting more
difficult because of the hydrogen gas absorp  tion. The gas and oxygen pressure of casting
torches requires critical adjustment to produce the correct flame for melting. Using carbon-free
investments is also a must because residual carbon can affect the grain structure of the alloy.

2.62.4. Palladium (High Noble). Although palladium-silver alloys were in great dem and because
of the low intrinsic cost, the dental profession wanted alloys that did not cause greening problems.
Research led to alloy system s which reverted back to silver-free systems. In place of silver, m ore
palladium was added.

2.62.4.1. Advantages. Increasing the palladium content im parts greater hardness, toughness,
and strength to the alloys. W ith silver com pletely eliminated from the alloys, greening of the
porcelain veneer is not a problem.

2.62.4.2. Disadvantages. High palladium alloys are m ore difficult to cast. For exam ple, more
casting pressure is needed because of the lowe r density, and care m ust be taken not to induce
excessive amounts of hydrogen, oxygen, or carbon into the m elt. The torch flam e must have
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just the right balance of gas and oxygen. Carbon contamination can appear from such sources
as carbon-containing investments, waxes, plastic patterns, carbon crucibles, or liners.

2.62.5. Base Metal. Base metal alloys (or nonprecious alloys, as they have been called) are similar
in composition to the alloys used in RPDs. NOTE: The other elem ents contained in base m etal
alloys could be molybdenum, manganese, magnesium, aluminum, silicon, beryllium, carbon, iron,
titanium, or copper. Although beryllium is often omitted from some alloys because of its toxicity,
it hardens the alloy and im proves castability. Cobalt-chromium alloys are rarely used in porcelain
bonding.

2.62.5.1. Advantages. The properties of base m etal alloys are considerably different from the
noble m etal alloy system s. In general, the base m etal alloys are m uch stiffer and harder,
requiring high-speed equipm ent to finish and po lish the alloy. Because of this strength, base
metal alloys for porcelain bonding are useful where long-span, thin substructures are necessary.
They are also the only metal alloys that can be used in the acid etch technique of m aking resin-
bonded FPDs. Low cost has probably been the singl e most important consideration in selecting
base metal alloys over noble alloy materials.

2.62.5.2. Disadvantages. Specialized casting and finishi ng equipment is recom mended when
working with base metal alloys. Because these alloys do not contain noble m etals, they readily
oxidize when heated. In addition, they m  ay develop too m any oxides, causing the bond
between the porcelain and metal to fail. Because of the high oxidizing tendency, the techniques
for metal preparation and porcelain additions are different from those used with noble alloys.
There has also been controversy over the allerg enic and carcinogenic potentials of nickel used
in nickel-chrom ium alloys (m ostly with RPDs ). In addition, alloys containing beryllium are
becoming more suspect because of beryllium’s toxic and unstable character.

2.62.6. Metal Ceramic Alloy Composition. Table 2.12 shows typical com positions of m etal-
ceramic alloys.

Table 2.12. Typical Compositions of Noble Metal Alloys for Metal-Ceramic Restorations.

A B | ¢ | b | E | FF | & | H

I Metal-Ceramic Alloys (note)

T Indium

E Platinum |Palladium| Silver and Tin | Galium | Copper

M | Composition |Gold (Au) (Pt) (Pd) (AQ) (In-Sn) (Ga) (Cu)

1 |Au-Pt-Pd 84 10 231

2 |Au-Pd-Ag 50 30 12 8

3 |Au-Pd 52 38 8.5 1.5

4 |Pd-Ag 55 to 60 25t030 | 10to 20

5 |Pd 74 5 14.5
NOTE: All figures are percentages.
2.63. RPD Casting Alloys:

2.63.1. Basic Content:
2.63.1.1. The ADA specification for cast chrom ium c ontaining alloys says “. . . the alloy

contains a total of no less than 85 percent by weight of chrom
allows a lot of latitude for putting an alloy formula together.

ium, cobalt, and nickel.” This
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2.63.1.2. W hen the form ulas for the different brands of chrom e alloy are reviewed for
constituents com mon to all of them , they ¢ ontain roughly 20 to 30 percent chrom ium and
highly variable am ounts of nickel a nd cobalt. As an exam ple, Ticonium® Premium 100 alloy
contains about 25 percent chrome and 60 percent nickel, with no cobalt present.

2.63.1.3. Other brands of alloys have m  uch le ss nickel and proportionally m  ore cobalt.

According to the ADA’s Guide to Dental Materials and Devices, a chrome alloy with a high

nickel content is reported to have a lower m elting range and less therm al contraction than a

chrome alloy with a high percentage of cobalt. In contrast to nickel-chrom e alloy, the cobalt-
chrome family of alloys cast at tem peratures that require a high-heat investm ent with a silicate
or phosphate binder. Sm aller amounts of severa |l other m etals such as m olybdenum, tungsten,
beryllium, iron, m anganese, and alum inum are fre quently a part of chrom e alloy form ulas.
Table 2.13 gives a general idea of chrom e alloy composition. CAUTION: Prolonged exposure
to beryllium is harm ful. Proper dust-collecting a pparatus must be used when f inishing alloys
that contain this metal.

Table 2.13. Approximate Proportions of Metals in Various Chrome Alloys.

I A B

T

E

M Metal Proportions (Percentages)
1 Aluminum 0to00.7
2 Beryllium 0to1.8
3 Carbon 0.2 t0 0.4
4 Chromium 20 to 30
&) Cobalt 0 to 60
6 Iron 0Oto5

7 Manganese 0to 0.5
8 Molybdenum 4.6 to 18.5
9 Nickel 5to 60
10 Silicon 0.7 t0 0.4
11 Tungsten 0to4

2.63.2. Properties of Chrome Alloys. These alloys are considerably harder than the gold alloys
and have much higher melting ranges. The specific gravity of these alloys is only about half that
of the gold alloys. This factor m akes possible a reduction in weight of the RPD casting over one
made from a gold alloy. Special equipment is required for casting and finishing the chrome alloys.
Due to the differences in hardness and m elting temperatures of chrome alloys, equipment used for
gold alloys is not suitable.

2.64. Wrought Alloys. Wrought alloys are m ade through a pro cess of rolling, annealing, and drawing
into the various forms. This processing gives the alloys certain physical properties that are of interest to
the dentist. The elastic and flexible nature of the alloy is of particular im portance. It allows a wrought
wire clasp to spring into an undercut area. Due to their increased tensile and yield strength, wrought
alloys do not deform as easily.
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2.64.1. Base Metal Alloys:

2.64.1.1. Forms of Wrought Base Metal Alloys. Wrought base m etal alloys are available in
the form of wires and bond materials. Nickel-chromium and cobalt-chromium are the two main
types of wrought alloys presently used. Th ese alloys are com monly referred to as  stainless
steels.

2.64.1.2. Rules for Handling. Certain procedures must be followed if the desired properties of
wrought alloys are to be m aintained. When working with wrought wires, avoid m aking bends
too quickly. Do not m ake bends th at are too large or too sharp and do not nick or dent wires
because it causes them to break when stress is applied. Also, if repeated bending and shaping is
necessary, heat-soften the wire to relieve the stress effects of cold-working caused by bending
and shaping. For best results, follow the m anufacturer’s instructions for heat-softening. W hen
soldering stainless steel wires, take special care to prevent overheating the wire. A prolonged
exposure to temperature in excess of 1300 °F softens the wire and reduces corrosion resistance.

2.64.2. Gold Alloys:

2.64.2.1. Forms of Wrought Gold Alloys. Wrought gold is made in the form of wires and bars
that can be used to m ake individual, wrought gold clasps or an entire RPD fram ework. The
gold is alloyed to give it the properties needed so it can be bent and shaped into a desired form
and so several different units can be joined by dental solder.

2.64.2.2. Grain Structure. Because of its m ethod of m anufacture, dental wrought gold has a
different grain structure than cast gold. Because of its grain structure, it is considerably tougher
than cast gold and has a higher yield strength and proportional limit.

2.64.2.3. Sizes of Wrought Gold Wire. The manufacturer makes wrought gold from gold alloy
that is rolled, swaged, and drawn through the die plates into the desired shape and gauge. The

gauge is a measure of the thickness or diam eter of the wire. The numbers used are the standard
Brown and Sharpe gauge num bers used by m achinists. The larger the gauge num  ber, the
smaller the diam eter. A com parison of the gauge number and the equivalent m easurement in
inches and millimeters is shown in Table 2.14.

Table 2.14. Brown and Sharpe Wrought Wire Gauge Conversion.

| A B C
T

E

M Gauge Number Inches Millimeters
1 12 0.0808 2.052
2 14 0.0641 1.628
3 16 0.0508 1.290
4 18 0.0403 1.024
5 20 0.0320 0.813
6 22 0.0253 0.643
7 24 0.0201 0.511

2.64.2.4. Composition of Wrought Gold Wire. Dental wrought gold wires m ust have high
fusion temperatures so the different parts of the clasp can be assem bled by soldering without
the danger of overheating the wire. For this reas on, platinum and palladium are added in much
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2.65.

greater amounts than those used in the casting alloys. The following formula is typical although
some wrought wires presently m  arketed m ight contain considerably m ore platinum and
palladium, and correspondingly less gold. W rought wi res are usually silver-colored, due to
their high percentages of platinum and palladium. A typical formula includes zinc (1 percent),
palladium (5 percent), silver (8 percent), coppe r (13 percent), platinum (15 percent), and gold
(58 percent).

2.64.3. Gold Wire. Wrought gold wire is used to m ake RPD clasps. W rought gold bars are used
as lingual and palatal bars. Clasps and bars can be assembled into a complete RPD framework by
using dental gold solder.

Technique Alloys. Technique alloys are used m ainly for m aking dem onstration models and for

student practice. They resemble gold in appearance although they differ markedly in physical properties.
They have an extrem ely low tarnish resistance and oxidize rapidly at ordinary tem peratures. A typical
formula for one such alloy is 12 parts silver, 68 parts copper, and 20 parts zinc.

2.66. Low-Fusing Alloys:

2.66.1. Several low-fusing alloys are m arketed for dental laboratory use. They are often used to
pour the tooth portions of an opposing castinth e construction of a com plete denture against
natural teeth. They are also used to rem  ount fixed prosthodontic castings in an articulator for
occlusal adjustments. (See AFPAM 47-103, Volume 2, Dental Laboratory Technology, Fixed and
Special Prosthodontics, Chapter 1.)

2.66.2. Low-fusing alloys m elt at such low tem peratures they can be poured into any elastom eric
impression material as well as into alginate or agar im pressions without dam aging them. These
alloys are m arketed with a variety of trade nam es. All of the form ulas are m ade using different
proportions of the following lo w-fusing metals: bismuth (520 °F), cadmium (610 °F), indium (314
°F), lead (621 °F), and tin (450 °F), (Table 2.15). The m anufacturer strives to produce an alloy
with a m inimum of dim ensional change as it is heated and cooled. NOTE: Cadmium fumes are
toxic. A good way to beat the cadmium vapor problem is to melt cadmium-containing alloys under
hot water.

Table 2.15. Typical Low-Fusing Alloys.

| A B | ¢ | D | E | F G

T Percent by Weight

E

M | Name Bismuth | Cadmium | Indium Lead | Tin Melting Point

1 | Cerrelow” 136 49.0 0.0 21.0 18.0 12.0 | 136 °F

2 | Cerrelow” 147 48.0 9.6 4.0 25.6 | 12.8 | 142to 149 °F

3 | Melotte’s™ 50.0 18.7 31.3 | 205°F
2.66.3. For convenient use, all of the low-fusing a lloys mentioned can be m elted and poured off
into disposable plastic, 60 cm ° syringes. W hen metal is needed, heat it in the syringe under hot
water and dispense it directly from the syringe as required.

2.67. Platinum Foil:

2.67.1. Platinum foil is m anufactured by rolling plati num metal into thin sheets, the appropriate
gauge of tinfoil. Pure platinum has a strong affinity for m olten gold which makes it a very useful
metal in the dental laboratory. Platinum is us ed in gold, wrought-wire clasp construction as a
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matrix on which to f low the solder f or the occlusal rest. It can be used for all types of gold and
chrome alloy repair procedures.

2.67.2. Platinum foil is used in porcelain jacket ~ work as a m atrix upon which the porcelain is
formed and fired. Because of its high m elting point (3190  °F) and low therm al expansion,
platinum foil is not affected appreciably by the heat of the furnace.

Section 2G—Dental Porcelains
2.68. Introduction:

2.68.1. Highly glazed porcelain is one of the materials most compatible with oral tissues and one
of the m ost esthetically pleasing of the dental = materials. It is used for denture teeth, facings,
complete crowns, and veneered fixed prosthodontic units.

2.68.2. Porcelain does not have the crus hing or shear strength of cast m etal, but when it is used in
the proper bulk and with adequate support, it is ve ry satisfactory for dental restorations. Dental
porcelains are classified according to fusion te mperature. High-fusing temperatures (2350 to 2500
°F) are used for denture teeth; m  edium-fusing tem peratures (2000 to 2300  °F) are used for
porcelain facings; and low-fusing temperatures (1200 to 1950 °F) are used for crowns and veneers.

2.68.3. All of the dental porcelains used to fabr  icate porcelain veneers or com plete porcelain
crowns fall into the low temperature range and are thus classified as low-fusing porcelain.

2.69. Manufacturing Dental Porcelain:

2.69.1. Glass Properties. Dental porcelain is basically glass. W hen heated, it can be shaped and
molded into a variety of things. Glass is physi  cally a supercooled liquid rather than a solid.
However, ordinary glass m ust be m odified and carefully com pounded before it can be called
dental porcelain. The com position of porcelain is carefu 1ly controlled to m odify the physical
properties of the glass both inthe m  olten and solid form . These properties include viscosity,
melting temperature, chemical durability, thermal expansion, and resistance to devitrification.

2.69.2. Vitrification and Devitrification. Vitrif ication is the developm ent of porcelain that
resembles glass. It is im portant to know what vitreous (m ature) porcelain looks like. Mature
porcelain exhibits maximum shrinkage. The surface is completely sealed, and the surface detail is
slightly rounded. Devitrification occurs when the firing sequence is interrupted. W hen this occurs,
the porcelain tends to crystallize, making it difficult to form a glazed surface.

2.69.3. Fritting:

2.69.3.1. Before this process begins, the natural feld spar and glass fluxes are mixed together in
powdered form. Then the raw minerals are mixed together in a refractory crucible and heated to
a temperature well above the firing tem peratures used in the laboratory. The m inerals all melt
together to form a molten glass which is quenched in water. The mass cracks and fractures, and
it is from this frit that the porcelain powders are made.

2.69.3.2. The process of blending, m elting, and que nching the glass com ponents is called
fritting. Each tim e this is done, m ore of the undissolv ed particles are converted to glass. The
particles become so small they merely fuse together when they are heated. By prefiring in this
manner, the m anufacturer can control the m  aturing tem perature and translucency of the
porcelain.

2.69.4. Sintering. This term m ore accurately describes the firing  process. As the porcelain
powders are heated, they partially fuse togeth er to form a com pact, noncrystalline solid. Unlike
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metals with crystalline structures, glass is com paratively weak because the atom s are arranged in
an irregular pattern.

2.70. Basic Composition. Low-fusing dental porcelains can be divided into two groups, feldspathic and
aluminous porcelain (paragraph 2.71). Although different in their specific makeup, they share a common
feldspathic glass frit. Paragraph 2.69.3 describes th e fritting process and its effect on the porcelain.
Specific ingredients comprise dental porcelain. The following ingredients and their use provide valuable
insight into the physical properties of dental porcelain:

2.70.1. Glass Formation. The principle elem ent in all glasses is oxygen (O ,), which form s a
stable bond with silicon (Si) to produce SiO 4 tetrahedra. SiO 4 is called a silicate, com monly
known by another nam e--sand. Silicon is the m ajor glass-forming oxide in dental porcelain, but
boron and alumina may also be used.

2.70.2. Fluxes or Alkali:

2.70.2.1. Fluxes are added to the basic silicon- oxygen network to lower the softening
temperature and increase the therm al expansion of a glass. Potassium, sodium, and calcium
oxide are the glass m odifiers used as fluxes. The m anufacturer has to control the use of these
fluxes because they have a drastic effect on the viscosity (fluidness) of the glass and its thermal
expansion. For example, the soda content is increased in m etal-bonding porcelains to raise the
thermal expansion of the porcelain to that of  the metal alloys. This addition has an adverse
effect on the porcelain because it is now m ore susceptible to devitrification (a problem
associated with metal porcelains).

2.70.2.2. Lower viscosity is another problem caused by adding fluxes, but it can be corrected
using intermediate oxides.

2.70.3. Intermediate Oxides. Aluminum oxide is the m ost com mon interm ediate oxide used to

increase the hardness and viscosity of porcelain. De ntal porcelains must maintain their shape and
not slump when heated. Fluxes used to be added to lower the softening tem perature, but they also
lowered the viscosity. Now, interm ediate oxides are added to produce glasses with high viscosity

as well as low-firing temperatures.

