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h e a dEditor

here was a time when the his-

tory of the dental profession 

was front and center. Sadly, in a 

world in which the technology 

and practice of dentistry have 

been advancing forward at a rapid speed, 

particularly in the past decade, it seems 

that our history has become less visible, 

and seemingly less important, to many in 

the profession.

However, revisiting some of the his-

tory of the dental profession can show us 

just how remarkable dentistry’s develop-

ment has been. A review of the accom-

plishments of our predecessors reminds 

us of how they shared their findings and 

techniques with their colleagues. In a fast-

paced world of progress, sharing too often 

comes with a price tag affixed or comes 

as a result of commercial or corporate 

support.

A review of our history provides a 

unique snapshot of the advances in dental 

practice that we can offer our patients 

today when compared to the state of the 

art of , , , or more years ago. Or, if 

we go back to , when the first dental 

school was founded in Baltimore and the 

organized profession was emerging in this 

country, one would probably find little 

to compare with the comfort, safety, and 

technology that is possible in contempo-

rary dentistry.

�is becomes important to our task 

of educating the public about the quality 

of oral health care we can offer to them. 

Despite the contributions and sacrifices 

of our predecessors that have advanced 

the art and science of dentistry up to 

and including the present day, dentistry 

has not always enjoyed a reputation as 

a pleasant oral health experience. Like it 

or not, some of our patients still would 

much prefer spending time and resources 

on almost any other need (or want) than 

their oral health.

Our ability to educate our patients 

and the public with an emphasis on the 

value, comfort, and safety of contempo-

rary dentistry can be enhanced if we oc-

casionally rely upon history to emphasize 

the advancements the profession now can 

offer. We speak not only about capabili-

ties in technology. �e Code of Ethics, 

which is the conscience of the profes-

sion, and the numerous contributions of 

many dentists during the past  years 

to preventive and charitable programs 

such as fluoridation and Give Kids a 

Smile, to name just a few, are all part of 

the heritage that has made it possible for 

dentistry to develop a respected position 

in society. We need to remind ourselves of 

this heritage from time to time.

For all of these reasons, we believe 

that it is important to revisit our past 

occasionally. �at can be accomplished by 

perusing the work of gifted writers and 

historians such as dental colleagues Clif-

ton Dummett and Malvin Ring. However, 

there is another method open to those 

who wish to refresh their knowledge 

of their profession. While we had been 

aware of its existence for some time, only 

recently did we discover firsthand the 

Dr. Samuel D. Harris National Museum 

of Dentistry. Located in Baltimore at the 

site of the first college of dentistry in the 

United States, this museum is a treasure 

trove of the past with historic artifacts 

and historical notes that should have ap-

peal and importance to dental colleagues. 

It is also a magnificent educational 

resource on oral health for the public 

with some exhibits geared particularly 

to children. �e museum is probably on 

a regular visitation schedule for tours of 

school groups in the area. �e current 

generation of children in Baltimore and 

adjacent areas are extremely fortunate to 

have this opportunity to benefit from a 

close-up education in good oral health.

�e museum is a first-class presenta-

tion that opened in  with funding 

from Dr. Samuel Harris, the American 

Dental Association Foundation, and indi-

viduals, groups, and organizations within 

the organized profession and dental in-

dustry. It is an affiliate of the Smithsonian 

Institution. Dr. Harris, a pioneer in the 

development of pediatric dental organiza-

tions, was a generous philanthropist who 

passed away earlier this year just a few 

weeks short of his th birthday.

Based upon impressions from our 

recent visit, while the museum provides 

obvious value to the public, and particu-

larly to the children that make up our 

future generations, we believe that it is 

a must-see for practicing professionals. 

As we know, it is important that dentists 

become familiar with the educational 

information about dentistry and oral 

health to which the general public is 

exposed through communication in the 

media. Similarly, it is essential that the 

dental community become aware of and 

conversant with the educational infor-

mation available in this superb venue. 

But most importantly, we can renew our 

respect for the efforts of our professional 

predecessors who did so much to develop 

the profession to which we belong.

�e National Museum of Dentistry 

provides a unique opportunity to revisit 

our history. A visit can also rekindle our 

pride in the accomplishments of those 

who have contributed to our stature as a 

profession while providing an opportu-

nity to experience some first-class oral 

health educational exhibits. We should 

express our gratitude to Dr. Harris and 

the other dental colleagues and friends 

who supported and helped develop this 

remarkable tribute to the profession, an 

achievement in which we all can take im-

mense pride.

T

Revisiting Our History 
Jack F. Conley, DDS
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Primary Teeth Found a Source of 
 Stem Cells

Scientists report for the first time that 

primary teeth contain a rich supply of stem 

cells in their dental pulp. Researchers say 

this unexpected discovery could have im-

portant implications because the stem cells 

remain alive inside the tooth for a short 

time after it falls out of a child’s mouth, 

suggesting that the cells could be readily 

harvested for research.

According to the scientists, who pub-

lished their findings online in the Proceed-

ings of the National Academy of Sciences, 

the stem cells are unique compared to 

many “adult” stem cells in the body. �ey 

are long-lived, grow rapidly in culture, and, 

with careful prompting in the laboratory, 

have the potential to induce the formation 

of specialized dentin, bone, and neuronal 

cells. If follow-up studies extend these 

initial findings, the scientists speculate 

they may have identified an important and 

easily accessible source of stem cells that 

possibly could be manipulated to repair 

damaged teeth, induce the regeneration of 

bone, and treat neural injury or disease.

“Doctors have successfully harvested 

stem cells from umbilical cord blood for 

years,” said Songtao Shi, DDS, PhD, a 

scientist at the National Institute of Dental 

and Craniofacial Research and the senior 

author on the paper. “Our finding is similar 

in some ways, in that the stem cells in the 

tooth are likely latent remnants of an early 

developmental process.”

Shi and colleagues named the cells 

SHED, which stands for stem cells from 

human exfoliated deciduous teeth. Shi said 

the acronym was needed to differentiate 

SHED from stem cells in adult tissues, 

such as bone or brain. “Stem cell research 

has exploded during the past seven or 

eight years, yet people still talk in general 

terms of postnatal and adult stem cells as 

though they are one and the same. Post-

natal cells from children may act totally 

differently than adult stem cells, and we 

felt the inherent difference needed to be 

emphasized,” Shi said.

�e new finding stems from a chance 

interaction. As Shi recounts, it happened 

one evening when his then -year-old 

daughter, Julia, asked for help in pulling 

out a loose primary tooth. “Once it was 

out, we sat and looked carefully at the 

tooth,” recalled Shi, a pediatric dentist. 

“I said, ‘Wait a minute, there is some 

red-colored tissue inside of the tooth,’ so I 

took the tooth to my laboratory the next 

day and examined it. Sure enough, it had 

beautiful pulp tissue left over.”

A few days later, when another of Ju-

lia’s teeth came out, Shi said he was better 

prepared. He placed the tooth into a liquid 

medium used to culture cells, drove it to 

the laboratory, and extracted the dental 

pulp. Soon thereafter, he succeeded in 

isolating living stem cells from the tissue, a 

discovery that would lead to the collection 

of more exfoliated teeth from Julia and 

other children.

�e group launched an initial round 

of studies to determine whether the cells 

would grow well in culture. Using dental 

pulp extracted from the children’s exfoli-

ated incisors, they discovered that about  

to  stem cells from each tooth reproduc-

ibly had the ability to colonize and grow in 

culture.

“We also found the SHED behaved 

much differently than dental pulp stem 

cells from permanent teeth, which our 

group studied previously,” said Masako 

Miura, MD, PhD, an NIDCR scientist and 

a lead author on the study. “�ey exhibited 

an ability to grow much faster and doubled 

their populations in culture at a greater 

rate, suggesting SHED may be in a more 

immature state than adult stem cells.”

Muria said she and her colleagues soon 

found these cells could be prompted to 

express proteins on their surface indicative 

of stem cells that were in the process of 

switching into bone and dental pulp cells. 

�is discovery led to additional follow-up 

experiments, led by Bai Lu, PhD, of the 

National Institute of Child Health and Hu-

man Development, to determine whether 

SHED also possessed the potential to 

switch into neural and fat cells. �e groups 

found, under specific cell culture condi-

tions, that the cells responded accordingly, 

expressing a variety of proteins indicative 

of neural and fat cells.

“�ese data are just the start,” Shi said. 

“We’re trying to characterize more fully 

which cell types can be generated from 

these stem cells. Can they be switched into 

nerve cells only? We need to find this out. 

We’re also interested in determining the 

difference between adult dental pulp stem 

cells and those in deciduous teeth.”
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Human Genome Mapping Completed – 
Two Years Early

�e International Human Genome Se-

quencing Consortium, led in the United 

States by the National Human Genome 

Research Institute and the Department 

of Energy, has announced the success-

ful completion of the Human Genome 

Project more than two years ahead of 

schedule.

�e research institute also unveiled its 

bold new vision for the future of genome 

research, officially ushering in the era of 

the genome. �e vision was published in 

the April  issue of the journal Nature, 

coinciding with the th anniversary 

of Nature’s publication of the landmark 

paper that described DNA’s double helix.

�e international effort to sequence 

the  billion DNA letters in the human 

genome is considered by many to be one 

of the most ambitious scientific under-

takings of all time.

“�e Human Genome Project has been 

an amazing adventure into ourselves, 

to understand our own DNA instruc-

tion book, the shared inheritance of all 

humankind,” said Genome Research Insti-

tute Director Francis S. Collins, MD, PhD, 

leader of the Human Genome Project. “All 

of the project’s goals have been completed 

successfully -- well in advance of the origi-

nal deadline and for a cost substantially 

less than the original estimates.”

Aristides Patrinos, PhD, director of the 

Department of Energy’s Office of Biologi-

cal and Environmental Research in the 

Office of Science, said, “Sequencing the 

human genome was a pioneering venture 

with risks and uncertainties. But its suc-

cess has created a revolution -- transform-

ing biological science far beyond what we 

could imagine. We have opened the door 

into a vast and complex new biological 

landscape. Exploring it will require even 

more creative thinking and new genera-

tions of technologies.”

�e flagship effort of the Human 

Genome Project has been producing the 

reference sequence of the human genome. 

�e international consortium announced 

the first draft of the human sequence in 

June . Since then, researchers have 

worked tirelessly to convert the “draft” 

sequence into a “finished” sequence.

�e finished sequence produced 

by the Human Genome Project covers 

about  percent of the human genome’s 

gene-containing regions, and it has been 

sequenced to an accuracy of . per-

cent. �e sequence data generated by the 

Human Genome Project has been swiftly 

deposited into public databases and made 

freely available to scientists around the 

world, with no restrictions on its use or 

redistribution.

To spur the acceleration of medi-

cal research, the Genome Research 

Institute’s “A Vision for the Future of 

Genomics Research” sets forth a series 

of challenges intended to energize the sci-

entific community in using the newfound 

understanding of the genome to uncover 

the causes of disease and to develop bold 

California Dental Board Approves OSAP for C.E.

The Dental Board of California has named the nonprofit Organization for Safety and Asepsis Procedures a registered continuing education 

provider. California residents who a
end OSAP programs or complete OSAP C.E. exams can now earn credit hours that are approved through 

the state. The approval is granted through February 2005.

“We are so pleased to have our educational program and materials approved for C.E. credit in California,” said OSAP executive director 

Therese Long, CAE. “California dental workers have been so loyal to OSAP; in addition to receiving top-notch infection control and safety 

information, they can also receive credit toward maintaining their licenses and certifications.”

Information on OSAP conferences, newsle
ers, training programs, and other C.E. offerings is available at www.osap.org.
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new approaches to the prevention and 

treatment of disease. �e plan was the 

outcome of more than a year of intense 

discussions with nearly  scientific and 

public leaders from government, aca-

demia, nonprofit organizations and the 

private sector.