2.70.4. Coloring and Opacifying Agents. Presently, the porcelain frit lacks the color to sim ulate
the denture and enam el shades of teeth. [t m  ay appear opalescent or assum e a gray-blue
translucency sim ilar to natural incisal enam el. Another problem is the slightly greenish hue
exhibited by all glasses. In order to dam pen down this effect and to produce life-like dentin and
enamel colors, the basic dental porcelain frit must be colored as follows:

2.70.4.1. Color Pigments. The dental porcelain frit is usua lly colored by adding concentrated
glasses. These glasses are m etallic oxides f ritted with the basic glass used tom  odify the
uncolored porcelain powder. The metallic oxides used to color dental porcelain appear in Table
2.16. The dental porcelain now has color, but is fa r too translucent. Therefore, certain oxides

must be added to opacify the porcelain, particularly the dentine shade.

2.70.4.2. Opacifying Agents. An opacif ying agent generally consists of am etallic oxide
ground to a very fine partic le size. Com mon oxides are cerium oxide, titanium oxide, and
zirconium oxide (Table 2.16). In the enamel porcelains, very little opacifier is used because this
porcelain requires more translucency. The formation of dental porcelain is now complete.
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Table 2.16. Metallic Oxides Used in Coloring and Opacifying Dental Porcelains.

I A B

T

E

M Color/Effect Metallic Oxide Responsible

1 Pink Chromium-tin or chrome alumina are useful in eliminating the greenish
hue in the glass and adding a warm tone to the porcelain.

2 Yellow Indium or praesodymium are the most stable for producing the ivory
shades.

3 Green Chromium oxide is green and the characteristic color of glass. This color
should be avoided.

4 Gray Iron oxide (black) or platinum (gray) are useful in making enamels or for
dentines in the gray section of the shade guide. They can also give an effect
of translucency.

o) Opacity Cerium oxide, titanium oxide, and zirconium oxide.

2.71. Low-Fusing Porcelain Systems. The basic types of porcelain system s are feldspathic porcelain

(used in veneering m etal substructures), aluminous porcelain (used in making porcelain jacket crowns),
and leucite porcelain (used with pressable porcelains).

2.71.1. Feldspathic Porcelain. Natural feldspar is any group of = m inerals, principally alum ina
silicates of potassium , sodium , and calcium . Natural feldspar contains m ost of the elem ents
needed for glassm aking. Glass fluxes such as  boric oxide are added to lower the softening
temperature of the glass. This mixture can be fritted at a specific temperature to obtain the desired
porcelain frit. Feldspathic porcelains are used in metal ceramic crowns. They have a firing range
0f 900 to 960 °C.

2.71.2. Aluminous Porcelain:

2.71.2.1. The addition of pure alumina (Al,O3) to the feldspar-flux mass greatly strengthens the
porcelain. Alumina is the only true crystalline ceram ic used in dentistry. It is the hardest and
probably strongest oxide known.

2.71.2.2. Aluminous porcelain is three tim es stronger than feldspathic porcelain and it has six
times its crushing strength. Unfortunately, added alumina also decreases translucency.

2.71.2.3. The three m ain types of alum inous porcel ain include a high-strength core m aterial
containing as m uch as 50 percent pure alum ina crystals, dentine (containing 5 to 10 percent
alumina crystals), and enam el veneer powders . The core buildup strengthens the all ceram ic
crown much the same as a metal substructure, but to a lesser degree.

2.71.3. Leucite Porcelain. Leucite-reinforced ceramic powders are pressed to form ingots which
are the basis for an all-ceram ic restoration. This system uses the lost-wax technique associated
with conventional m etal-ceramic restorations. Af ter burnout, the ceram ic ingot is heated to a
softened state and pressed into the m old. Leucite-reinforced restorations give a very esthetically
pleasing result with necessary strength for veneers, single crowns, and onlays.

2.72. Porcelain Components:

2.72.1. Porcelain Powders. The m anufacturer supplies feldspathic porcelain powders in the
following four basic forms:
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2.72.1.1. Opaque Porcelain. This porcelain contains a larger percentage of opacifying agent
(zirconium and tin oxide) and is quite opaque. It is used to mask out the color of the underlying
metal.

2.72.1.2. Dentin or Body Porcelain. This porcelain matches the gingival two-thirds of a tooth.

2.72.1.3. Enamel or Incisal Porcelain. This porcelain is very translucent and is used to
overlay the dentin porcelain and m atch the incisal shade of a tooth. In addition to the different
porcelain powders, each m anufacturer supplies a m ultitude of tooth shades. Even then, it is
extremely difficult to make a complete match without the aid of stains or color modifiers.

2.72.1.4. Shoulder Porcelain. This porcelain is used in the facial m argin area to provide an
esthetically pleasing alternative to the m etal collar. It is available in dif ferent porcelain shades
to match the dentin and enamel components.

2.72.2. Stains and Color Modifiers. The stains and color m odifiers supplied in a kit of dental
porcelain are m ade in the sam e way as the concen trated color f rits used to color the porcelain
powders. A color modifier is used intrinsically (internally)  to obtain gingival effects or to
highlight body colors. A stain is more concentrated than a color modifier and is used for extrinsic
(external) coloration. Because stains are applied to the surface of fired porcelain, they are usually
mixed with low-fusing, air-fired porcelain. This m ixing allows the stain to fuse to the porcelain at
a lower tem perature. Stains are used to color  correct (alter shades) and characterize porcelain
restorations.

2.72.3. Glazes and Add-On Porcelains. Technicians face m any challenges in m aking porcelain
restorations. Either they cannot get a crown to  glaze (self-glazing) or they m ay need to m ake a
simple correction to a contact area. For just this purpose, the m anufacturer supplies various
correction powders as follows:

2.72.3.1. Dental Glazes. Dental glazes are clear, low-fusing porcelains which can be applied to
the surface of a fired crown to produce a glossy surface. Glaze powders are difficult to apply
evenly and are often used to seal off a poorly baked restoration. An autogeneous (self-produced
glaze) is preferred over the glass powders. Applie d glazes must have a coefficient of therm al
expansion that matches porcelain. Otherwise, the glass (glaze) will craze on the surface of the
veneer.

2.72.3.2. Add-on Porcelains. Except for the addition of opacifiers and coloring pigm ent, add-
on porcelains are sim ilar to glaze porcelains. Th ey may be m arketed as correction powders
which are norm ally air-fired porcelains. Add-on porcelains enable m inor corrections to be
made without the risk of high temperatures and the vacuum cycle.

2.73. Condensation. When porcelain is fired, the particles fu se, replacing some of the form erly water-
filled spaces with viscous glass and leaving som e sp aces filled with air. W ith fewer air spaces, the
porcelain is stronger and m ore translucent. Various m ethods are used to condense the particles and
reduce the number of air spaces before firing as follows:

2.73.1. Manufacturing the powders with various sizes of particles.
2.73.2. Closely packing the particles when making the restorations.
2.73.3. Controlling the atmosphere in which the porcelain is sintered (vacuum firing).

2.73.4. Eliminating the vehicles used to suspend the particles.
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2.74. Various Methods of Condensation:

2.74.1. Condensation is the process of removing water and air from the powder-water mixture as it
is applied to a m atrix or frame. This is desi rable because water and air can produce voids in the
fired porcelain. Various m ethods such as vi  bration, capillary action, pressure-packing, and
whipping are used:

2.74.1.1. Vibration is applied by serrating or tapping with an instrum ent. It will eliminate large
air bubbles or spaces, but is hard to control and may unintentionally create minute cracks in the
buildup.

2.74.1.2. Capillary action occurs when you blot, usually from the lingual surface. In this way,
the flow of moisture from the facial to the lingual draws the particles close together.

2.74.1.3. Pressure packing occurs when you smooth with a spatula or press with a clean tissue.

2.74.1.4. Whipping or brushing the surface with a large so  ft brush fills in surface voids and
removes loose particles.

2.74.2. The net effect of these four m ethods increases the am ount of surface tension within the
porcelain buildup (Figure 2.5). Surface tension is th e actual driving force that tightly binds the
mass together. Therefore, never allow the porcel ain mass to dry out during application. If the
porcelain is dry, it cannot be condensed. Also, it is difficult to rewet the buildup once it has been
allowed to dry out.

Figure 2.5. Effect of Surface Tension on Condensing Porcelain.

WATER WITHDRAWN AS WATER IS WITHDRAWN, PARTICLES PACK
ON PAPER TISSUE MORE CLOSELY DUE TO SURFACE TENSION

Section 2H—Separating Materials

2.75. Introduction. Two materials are brought together in many laboratory procedures, but they must be
prevented from sticking to each other. Therefore, a separating medium is applied to the surface of one of
the materials before the two are brought into contact.

2.76. Separating One Gypsum Product From Another. W hen one gypsum product is poured on
another, the m aterials tend to stick or unite. Use the following separators to prevent union of gypsum
products:

2.76.1. Commercial Separators. Com mercially available separators are form ulated to provide
effective separation. However, what is equally im portant is that the film thicknesses they create
are almost nonexistent. If these separators are not available, liquid soap or floor wax should be
used.

2.76.2. Liquid Soap. Ordinary soap is an effective separator and is often used in flasking
operations. Brush it on evenly to avoid creating foam or bubbles.
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2.76.3. Liquid Floor Wax. Ordinary liquid floor wax is an e ffective separator for both plaster and
stone. Apply it to a gypsum surface as a thin layer with a brush or a cotton pellet.

2.76.4. Petrolatum (Petroleum Jelly). The f ilm left by petroleum jelly is too thick. Petroleum
jelly shouldn’t be used where m  aximum accuracy is essential (for exam ple, cast m ounting
procedures, index fabrication, etc.). Dentists a nd technicians dedicated to accuracy as a work
standard contend that petrolatum has no place in the dental laboratory. However, petrolatum is
sometimes used in denture-flasking procedures. If petrolatum must be used as a separator, spread
the material in the thinnest film possible.

2.77. Separating Gypsum Products From Acrylic Resins. Both plaster and dental stone are quite
porous. They are not suitable surfaces to cure acrylic resins against. A substance is needed to line the
mold that seals off the pores. Tinfoil and alginate separating mediums are the best m aterials for this

purpose.
2.77.1. Tinfoil:

2.77.1.1. Tin is a soft, white m etal which is mined as an ore. W hen refined and processed into
foil, it is extrem ely m alleable. It is m anufactured by rolling it into thin sheets f  or dental
laboratory use.

2.77.1.2. A thickness of 0.001 inch is used to c over the stone cast in denture flasking. A
thickness of 0.003 inch is recom mended for covering the waxed-up denture. The foil should be
cut into pieces of suitable size and shape and th e pieces burnished to the wax or on the stone
cast with a blunt instrument and cotton roll.

2.77.1.3. A thin layer of petrolatum applied to the foil helps hold it in place on the wax denture
or stone cast as it is being burnished.

2.77.2. Alginate-Separating Mediums (Tinfoil Substitute):

2.77.2.1. Alginate-separating m ediums are liquids consisting essentially of sodium or
potassium alginate in distilled water. Glycer in and coloring m atter are often added. Because
they are affected by m oisture, ensure surfaces co ated with alginate separating m edium are not
brought into contact with water.

2.77.2.2. Use a soft brush to paint the liquid in one or two layers on the cast and in the m old.
Ensure the first coat is dry before applying the next one. Once applied, the film is quite fragile
and easily scuffed. If a part of the film lifts off the stone, rem ove the entire film and paint the
stone again. Pack the resin in th e mold within an hour after applying the alginate because the
film tends to deteriorate if allowed to stand for a longer period.

2.77.2.3. Care must be exercised when a tinfoil subs titute is used. If gypsum particles get into
the bottle of liquid, it is ruined as a separator. Do not work directly f rom a bulk bottle; instead,
pour what is needed into a sm aller container. Traces of tinfoil substitute allowed to rem ain on
the necks of plastic teeth prevent bonding of the teeth to the resin of a denture base.

2.78. Lubricant Separators. When waxing a pattern on a die, use a separator to prevent the wax from
sticking to the die m aterial. A lubricant m ust neither block out the fine details on the die nor affect the
physical properties of the wax. The lubricants m  ost frequently used are com mercial preparations or
substances like glycerol or mineral oil. If possible, use commercial separators to meet the high demands
for accuracy in waxing and casting patterns.
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2.79. Miscellaneous Separating Materials:

2.79.1. Talc (Talcum). Talc is a very fine, powdered soapstone. W hen sprinkled onto a cast and
rubbed into its pores, talc is a very effective separator against heated shellac baseplate material.

2.79.2. Plastic Sheets (Film). Place plastic sheets between the halves of the flask so the resin does
not stick to the bottom of the flask during trail packing.

Section 2l—Fluxes and Antifluxes

2.80. Fluxes. Fluxes are substances that are applied to a m etal to prevent the formation of an oxide film
or to rem ove an already form ed oxide film . Borax (sodium tetraborate), com bined with charcoal and

silica, are the principal constituents of most borax fluxes. Except for containing fluoride salts, fluoride
fluxes are similar in com position to borax fluxes. Fl uorides dissolve chromium oxide and are excellent
fluxes for soldering base m etal alloys. Fluxes are used in the dental laboratory in three different form s;
paste, powder, and liquid:

2.80.1. Paste Flux. Paste flux is powdered flux that has been com bined with petrolatum . In this
form, it is especially useful in soldering procedur es. You must cut the solder into small pieces and
dip them in the paste before you place them on the joint. If required, additional flux can be placed
in the joint with a small instrument.

2.80.2. Powdered Flux. Powdered flux is the flux best suited for casting procedures. Keep it in a
container with a perforated lid, such as asalt ~ shaker, and apply it to the m etal in the casting
crucible as needed.

2.80.3. Liquid Flux. To form a liquid flux, m ix powdered flux with either water or alcohol. This
form is particularly suited for soldering with an electric soldering unit. Dip the solder in the liquid
flux before placing it on the joint. W hen soldering, more liquid may be added by picking up a few
drops between the beaks of the soldering tweezers and placing the drops on the joint as needed.

2.81. Antifluxes. Some soldering operations require the solder to be confined to a very definite area. An
example of this type of soldering is in building up the contact on the proxim al surface of an onlay. It

could be disastrous if the solder is perm itted to flow onto the m argin. Substances used for this purpose
are called antifluxes. Ordinary pencil lead (graphite or car bon) is a good antiflux. Another antiflux can

be made with chloroform or alcohol and rouge. Sh ave a small amount of rouge into a dappen dish and

then add enough solvent to m ake a thin paint. Apply the paint to the m etal in the desired area with a

camel’s hair brush.

Section 2J—Alcohols

2.82. Types of Alcohol. Alcohol is used in the dental laborat  ory as a solvent and as a fuel for the
alcohol lamp and hand torch. There are several type s of alcohol. Som e are suitable for laboratory use
and some are not. The physical characteristics of th e more commonly used alcohols are indicated in
paragraphs 2.83 through 2.86.

2.83. Grain Alcohol (Ethyl Alcohol, Ethanol). This is a colorless liquid with a highly distinctive odor.
It burns with a bluish flame and is a very satisfactory fuel for an alcohol torch.

2.84. Wood Alcohol (Methyl Alcohol, Methanol). This is a colorless liquid with a pleasant odor. It is
made either synthetically from carbon monoxide and hydrogen or by the distillation of wood. It is highly
poisonous and burns in an alcohol lam p with a reddi sh-yellow, flickering flam e. W hen air is applied
from the bellow in the hand torch, the f lame beco mes slightly purple. The yellow flam e has the
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advantage of being easy to see in ordinary daylight. Although the flame is not as hot as the one produced
by ethyl alcohol, it is satisfactory as a fuel for either the torch or lamp.

2.85. Denatured Alcohol. Denatured alcohol isam  ixture of ethyl alcohol and certain poisonous
materials which are added to prevent its use as a beverage. Methyl alcohol, acetone, benzene, and ether
are som e of the com mon denaturing agents used. As a fuel in the alcohol torch, it m ay burn easily,
poorly, or not at all, depending on the volum e and type of denaturing agent used. Because of the
uncertainty of its behavior, ethyl or methyl alcohol is a better fuel for the alcohol torch.

2.86. Isopropyl Alcohol. Isopropyl alcohol resem bles ethyl alcohol very closely. It burns in an alcohol
torch with a slightly m ore yellow and a som ewhat more vigorous flam e than either ethyl or m ethyl
alcohol. Under pressure from the bellows of the hand torch, isopropyl alcohol produces a blue flame, but
tends to smoke badly when applied to wax. For this reason, it is not recommended for most laboratory or
clinical uses.

Section 2K—Acids (Pickling Solutions)
2.87. Introduction:

2.87.1. Acids are of interest to the laboratory techni cian because they are used in procedures to
remove surface oxidation from the metal immediately after the castings have been recovered from
the mold. When they are used for this purpose, acids are called pickling solutions.

2.87.2. Acids must be handled with great care since they produce blisters and burns on the skin,
ruin clothing, and corrode equipm ent. Baking soda is the antidote for acid burns. It should be
applied to the affected area im mediately after contact. If an antidote is not available, the affected
area must be flushed with a lot of water.

2.87.3. Generally, acids are not used full strength in  the dental laboratory, but are diluted with
water. When making up a pickling soluti on, always pour the acid into the water-- never pour the
water into the acid. Failure to observe this rule may result in severe burns.