Many of the challenges in the vision 

are aimed at utilizing genome research 

to combat disease and improve human 

health. �e recommendations include calls 

for researchers to work toward:

nn New tools to allow discovery in the near 

future of the hereditary contributions 

to common diseases, such as diabetes, 

heart disease and mental illness;

nn New methods for the early detection of 

disease;

nn New technologies that can sequence the 

entire genome of any person for less 

than ,; and

nn Wider access to tools and technologies 

of “chemical genomics” to improve the 

understanding of biological pathways 

and accelerate drug discovery.

Additional information can be found at 

www.genome.gov.

Correction
Morris S. Clark, DDS, was inadver-

tently left off as a co-author with Stanley 

F. Malamed, DDS, of “Nitrous Oxide-Oxy-

gen: A New Look at a Very Old Technique,” 

which appeared on Page  of the May 

 issue of the Journal of the California 

Dental Association.

Our apologies to Dr. Clark.



c d a  j o u r n a l ,  v o l  3 1 ,  n º 6

j u n e  2 0 0 3   459

h e a d

Nearly a Million Children Were Abused in 2001

An estimated 903,000 children across the country were victims of abuse or neglect in 2001, according to national data released by 

the Department of Health and Human Services. The statistics indicate that about 12.4 out of every 1,000 children were victims of abuse or 

neglect, a rate comparable to the previous year’s rate of 12.2 out of 1,000 children.

“A nation as compassionate as ours should ensure that no child is a victim of abuse or neglect. The number of children that are being 

abused and neglected in this country is an unacceptable daily tragedy,” Health and Human Services Secretary Tommy G. Thompson said. “We 

must do more to protect our most vulnerable children.”

As part of Health and Human Services’ 2004 budget request, the Bush administration is proposing a new approach to protecting children 

in the child welfare system. Under the plan, states and tribes would have the option of using some money now designated solely for foster 

care to support a range of abuse-preventive services and programs. The proposal provides the flexibility and sustained financial support 

necessary to build programs for children and families aimed at preventing maltreatment and removal from home.

The data are based on information collected through the National Child Abuse and Neglect Data System. The data show that child 

protective service agencies received about 2,672,000 reports of possible maltreatment in 2001. There were 903,000 substantiated cases 

of maltreatment of children -- the majority of which involved cases of neglect. About 1,300 children died of abuse or neglect, a rate of 1.81 

children per 100,000 children in the population.

The full report, “Child Maltreatment 2001,” is available at www.calib.com/nccanch/prevmnth. A table of state and national child abuse and 

neglect victimization rates for 2000 and 2001 is available from the National Clearinghouse on Child Abuse and Neglect at (800) 394-3366 or 

by e-mail at nccanch@calib.com.

Oral Piercing: Patients Need the Hole 
Story

In addition to acting as an advocate for 

safe piercing, the dental profession also 

must inform patients about the risks in-

volved with oral piercing, so that patients 

can make informed choices, wrote Jay 

T. Biber, DMD, in the January-February 

Northwest Dentistry, journal of the Min-

nesota Dental Association.

Biber noted that people considering 

oral piercing, as well as many parents, 

are increasingly seeking input from their 

dentists. �e documented detrimental ef-

fects of oral piercings on some individuals’ 

oral health make it difficult for dentists to 

condone these procedures, Biber said.

�e risks should be presented in a 

factual, nonjudgmental manner so as not 

to close doors to patients who later might 

need assistance with complications arising 

from their piercings.

Biber said the most common oral 

piercing site is a vertical piercing through 

the midline of the tongue, anterior to the 

lingual frenum. �e tongue may also be 

pierced multiple times, off-center or hori-

zontally. �ese alternative sites increase 

the risk of nerve damage or hemorrhage.

�e lip is the second most frequently 

pierced oral site, generally in the midline, 

but also sometimes off-center, Biber said. 

�e cheeks and lingual or maxillary fre-

num are increasingly popular piercing sites.

Biber noted that a variety of com-

plications resulting from oral piercings 

have been documented, including tissue 

hyperplasia, swelling and dysphagia, 

hypotensive collapse, tetanus, Ludwig’s 

angina, hepatitis transmission, and bacte-

rial endocarditis.

“Peer-piercing” is becoming increasingly 

popular, Biber noted; and this increases 

the risk of young people acquiring infec-

tious diseases through inadequate steril-

ization, reusing of instruments, or sharing 

of oral jewelry.

Biber said that complications appear 

to occur relatively infrequently. However, 

the potential for serious medical conse-

quences resulting from oral piercings has 

been documented and should be included 

as part of the process of informed consent 

prior to an oral piercing.
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Sleepy Dental Patient May Be Clue to 
Health Problem

Patients who fall asleep in the dental 

chair may be presenting dentists with vital 

clues as to their health, wrote Leslie C. 

Dort, DDS, in the January  Journal of 

the Canadian Dental Association.

Armed with knowledge of excessive 

daytime sleepiness, dentists can play a role 

in guiding patients toward crucial treat-

ment. Excessive daytime sleepiness can be 

a symptom of several underlying disorders, 

Dort said. Recognizing the problem and 

referring patients for diagnosis can be 

lifesaving.

Sleepiness occurs in  percent to  

percent of the general population, accord-

ing to Dort. Falling asleep in the dentist’s 

office may be a sign of excessive daytime 

sleepiness, he noted. Common causes are:

nn Insufficient sleep syndrome or sleep 

deprivation;

nn Sleep apnea syndrome (including upper 

airway resistance syndrome);

nn Sedating medications;

nn Withdrawal from stimulants;

nn Narcolepsy;

nn Psychiatric disorders;

nn Idiopathic hypersomnia; and

nn Periodic limb movement disorder.

According to Dort, dentists should be 

concerned about sleepy patients who may 

be a danger to themselves and others. A 

few moments of careful consultation could 

enable dentists to direct patients with 

excessive sleepiness toward treatment that 

might improve quality of life, decrease 

cardiovascular morbidity, and ultimately 

save lives, Dort said.

Although dentists are not trained to 

diagnose sleep disorders, Dort said, they 

are in a unique position as health profes-

sionals to recognize patients who suffer 

from a sleep disorder.

Pay Attention to Patients’ Tobacco Use 

to Avoid Malpractice Claims

Substantial evidence exists that smok-

ing can contribute to periodontal disease 

and bone loss, particularly during orth-

odontic treatment, wrote Elizabeth Frank-

lin in the January/February  issue of 

the Bulletin, publication of the American 

Association of Orthodontists.

�e development or exacerbation of 

periodontal disease during orthodontic 

treatment is one of the most costly causes 

of loss in orthodontic malpractice cases, 

Franklin wrote. Consequently, several risk-

management issues should be considered 

when treating patients who smoke or use 

tobacco products.

Franklin noted that dentists should 

first ask patients if they smoke or use to-

bacco products. Medical and dental history 

forms should also include questions about 

these habits.

If adult patients confirm they use to-

bacco products, Franklin said, they should 

be encouraged to quit. She suggested that 

dentists may also consider declining to 

treat these patients if it is determined 

that the tobacco use will result in a poor 

outcome.

For dentists who decide to treat smok-

ers for orthodontics, Franklin recommend-

ed steps to protect against allegations of 

exacerbation of periodontal disease or the 

development of bone loss. Dentists should:

nn Take excellent beginning records, 

including X-rays and photos;

nn Learn as much as possible from the 

patient about prior periodontal 

problems and treatment;

nn Make sure adult patients have a 

periodontal evaluation and discuss 

with them their ability to undergo 

orthodontic treatment;

nn Have a thorough informed consent 

discussion with the patient and place a 

signed document in the patient’s record;

nn Take interim X-rays to clarify the 

health of bone structure as treatment 
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progresses;

nn Keep a close eye on the condition of the 

gingival tissue for signs of inflammation 

and other problems, and refer the 

patient when appropriate;

nn Ask the patient about abnormal pain 

and continually check for abnormal 

mobility;

nn Be sure the patient maintains a vigilant 

oral hygiene routine; and

nn Consider the possibility of early 

termination of treatment at the first 

opportunity once a problem presents 

itself, not allowing the disease to 

exacerbate.

Franklin advised dentists to clearly 

document patient records regarding all 

these issues. �is documentation, she said, 

can be used as a defense in any claims-

handling process.
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t is difficult to imagine day-to-day 

dental practice without the ability to 

bond materials to enamel and dentin 

surfaces. It is equally hard to compre-

hend the breadth and depth of knowl-

edge created in this area since Michael 

Buonocore’s watershed paper on bonding 

acrylic to acid-etched enamel was pub-

lished nearly  years ago. Adhesive mate-

rials pervade today’s restorative dentistry 

armamentarium. �e quality of adhesion 

to tooth structure and range of associated 

techniques have advanced to the degree 

that “biomimetic” and similar terms are 

finding their way into the restorative 

lexicon. �e state-of-the-art is inching 

ever closer to the “holy grail,” i.e., the abil-

ity to permanently graft bioactive enamel 

and dentin analogues to teeth in situ.

Myriad questions regarding the key 

element of adhesive techniques -- the 

restorative-tooth interface -- nonetheless 

remain to be answered. With each discov-

ery or technological advance, a host of 

new issues is unearthed, driving scientists 

back to the lab bench to develop yet the 

next generation of adhesive alchemy. Cen-

tral to this cycle is the extraordinary com-

plexity of the aforementioned interface. 

Structural variability of tooth substrates 

alone, particularly that of dentin, is signif-

icant enough to render a reasonable tech-

nique successful on one tooth and unsuc-

cessful on another. Add to this the range 

of host factors and biologic variability 

commonly encountered in our patients, 

and one is left in awe that adhesive dental 

materials perform as well as they do.

Adhesive restorative systems are not 

unlike other complicated tools (such as 

powerful software programs or profes-

sional digital cameras) in that full exploi-

tation of their capabilities requires more 

than a cursory understanding of how they 

work. It is in this spirit that the following 

three articles addressing different aspects 

of adhesive restorative dentistry are 

respectfully submitted for your perusal.

�e first article focuses on the 

restorative-tooth interface, reviewing 

many of the factors that influence its 

predictability and durability. Strategies for 

enhancing these qualities based on avail-

able scientific data are provided as well.

Procedural issues such as field isola-

tion, pulp capping, and use of adjunc-

tive products such as caries detector 

dyes and desensitizers are addressed in 

the second article. Influences of these 

aspects on the final outcome in adhesive 

restorative procedures are highlighted.

Glass ionomer cements -- an often-

overlooked group in a resin-dominated 

market -- are reviewed in the final 

article. Rationale for incorporating 

these useful materials into common 

restorative procedures is provided.

�e authors hope you will enjoy 

this issue and find the information 

useful and thought-provoking.

Current Issues in Adhesive 
Restorative Dentistry  
Edmond R. Hewlett, DDS

I
authors

Edmond R. Hewlett, DDS, 

is an associate professor 

and vice chair of the 

Division of Restorative 

Dentistry at the 

University of California 

at Los Angeles School of 

Dentistry.
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dvances in dental material 

science continue to generate 

products with increasingly 

biomimetic and bioactive quali-

ties, and restorative dentistry 

is a conspicuous beneficiary of this 

trend. Current restorative techniques 

are capable of producing lifelike function 

and appearance while maximizing both 

preservation and resistance to further 

destruction of tooth structure. Adhesive 

procedures, however, are typically associ-

ated with high technique-sensitivity due 

to the complexity of interactions between 

contemporary materials and enamel 

and dentin substrates. Furthermore, 

material properties are often mistakenly 

assigned greater significance than treat-

ment planning and clinical technique 

in influencing the longevity of adhesive 

restorations. It is incumbent upon the 

clinician to be cognizant of these is-

sues and to account for them to obtain 

consistently predictable outcomes.