2.87.4. All pickling solutions except hydrofluoric acid  should be kept in glass containers with
glass stoppers and should be clearly labeled. One acid must never be mixed with another.

2.88. Hydrochloric Acid:

2.88.1. Hydrochloric acid is a colorless, very corrosive acid. The fum es attack and corrode
equipment, instrum ents, and fixtures. As a pick ling solution, it should be diluted with an equal
part of water. On rare occasions, hydrochloric  acid may be used full strength to rem ove sulfur
deposits caused by an overheated mold.

2.88.2. Hydrochloric acid slowly dissolves both pl ~atinum and palladium . For this reason, gold
alloys should never be allowed to rem ain for more than a few m inutes in acid. United States
Pharmacopeia (U.S.P.) hydrochloric acid is 37 percent strength by weight.

2.89. Muriatic Acid. Muriatic acid is another nam e for co mmercial hydrochloric acid. It m ay often
contain impurities and may be slightly yellow. Like th e U.S.P. grade, m uriatic acid is supplied in a 37

percent solution by weight. It m akes a very satisfact ory pickling solution when diluted to half strength

with water.

2.90. Sulfuric Acid. Sulfuric acid is a dense, oily liquid. It is an excellent pickling solution for gold in a
solution of one part water to one part acid. It has an advantage over hydrochloric acid--it produces no
objectionable fumes. It is a more effective pickling agent when it is warm.
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2.91. Nitric Acid:

2.91.1. Nitric acid is a colorless liquid that m ay turn brown if it is stored for a long period of time.
The discoloration does not change the properties of the acid. It is seldom  used in the laboratory
because it dissolves gold alloys of high palladium content.

2.91.2. Nitric acid is som etimes used when a casting contam inated with copper deposits from an
unclean pickling solution cannot be cleaned with e ither hydrochloric or sulfuric acid. The solution
used for this purpose is one part nitric acid to two parts water.

2.91.3. Never leave gold in nitric acid for more than a few minutes.

2.92. Phosphoric Acid. This acid rapidly dissolves dental cem  ent and is very useful for rem  oving
facings or tube teeth from metal. It does not attack any of the commonly used dental alloys.

2.93. Hydrofluoric Acid. This acid should not be used except for dissolving porcelain veneers off
metals. The fumes are dangerous if inhaled, and it is difficult to neutralize when it comes in contact with
the skin. Magnesium oxide ointm ent should be kept close by for burns if the acid is used. There are
commercial hydrofluoric acid substitutes on the m arket that are much less hazardous (for exam ple NO-
SAN®, Triodent, Inc., Union NJ).

2.94. Aqua Regia. This is a concentrated solution m ade of three parts hydrochloric acid to one part
nitric acid. Aqua regia dissolves both gold and platinum . It is infrequently used to etch the inner surface
of a gold inlay or crown to control the fit of the casting.

Section 2L—Wetting Agents
2.95. Overview:

2.95.1. When water balls up on a wax surface, it is exhibiting a property called surface tension. If
a wax pattern is invested, the surface tension of the water in the investm ent must be broken down
in some manner. Otherwise, the casting will very likely have nodules on its surface because the
investment has failed to adhere closely to the wax.

2.95.2. A wetting agent (debubblizer) is a liquid with a soapy feel used to lower the investm ent’s
surface tension. W hen a wax pattern is properly prepared with a wetting agent, the investm  ent
flows evenly across the surface and into the small crevices of the wax. The resultant casting is free
from nodules. In a similar manner, a wetting agent added to the water to flush out a denture m old
lowers the surface tension of the solution and enables it to clean the mold more effectively.

2.96. Types of Wetting Agents:

2.96.1. Commercial Brand Name Preparations. Commercially produced wetting agents should
be used whenever possible. Their perform ance characteristics are very reliable. A technician has
to have particular confidence in debubblizers for wax patterns.

2.96.2. Hydrogen Peroxide and Green Soap. An especially good wetting agent for inlay and
crown wax patterns isam  ixture of equal pa rts of hydrogen peroxide and green soap. The
hydrogen peroxide, as it is received from the pharmacy, is diluted with an equal part of tincture of
green soap. This solution can be stored in a dental cem ent bottle and used repeatedly. The sprued
pattern can be placed on the crucible form er and the crucible form er inverted onto the m outh of
the bottle so the pattern is immersed in the solution.

2.96.3. Household Detergent. Research done by dental investigat ors at the Bureau of Standards
has established that ordinary household detergent is highly effective when it is added to the water
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used to clean denture m olds. The m old should be thoroughly rinsed with clean, hot water after
cleansing because detergent residue may contaminate the denture resin.

Section 2M—Wax Solvents

2.97. Introduction. Even though a substance m ay be able to dissolve wax, it m ay not be used for that
purpose in dental laboratory technology.

2.98. Wax-Dissolving Substances:

2.98.1. Acetone. This is a colorless liquid with a particular odor. In the dental laboratory, it is used
in making tacky liquid, which is used to hold partial denture patterns to the investm ent cast. To
prepare tacky liquid, dissolve plastic form s in acetone, making a liquid just slightly m ore viscous
than water. Apply this liquid with a small brush to the exact area of the cast to which the pattern is
to be applied.

2.98.2. Commercial Wax Solvents. These are commercially available preparations formulated to
dissolve wax. They are not toxic, flam mable, or harmful to acrylic resin. They are very effective
and much safer to use than many chemicals. Their use is strongly recommended.

Section 2N—Abrasives (Polishing Agents)

2.99.

Introduction:

2.99.1. Abrasives are substances that wear away the surfaces of softer objects. The speed of their
action depends on the relative hardness of the two materials.

2.99.2. Abrasives are m ade into powders by crushi ng and sifting them to produce the desired
particle size. In dentistry, they are used as powde rs, cemented to the surface of paper and cloth in
the form of discs, and bonded with binders to form grinding stones of various shapes.

2.99.3. Abrasive materials can be classified according to their hardness using a scale known as the
Mohs scale. The Mohs scale is a com parative scale and a good indicator of the relative abrasive
power of several materials used to smooth and polish in the dental laboratory

2.99.4. See Table 2.17 for a comparison of several commonly used dental abrasives with the Mohs
number of those classified on the scale. This ta ble also shows the relative hardness and uses of
abrasives.

Table 2.17. Types of Abrasives (Hardness and Use).

I A B C D

T

E

M | Material Mohs Number Use Manner of Use

1 | Chalk Unknowpn, To impart a high luster to A powder is mixed with
extremely fine acrylic resin or porcelain water to form paste. Applied

surfaces. with a muslin buffing wheel.

2 | Rouge Unknown; very | To give metal a high luster. In stick form, applied with a

fine chamois or rag wheel on a
lathe.
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I A B C D

T

E

M | Material Mohs Number Use Manner of Use

3 | Cuttlefish Unknown, fine | To finish gold. Discs are mounted on a

mandrel and gripped by a
handpiece or lathe.

4 | Emery Unknown To trim acrylic resin denture | Arbor band mounted in a
bases and various kinds of handpiece or lathe.
baseplates.

5 | Tripoli Relatively fine, | To smooth metal or acrylic Powder together with a

5 resin. binder solid in stick or cake
form. Applied with a rag or
brush wheel.

6 | Pumice 5172 To smooth acrylic resin or Three grits; flour, medium,
metal. and coarse. Applied with a

rag or brush wheel.

7 | Quartz 7 As a whetstone to sharpen Discs are mounted on a
instruments or as sandpaper mandrel and gripped by a
to smooth metal. handpiece or lathe. Used as

an Arkansas stone.

8 | Garnet 61/2to 7 1/2 | To smooth metal. Discs are mandrel mounted.

9 | Carborundum 9172 To smooth metal. Incorporated into points,

stones, or discs, then mandrel
mounted and gripped by hand
piece or lathe.

10 | Diamond 10 To prepare natural teeth and | Points, discs, and wheels used
to cut porcelain. in a handpiece.

2.100. Types of Abrasives (Polishing Agents):

2.100.1. Chalk. Chalk is a soft, nongritty form of calcium carbonate. A small quantity, made into
a paste with water, is an effective high-shine compound for both gold alloys and acrylic resin.

2.100.2. Rouge. Rouge is a polishing agent used to im part a high luster to gold. It can be used to
polish an acrylic resin denture, but it tends to coll ect in the crevices around the denture teeth. It is
not recom mend for acrylic resin. Rouge consists of finely ground particles of iron oxide
incorporated in an inert binder. Mixed with alcohol or chloroform, it is a very good antiflux.

2.100.3. Cuttlefish. Cuttlefish is an abrasive used to coat discs used for finishing gold. It is finely
ground cuttlebone that comes from the internal shell of the cuttlefish.

2.100.4. Emery. Emery is an im pure form of aluminum oxide found in nature as corundum . It is
cemented to the surface of heavy pa per, and the paper is cut into discs which are used in the
laboratory for smoothing and polishing. Emery is also used as the coating on the arbor bands used
for trimming baseplates.

2.100.5. Tripoli. Tripoli material is obtained from a porous rock ground to a fine particle size and
incorporated in a binder. It is supplied in stic k form and is excellent for smoothing both metal and
acrylic resin. Tripoli is applied with muslin buffing or brush wheels mounted on a polishing lathe.
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2.100.6. Pumice:

2.100.6.1. Pumice is a form of sand or silica which  is used in the form of a finely ground
powder. Pum ice is supplied by the m  anufacturer in several grades. Flour of pum ice is
extremely fine in particle size. Coarse, m edium, and fine grits are rou tinely used for a wide
variety of smoothing and polishing tasks.

2.100.6.2. Pumice is usually mixed with water to form a thick paste. The paste is then applied
to the work as it is held against a rapidly revolving muslin buffing or brush wheel.

2.100.7. Quartz. Quartz is a crystallized f orm of silica. It is used in a variety of grits for m any
types of abrasives. A compact variety of quartz is made into whetstone (or Arkansas stone) which
is used to sharpen dental cutting instrum ents. In the form of powdered glass, quartz is glued to
cloth and paper and used as a sandpaper disc.

2.100.8. Garnet. Garnet is a crystalline m ineral abrasive used to coat discs f or smoothing and
finishing operations.

2.100.9. Carborundum. Carborundum is a trade nam e for silicon carbide. Many of the stones,
mounted points, and discs used in the laboratory ar e made with silicon carbide. It is com posed of
extremely hard, blue and black crystals that closely resem ble diamonds in shape. These particles
are pressed with a plastic binder to form stones and points, or they are cem ented to the surface of
heavy paper to make discs. Stones and discs are used for smoothing and polishing.

2.100.10. Diamond. Many times harder than silicon carbide, the diam ond is the hardest abrasive
known. Diamond particles are bonded together and used in dentistry to m ake mounted stones of
various shapes. They are also cemented to the surface of metal to make discs, wheels, and points.

Section 20—Laboratory Gases

2.101. Introduction. Several kinds of gases are used for h eating and melting operations. Some, such as
oxygen and acetylene, are stored in highly pressurized  containers with safety caps over the outlets.
When the containers are moved or handled, the caps must be securely attached. If the outlets are broken
away from the tanks, the high pressures propel the tank like a high speed m issile. Therefore, the tanks
must be secured to prevent their movement while they are in use.

2.102. Types of Gases:

2.102.1. Natural Gas (City Gas). When organic matter decomposes, it forms natural gas which is
found in the ground in regions that produce oil. Natural gas is used in Bunsen burners and
blowpipes for operations requiring heat. W hen it is m ixed with com pressed air, natural gas
produces a flame of approximately 2200 °F. This temperature is sufficient to melt most dental gold
alloys, but not hot enough to m elt chrom e alloys . If an unusually large am ount (m ore than 1
ounce) of gold m ust be m elted, a hotter flam e might be necessary (for exam ple, natural gas-

oxygen).

2.102.2. Acetylene. Acetylene is a colorless gas with  a garlic-like odor. Manufactured by the
action of water on calcium carbide, it is m arketed in pressurized tanks that provide the torch
operator the assurance of constant line pressure. A cetylene gas is used with specially constructed
blowpipes for casting and soldering. W hen acetyl ene burns in air, it produces a flam e of
approximately 3000 °F. This is hotter than the tem perature produced by a m ixture of natural gas
and air.
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2.102.3. Propane. Propane occurs naturally in petroleum . Huge quantities of  propane are
produced when crude oil is refined. Propane stored in pressurized tanks assumes a liquid state. As
the pressure is reduced, the propane converts to a gas. Propane and air produce a flam e greater in
temperature than the flam e produced by natural ga s and air, but less than the flam e produced by
acetylene and air. Propane is a cleaner fuel ~ than acetylene, and its use is recom mended over
acetylene.

2.102.4. Oxygen. The oxygen used in the laboratory is a pure form of the oxygen that is found in
the atm osphere. It is used to support the com bustion of other gases. Oxygen com es in highly
pressurized containers, and proper safety precautions must be taken. If a leak occurs when oxygen
is stored in the laboratory, the concentrated oxyge n intensifies the burning process. Therefore, the
oxygen container m ust be stored outside the labor atory in a specially prepared, isolated area.
When pressurized oxygen is m ixed with natural ga s or with acetylene, it produces a flam e of a
much higher tem perature than the flam e produced in com bustion of those gases supported by
pressurized air.

2.102.4.1. Natural Gas-Oxygen. Natural gas-oxygen flames are used to melt large volumes of
conventional gold or to m elt ceram ometals. Metals suitable for porcelain fusion have higher
casting temperatures than conventional golds.

2.102.4.2. Acetylene-Oxygen. Acetylene-com pressed air or an oxyacetylene flam ¢ m ay be
used to melt a chrome alloy. Most chrome alloys have melting ranges in excess of 2600 °F. An
oxyacetylene flame reaches temperatures of approximately 6000 °F. Special torches are used to
burn acetylene. Acetylene flam es must not be us ed on ceramic alloy because the flam es might
change the alloy’s makeup which is precisely balanced for creating porcelain bonds.

2.102.4.3. Propane-Oxygen. Propane-oxygen can be used to m elt large volum es of
conventional golds, ceram ometals, or chrom e alloys. Propane is cleaner and less hazardous
than acetylene. Due to the risk of carboni zing the alloy, propane is recom  mended over
acetylene, even when m elting a base m etal alloy. A propane and oxygen m ixture produces a
flame temperature of approximately 5500 °F.

Section 2P—Miiscellaneous Laboratory Materials

2.103. Articulating Paper and Articulating Film. Articulating paper and articulating film are
impregnated with a colored dye that is easily transferred upon contact. Both are used for m arking
interocclusal contacts when adjusting the occlusion of a fixed or removable prosthesis.

2.104. Modeling Clay. Modeling clay is pure kaolin (alum inum silicate) that has been m ixed with
glycerin to form moldable dough. In the laboratory, modeling clay is used to block out large tissue
undercuts before a m aster cast is duplicated. Itis  also used to hold casts in position when they are
mounted in an articulator. Because it shapes and m olds easily, modeling clay is suitable for m any other
uses.

2.105. Cast Spray. Cast spray is used for coating the refractory cast to m ake a sealed surface to place
wax or plastic patterns against. (Although the exact constituents are a trade secret, these sprays probably
contain polystyrene plastic in a solution.)

2.106. Mouth Protectors (Mouth Guards). Custom mouth protectors (m outh guards) are m ade from
polyvinyl acetate-ethylene blanks and preform s. This thermoplastic resin is molded over a cast, using a
vacuum-forming machine. Mouth protectors are worn dur ing sports participation to reduce injuries to
the oral tissues, head, and neck.
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2.107. Plastic Patterns. Plastic patterns are plastic resin form s shaped as clasp arm s, lingual bars,
retention forms, etc. They are used to m ake patterns for cast RPDs. Because they are soft and pliable at
room temperature, plastic patterns can be easily adapted to the designed outline on the ref ractory cast.
They are made of ethyl and m ethyl methacrylate with added plasticizers. (The exact com position of the
plastics is a trade secret.) They must be stored in a cool place to prevent deterioration.

2.108. Ceramic Fiber Paper and Ring Liner (Formerly Asbestos Strip):

2.108.1. Except under highly controlled conditions, the us e of asbestos is being discontinued in
many industries. Ceramic fiber paper is a com mercially available substitute for conventional
asbestos stripping. Term s such as Nobestos *, Kaoliner ® (both com mercial brand nam es), and
“asbestos substitute” are used to describe this m aterial. Because this m aterial is used to line the
investment ring in fixed denture and RPD investing procedures, the term ring liner is befitting.

2.108.2. Asbestos substitutes are stiffer m  aterials and generally nonabsorbent, com pared to
asbestos. Therefore, their use in the dental la  boratory is lim ited to investing procedures only.
Other materials are now used to replace asbestos for blocking out undercuts, lining crucibles, and
insulating acrylic parts during soldering.

2.109. Quick-Setting Epoxy and Cyanoacrylate Adhesives:

2.109.1. The strengths of these products are so high and their film thickness is so low that they are
gaining increasing acceptance in dental laborat ory technology. Epoxy and cy anoacrylate glues are
used to reunite gypsum cast fragments.