�is article reviews the current 

knowledge base regarding resin adhe-

sion to enamel and dentin. A descriptive 

classification system for adhesive resin 

products as well as clinical considerations 

derived from the review are also present-

ed to assist the clinician in the selection 

and application of these products.

The Substrates

Enamel
Enamel -- the hardest substance in the 

human body -- consists primarily of high-

ly mineralized inorganic substance ( 

percent to  percent by weight, mostly 

hydroxyapatite) arranged in a dense crys-

talline structure. Assuming normal tooth 

development, this composition allows for 

minimal inherent variability, rendering 

the effect of acid etching on enamel highly 

consistent from tooth to tooth and from 

patient to patient. It follows then that the 

fundamental technique for bonding resin 

to enamel has undergone minimal change 

since its introduction in . Acid etch-

ing produces a complex three-dimensional 

microtopography at the enamel surface, 

increasing not only its surface area but 

also its surface free energy, which in 

turn increases its wettability and ca-

pacity for adhesion. Flow of adhesive 

resin into surface irregularities is thus 

facilitated, creating a durable, leakage-

Resin Adhesion to Enamel 
and Dentin: A Review  
Edmond R. Hewlett, DDS

abstract This article reviews the current knowledge base regarding resin adhesion to 

enamel and dentin. A descriptive classification system for adhesive resin products as well as 

clinical considerations derived from the review are also presented to assist the clinician in the 

selection and application of these products.
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issue. Dentinal tubules of vital teeth 

communicate directly with the pulp and 

house cellular extensions of odontoblasts. 

Unbonded regions of dentin beneath a 

restoration can permit sufficient tubu-

lar fluid movement under functional or 

thermal stress to distort afferent nerves 

in the pulp and elicit pain. Dentinal 

fluid under positive pressure from the 

pulp may affect diffusion of monomers 

into etched dentin. �is phenomenon will 

vary in the presence of vasoconstrictors 

from local anesthetics, however, which 

reduce intrapulpal pressure. �e structural 

variability of dentin must also be consid-

ered. Peritubular dentin, the cylindrical 

lining of tubules, is more highly mineral-

ized than intertubular dentin. Tubule 

density (tubules/mm) and diameter 

vary significantly such that tubules make 

up  percent of the dentin surface at the 

dentinoenamel junction and  percent 

near the pulp. Intertubular dentin, rich 

in collagen fibrils and considered optimal 

for hybridization, occupies  percent of a 

cut dentin surface near the DEJ but only 

 percent near the pulp., Sclerotic 

dentin, formed by either reactive or aging 

processes, is characterized by tubular 

occlusion via peritubular dentin apposi-

tion, rendering this substrate hypermin-

eralized and acid-resistant., �e 

“smear layer” of debris formed dur-

ing instrumentation of dentin acts as a 

barrier to the underlying substrate and 

must be modified or removed for resin 

bonding to occur. �ickness and tenacity 

of smear layer attachment to the under-

lying dentin surface is inconsistent.

Considering these factors, the term 

“normal dentin” seems an oxymoron. 

Each factor listed will influence the re-

sponse of dentin to acid etching and resin 

bonding such that the response will vary 

not only from patient to patient and tooth 

to tooth, but between regions of the same 

tooth. Clinicians must avoid complacency 

toward resin-dentin bonding induced 

by manufacturer claims of speed and 

ease for current products. Only through 

methodical and meticulous manipulation 

resistant interface upon polymerization.

Phosphoric acid of  percent to  

percent concentration applied for  to  

seconds produces optimal enamel etch 

patterns and resin retention. Alterna-

tive conditioners (e.g., oxalic acid, maleic 

acid, EDTA) associated with the so-called 

“third-generation” dentin adhesives pro-

duce suboptimal etching of and adhesion 

to enamel.- �ese later disappeared 

from use, as the “total-etch” technique 

(simultaneous dentin and enamel etching 

with phosphoric acid) became the norm 

for resin bonding. Currently, how-

ever, self-etching primer products have 

emerged as alternatives to total-etch. �e 

ability of these products to produce op-

timal resin-enamel adhesion is question-

able,, but recent reports are encourag-

ing., Claims that cavity preparation with 

air abrasion or laser devices alters enamel 

such that acid etching is unnecessary for 

resin bonding have been countered by 

substantial evidence to the contrary.-

One commonly encountered exception 

to enamel’s structural consistency should 

be noted. Unprepared enamel at the outer 

surface of the clinical crown is aprismatic, 

requiring light grinding prior to etching 

to obtain an optimal etch pattern.-

Dentin
Just as the relatively uneventful evolu-

tion of resin-enamel bonding reflects the 

static nature and structural consistency 

of enamel, the dynamic, variable nature 

of dentin poses significant challenges 

to developing predictable resin-dentin 

bonding techniques. Dentin’s composi-

tion by weight --  percent inorganic 

material (hydroxyapatite),  percent 

organic material (collagen, other noncol-

lagenous compounds), and  percent 

water -- suggests a highly mineralized 

substance. �e arrangement of these 

components ( percent inorganic mate-

rial and  percent organic material and 

water by volume), however, makes it 

an inherently problematic resin bond-

ing substrate as compared to enamel.

Other factors further complicate the 

of these products can dentin variability 

be neutralized and durable adhesion of 

restorative resins to dentin be realized.

The Products
�is discussion will focus on current 

product strategies for dentin adhesion 

inasmuch as their interaction with etched 

enamel is relatively uncomplicated. 

All currently available resin adhesives 

utilize the same fundamental process 

to establish adhesion to dentin:

* Acid demineralization of the den-

tin surface that alters or removes the 

smear layer, exposes collagen fibrils, and 

renders the surface highly permeable;

* Infiltration of the demineralized 

dentin surface with a reactive hydro-

philic resin primer to produce a resin/

dentin interdiffusion zone and micro-

mechanical attachment to dentin; and

* Stabilization of the hybrid layer 

with an overlay of low-viscosity, light-

polymerizable resin that copolymerizes 

(chemically bonds) with both the primer 

and subsequently applied composite 

resin restoratives. Bis-GMA and HEMA 

are the predominant resins in these 

systems, but there are notable excep-

tions such as -META/MMA-TBB. �ese 

adhesives similarly share a common goal 

with respect to their clinical utilization: 

a completely “hybridized,” hermetically 

sealed resin/dentin interface with bond 

strength adequate to resist both immedi-

ate (composite polymerization shrinkage) 

and long-term (thermal expansion and 

contraction) stresses at the resin-dentin 

interface. Specific strategies for accom-

plishing dentin bonding vary widely 

within this framework, however, as indi-

cated by the extensive and ever-changing 

array of products marketed for this pur-

pose. In any event, discontinuities in the 

bonded interface can compromise results 

and lead to premature restoration failure, 

regardless of the properties of restorative 

material placed on the interface. Strict 

adherence to evidence-based protocols 

for utilization of adhesive systems is 

critical to predictability and longevity.
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generation) total-etch systems package 

primer and adhesive resin as one com-

ponent for simultaneous application fol-

lowing etching. �ese simplified systems 

have been enthusiastically embraced by 

practitioners as evidenced by the sheer 

number of two-step products on the 

market. Unit-dose delivery of many two-

step adhesives facilitates compositional 

consistency as compared to bottles, which 

are prone to solvent evaporation if left 

opened. In vitro and clinical studies gener-

ally indicate equivalent quality of adhe-

sion to enamel and dentin for current 

two- and three-step total etch systems 

when used with directly placed light-

according to whether it employs total 

etching or self-etching (Figure ).

Total-etch adhesive systems utilize 

 percent to  percent phosphoric acid 

to simultaneously produce the desired 

effects on enamel (etch pattern) and 

dentin (smear removal, collagen expo-

sure, increased permeability), followed by 

application of primer (hydrophilic resin) 

and adhesive resin or “bonding agent.” 

�ree-step (aka multiple-component or 

fourth-generation) total-etch systems 

consist of separate primer and resin 

components applied in consecutive steps 

following etching. Newer two-step (aka 

single-component, one-bottle, or fifth-

Adhesive resins are commonly clas-

sified according to their position in the 

chronology of historical development 

(e.g., “third-generation,” “fourth-gener-

ation,” “fifth-generation,” etc.)., An 

objective, more descriptive classifica-

tion by Van Meerbeek and colleagues 

groups current products according to 

the steps involved in their clinical use 

and their mode of interaction with the 

dentin substrate., A modified ver-

sion of this classification is presented 

here; an adhesive product is assigned 

to one of three groups according to 

the number of clinical steps it requires 

(one, two, or three), then subdivided 

Figu re 1 .  Classification of adhesives based on the number of clinical application steps and the type of substrate conditioning (self-etch or total-etch) 
employed. GI = glass ionomer, PAA = polyalkenoic acid (adapted from Van Meerbeek and colleagues33).
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dentin surface is therefore unneces-

sary., A literature review of -META 

adhesives describes them as producing ex-

cellent results, being easy to use, not be-

ing technique-sensitive, and (unlike other 

systems) essentially retaining the same in-

gredients used since their introduction.

Self-etching adhesive systems utilize 

an acidic primer to detach or dissolve the 

dentinal smear layer and demineralize the 

dentin surface to simultaneously expose 

and hybridize collagen fibers. A separate 

etching step is not used, nor is the self-

etching primer rinsed off, thus streamlin-

ing the process. Two-step self-etching sys-

tems include a separate light-polymerized 

adhesive resin component placed after 

applying and drying the primer. One-step 

(aka “all-in-one”) versions accomplish 

all three steps of resin-dentin bonding 

(etch/prime/bond) simultaneously with 

a single liquid. In addition to genuinely 

simplifying dentin bonding, self-etching 

is arguably a less technique-sensitive 

process than total etching. Rinsing and 

drying of etched dentin prior to hybridiza-

tion are eliminated, neutralizing the issue 

of dentin wetness/dryness (see below). 

Additionally, depth of etching does not 

exceed depth of primer infiltration, 

preventing overetching and unhybrid-

ized dentin. Depth of demineralization 

in enamel and dentin is shallower with 

self-etching primers than with phosphoric 

acid. Microscopic features of the hybrid 

layer and bond strengths to dentin are 

nonetheless similar to those seen with 

total-etch systems. An exception to this 

trend is sclerotic dentin, where a self-etch-

ing primer was shown not to etch beyond 

the hypermineralized surface layer.

Ability of self-etching primers to 

produce optimal enamel adhesion was 

doubted initially,, prompting recom-

mendations to selectively treat enamel 

with phosphoric acid when using these 

systems. More-recent in vitro studies 

report tensile and shear bond strength 

values on enamel similar to, albeit less 

consistent than, those obtained with 

phosphoric acid., �is difference is 

is exposed to the oral cavity, and that 

these products are more susceptible 

than their three-step counterparts in 

this regard. �e study further dem-

onstrates that a bonded resin-enamel 

margin completely surrounding the 

resin-dentin interface provides effective 

protection from this water degradation.

Two-step total-etch adhesives have 

been shown to bond inconsistently to 

autopolymerized (“self-cured”) composite 

resins such as those used for foundation 

restorations (“cores”) under fixed prosthe-

ses. �e incompatibilities appear to be 

material-specific regarding the adhesive/

composite combination, but have been 

ubiquitous enough that many manufac-

turers now provide an optional dual-cure 

activator for use with their single-com-

ponent products. �ese activators are 

intended to render the adhesives compat-

ible with autopolymerized composites, 

but some isolated incompatibilities 

remain. �e activators also provide the 

option for a dual-cured adhesive under 

an indirect restoration. Many single-

component products have been further 

reformulated to include filler particles, 

purportedly eliminating the need to place 

the more than one layer for optimal den-

tin sealing. �ese developments reflect an 

interesting trend: the two-step total-etch 

products, originally promoted as sim-

pler and faster, have been incrementally 

reformatted to emulate more qualities of 

their versatile three-step predecessors.