2.109.2. Epoxy glue contains enough body to be used as a blockout substance on fixed prosthesis
dies. Painted on in a thin film , cyanoacrylate cement is an excellent die hardener and wax pattern
spacer.
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Chapter 3
ANATOMY OF FACIAL AND ORAL STRUCTURES

Section 3A—Overview of Anatomy

3.1. Introduction. The study of anatom y has a language all its own, and its term s have evolved over
many centuries. Many anatom ical term s are diffi cult to rem ember and pronounce. In order to
communicate with other dental professionals, you must learn and understand the language and structures
of oral and dental anatomy.

3.2. General Reference Terms:

3.2.1. Anterior and posterior describe the front-to-back relati onship of one part of the body to
another. Anterior is toward the front; posterior ~ is toward the back. For exam  ple, the ear is
posterior to (in back of) the eye; the nose is anterior to (in front of) the ear, etc.

3.2.2. The words internal and medial are synonym s as are external and lateral. These term s
describe the sideways relationship of one part of the body to another, using the m idsagittal plane
(paragraph 3.3) as a reference. For exam ple the ear is external (or lateral) to the eye because the
ear is further from the m idsagittal plane. The eye is internal (or m edial) to the ear because it is
closer to the midsagittal plane.

3.2.3. The long axis is the longitudinal center line of the body or any of its parts.

3.3. Body Planes. The study of geometry shows that a plane is perfectly flat, is infinitely long and wide,
and has no depth. For the purpose of this text, a plan e is a real or im aginary slice m ade completely
through a body. In anatom y, the slice is m ade to study the details of the cut surfaces. The cut surfaces
are called sections or views. Planes can pass th rough a body in an infinite num ber of ways. Com mon
planes that produce standard views include sagittal, frontal, and transverse planes (Figures 3.1 and 3.2).

3.3.1. The sagittal plane parallels the long axis and divides a body into right and left parts (Figure
3.1). A midsagittal plane divides bodies into equal right and left sides.

3.3.2. The frontal plane parallels the long axis and divides a body into anterior and posterior parts
(Figure 3.1).

3.3.3. The transverse (horizontal) plane divides a body into upper and lower parts (Figure 3.2).
More specifically, it is a slice that passes through a body at right angles (90 degrees) to the sagittal
and frontal planes.

3.4. Bony Elevations:

3.4.1. Tubercle, eminence, and tuberosity all describe rather small, somewhat circular areas raised
above the general level of the surrounding bone. Th e person who originally described these areas
specifically labeled an elevation of bone falling in  this category as an em inence, tuberosity, or
tubercle. As far as relative shape and size are ¢ oncerned, there is little to distinguish am ong these
kinds of elevations. They just have to be memorized according to the names they carry.

3.4.2. A ridge is a liner elevation on  the surface of a bone or tooth. A mylohyoid ridge is one
example.

3.4.3. A process is a very prom inent projection fr om the central m ass of a bone; for exam ple,
zZygomatic process.
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3.4.4. A condyle is a rounded, convex, sm ooth surface on one of the bones that form s a movable
joint. The condyle of the mandible is discussed in depth in paragraph 3.18.

Figure 3.1. Sagittal and Frontal Planes.
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Figure 3.2. Transverse Plane.

TRANSVERSE
PLANE

3.5. Bone Depressions and Channels:
3.5.1. A fovea is shallow, cup-shaped depression or pit. An example of this is the palatine fovea.
3.5.2. A fossa is a more or less longitudinal, rounded depression in the surface of a bone.

3.5.3. A canal is a tubular channel through bone. Th e channel has at least one entrance and one
exit hole. A canal’s entrance or exit hole is called a foramen.

3.6. Joints. Joints can be classified in a num ber of ways. One of the ways is the kind of m ovement the
structure of the joint allows. The three kinds of joints found in the human skull are as follows:
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3.6.1. Synarthrosis or Immovable Joint. Most skull bones are joined together along highly
irregular, jigsaw puzzle-like lines called sutures. A suture joint is classif ied as a synarthrosis.
Bones joined along suture lines in the skull are not totally im mobile. Movement occurs, but it is
very limited.

3.6.2. Ginglymodiarthrodial Joint. Literally defined, this is a freely m  ovable, gliding, hinge
joint. This relationship of one bone to another a llows the greatest range of m ovement of any joint
type. The term ginglym odiarthrodial specifically describes the ~ temporomandibular joint that
unites the lower jaw with the rest of the skull.

3.6.3. Ellipsoidal Joint. This is the type of joint existing between the occipital bone of the skull
and the first vertebra of the spinal colum n. There are two axes of m otion at right angles to each
other in this joint, and both axes pass through the same bone. This arrangement enables you to nod
your head and rotate it from side to side.

Section 3B—Bony Anatomy of the Head (Skull)

3.7. Introduction. The skull is that portion of the hum an skeleton that makes up the bony framework of
the head. For descriptive purposes, the skull is divi ded into an upper, dome-shaped, cranial portion; and
a lower or facial portion com posed of the eye sock ets, nasal cavities, and both jaws (Figure 3.3). The
adult skull is composed of 22 bones (8 cranial and 14 facial).

3.8. Cranial Bones. The eight bones of the cranium are the front al, parietal (right and left), occipital,
temporal (right and left), sphenoid, and ethm oid. NOTE: The shape and arrangem ent of these eight
bones form a bony shell (cranium ) that has a central cav ity containing the brain. The arched roof of the
cranial cavity is called the vault, and the floor of the cavity is called the base.

3.9. Facial Bones. The 14 bones in the facial portion of the ~ skull are the m axilla, palatine, zygom a,
lacrimal, nasal, inferior concha, vom er, and m andible. NOTE: There is only one vom er and one
mandible in a skull; however, the other facial bones are paired.

Section 3C—Cranial and Facial Bones of Primary Interest
3.10. Overview:

3.10.1. Artificial replacem ents for m issing natural teeth (dental prostheses) m ust be m ade to fit
jaw contours and work in harm ony with muscle activity. Therefore, this discussion will center on
those facial bones that give shape to soft tissues within the mouth and serve as anchorage sites for
muscles that move the lower jaw and give shape to the lower one-half of the face.

3.10.2. Cranial bones of primary interest are the frontal, parietal, temporal, and sphenoid.

3.10.3. Facial bones of primary interest are the maxilla, palatine, zygoma, and mandible. NOTE: It
is im portant to rem ember the particular features of these bones for subsequent reference in this
publication and, in fact, for your entire technical career.

3.10.4. Paragraph 3.11 through 3.14 highlight the particular features of cranial and facial bones.

3.11. Frontal Bone. The frontal bone is a single bone forming the anterior of the cranial vault, the roof
of the eye sockets, and a sm all portion of the nasal cavity. A temporal line can be found on both lateral
surfaces of the frontal bone. The line begins in the  region of the eye socket and proceeds posteriorly,

often dividing into superior and inferior tem poral lines near the posterior border of the frontal bone
(Figure 3.4).
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Figure 3.3. Bones of the Skull.

PARIETAL
BONE

FRONTAL BONE

SPHENOID BONE

NASAL BONE

LACRIMAL
BONE

ETHMOID BONE
ZYGOMA

W

FRONTAL BONE — 225"

| R
PARIETAL {\ o
BONE Y, . Ny
) el
bR TEMPORAL
SPEONE © Za &, BONE
LACRIMAL
ETHMOID
BONE BONE
ZYGOMA ;‘.‘ : ’ NASAL BONE
s\ VOMER
MAXILLA
INFERIOR
CONCHA

MANDIBLE




98 AFPAMA47-103V1 15 NOVEMBER 2005

3.12. Parietal Bones. Parietal bones are located between the  occipital and frontal bones to form the
largest portion of the top and sides of the craniu m. The paired parietal bones are m  arked by two
semicircular bony ridges, the superior and inferior temporal lines, which are the posterior continuation
of the frontal bone's temporal line. The superior and inferior tem poral lines rim the area of origin of the
temporalis muscle (Figure 3.4).

Figure 3.4. Lateral View of the Skull (Selected Structures).
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3.13. Temporal Bones. Tem poral bones are the paired bones fo rming a portion of the right and left
sides of the skull below the parietal bones. Th e temporal bones extend down onto the under surface of
the cranium and contribute to the form ation of the cranial base. Each temporal bone articulates with the
parietal above, the sphenoid in front, and the  occipital bone behind (Figures 3.3, 3.4, and 3.5). The
significant features of the tem poral bone are the m astoid process, styloid process, zygom atic process,
glenoid fossa, articular eminence, and auditory canal or external auditory meatus as follows:

3.13.1. The mastoid process is a rounded, downward projection on the posterior part of the
temporal bone. This process presents a roughened exterior surface for attaching several muscles of
the neck.

3.13.2. The styloid process is a slender, tapering spur of bone projecting downward from the under
surface of the tem poral bone. This process has  sites of attachm ent for m ultiple m uscles and
ligaments, which then go to the mandible, hyoid bone, throat, and tongue.

3.13.3. The zygomatic process is a projection from the approximate center of each tem poral bone
extending forward to form a part of the zygom atic arch or cheek bone. This arch (or so-called
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cheekbone) is not one continuous bone, butis m  ade up of a num ber of parts. The zygom atic
process of the temporal bone forms the posterior part.

3.13.4. The glenoid fossa (mandiular fossa) is a deep hollow on the unde r surface of the base of
the zygomatic process. The base of the zygomatic process is the place where the process originates
from the central mass of the temporal bone.

3.13.5. The articular eminence is a ram p-shaped prominence extending forward and downward
from the anterior boundary of the glenoid fossa.

3.13.6. The auditory canal or external auditory meatus is a hole in the bone found posterior to the
glenoid fossa. It leads from the outside surface of the base of the zygom atic process to the inner
portions of the ear.

Figure 3.5. Lateral View of the Skull (Selected Features).
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3.14. Sphenoid Bone. The sphenoid bone resem bles a bat with wings extended. It consists of a central
portion or body which is situated in the m iddle of the base of the skull and three pairs of processes: two
laterally extended greater wings, two downward proj ecting pterygoid processes, and two lesser wings.
The features of the sphenoid bone we will discuss ~ are the greater wings, spine of the sphenoid, and
pterygoid processes.

3.14.1. A greater wing (Figure 3.5) forms part of the surface contour of the cranium anterior to the
temporal bone, and it also forms part of the eye socket.

3.14.2. The spine of the sphenoid is just inferior to  the lateral, posterior, inferior border of the
greater wing of the sphenoid bone. The spine of th e sphenoid is the site of attachm ent of the
sphenomandibular ligament.
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3.14.3. The pterygoid process (Figures 3.5, 3.6, and 3.7) extends downward from the junction of
the body and greater wing of the sphenoid on the ri  ght and left side. The pterygoid process is
formed by the union of two bony plates. The depr  ession between the two plates is called the
pterygoid fossa. The pterygoid process is a site of  origin for the m edial and lateral pterygoid
muscles.

Figure 3.6. Lateral View of the Maxilla.
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3.15. Maxillae. Maxillae or upper jawbones are paired bones that unite in the midline. They give shape
to the middle face, form a portion of the floor of the eye socket and lateral wall of the nose, form  the
anterior two-thirds of the hard palate, and support the natural teeth in bony sockets (Figures 3.6, 3.7, and
3.8). Each maxilla (singular) is irregularly shaped. It is m ade up of a body and four processes called the
nasal process, zygomatic process, alveolar process, and palatine process as follows:

3.15.1. The nasal process forms a portion of the lateral wall of the nose. Another nam e for the
nasal process is the frontal process.

3.15.2. The zygomatic process of the maxilla joins with the zygoma which, in turn, unites with the
zygomatic process of the tem poral bone to fo rm the zygom atic arch (or cheekbone). Although
popular, the term “cheekbone” is incorrect because th is so-called single bone is actually m ade up
of three parts.

3.15.3. The alveolar process surrounds the roots of the m axillary teeth, and the alveolar processes
of both maxillae unite to form the maxillary arch. A maxillary tuberosity is found on both of the

distal ends of the m axillary arch. Proceeding ev en further posteriorly, the m axillary tuberosities
abruptly rise into deep depressions called the — pterygomaxillary notches (hamular notches). The
pterygoid process of the sphenoid bone joins with  the posterior aspect of a m axilla to form a
pterygomaxillary notch. The labial portion of the al veolar bone follows the contours of the natural
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tooth roots. This is, when a root is large and prom inent, the labial alveolar bone over the root is
raised in comparison to an alveolar area between roots. The labial alveolar bone covering the root
of the maxillary canine stands out so much it has a specific name--the canine eminence.

3.15.4. The palatine processes of the maxillae join in the m idline to form the anterior two-thirds
of the hard palate. The m idline junction of the right and lef t palatine processes is called the
median palatine suture. An incisive foramen is found in the suture line immediately behind the
central incisors. The foramen is an exit hole for nerves and blood vessels that supply palatal tissue
(Figure 3.8).

Figure 3.7. Medial View of the Maxilla and Selected Adjacent Bones.
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3.16. Palatine Bones:

3.16.1. The palatine bones are paired, U-shaped = bones located between the m axillae and the
sphenoid bone (Figures 3.7 and 3.8). A palatine bone forms parts of the floor and outer wall of the
nasal cavity, the floor of an eye socket, and the hard palate.

3.16.2. The horizontal plates of the palatine bone s unite inthe m  idline as the posterior
continuation of the m edial palatine suture. The anterior border of the horizontal plates of the
palatine bones join with the posterior border of the palatine processes of the maxillae to form the
transverse palatine suture. As discussed previously, the palatine processes of the m axillae form
the anterior two-thirds of the hard palate, and the horizontal plates of the palatine bones m ake up
the remaining posterior one-third.

3.17. Zygoma. The zygom a is situated laterally to the m axilla. W hen the zygom atic process of the
maxilla, the zygom a, and the zygom atic process of the tem poral bone are considered as a unit, the
combination is called the zygomatic arch (Figure 3.4).
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Figure 3.8. Occlusal View of the Maxilla.
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3.18. Mandible:

3.18.1. The mandible (Figure 3.9) or lower jaw is one of the few movable bones of the skull. This
bone gives shape to the lower portion of the face, provides sites of attachment for the muscles that
make it m ove, forms the fram ework for the floor of the m outh, and supports the lower natural
teeth.

3.18.2. The m andible is connected to the skull by the right and left temporomandibular joints.
Within each joint, the condyle of the m andible fits into the glenoid fossa on the underside of the
temporal bone. In its m ovements, the condyle al so travels onto the tem poral bone’s articular
eminence.

3.18.3. The articular em inence projects downward and forward from the anterior border of the
glenoid fossa. (See Section 3F for a detailed description of the temporomandibular joint.)

3.18.4. The m ost prom inent features of the m andible are its horizontal body and two vertical
projections known as  rami (one projection =ram us). The body is curved (som ewhat like a
horseshoe) at the posterior limits of the body, and the bone turns upward and slightly backward to
form the ramus.
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3.18.5. As the inferior edge of the m  andible is traced from anterior to posterior, the sudden
transition between the horizontal body and re latively vertical ram us is known as the mandibular

angle (angle of the mandible).

Figure 3.9. Lateral and Medial Views of the Mandible.
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3.18.6. Three processes are readily identifiabl e. The body of the m andible carries the alveolar
process, which surrounds the root structure of indi vidual teeth. The right and left alveolar
processes combine to form the mandibular arch. Each ramus ends in two processes, an anteriorly
positioned coronoid process and the m ore posterior condyloid process. The deep, U-shaped
concavity between the two processes is called the mandibular notch. A condyloid process can be
divided into a condyle and a neck. The top part of the condyle articulates with the glenoid fossa
and articular eminence of the temporal bone to form the temporomandibular joint.
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3.18.7. The external surface landmarks of the mandible are as follows:

3.18.7.1. The m ental protuberance—a roughly triangul ar prominence occurring in the m idline
near the inferior border of the mandible (chin point).

3.18.7.2. The m ental foramen—the anterior opening of the m andibular canal. The foram en is
usually found between and slightly below the firs t and second prem olar root tips. The inferior
alveolar nerve passes within the m andibular canal and exits onto the exterior surface of the
mandible through the m ental foramen to become the mental nerve. Compression of the m ental
nerve by artificial dental replacem ents must be avoided because it will cause a feeling of pain
or numbness.

3.18.7.3. The external oblique ridge (line}—which  extends at an oblique angle across the
external surface of the body of the mandible. This ridge begins at the lower anterior edge of the
ramus, continues onto the body, and progressively thins out to end near the m ental foramen.
The external oblique ridge is m ost prominent in the molar area and forms a distinct ledge with
relation to the base of the alveolar process. This ledge is called the buccal shelf.

3.18.8. Internal surface landmarks of the mandible are as follows:

3.18.8.1. The mylohyoid ridge—located on the intern al surface of the m andible and occupying
a position sim ilar to the external oblique ridge on the external surface. The m  ylohyoid ridge
passes forward and downward from the internal aspects of the ram us onto the body of the
mandible and fades out near the m idline. This ridge serves as the lateral line of origin for the
mylohyoid muscle (the mylohyoid muscle forms the major portion of the floor of the mouth).

3.18.8.2. The genial tubercles—Ilocated slightly a bove the lower border of the m andible in the
midline. These provide an attachment site for the geniohyoid muscle.

3.18.8.3. The sublingual fossa—a shallow concavity housing a portion of the sublingual gland.
This depression occurs just above the anterior part of the mylohyoid ridge.