An additional type of three-step total-

etch system utilizes a unique combination 

of chemical compounds. Nakabayashi 

first reported the hybrid layer phenom-

enon in  using this system. A solution 

of  percent citric acid and  percent 

ferric chloride etches enamel and dentin, 

followed by -META (-methacryloyloxy-

ethyl trimellitate anhydride) dissolved 

in MMA (methyl methacrylate) initiated 

by TBB (tri-n-butyl borane) - -META/

MMA-TBB. �e ferric sulfate is thought to 

cross-link proteins in the collagen matrix, 

immobilizing them and thus preventing 

collagen collapse. Maintaining a moist 

polymerized composites. �ese studies 

also generally indicate higher technique-

sensitivity for the two-step types.- 

Additional differences between these 

systems with respect to other clinical 

applications bear further discussion.

Resin or ceramic indirect restorations 

are typically bonded to tooth structure 

using low-viscosity composite resin 

cements. Dual-cured resin cements, con-

taining both chemical initiators (requiring 

mixing of base and catalyst components) 

and photoinitiators are indicated for resin 

bonding of translucent inlays, onlays, and 

(some) crowns where restoration thick-

ness may prevent complete polymeriza-

tion with light only. It is also commonly 

recommended that a dual-cured adhesive 

system be used in these cases for the 

same reason. Light-polymerization of the 

adhesive resin layer prior to placement 

of the resin cement produces optimal 

fixing/hardening of hybridized dentin 

and higher bond strengths to dentin, 

but the adhesive film thickness may 

interfere with complete seating of the 

restoration. Dual-cured adhesives, as 

with dual-cured cements, are not polym-

erized with light until the restoration 

is seated, with the chemical initiators 

again ensuring polymerization in deep 

areas. Many three-step total-etch systems 

include an optional dual-cure activator 

for this purpose, while classic two-step 

systems are light-polymerizable only, 

limiting their use to direct restorations.

Several manufacturers have in recent 

years marketed two-step total etch adhe-

sives claiming a film thickness (less than 

 microns) that allows light-polymeriza-

tion prior to seating an indirect restora-

tion. �ese claims raise questions as to 

the likelihood of consistently obtaining 

such minimal film thickness in the clinical 

setting as well as the potential for oxygen 

inhibition to interfere with complete 

polymerization of such thin layers.

A recent study indicates that the 

bond of two-step total-etch adhesives 

to dentin is prone to water degrada-

tion when the resin-dentin interface 
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diminished bond between these layers.

Self-etching systems show promise 

for routine bonding to tooth structure in 

a simplified manner. Additional clinical 

evidence of their ability to consistently 

produce durable adhesion to enamel 

and dentin, however, is clearly needed.

A resin-modified glass-ionomer adhe-

sive (Fuji Bond LC, GC) for use in direct 

composite resin restorations is available 

in addition to the adhesive resins. As 

with self-etching primers, this strategy 

utilizes a less aggressive approach than 

phosphoric acid for attachment to tooth 

substrates. Conditioning of the prepared 

dentin surface with a polyalkenoic acid ( 

percent polyacrylic acid) removes smear 

layer debris, permitting chemical adhe-

sion of the resin-modified glass-ionomer 

cement adhesive to the underlying dentin 

substrate. In general, combined used of 

glass-ionomer cements and composite 

restoratives has demonstrated improved 

microleakage resistance at dentin margins 

(see “sandwich technique” below). A 

clinical trial of adhesively retained Class 

V composite restorations bonded with 

Fuji LC Bond reports an overall reten-

tion rate of  percent, with  percent 

of restorations available at five years 

displaying margin discoloration. More 

longitudinal clinical data is needed.

�e array of currently available dental 

adhesive products reflects a dynamic 

area of research and development aimed 

at technique simplification and clini-

cal permanence. While newer product 

types hold promise for achieving these 

goals, it is the author’s opinion that 

the three-step total-etch systems pres-

ently possess the most favorable levels 

of technique-sensitivity, clinical pre-

dictability, and range of application.

Clinical Technique Considerations

�e foregoing information clearly 

illustrates the complex nature of resin 

adhesion in dentistry. �e following 

techniques are provided to mollify the 

effects of high substrate and product 

variability inherent in resin bonding.

perhaps explained by the deeper in-

terprismatic etch pattern produced by 

phosphoric acid as opposed to self-etching 

primers and the tendency of the latter to 

bond less tenaciously to unprepared vs. 

roughened enamel. Use of a self-etching 

system following phosphoric acid etch-

ing was shown to significantly increase 

enamel bond strength, but bond strength 

to dentin was significantly decreased.

It has been suggested that the initial 

(as opposed to -hour) tensile bond 

strength of a resin adhesive to dentin 

is an important factor in preventing 

gap formation at the dentin/restorative 

interface. A recent study reports sig-

nificantly lower immediate microtensile 

bond strengths for several self-etching, 

single-step adhesives as compared to 

values obtained for a three-step total-

etch control. Bond strength values for 

the single-step adhesives were in some 

cases only slightly higher than the  

MPa considered necessary for a gap-free 

interface. �e study raised additional 

concerns regarding single-step adhesives 

in situations where polymerization of the 

composite resin restorative is delayed for 

two to three minutes after placement. 

Permeability of these adhesives was found 

to allow water diffusion from the under-

lying dentin into the interface between 

the adhesive and the uncured composite. 