3.18.8.4. The m andibular foramen—TIlocated in alm ost the exact center of the inner surface of
the mandibular ramus. It opens into the mandibular canal.

3.18.8.5. The lingula—a bony prominence on the anterior border of the mandibular foramen.

3.18.8.6. The digastric fovea—a depression found on both sides of the midline near the inferior
lingual border of the mandible.

3.19. Hyoid Bone:

3.19.1. Any discussion of m uscles that m ove the lo wer jaw and their points of anchorage m ust
include the hyoid bone. The hyoid is a U-shaped bone located anterior to the spinal colum n
between the mandible and the larynx (voice box).

3.19.2. There is no joint-like union between the hyoid and any other bone. It is suspended between
the m andible above and the clavicle (collar bone) below by suprahyoid (above the hyoid) and
infrahyoid (below the hyoid) m uscle groups. Som e of the suprahyoid m uscles act to depress the
lower jaw. Those suprahyoid muscles that act to depress the mandible are described in Section 3D.

Section 3D—Muscles of Mastication and Depressors of the Mandible
3.20. Muscle Fibers and Movements:

3.20.1. A person’s ability to m ove part of the body depends on a group of specialized cells called
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muscle fibers. Muscle f ibers have the ability to contract or shorten when stim ulated by nerve
impulses. A typical m uscle consists of am ass of m uscle fibers bound together by connective
tissue.

3.20.2. A m uscle can generate varying degrees of ~ power. This variation in power is directly
proportional to the num ber and type of fibers within the muscle that are contracting at any given
time. Muscles can also stretch, but only because a muscle located elsewhere has contracted and
forced the extension. This performance of an action by one muscle that is opposed by the action of
another muscle is called antagonism. The sim plest way to express this is that m uscles can only
pull; they cannot push.

3.20.3. The two ends of a voluntary m uscle usually a ttach to different bones. In som e instances,
one end of a m uscle may attach in soft tissue such as skin. Som e of the very sm all muscles that
give expression to the face have both ends attach ed to soft tissue. In any case, the m uscle
attachment site that rem ains relatively stationary when the m  uscle contracts is known as the
origin. The muscle attachment site having the great er movement during the contraction is called
the insertion. A description of the m ovements, which take place as a result of m uscle contraction,
is called the action.

3.20.4. Two muscle groups are responsible for execu ting the movements the mandible is capable
of making--the muscles of mastication and the depressor muscles of the mandible. The muscles of
mastication enable the lower jaw to m ake closing, opening, protrusive, and retrusive m ovements
along with movements to the right and left sides. The depressors of the m andible act to open the

lower jaw wide--a function the muscles of mastication cannot perform.

3.21. Muscles of Mastication. There are four paired m uscles of m astication; masseters (Figure 3.10),
temporalis (Figure 3.10), medial pterygoids (Figure 3.11), and lateral pterygoids (Figure 3.12).

Figure 3.10. Masseter and Temporalis Muscles.
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3.21.1. Masseter:
3.21.1.1. Origin. The origin is the zygomatic arch.

3.21.1.2. Insertion. The m asseter m uscle inserts on the lateral surf ace of the ram us of the
mandible (Figure 3.10).

3.21.1.3. Action. The primary function of the masseter is to elevate the mandible. The masseter
may also aid in the protruding of the mandible.

3.21.2. Temporalis:

3.21.2.1. Origin. The origin of this muscle is broadly spread out (fan-shaped) on the side of the
skull (Figure 3.10). It covers the majority of the temporal bone and lesser portions of the frontal
and parietal bones. The upper margin of the muscle follows the superior temporal line.

3.21.2.2. Insertion. The temporalis muscle inserts on the coronoid process of the mandible.

3.21.2.3. Action. The temporalis muscle acts in unison with the masseter and medial pterygoid
muscles to close the jaws. Very importantly, it also helps to retrude or pull back the mandible.

Figure 3.11. Medial View of the Medial Pterygoid Muscle.
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3.21.3. Medial Pterygoid:

3.21.3.1. Origin. The origin of this m uscle is the palatine bone and pterygoid process of the
sphenoid bone (Figure 3.11).

3.21.3.2. Insertion. The medial pterygoid inserts on the m edial (internal) surface of the ram us
of the mandible.

3.21.3.3. Action. The medial pterygoid acts with the m asseter and temporalis muscles to close
the lower jaw. Som e authors claim that wh en one m edial pterygoid m uscle contracts
independently of its paired mate, it helps move the mandible sideways.
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3.21.4. Lateral Pterygoid:

107

3.21.4.1. Origin. The origin of this m uscle is the pterygoid process and greater wing of the

sphenoid (Figure 3.12).

3.21.4.2. Insertion. This muscle inserts into the neck of the condyloid process of the mandible.

3.21.4.3. Action. When both lateral pterygoid muscles contract together, the mandible is pulled
forward into protrusion. (Coincident with a protrusive movement, the mandible opens slightly.)
When one m uscle contracts independently of th e other, the m andible pivots and shifts to the

opposite side (lateral excursion).

Figure 3.12. Lateral View of the Lateral Pterygoid Muscle.
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3.22. Depressor Muscles. The depressor muscles of the mandible all have the hyoid bone in common as
an attachment site. W hen the hyoid bone is im mobilized by a contraction of the m uscles below it, the

contraction of the depressor m uscles located between the hyoid bone and the m

andible pulls the

mandible downward (opening the mouth). The suprahyoid depressors of the mandible are the mylohyoid
(Figure 3.13), geniohyoid (Figure 3.13), and digastric muscles (Figure 3.14).

3.22.1. Mylohyoid Muscle Attachment Sites. The paired m ylohyoid muscles are attached to the
mylohyoid lines on the internal surfaces of the mandible, the right and left mylohyoid muscles join
in the midline to form the floor of the mouth, and the posterior end of this m  idline junction
attaches to the hyoid bone (Figure 3.13).

3.22.2. Geniohyoid Muscle Attachment Sites. The two geniohyoid m uscles are found next to
each other on each side of the m idline and directly on top of the m ylohyoid muscles. The sites of
the attachment are the genial tubercles and the hyoid bone (Figure 3.13).

3.22.3. Digastric Muscle Attachment Sites. The digastric m uscle bundle is divided into an
anterior belly and a posterior belly by a short tendon. This interm ediate tendon passes through a
loop of fibrous tissue secured to the body of the hyoi d bone. The end of the anterior belly attaches
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to the digastric fovea and the posterior belly fastens onto the mastoid process of the temporal bone
(Figure 3.14).

Figure 3.13. Mylohyoid and Geniohyoid Muscles.
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Section 3E—Facial Expression Muscles

3.23. Maintaining Facial Muscle Support:

3.23.1. Eight paired muscles of expression in coordination with the single orbicularis oris muscle,
control the m ovements of the lips and cheeks (Fi gure 3.15). The teeth and alveolar processes of
the jaws support this group of muscles against collapse into the oral cavity. When natural teeth are
extracted, facial muscle support must be maintained by replacing the missing teeth.

3.23.2. A person’s appearance can be dram atically affected by the position of the artificial teeth.
Inadequate support m akes people look older; exce ssive support distorts a person’s features by
making them appear stretched. The m uscles of faci al expression also play an im portant part in
forming the anterior and lateral portions of maxillary and mandibular impression borders. This is
because all of these m uscles can alter the depth of vestibular sulci in one way or another. (See
paragraphs 3.37.12 and 3.38.6.)

3.23.3. If impression borders are not properly extende d and shaped, the m uscles act to unseat the
dentures. The influence of the m uscles of facial expression on denture borders is described in
Chapter 7.
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Figure 3.14. Oblique View of the Mylohyoid and Digastric Muscles.
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3.24. Orbicularis Oris:

3.24.1. This ring-like m uscle lies within the upper and lower lips and com pletely surrounds the
opening to the mouth. When the orbicularis oris contracts, it causes the lips to close.

3.24.2. The orbicularis oris has no real bony origin. Instead, it is entirely rimmed by the insertions
of other m uscles of facial expression, m ost of which do originate on bone. Certain m uscles of
expression that insert into the orbicularis oris  act to draw the corners  of the m outh backward,
while some depress the lower lip and others elevate the upper lip.

3.25. Levator Labii Superioris Muscle. This facial expression m uscle is flat and triangular. It is
positioned lateral to the nose and has an origin by two heads; the frontal process of the maxilla and the
inferior margin of the orbit. These unite at one inser tion point in the fibers of the obicularis oris beneath
the nostrils. The levator labii superioris m uscle acts to elevate the upper lip, widen the nasal opening,
and raise the corner of the nose.

3.26. Zygomaticus Major Muscle. The zygomaticus major muscle is oblong, flat, and cylindrical. It is
positioned lateral to and above the angle of the m outh. It originates at the zygomatic bone, lateral to the
levator labii superioris m uscle, and inserts in skin just superior to and at the angle of the m  outh. The
muscle’s action is to draw the angle of the mouth laterally and upward.

3.27. Levator Anguli Oris Muscle. The levator anguli oris m uscle is flat and triangular. Its position is
in the levator anguli oris fossa of the maxilla, covered by the levator labii superioris muscle. The levator
anguli oris originates in the canine fossa and inserts at the angle of the mouth. It has three actions; it lifts
the angle of the mouth upward, lifts the lower lip, and helps close the mouth.
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Figure 3.15. Muscles of Facial Expression.
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3.28. Risorius Muscle. The risorius muscle is flat and triangul ar. With a position lateral to the angle of
the m outh, it originates in tissue over the m  asseter muscle and parotid gland. The risorius has an
insertion at the angle of the m outh with the depressor anguli oris m uscle. Its action is to draw the angle
of the mouth laterally causing a smile and dimple.

3.29. Depressor Labii Inferioris Muscle. With a flat and quadrangular shape, this m uscle covers the
mental foramen. It has an origin along the lower border of the m andible and inserts into the skin of the
lower lip. When contracted, it acts to depress and invert the lower lip.

3.30. Depressor Anguli Oris Muscle. Shaped flat and triangular, the depressor anguli orism  uscle
covers the depressor labii inferioris muscle. It also has an origin along the lower border of the m andible
just beneath the m ental foramen. With an insertion at the angle of the m outh, it acts to draw the angle
upward.

3.31. Mentalis Muscle. The m entalis is a short, thick, cy lindrical m uscle positioned on the boney
prominence of the chin, deep to the depressor labii in ferioris muscle. Its origin on the m andible is also
deep to the depressor labii inferioris. W hen contracting, it lifts and wrinkles th e skin of the chin and
pulls tissue below the lips towards the lower anterior teeth.

3.32. Buccinator Muscle:

3.32.1. The buccinator m uscle is a thin, broad band of muscle tissue that form s the innerm ost
muscle wall of a cheek.

3.32.2. A buccinator m uscle has three sites of or igin. They are the pterygom andibular raphe
(ligament), which originates behind the maxillary tuberosity and inserts at the posterior end of the
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mandible’s mylohyoid line; the buccal surface of the alveolar process in the m axilla immediately
above the root tips of the molar teeth; and the external oblique ridge of the mandible.

3.32.3. The muscle fibers of the buccinator run parallel to the occlusal plane of the teeth and have

a broad zone of insertion into the orbicularis oris at the corner of the m outh. Besides being
muscles of facial expression, som e anatomists classify the buccinators as accessory m uscles of
mastication.

3.32.4. The prim ary functions of these m uscles are to pull the corners of the m outh laterally and
hold food between the teeth while chewing.

3.33. Platysma Muscle. The platysma is a thin broad band of m uscle that originates over the pectoralis
major and deltoid muscles. Its insertion is the inf erior border of the mandible and the skin of the lower
face. The platysma acts to draw the corners of the mouth down and aids in depression of the mandible.

Section 3F—Intraoral Soft Tissue Anatomy
3.34. Introduction:

3.34.1. The muscles that form the sides, entrance, and floor of the oral cavity are the buccinators,
orbicularis oris, and mylohyoids (in that order) (Figure 3.16).

3.34.2. The skin of the interior of the m outh is called oral mucous membrane or mucosa. In places
like the alveolar processes and hard palate of th e upper jaw, the m ucous membrane is firmly and
directly attached to bone. This kind of mucosa presents a stable surface. In other areas like the lips
and the floor of the m outh, the m ucous membrane covers active m uscles that are constantly in
motion. For example, the strong, muscular tongue is almost always moving.

3.34.3. A rem ovable prosthesis is built to use stab le mucosa for support and avoid areas of high
muscle activity. There are soft tissue landm arks in the m outh that rem ain constant af ter natural
teeth are extracted, and these landmarks are valuable aids in prosthesis construction.

Figure 3.16. Entrance and Sides of the Oral Cavity.
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3.35. Mucous Membrane. Mucous membrane is the skin that lines the mouth (Figure 3.17 and 3.18).

3.35.1. Mucous Membrane of the Alveolar Process. The m ucous m embrane of the alveolar
process is divided into gingiva and alveolar mucosa (Figure 3.17) as follows:

3.35.1.1. Gingiva. Gingiva covers the crestal three-fourth s of the alveolar process. There are
two kinds of gingiva, free and a ttached. Free gingiva is about 0.5 m m wide and is found at the
neck of a tooth. Attached gingiva is continuous with the free gingiva and is tightly bound to
bone. The attached gingival band varies between 2 and 9 mm wide; the widest part is found in
the anterior regions.

3.35.1.2. Alveolar Mucosa. Alveolar m ucosa covers the basal one-fourth of the alveolar
process. Alveolar mucosa is very mobile because it is loosely bound to underlying bone.

Figure 3.17. Mucous Membrane of the Alveolar Process.
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3.35.2. Mucous Membrane of the Hard Palate. The m ucous m embrane of the hard palate
consists of attached gingiva.

3.36. Vestibule. The vestibules consist of two potential ~ spaces. One vestibule is found between the
facial aspect of the teeth and the internal surfaces of the cheeks and lips; the other vestibule is found
between the lingual aspect of the mandibular teeth and the tongue (Figure 3.18).

3.37. Maxilla: (NOTE: See Figures 3.18, 3.19, and 3.20.)

3.37.1. Alveolar (Residual) Ridge. The alveolar (or residual) ridge is the rem nant of the alveolar
process which originally contained sockets for na tural teeth. After natural teeth are extracted, the
alveolar ridge can be expected to get sm aller (resorb). The rate of resorption varies considerably

from person to person.

3.37.2. Maxillary Tuberosity. The m axillary tuberosity is the m ost distal (posterior) portion of
the maxillary alveolar ridge.

3.37.3. Ptyerygomaxillary (Hamular) Notch. The pterygomaxillary notch is a deep depression
located posterior to the m axillary tuberosity. The de pths of this depression are part of a series of
guides used to determine the posterior border of a maxillary denture.
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Figure 3.18. Lateral View of the Oral Cavity.
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3.37.4. Palate. The palate extends from the roof of th e mouth all the way back to the uvula as
follows:

3.37.4.1. The hard palate is made up of the anterior two-thirds of the palatal vault supported by
bone (the palatine processes of the maxillae and the horizontal plates of the palatine bones).

3.37.4.2. The soft palate is made up of the posterior one-third of the palatal vault not supported
by bone. The soft palate is a muscular extension from the posterior edge of the hard palate, and
the soft palate is very mobile, especially while speaking and swallowing.

3.37.5. Incisive Papilla. The incisive papilla is the raised soft tissue covering the incisive foramen
located in the m idline of the hard palate, im mediately behind the central incisors. Because the
incisive papilla is visible in the exact m idline of the hard palate (just behind the natural central
incisors), it is a reliable guide for determining the midline relationships of upper anterior denture
teeth.

3.37.6. Rugae. Rugae are irregular ridges of fibrous tissu e found in the anterior one-third of the
hard palate.

3.37.7. Median Palatine Raphe. The median palatine raphe is a slight tissue elevation occurring
in the midline of the hard palate immediately over the median palatine suture.

3.37.8. Vibrating Line. The vibrating line is the line of flexion between the hard and soft palates.
The line m ost frequently falls between the two pterygomaxillary notches on or near the palatine
foveae in the m idline. When a dentist looks at a patient’s entire palatal vault, it is easy to see an
abrupt transition between the unmoving hard palate and the highly mobile soft palate.
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Figure 3.19. Occlusal View of the Maxilla.

AFPAMA47-103V1

15 NOVEMBER 2005

LABIAL
VESTIBULE

RUGAE

RESIDUAL RIDGE

BUCCAL
FRENUM

BUCCAL
VESTIBULE

HARD PALATE

ALVOELAR
PROCESS

e

LABIAL
FRENUM

INCISIVE
PAPILLA

LABIAL
SULCUS

PALATINE
RAPHE

RESIDUAL
RIDGE

SULCUS

TUBEROSITY

VIBRATING
LINE
F=T PTERYGOID-
SOFT = MAXILLARY
PALATE NOTCH
PALATINE
FOVEAE

3.37.9. Palatine Fovea. The palatine fovea are two depressi  ons located on either side of the
midline on or very near the vibrating line. Th ey are m ade by two groupings of m inor palatine
salivary glands. NOTE: The vibrating line helps the dentist determ ine the posterior border of an
upper denture. In the absence of specific instruc tions from a dentist, the pterygom axillary notches
and the palatine foveae are the guide for determining the posterior border of an upper denture.

3.37.10. Labial Frenum. The labial frenum is a narrow fold of oral m ucosa found in the
approximate m idline. It extends from the inner surface of the lip to the  labial surface of the
alveolar ridge. W hen natural teeth are absent, the labial frenum is not a reliable guide for
determining the midline of the face.

3.37.11. Buccal Frenum. The buccal frenum extends from the mucosa of the cheek to the buccal
aspect of the alveolar ridge. There are two buccal frena. They are located on each side of the arch,
usually in the first premolar region.

3.37.12. Sulci. The maxillary sulcus is a groove form ed by the mucosa of the cheek or lip and the
mucosa at the base of the alveolar ridge. The porti on of the sulcus that lies between the labial and
buccal frena is the labial sulcus. The part of the sulcus between the buccal frenum  and the
pterygomaxillary notch is the buccal sulcus. The m uscles shaping the sulcus cause its depth to
change with every facial expression.
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Figure 3.20. Occlusal View of the Mandible.
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3.38. Mandible: (NOTE: See Figures 3.18, 3.20, and 3.21.)

3.38.1. Alveolar Ridge. After natural teeth are extracted, the rem nant of the alveolar process is
called the alveolar or residual ridge. As tim e goes on, a residual ridge usually resorbs (gets
smaller).

3.38.2. Retomolar Pad. The retrom olar pad is a pear-shape d mass of soft tissue located at the
posterior end of the mandibular alveolar ridge (Figure 3.22). The retromolar pads are important for
the following reasons:

3.38.2.1. When maxillary and mandibular natural teeth are brought together, a plane of contact
automatically form s between the occlusal su rfaces of the upper and lower teeth (occlusal
plane). W hen this plane of contact is projected posteriorly, it intersects with the m andible at
two points, one point on each side of the arch. These points are about two-thirds of the way up
the height of the retromolar pads.

3.38.2.2. The position of the pads rem ains constant even after the natural teeth are extracted.
Thus, the pads are an  excellent guide for determ ining and setting the plane of occlusion
between upper and lower denture teeth.

3.38.2.3. The pads serve as bilateral, distal support for a mandibular denture. Covering the pads
with the denture base helps reduce the rate of alveolar ridge resorption.
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Figure 3.21. View of the Labial Vestibules.
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3.38.3. Buccal Shelf. The buccal shelf is a ledge located buccal to the base of the alveolar ridge in
the premolar and molar regions. Laterally, the shelf extends from the alveolar ridge to the external
oblique line. A buccal shelf is barely observable ~ when the alveolar ridge is large. (The shelf
increases in size as the ridge resorbs.) The buccal shelf is a support area for a mandibular denture,
especially when the remaining alveolar ridge is relatively small.

3.38.4. Mental Foramen:

3.38.4.1. The m ental foramen is a hole in bone or dinarily found on the buc cal surface of the
alveolar ridge. It is located between and sligh tly below the root tips of the first and second
premolars. There is no tissue bump over the hole as in the case of the incisive foramen.
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3.38.4.2. When resorption of the alveolar ridge is drastic, the m ental foramen is found below
the oral m ucosa on the crest of the alveolar pr  ocess. In this case, relief of the denture is
necessary to avoid excessive pressure on th e nerve fibers exiting from this foram en.
Compression results in loss of feeling in the lower lip. Relief in this case is defined as space
provided between the undersurface of the denture  and the soft tissue to reduce or elim inate
pressure on certain anatomical structures.

3.38.5. Frena. The labial and buccal frena of the m andible are in corresponding positions to their
counterparts in the m axilla. A lingual frenum can be seen in the floor of the m  outh when the
tongue is raised. The lingual frenum is present in the approxim ate midline and extends from the
floor of the mouth to the lingual surface of the alveolar ridge.

3.38.6. Sulci. Sulci rise and fall with facial expressions and tongue m ovements. The labial sulcus
of the lower jaw lies at the base of the alveolar ridge between labial and buccal frena. The buccal

sulcus extends posteriorly from the buccal frenum to the buccal aspect of the retrom olar pad. The
lingual sulcus is the groove formed by the floor of the mouth as it turns up onto the lingual aspect
of the alveolar ridge.

3.38.7. Floor of the Mouth. The anterior two-thirds of the floor of the m outh is form ed by the
union of the right and left m ylohyoid muscles in the midline. The depth of the floor of the m outh
in relation to the m andibular alveolar ridge cons tantly changes due to factors such as m ylohyoid
muscle contractions, tongue m ovements, and swallowing activities. The posterior one-third of the
lingual sulcus area is called the retromylohyoid space. Distally, the palatoglossus m uscle shapes
the area.

3.39. Tongue:
3.39.1. Overview:

3.39.1.1. The tongue is a muscular organ containing specialized cells for detecting the presence
of chemicals in the food we eat (Figures 3.23  and 3.24). The brain interprets this chem ical
detection process as taste. The tongue’s m any different sets of m uscles enable it to m ake the
complex movements associated with speaking a nd with chewing food. The constant m otion of
the tongue represents a powerful force, and no ar tificial dental replacem ent can restrict that
motion for long.

3.39.1.2. If a prosthesis is not constructed to wo rk in harm ony with the tongue, the prosthesis
will fail. For example, the tongue can maintain a denture in position or throw it out, depending
on how the lingual surfaces and borders of the denture are shaped.

3.39.2. Muscle Groups. The tongue is animated by two muscle groups, the intrinsic and extrinsic,
as follows:

3.39.2.1. Intrinsic m uscles represent the substan ce of the tongue (Figure 3.23). They are
responsible for the tongue’s ability to change shape.

3.39.2.2. Extrinsic m uscles originate at sites  like the hyoid bone, styloid process of the
temporal bone, and genial tubercles (Figure 3.24). Extrinsic muscles proceed from their sites of
origin and insert into the tongue’s m ass. The extrinsic m usculature enables the m ass of the
tongue to move from place to place within the mouth.
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3.39.2.3. Intrinsic and extrinsic m uscles do not act in isolation from one another. The sm ooth,
precise tongue movements we take for granted are the result of finely coordinated contractions

generated by appropriate muscles in both groups.

Figure 3.23. Intrinsic Muscles of the Tongue.
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3.40. Major Salivary Glands:

3.40.1. The three pairs of m ajor salivary glands are the parotid, subm andibular, and sublingual
glands (Figure 3.25) as follows:

3.40.1.1. The parotid glands lie in front of and below the ear s. Each discharges its secretion
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through the parotid duct (Stensen’s duct), whic  h enters the m outh in the m axillary buccal
vestibule opposite the second m olar. The opening is usually m arked by a papilla called the
parotid papilla.

3.40.1.2. The  submandibular glands are also called the subm axillary glands. The
submandibular glands are found on the right and left sides, between the m  andible and the
midline, m ostly below and partially above the m  ylohyoid m uscle’s posterior edge. Each
submandibular gland discharges its secretion through the subm andibular duct (W arton’s duct)
which opens onto the floor of the mouth.

3.40.1.3. The sublingual glands are found beneath the surface of the floor of the m outh on top
of the mylohyoid muscles; the lateral border of each gland rests in a corresponding sublingual
fossa.

3.40.2. The sublingual duct (duct of Bartholin) either opens independently onto the floor of the
mouth or joins the subm andibular duct. The openi ngs of the sublingual and subm andibular ducts
are located on an elevated line of m ucous membrane on each side of the lingual frenum . These
elevations are the sublingual caruncles.

Figure 3.25. Major Salivary Glands.
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3.41. Minor Salivary Glands:

3.41.1. Small, minor salivary glands can be found in many places around the interior of the mouth,
but the ones of particular interest are locat ed in the palate (Figure 3.26). The greatest
concentrations of minor palatine glands are found in the hard and soft palates, below the surface of
the mucosa, and behind a line drawn between the first molars. Skin surface exit holes for gland
ducts are liberally scattered throughout this area.
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Figure 3.26. Minor Palatine Salivary Glands.

Section 3G—Temporomandibular Joint
3.42. Formation of the Temporomandibular Joints:

3.42.1. The right and left tem  poromandibular jo ints are the two places where the m andible
connects with the rest of the skull (Figure 3.27). In general terms, the temporomandibular joint is
formed by the glenoid fossa (mandibular fossa) (paragraph 3.43)and  articular eminence
(paragraph 3.44) of the tem poral bone and by the condyle of the mandible (paragraph 3.45) (Also
see Section 3B.)

3.42.2. The fossa and em inence are separated from contact with the condyle by an articular disc.
The condyle stays in the fossa during ordinary opening and closing (hinge) movements.

3.43. Glenoid Fossa. The glenoid fossa is a deep hollow on the undersurface of the zygom atic process
of the tem poral bone. The condyle stays in the fo  ssa during ordinary opening and closing (hinge)
movements.

3.44. Articular Eminence. The articular em inence is a ram p-shaped prominence that extends forward
and downward from the anterior boundary of the gle noid fossa. During forward (protrusive) movements
of the entire mandible, both condyles leave their fossae and move onto eminences. In lateral movements,
one condyle usually stays in a fossa and the other condyle moves out of the fossa onto its eminence.

3.45. Condyle. The condyle is the oval- or kidney-shaped structure found on the end of the condyloid
process of the mandible.

3.46. Articular Disc. The articular disc is a pad of tough, flexible fibrocartilage situated between the
condyle and the glenoid fossa. The disc is a shock- absorbing mechanism. When the condyle m oves out
onto the articular eminence, the disc travels with it.

3.47. Synovial Cavities. The synovial cavities are also referre  d to as the upper and lower joint
compartments. The upper synovial cavity is found between the top of the disc and the glenoid fossa. The
lower synovial cavity is found between the bottom of the disc and the condyle of the mandible.
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Figure 3.27. Temporomandibular Joint.
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3.48. Synovial Membrane. The synovial m embrane is the lining of a synovial cavity. The cells of the
lining make a lubricating liquid called synovial fluid.

3.49. Capsule:

3.49.1. The capsule is the major ligament of the temporomandibular joint. This ligamentous sleeve
or capsule originates from the entire rim of the glenoid fossa and articular em inence, attaches to
the edges of the articular disc, and passes to insert around the rim of the condyle.

3.49.2. The capsule holds the disc in place betw  een the condyle and the fossa, it retains the
synovial fluid in the upper and lower joint com partments, and it acts to prevent dislocation of the
mandible. Som e authors of anatom y texts m ention a temporomandibular ligament, which is an
anterior thickening of the capsule, not a separate ligament.

3.50. Auxiliary Ligaments. Auxiliary ligaments (Figure 3.28) genera lly act to restrict the condyle to a
normal range-of-movement and prevent dislocation as follows:

3.50.1. The stylom andibular ligament originates on th e styloid process of the tem poral bone and
inserts on the posterior border of the ramus near the angle.

3.50.2. The sphenom andibular ligament originates on the spine of the sphenoid bone and inserts
on the anterior-superior of the mandibular foramen (lingula). The mandibular foramen is found on
the internal surface of the ramus of the mandible.
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Figure 3.28. Auxiliary Ligaments of the Temporomandibular Joint.
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Chapter 4

DENTAL (TOOTH) ANATOMY

Section 4A—How Teeth are Identified

4.1. Groups of Teeth. Teeth, as they exis tinthe m outh, can be placed in to one of three broad
groupings; maxillary or m andibular, right or left, or anteriors or posteriors. These groupings, detailed
below, apply to both the natural dentition and artificial teeth.

4.1.1. Maxillary or Mandibular. Each person has two jaws, a maxillary (upper) and a mandibular
(lower). The teeth in these jaws are called either maxillary or mandibular teeth. The com bination
of natural teeth and supporting alveolar bone found in an uppe r or a lower jaw is called a dental
arch. When natural teeth are extracted, the healed alveolar process is called the alveolar ridge.
Artificial teeth are set over alveolar ridges so they coincide with the original arch form.

4.1.2. Right or Left. If the two den tal arches are split dow n the midline from front to back, the
arches can be divided into uppe r and lower right sections and  upper and lower left sections.
Because one of these sections re presents one-fourth of the upper and lower arches taken together,
each section is called a quadrant (Fi gure 4.1). If a tooth is located to the left of the m idline in the
upper arch, the tooth is part of the maxillary left quadrant (and so forth).

Figure 4.1. Mandibular Right Quadrant.

4.1.3. Anteriors or Posteriors:

4.1.3.1. Teeth can also be classified as anteriors (incisors and canines) or posteriors (premolars
and m olars) (Figure 4.2). A com plete adult na tural dentition has 32 teeth, and each arch
contains 16.

4.1.3.2. The teeth in an arch are com posed of six anteriors (canine to canine) and ten posteriors
(all teeth distal to the canine s). There are th ree anteriors and five posteriors in a quadrant.
NOTE: Complete dentures for the upper and lower arches usually consist of 28 teeth. The third
molars (4) are not used.
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Figure 4.2. Anterior and Posterior Teeth.
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4.2. Names of Teeth. See Figure 4.3 and the subparagraphs herein for the names of groups of teeth.

Figure 4.3. Names of Teeth (Groups).
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4.2.1. Anteriors:

4.2.1.1. Central and Lateral Incisors. The word “incisor” describes the function of incising or
cutting food. In each quadrant, the two teeth near est the midline of the dental arches are called
incisors. The first incisor on e ither side of the midline is called a central incisor. The second
incisor from the midline of either arch is called a lateral incisor.
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4.2.1.2. Canines. In each quadran t, the thir d tooth nearest the m idline of the dental arches is

called a canine. These teeth are used to tear food, and each dental arch has two ¢ anines. A
canine is so metimes called a cuspid because its cutting edg e is a single, pointed elevation or
cusp.

4.2.2. Posteriors:

4.2.2.1. Premolars. Premolars are so nam ed because they occupy an anatom ical positio n
mesial to th e molars. (They are sometim es called bicuspids because m ost have two cusps on
their chewin g surfaces. ) There are eight p remolars, two in each quad rant, which f unction as
seizing and grinding teeth. The two premolars in any given quadrant are further called first and
second premolars, the first located immediately behind the canine.

4.2.2.2. Molars. Molars, the largest teeth in the dental arches, lie directly behind the premolars
and function as grinders during m astication (chewing). Under normal conditions, there are six
molars in each arch (three in each quadrant). They are called  first, second, and third molars.
The first molar is the first tooth distal to the second premolar.

4.3. Number Substitutes for Teeth Names. Formal descrip tions lik e “m axillary right m olar” and
“mandibular left lateral incisor” can be tim e-consuming when many people must be examined in a short
time. They can also be too leng thy when space on fo rms is lim ited. Therefore, numerical sho rthand is
often used as a substitute for com plete, formal tooth names. See Figure 4.4 (and paragraphs 4.3.1 and
4.3.2) for number substitutes 1 through 32 for the full complement of natural teeth.

4.3.1. Numbers 1 through 16 are in the m axillary arch. The upper righ t third molar is number 1,
the upper right second molar is nu  mber 2, and as you pro ceed in con secutive order around th e
maxillary arch to the upper left third molar, the last number is 16.

4.3.2. Numbers 17 through 32 are in the mandibular arch. The lower left third molar is number 17;
the lower left second molar is num ber 18; and, as you proceed around the m andibular arch to the
lower right third molar, the last number is 32.

4.4. Structures of the Teeth:

4.4.1. A tooth is divided into two parts, the crown and the root (Figure 4.5). The anatomical crown
is the part of the tooth covered with enam el. The root of a tooth is em bedded in alveolar bone and
covered with cem entum. NOTE: In young people, areas of the anat omical crown are frequently
buried in gingival tissue. As a pe rson gets older it becom es common for a tooth’s enam el to be
completely exposed above the gingiva and to have root surface showing.

4.4.2. The term clinical crown is applied to the part of the tooth that is visible above the gingiva to
include root surface. The bulk of a tooth is composed of a bone-like substance called dentin that is
covered by enamel to form the crown and cementum to form the root. The line of division between
the crown and root is called the  cervical line or cementoenamel junction. The dividing line is
found in a somewhat constricted region on the tooth’s surface called the cervix or neck.

4.4.3. The tip of the root is known a s the apex. The tooth contains an aggregate of blood vessels,
nerves, and cellular co nnective tis sue called the dental pulp, which is housed within a pulp
chamber and root canal of a tooth.
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Figure 4.4. Number Substitutes for Teeth Names.
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. RIGHT MAXILLARY THIRD MOLAR.

RIGHT MAXILLARY SECOND MOLAR.
RIGHT MAXILLARY FIRST MOLAR.

RIGHT MAXILLARY SECOND PREMOLAR.

RIGHT MAXILLARY FIRST PREMOLAR.
RIGHT MAXILLARY CANINE.

RIGHT MAXILLARY LATERAL INCISOR.
RIGHT MAXILLARY CENTRAL INCISOR.

. LEFT MAXILLARY CENTRAL INCISOR.
. LEFT MAXILLARY LATERAL INCISOR.

. LEFT MAXILLARY CANINE.
. LEFT MAXILLARY FIRST PREMOLAR

. LEFT MAXILLARY SECOND PREMOLAR
. LEFT MAXILLARY FIRST MOLAR.

. LEFT MAXILLARY SECOND MOLAR.

. LEFT MAXILLARY THIRD MOLAR.

17.
18.
19.
20.
21.

22.
23.

24,
25.
26
27.
28.
29.
30.
31.
32.

LEFT MANDIBULAR THIRD MOLAR. \

LEFT MANDIBULAR SECOND MOLAR.
LEFT MANDIBULAR FIRST MOLAR.

LEFT MANDIBULAR SECOND PREMOLAR.
LEFT MANDIBULAR FIRST PREMOLAR.

LEFT MANDIBULAR CANINE.
LEFT MANDIBULAR LATERAL INCISOR.

LEFT MANDIBULAR CENTRAL INCISOR.
RIGHT MANDIBULAR CENTRAL INCISOR.
RIGHT MANDIBULAR LATERAL INCISOR.
RIGHT MANDIBULAR CANINE.

RIGHT MANDIBULAR FIRST PREMOLAR.
RIGHT MANDIBULAR SECOND PREMOLAR.
RIGHT MANDIBULAR FIRST MOLAR.
RIGHT MANDIBULAR SECOND MOLAR.

RIGHT MANDIBULAR THIRD MOLAR.
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4.4.4. Anterior teeth o rdinarily have one root ca nal; multiple canals occur in pos terior teeth. The
nerves and blood vessels enter and leave the tooth through an opening called the apical foramen at

or near the apex of the root.

Figure 4.5. Structures of Teeth and Supporting Tissues.
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4.5. Supporting Structures of the Teeth. The supporting tissues of the te eth are collectively called the
periodontium. The periodontium consists of the alveolar ~ process of the m  axillaec and m andible,
periodontal ligament, cementum of the tooth, and gingiva, as follows:

4.5.1. Alveolar Process:

4.5.1.1. The alveolar process is the portion of the maxillae or mandible in which the roots of the
teeth are embedded and by which tooth roots are supported. An al veolar process consists of
three kinds of bone; the outer cortical plate, lamina dura, and spongy bone.

4.5.1.2. The outer cortical plate is a com pact layer of bone on the bone’s surface. The lamina
dura is a thin, dense layer of bone that lines tooth sockets and is a specialized continuation of
the cortical plate. The spongy bone is the less dense, cancellous bone representing central mass
of the alveolar process.

4.5.2. Periodontal Ligament. The periodontal ligam ent is a th in, fibrous ligam ent connecting a
tooth to the lam ina dura of the bony socket. Norm ally, teeth do not contac t the bone directly; a
tooth is suspended in its socket by the fibers of the lig ament. This arrangement allows each tooth
limited individual m ovement. The fibers act as s hock absorbers to cushion the force of chewing

impacts.
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4.5.3. Cementum. The cem entum is the only tissue consid ered as both a basic part of the tooth
and a component of the periodontium . For med during the developm ent of the tooth’s root,
cementum is a th in, calcified layer of tissue that completely covers the root’s dentin. It functions
as an area of attachment for periodontal ligament fibers.

4.5.4. Gingiva. The gingiva is the s pecialized mucous membrane covering the alveolar processes
and encircling the necks of the teeth (Figure 4.6). It aids in the support of the teeth and protects the
alveolar process and periodontal ligament from bacterial invasion. Healthy gingiva is pale pink,
firm, and resilient. It is divided into two types, free and attached gingiva.

Figure 4.6. Free and Attached Gingiva.
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4.5.4.1. Free ging iva is “free” to the extent th at it can b e displaced. That is, it is not tigh tly
bound to anything underneath it. Fr ee gingiva extends from the gi ngival crest to the bottom of
the gingival sulcus. At th e bottom of the sulcus, an epithelial attachment joins the free gingiva
to the too th surface. Th e interdental papillais the por tion of the f ree gingiva that fills the
proximal space below the contact areas of ad jacent teeth. It helps prev ent food fro m packing
between the teeth.

4.5.4.2. Attached gingiva covers the labial cortical pl ate of the alveolar process. It is firm ly
fixed to underlying bone.

4.6. Crown Morphology (Contours). There are alm ost no perfectly flat or perfectly straigh t surfaces;
most surfaces are curv ed. The contour of a cro wn is a co mbination of convex and concave curves. A
convex surface is one that is curved outward; a concave surface is curved inward.

4.7. Tooth Surfaces:

4.7.1. Proximal. A tooth has two proximal surfaces, one oriented toward the midline of the dental
arch and another oriented away  from the m idline of the arch (Figure 4.7). The m  esial is the
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proximal surface clos est to the m idline of the ar ch. The dis tal is th e proximal surface oriented
away from the midline of the arch.

Figure 4.7. Tooth Surfaces.
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4.7.2. Facial. The facial is the surface of a tooth that “faces” toward the lips or cheeks (Figu re
4.7). When there is a requirem ent to be more specific, terms like labial and buccal are used. The
labial is th e surface of an anterior to oth that faces toward the lips. The buccal is the surface of a
posterior tooth that faces toward the cheek.

4.7.3. Lingual. The lingual is the surface of a tooth facing toward the tongue.
4.7.4. Incisal. The incisal is the cutting edge of an anterior tooth.
4.7.5. Occlusal. The occlusal is the chewing surface of a posterior tooth.

4.7.6. Long Axis and Axial Surface. The long axis of a tooth is an im aginary line that goes
through the crown and root around which the s ubstance of a toothism  ost's ymmetrically
distributed (Figure 4.8). Any surface of a tooth that is parallel to the lon g axis is called an axial
surface (for example, mesial, distal, facial, or lingual surfaces).

Figure 4.8. Long Axis.
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4.7.7. Dividing a Crown Into Thirds. The facial, lingual, mesial, and distal surfaces of a crown
can be divided into thirds, both horizontally and longitudinally, as follows:
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4.7.7.1. Horizontal Division. Each axial surf ace of a crown is divided horizon tally into a
cervical, a middle, and an occlusal (or incisal) third (Figure 4.9).

Figure 4.9. Anterior and Posterior Crown Divisions.
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4.7.7.2. Longitudinal Division. Each mesial or distal axial surface may be divided into a facial,

a middle, and a lingual third. Each facial or li ngual surface m ay be divided into a m esial, a
middle, and a distal third.

4.7.8. Line Angle. A line angle is an angle form ed by the junction of two crown surfaces. It
derives its name from those two surfaces. There are eight line angles per tooth.

4.7.8.1. The eight anterior tooth line angles are th e m esiolabial, m esiolingual, distolabial,
distolingual, labioincisal, linguoincisal, mesioincisal, and distoincisal.

4.7.8.2. The eight posterior tooth line angles are  the mesiobuccal, m esiolingual, distobuccal,
distolingual, bucco-occlusal, linguo-occlusal, disto-occlusal, and mesio-occlusal.

4.7.9. Point Angle. The junction o fthree crown surfaces forms a point angle. Com bining the
names of the three surfaces derives the name of the point angle.

4.7.9.1. The four anterior tooth point angles are the m esiolabioincisal, m esiolinguoincisal,
distolabioincisal, and distolinguoincisal.

4.7.9.2. The four posterior tooth  point angles are the m  esiobucco-occlusal, mesiolinguo-
occlusal, distobucco-occlusal, and distolinguo-occlusal.

4.8. Distinctive Crown Convexities:

4.8.1. Lobes. Lobes are one of the primary anatomical divisions of a crown; all teeth develop from
either four or five lobes (Figure 4.10). (For exam ple, a ce ntral incisor develops from four lobes
while first molars develop from five lobes.) Lo bes are usually separated by readily identifiable
developmental grooves.

4.8.2. Mamelons. Mamelons are sm all, rounded projections of enamel from the incisal edges of
newly erupted anterior teeth (Figure 4.11). The projections wear away soon after eruption.

4.8.3. Cingulum. A cingulum is found on the lingual aspect of an anterior tooth (Figure 4.12). It is
a convex mount of enamel localized to the cervical one-third of the crown.
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4.8.4. Cusps. Cusps are cone-shaped elevations on the occlusal surface of a premolar or molar and
on the incisal edge of the canine (Figure 4.13).

Figure 4.10. Lobes.

LOBES OF A LOWER LOWER
CENTRAL INCISOR SECOND MOLAR FIRST MOLAR

Figure 4.11. Mamelons.

MAMELON

Figure 4.12. Cingulum.
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4.8.4.1. Canines hav e one cusp that represents the tooth’s cutting edge. Maxillary prem olars
and the mandibular first premolars have two cusps, one buccal and one lingual. The mandibular
second premolar norm ally has th ree cusps, one bucca 1 and two lingual. Th e lingual cusps are
subdivided into a mesiolingual and a distolingual.

4.8.4.2. Maxillary m olars have four cusps, two buccal and two lingual. The two bu ccal cusps
are subdivided into a mesiobuccal and a distobuccal. The two lingual cusps are subdivided into
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a mesiolingual and a distolingu al. (Once in awh ile, the m esiolingual cusp of a ma xillary first
molar carries an underdeveloped, rudimentary cusp called the cusp of Carabelli.)

Figure 4.13. Cusps.

CUSPS

4.8.4.3. The mandibular first molar has five cusps, three buccal and two lingual. From anterior
to posterior, the three b uccal cusps are subdivided into am  esiobuccal, a distobuccal, and a
distal. The two lingual cusps are divided into a mesiolingual and a distolingual. The mandibular
second m olar has four cusps called the me siobuccal, distobuccal, m esiolingual, and
distolingual.

4.8.5. Ridge. A ridge is a linear elevation found on the surface of a tooth as follows:

4.8.5.1. Marginal Ridge. A marginal ridge is a linear, rounded border of enamel that forms the
mesial and distal m argins of anterior teeth (a s viewed from the lingual) and the m esial and
distal borders of occlusal surfaces on posterior teeth (Figure 4.14). NOTE: When wax patterns
are d eveloped according to the additive wax technique, the definition of a m arginal ridge is
extended to include mesial and distal cusp ridges of buccal and lingual cusps on posterior teeth
(paragraph 4.8.5.3).

Figure 4.14. Marginal Ridges.
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4.8.5.2. Lingual Ridge. The ridge of enamel that extends from the cingulum to the cusp tip on
the lingual surface of most canines is called the lingual ridge (Figure 4.15).

4.8.5.3. Cusp Ridges. Each cusp has four cusp ridges radi ating from its tip (Figure 4.16). They
are named according to the direction they take away from the cusp tip (mesial, distal, facial, or
lingual).

4.8.5.4. Triangular Ridge:

4.8.5.4.1. The occlusal surface of a cusp is composed of a mesial and a distal incline (Figure
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4.17). These two inclines m eet to form a triangular ridge of enamel that descends from the
tip of the c usp to the ¢ entral portion of the occlusal su rface. A triangu lar ridge is either a

facial or a lingual cusp ridge, depending on where the cusp is located.

Figure 4.15. Lingual Ridge.
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Figure 4.16. Cusp Ridges.
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Figure 4.17. Triangular Ridge.
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4.8.5.4.2. Cusps are described in som e mouths as being “pointy” and in others as being
“flat” or “blunt.” Most point y posterior teeth have high cusp angle values (Figure 4.18). A
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cusp angle is the angle that a triangular ridge ma kes with a plane perpendicular to the long
axis of the tooth.

Figure 4.18. Cusp Angle.
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4.8.5.5. Transverse Ridge. A tran sverse ridge is the un ion of a buccal and lingual triangular
ridge that crosses th e surface of a p osterior tooth tran sversely (roughly 90 degrees to both th e
buccal and lingual tooth surfaces) (Figure 4.19).

Figure 4.19. Transverse Ridge.
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4.8.5.6. Oblique Ridge. The only tooth on which an obliq ue ridge is found is the m axillary
molar (Figure 4.20). An oblique ridge consists of a union between the triangular ridge of the
distobuccal cusp and the distal cusp ridge of the mesiolingual cusp.

4.8.6. Cusp Inclines. A cusp incline or inclined plane is the sloping area found between two cusp
ridges. To name an incline, you must combine the names of the cusp ridges that define a large part
of its borders, for example, the distolingual incline of the buccal cusp of a maxillary first premolar
(Figure 4.16).

4.9. Distinctive Crown Concavities:
4.9.1. Fossae:
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Figure 4.20. Oblique Ridge.
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4.9.1.1. Lingual Fossa. The lingual fossa is an irregu  lar, rounded concavity bound by the
mesial marginal ridge, distal marginal ridge, cingulum, and incisal edge of the lingu al surface
of an incisor tooth (Figure 4.21). Lingual fossa e are also found on both sides of the lingual

ridge of a canine tooth.

Figure 4.21. Lingual Fossa.

LINGUAL FOSSA

4.9.1.2. Triangular Fossa. Triangu lar fossae are located adjacen tto m arginal rid ges on the
occlusal surfaces of posterior teeth (Figure 4.22 ). There are two kinds of triangular fossae, a

mesial and a distal.

Figure 4.22. Triangular Fossa.

TRIANGULAR FOSSA

4.9.1.3. Central Fossa. A central fossa is a centrally lo cated depression or concavity found on
the occlusal surface of m olars an d m andibular second p remolars (F igure 4.23 ). The other
premolars have mesial and distal triangular fossae, but do not have a central fossa.
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Figure 4.23. Central Fossa.
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4.9.2. Developmental Groove. A developmental groove is the j unction line between the inclined
walls of adjacent cu sp or ridg es (Figure 4.24). Developm ental grooves represent lines of union
between lobes of the crown during its for mation. These grooves appear on labial, occlusal, buccal,
and lingual surfaces, and they are least apparent on the labial aspect of anteriors.

Figure 4.24. Developmental Grooves.
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4.9.3. Supplemental Groove. A supplemental grove is a minor, auxiliary groove that branches off
from a much more prominent developmental groove (F igure 4.25). Supplem ental grooves do not
represent the junction of primary tooth parts.

4.9.4. Fissure. A fissure is a linear fault that sometimes occurs in a developmental groove (Figure
4.26). A fissure represents a lack of union between the inclined walls of a sulcus.

4.9.5. Pit. A pitis a sm all, pinpoint fault on the surface of a tooth us ually found at the end of a
developmental groove or where two fissures intersect.
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Figure 4.25. Supplemental Grooves.
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4.10. Description of Anterior and Posterior Tooth Surfaces. Figures 4.27 through 4.32 show specific
convexities and depressions on anteri or and posterior teeth. You shoul d be able to na me the coronal
features of teeth after you study these figures closely.

Figure 4.27. Maxillary Central Incisor (Facial View).
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Figure 4.28. Maxillary Central Incisor (Lingual View).
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4.11. Proximal Surface Contact Characteristics:

4.11.1. Contact Points or Areas. Teeth m ake contact with one a nother at points or areas on the
greatest contour of their proxim al surfaces (Fig ure 4.33). T he places where ad jacent teeth m ake
point contact are called contact points. Contact points become wider and flatter in time from wear
that occurs during functional m ovements (chewing) or parafunctional m ovements (grinding). A
flattened contact point is called a contact area.

4.11.2. Embrasure:

4.11.2.1. An e mbrasure is a space diverg ing from the contacting p roximal surfaces of two
adjacent teeth (Figure 4.34). There are four of these spaces or embrasures recognized. They are

the facial, lingual, gingival, and occlusal or in cisal (depending on whether they are posterior or
anterior teeth).

4.11.2.2. The gingival embrasure is located cervical to the contacting areas of adjacent teeth. A
gingival embrasure has other nam es like cervical embrasure, apical embrasure, interproximal
space, and septal space.

4.11.2.3. Interdental papillae (gingival tissue) f'ill inte rproximal spaces to a greate r or less er
extent.

4.12. Occlusal Surface Outlines of Posterior Teeth. Figure 4.35 and the subparagraphs herein show
the types of occlusal surface outlines:
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Figure 4.29. Mandibular Canine (Lingual View).
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4.12.1. Circular (Round). The occlusal surfaces of the lower premolars are circular in outline.

4.12.2. Rectangular. The occlusal surfaces of the lower second molar and the upper premolars are
often described as being rectangular or oblong in outline.

4.12.3. Trapezoid. A trapezoid is a plain four-sided figure with two parallel sides. The occlusal
surface of the lower first molar is said to be trapezoidal in outline.

4.12.4. Rhomboid. A r homboid is shaped as an equilateral parallelogram  with two opposing
oblique angles. The occlusal surfaces of the upper molars are rhomboidal in outline.

Section 4B—Descriptions of Individual Teeth
4.13. Introduction:

4.13.1. Paragraphs 4.14 through 4.27 de scribe each tooth of the pe rmanent dentition (except the

third molars, which are not reproduced in artificial teeth). In each instance, the tooth from the right
side of the mouth is illustrated. NOTE: The drawings in this sec tion were adap ted from those
appearing in the Ney Crown and Bridge Manual, J. M. Ney Co., Hartford CN.

4.13.2. The teeth are described as th ey usually look; however, teeth vary considerably from one
person to another and certain teeth in the dentition tend to vary more than others.
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4.13.3. Included in the illustrations of the prem olars and the molars are drawings showing angles
that can be carved in reproducing the occlusal surfaces of these teeth. The broken lines shown in
the illustrations of the facial and lingual su rfaces of the teet h ind icate proper food deflection
contours.

Figure 4.30. Maxillary Second Premolar (Occlusal View).

MAXILLARY SECOND PREMOLAR (OCCLUSAL VIEW)

1. BUCCAL CUSP 8. DISTAL TRIANGULAR FOSSA )
2. LINGUAL CUSP 9. BUCCAL TRIANGULAR RIDGE
3. CENTRAL DEVELOPMENTAL (CREST)
GROOVE 10. LINGUAL TRIANGULAR RIDGE
4. SUPPLEMENTAL GROOVE (MESIAL INCLINE)
5. MESIAL MARGINAL RIDGE 11. TRANSVERSE RIDGE
6. DISTAL MARGINAL RIDGE 12. MESIAL CUSP RIDGE
\_ 7. MESIAL TRIANGULAR FOSSA 13. DISTAL CUSP RIDGE y

4.14. Maxillary Central Incisor. The maxillary central in cisor (Figure 4.36) is the tooth nearest the
median line in the maxillary arch.

4.14.1. Facial Surface. The facial surface is broad and resembles a thumbnail in outline. The right
maxillary central incisor can be distinguished from the left m axillary central incisor because the

distoincisal angle is more rounded than the mesioincisal angle and the incisal edge slopes slightly
gingivally inam esiodistal direction. The faci al surface is convex,  both m esiodistally and

incisocervically. Three distinct lobes may be seen in the inc isal portion, and they are separated by
two developmental grooves.

4.14.2. Lingual Surface. The lingual surface ap pears slightly smaller than the facial surface, an d
the cervical portion is narrower. The large lingual fossa is bounded by prominent mesial and distal
marginal ridges. There is a cingulum in the cervical portion, and there may be a pit in conjunction
with the cingulum.

4.14.3. Incisal Edge. Viewed on end, the incisal edge appears nearly straight. Most of the wear is
on the lingual portion of the edge, so the edge becomes beveled lingually. The cingulum lies more
to the distal side of the tooth than to the mesial side.
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4.14.4. Mesial Surface. The m esial surface loo ks like a wedge. The apex of the w edge is at the
slightly convex. The lingual outline is slightly
and convex from the cingulum to the cervical

incisal edge of the tooth. The facial outline is
concave from the incisal edge to the cingulum

margin.

4.14.5. Distal Surface. The distal surface closely resembles the mesial surface. The lingual outline
is more concave in the incisal portion than it is on the mesial surface.

Figure 4.31. Maxillary First Molar (Occlusal View).

MAXILLARY FIRST MOLAR (OCCLUSAL VIEW)
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Figure 4.32. Mandibular First Molar (Occlusal View).
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Figure 4.33. Contact Areas.
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Figure 4.34. Embrasures.

OCCLUSAL EMBRASURE FACIAL EMBRASURE

A A DRl ¥ 1

APICAL EMBRASURE LINGUAL EMBRASURE

Figure 4.35. Occlusal Surface Outlines of Posterior Teeth.

ROUND RECTANGULAR TRAPEZOID

Figure 4.36. Maxillary Central Incisor.

FACIAL LINGUAL INCISAL MESIAL DISTAL

4.15. Maxillary Lateral Incisor. The maxillary lateral incisor (Figure 4.37) is the second tooth from the
median line in the maxillary arch. It resembles the central incisor, but is smaller in all dimensions.

4.15.1. Facial Surface. The facial s urface is narrower and shorte r than the central inciso r. The
distoincisal angle is m ore rounded than the m esioincisal angle. Th e distal portion of the incisal
ridge slopes upward toward the distoincisal angle. The facial surface is convex.
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Figure 4.37. Maxillary Lateral Incisor.
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LINGUAL DISTAL

FACIAL INCISAL

4.15.2. Lingual Surface. The lingu al surface resembles the facial surface in perip heral outline
except that the cervical portion is n arrower. The features of this surface vary considerably from
one individual to another. Proportionally, the lingual surface characteristics of a lateral incisor are
more marked than similar features on a central incisor.

4.15.3. Incisal Edge. Viewed on end, the incisal edge appe ars nearly straight. The cingulum lies
slightly to the distal side of the tooth.

4.15.4. Mesial Surface. The mesial surface, like the central incisor’s, is wedge shaped. The apex
of the wedge is at the incisal edge. The incisal edge lies somewhat further lingually than it does in
the central incisor.

4.15.5. Distal Surface. The distal s urface resembles the mesial surface, but the facial outline is
more convex and the incisal portion of the lingual outline is more concave.

4.16. Maxillary Canine. The maxillary canine (Figure 4.38) is the third tooth from the m edian line in
the maxillary arch. It is located at the corner of the arch, and its long root is em bedded in the canine
(cuspid) eminence. The maxillary canine is usu ally the longest tooth in eith er jaw. It is ¢ alled canine
because it resembles a dog’s tooth. (It is sometimes referred to as a cuspid because it has one cusp on its
incisal edge.)

Figure 4.38. Maxillary Canine.

FACIAL LINGUAL INCISAL

MESIAL

DISTAL

4.16.1. Facial Surface. The incisal portion of th e facial surface is much broader than the cervical
portion. The mesial and distal cusp ridges of the incisal edge slope downward toward the center to
meet at the tip of the cu sp. The distal slope is longer than th e mesial slope. The facial surface is
convex. It is divided into mesial and distal surfaces by the facial ridge. The ridge extends from the
tip of the cusp to the point of greatest convexity. The mesiofacial surface of the canine falls on the
curve of th e arch formed by the an terior teeth. The dis tofacial surface conform s to the bu ccal
alignment of posterior teeth.



AFPAMA47-103V1 15 NOVEMBER 2005 145

4.16.2. Lingual Surface. The lin gual surface resem bles the f acial s urface in outlin e, but the
cervical portion is narrower. The me sial and distal m arginal ridges are prom inent, and a strong
lingual ridge runs from the tip of the cusp to the cingulum. The m axillary canine has the largest
cingulum of all the anterior teeth.

4.16.3. Incisal Edge. Viewed on end, the incisal edge is slightly curved. The lingual portion of the
tooth appears rugged; the ridges and grooves are very well defined.

4.16.4. Mesial Surface. The m esial surface is roughly trian gular. From this asp ect, the canin es
appears much thicker than the incisors.

4.16.5. Distal Surface. The dis tal surface is shaped very much like the m esial s urface, but is
shorter because the distal portion of the incisal ~ edge slope s further ce rvically th an the m esial
portion.

4.17. Maxillary First Premolar. The maxillary first premolar (Figure 4.39) is the fourth tooth fro m the
median line in the m axillary arch. It is the f irst posterior tooth. The prem olars are som etimes called
bicuspids because most of them have two cusps.

Figure 4.39. Maxillary First Premolar.

FACIAL LINGUAL OCCLUSAL MESIAL DISTAL

4.17.1. Facial Surface. The facial surface re sembles the can ine in o utline, but it is sho rter
occlusocervically and not quite as convex. The sl  opes of the m esial and distal cusp ridges are
about equal in length. The facial ridge is prominent.

4.17.2. Lingual Surface. The lin gual su rface is m uch s maller than the facial surface in all
dimensions, but is generally similar in outline. The lingual cusp is shorter than the facial cu sp and
is located mesial to the midline of the tooth.

4.17.3. Occlusal Surface:

4.17.3.1. The occlusal surface is broader facially than lingually. There are two cusps, the facial
cusp and the lingual cusp.

4.17.3.2. The mesial and distal marginal ridges correspond to the marginal ridges of the anterior
teeth. The m esial and distal proxim al surfaces converge toward the lingual. Of the two, the
distal surface has the greatest convergence.

4.17.3.3. The mesial fossa is distal to the m esial marginal ridge and the distal fossa is m esial to
the distal marginal ridge. The facial and lingua [ triangular ridges extend from the tips of the
cusps to the central groove. This groove ends at the mesial and distal pits. The mesial and distal
marginal grooves arise from the mesial and distal pits and end on the mesial and distal surfaces,
respectively.
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4.17.4. Mesial Surface. The m esial surface is roughly recta ngular in outlin e. The facial and
lingual outlines are con vex. The mesial surface is generally convex except for a concave area o n
the facial p ortion of th e surface ab ove the cerv ical margin. The m esial marginal groove extend s
onto the mesial surface.

4.17.5. Distal Surface. The distal surface res embles the m esial surface, but does not have the
concave area above the cervical margin.

4.18. Maxillary Second Premolar. The m axillary second prem olar is the fifth tooth from the m edian
line in the m axillary arch. It closely resem bles th e first prem olar, but it is m ore rounded in outlin ¢
(Figure 4.40).

Figure 4.40. Maxillary Second Premolar.

FACIAL LINGUAL OCCLUSAL MESIAL DISTAL

4.18.1. Facial Surface. The facial s urface is slightly sm aller than the facial surface of the first
premolar. The slopes of the m esial and distal cusp ridges are abou t equal in length. The f acial
surface is convex, and the facial ridge is prominent.

4.18.2. Lingual Surface. The lingual surface is only slightly ~ sho rter than the facia 1 surfac e
because the facial and lingual cu  sps are nearly equal in length. This surface is also slightly
narrower than the facial surface. The lingual surface is smoothly convex in all directions, and its
greatest convexity is in the cervical third.

4.18.3. Occlusal Surface. In general, the occlus al surface h as the sam e form and features as the
occlusal surface of the first prem olar. However, the facial and lingual portions are m ore nearly
equal in size and the mesial and distal pits are closer together.

4.18.4. Mesial Surface. The m esial surface is wider in the cervical portion than in the o cclusal
portion. The facial outline is slightly convex excep t in the central portion. The lingual outline is
convex. Both cusps appear more rounded that the cusps of the first premolar.

4.18.5. Distal Surface. The distal surface is slightly shorter than the mesial surface, but it is about
the same width. The facial and lingual outlines are convex. The surface is smoothly convex except
at the distal marginal groove.

4.19. Maxillary First Molar. The maxillary first molar (Figure 4.41) is the sixth tooth from the median
line in the maxillary arch. It is the largest tooth in either arch. The maxillary and mandibular first molars
are often called 6-year molars.
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Figure 4.41. Maxillary First Molar.

FACIAL LINGUAL OCCLUSAL MESIAL DISTAL

4.19.1. Facial Surface. The facial surface is roughly heart-shaped in outline. The mesiofacial and
distofacial cusps form the occlusal border, and the facial groove divides th e cusps. The surface is

generally convex except at this groove. Th e surface has three ridges. A ridge extend S
perpendicularly from the tip of each cusp and a third ridg e extends h orizontally in the cervical
portion.

4.19.2. Lingual Surface. The m esiolingual and distolingual cu sps outline the occlusal border of
the lingual surface. The m esiolingual cusp is the la rgest o f the posterior teeth. Qu ite often this
tooth has a residual fifth cusp, the cusp of Carabelli, wh ich is on the lingual su rface of the
mesiolingual cusp. When present, this cusp is sh orter than the other cusps and does not for m part
of the occlusal surface. The lingual surface is generally convex except at the distolingual groove.

4.19.3. Occlusal Surface. The occlusal surface is roughly rhom boidal. The cusps are large and
prominent, with broad surfaces bro ken up into rugged rid ges and well-d efined grooves. The
mesiolingual cusp is the largest of the cusps. The distolingual groove separates it from  the
distolingual cusp. An oblique ri  dge connects the m esiolingual and distofacial cusps. It runs
parallel to the distolingual gr oove. The facial groove runs from  the central pit onto the facial
surface. The mesial and distal pits lie near the mesial and distal marginal ridges, respectively.

4.19.4. Mesial Surface. The m esial marginal groove, which star ts at the m esial pit, notches the
occlusal border of the mesial surface. A double ¢ onvexity marks the lingual margin if the cusp of
Carabelli is present.

4.19.5. Distal Surface. The distal m arginal gr oove, which starts at the  distal pit, notches the
occlusal border of the distal surface.

4.20. Maxillary Second Molar. The maxillary second molar (Figure 4.42) is the seventh tooth from the
median line in the maxillary arch. It is quite similar to the first molar, but it is smaller. This tooth is often
called the 12-year molar.

Figure 4.42. Maxillary Second Molar.

FACIAL LINGUAL OCCLUSAL VIEW MESIAL DISTAL
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4.20.1. Facial Surface. The facial surface of the maxillary second molar is less sym metrical than
the first m olar. The m esiofacial cusp is larger than th e distofacial cusp. Th e facial groove lies
nearer to the distal surface than it does to the mesial surface. The same three ridges appear on the
facial surface as appear on the facial surface of the first molar (paragraph 4.19.1).

4.20.2. Lingual Surface. The occlusal border of the lingual surface is marked by two cusps, the
mesiolingual and the distolingual. T he mesiolingual cusp is the largest. (NOTE: The distolingual
cusp is not fully reproduced in artificial teeth. For this reason, many of these artificial teeth appear
triangular when viewed occlusally.) The second  molar has no cusp of Carabelli. The cervical
border is nearly straight, and the lingual surface is generally convex.

4.20.3. Occlusal Surface. The occlusal surface is very sim ilar to the oc clusal surface of the first
molar (paragraph 4.19.3).

4.20.4. Mesial Surface. The mesial surface is fairly symm etrical in outline. The m esiofacial cusp
is slightly longer than th e mesiolingual cusp. The facial outlin e is nearly strai ght, but the lingual
outline is distinctly convex.

4.20.5. Distal Surface. The distal surface is som ewhat sm aller than the m esial surface. T he
distofacial cusp is longer than the distolingual cusp. The facial outline appears less convex than it
does from the mesial aspect.

4.21. Mandibular Central Incisor. The mandibular central incisor (Figure 4.43) is the first tooth from
the median line in the m andibular arch. As described in the paragraphs below, it is the smallest tooth in
either arch and the simplest in form:

Figure 4.43. Mandibular Central Incisor.

FACIAL LINGUAL INCISAL MESIAL DISTAL

4.21.1. Facial Surface. The facial surface is widest at th ¢ incisal ed ge. The m esioincisal a nd
distoincisal angles are almost 90-degree angles. The mesial and distal borders ar e almost parallel
in the incisal portion. In their middle and cervical portions, the outlines converge but do not meet.
The facial surface is co nvex. There are th ree lobes separated by two developm ental grooves. T he
grooves are more faint than they are in the maxillary central incisor, often disappearing entirely.

4.21.2. Lingual Surface. The lingual surface is quite sim ilar in outline to the facial surface, but
the cervical portion is more na rrow. The incisal portion of the lingual surface is concave. T he
cingulum, which begins fairly close to the cervical margin, blends more smoothly with the rest of
the lingual surface than it does on the maxillary incisors.

4.21.3. Incisal Edge. Viewed on end, the incisal edge appears nearly stra ight; and, in adults, the
edge is worn smooth and sharp.
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4.21.4. Mesial Surface. The m esial surface is wedge shap ed. The facial outlin e is convex. Th e
lingual outline is concave in the incisal and m iddle portions and convex in the cervical portion.
The mesial surface is almost flat incisogingivally.

4.21.5. Distal Surface. The distal surface closely resembles the mesial surface.

4.22. Mandibular Lateral Incisor. The m andibular lateral incisor (F igure 4.44) is the second tooth
from the median line in the m andibular arch. Although it resem bles the mandibular central incisor, it is
wider and longer:

Figure 4.44. Mandibular Lateral Incisor.
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4.22.1. Facial Surface. The facial surface is less symm etrical than the facial su rface of the
mandibular central incisor. The incisal edge slopes upward toward the mesioincisal angle, which is
slightly less than 90 degrees. The distoincisal angl e is rounded. The m esial border is more nearly
straight than the distal border. (T he distal bor der is slightly convex in the incisal portion and
slightly concave in the middle and cervical portions.) The facial surface is convex.

4.22.2. Lingual Surface. The lingual surface is si milar in outline to the facial surface. The mesial
and distal borders converge more sharply than they do on the facial surface. The incisal portion of
the lingual surface is co ncave. The cingulum is quite large, but blends sm oothly with the rest of
the surface.

4.22.3. Incisal Edge. Viewed on end, the incisal edge form s a nearly straight line that slants
lingually to ward its distal end. Th is is b ecause the d istal portion of the facial su rface is m ore
convex than the mesial portion.

4.22.4. Mesial Edge. The m esial surface is wedge shaped . The facial outline is convex. The
lingual outline is concave in the incisal portion and convex in the middle and cervical portions.

4.22.5. Distal Edge. The distal su rface is slig htly shorter than the mesial surface because the
incisal edg e slants downward toward the d  istoincisal ang le. The incis al portion o f the distal
surface is thicker than the incisal portion of the mesial surface.

4.23. Mandibular Canine. The mandibular canine (Figure 4.45) is the third tooth from the median line
in the mandibular arch. It is similar to the maxillary canine, but more narrow.
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Figure 4.45. Mandibular Canine.
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4.23.1. Facial Surface. The facial s urface is as ymmetrical in outline. The distal p ortion of th e
surface is sh orter and b roader than the m esial portion. Consequently, the distal cusp ridge of the
incisal edge is much longer than the mesial edge. The mesial border is slightly convex. The upper
portion of the distal border is very convex, and the lower portion is slightly concave. The three
lobes are quite distinct. The central lobe forms the strong facial ridge.

4.23.2. Lingual Surface. The lingual surface is sim ilar in outline to the facial surface except th e
cervical portion is more narrow. Most of the surface is concave incisocervically. The lingual ridge
divides the surface into two planes. The ridge b lends smoothl