Bond strengths were significantly lower 

than those produced with the three-step 

control under the same conditions. While 

this phenomenon should not affect a 

typical direct restoration where composite 

is placed and immediately polymerized, 

the authors of this study recommend that 

multiple direct or indirect restorations be 

individually light-activated immediately 

after application of composite restorative 

or cement. �e authors further recom-

mend avoiding the use of self-etching 

single-step adhesives when luting indirect 

restorations or posts with a dual-cure 

resin cement. Delay of light activation 

while removing excess cement may al-

low diffusion of dentinal fluid into the 

adhesive/cement interface and result in a 

Overetching
Overetching of dentin can potentially 

occur with prolonged phosphoric acid 

contact. Denatured collagen resulting 

from excessive etching may compromise 

bond longevity., Primers may ad-

ditionally be unable infiltrate the full 

depth of a deep demineralized zone, 

leaving an unhybridized collagen band, 

which may also give rise to premature 

bond failure.- Dentin should typically 

be etched for no more than  seconds. 

Self-etching primer systems eliminate this 

consideration, as previously mentioned.

Sclerotic Dentin
Sclerotic dentin is atypically dense and 

hypermineralized and as such is resistant 

to acid etching. Self-etching primers are 

relatively ineffective on this substrate. 

Removal of the surface layers with rotary 

instrumentation or use of extended etch-

ing times are common strategies for 

improving bonding to highly sclerotic 

dentin. However, even these approaches 

cannot guarantee improvement given 

sclerotic dentin’s unique qualities.

Moist vs. Dry Dentin
Drying of acid-etched dentin allows 

collagen fibers to collapse into a dense 

layer that resists penetration of primer 

resins., �e desired effect of acid 

etching -- increased permeability -- is 

thus potentially lost. Sensitivity to this 

issue varies with respect to the solvent 

type used for the primer resin. Acetone-

based primers are critically dependant on 

a moist dentin surface for hybridization. 

Acetone displaces water in the interfibril-

lar spaces of the collagen network, carry-

ing with it the hydrophilic resin needed 

for hybridization. Water-based primers, 

on the other hand, are the least sensitive 

to dentin dryness, demonstrating the 

ability to self-wet a dried dentin surface, 

separating the collapsed collagen fibers, 

and enabling resin diffusion into the 

network. Ethanol-based primers display 

intermediate dependency on moist dentin.

As moist dentin is compatible with all 
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bond strength levels such that they can 

withstand composite shrinkage stress.

An entirely different strategy avoids 

resin-dentin bonding in areas at higher 

risk for postoperative sensitivity (me-

dium-to-large Class I and II composite 

restorations) or microleakage (margins 

lacking enamel). �e “sandwich tech-

nique” employs resin-modified glass-

ionomer restorative as a base (dentin 

replacement) laminated with composite 

resin (enamel replacement). Glass iono-

mer produces a chemical bond to dentin 

following a non-invasive conditioning 

of the surface and displays superior 

resistance to caries at dentin margins 

as compared to resin bonding. Elimina-

tion of etching dramatically reduces the 

likelihood of postoperative sensitivity, 

and restoration stiffness is reduced with a 

concomitant increase in stress absorption 

capacity. �e “open sandwich” option 

leaves glass ionomer exposed as the cervi-

cal portion of the final restoration when 

cervical margins terminate on dentin.

Other techniques such as directed 

polymerization shrinkage and use 

of light-reflecting wedges, both in-

tended to reduce cervical margin 

gaps by inducing shrinkage toward 

the margin, are no longer considered 

valid in light of current understand-

ing of resin shrinkage dynamics.-

Summary
Resin adhesion to tooth structure is 

a complex entity demanding thoughtful 

utilization of available systems to fully ex-

ploit their capabilities. �e extraordinary 

range of materials and techniques avail-

able for resin-dentin bonding in particular 

is indicative of this complexity and of the 

degree to which questions regarding resin-

dentin interface remain to be answered.
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Primer application to etched dentin 
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dispensed immediately prior to applica-
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containers must be recapped immediately 

after dispensing for the same reason, with 
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larly susceptible to evaporation. Primers 

generally benefit from extended applica-

tion time as diffusion of monomers into 

dentin is time-dependant. Acetone-

based three-step total-etch systems are 

thus placed with multiple applications 

of primer (four to five) without drying 

between applications. �is technique 

provides more diffusion time, prevents 

evaporation of acetone before diffusion 

is completed, and accounts for the high 

dilution factor of the primer. Regard-

ing two-step total-etch systems, many 
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he complexity of resin/tooth 

adhesion and its numerous 

consequences for managing 

typical restorative procedures 

have been addressed in another article. 

In addition to issues related to inherent 

characteristics of the tooth substrates 

and adhesive systems, other variables 

merit consideration. Specifically, several 

adjunctive procedures commonly per-

formed during placement of adhesively 

bonded restorations can significantly 

influence a restoration’s immediate and 

long-term clinical performance and 

the maintenance of pulp vitality. �is 

article reviews some of these proce-

dures to highlight and characterize 

their potential effects on the restor-

ative outcome and to offer suggestions 

for appropriately incorporating these 

procedures into routine clinical practice.

Isolation of the Operating Field
Despite improvements in dental ce-

ments and adhesive resins, one aspect of 

adhesive restorative dentistry remains 

constant: Prevention of contamination 

by saliva or blood during critical steps of 

restoration placement is key to achieving 

an optimum outcome. Use of a rubber 

dam is still widely regarded as the most 

effective method of moisture control, in 

addition to improving visibility and ac-

cess, protecting patients from aspirating 

or swallowing small objects, and reducing 

microbial transmission from patients to 

dental personnel (Figure ). Even high 

intraoral humidity has been shown to 

adversely affect resin-dentin bonding, 

prompting yet another recommenda-

tion for rubber dam use., While some 

studies have suggested that survival of 

composite resin restorations is not neces-

sarily enhanced by use of a rubber dam, 
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It is not likely that these solutions fit the 

hydrophobic barrier hypothesis. �ese 

products should therefore be avoided in 

favor of single-component adhesives or 

nonresinous materials in situations at 

higher risk for saliva contamination.

Contamination after polymerizing 

either the adhesive resin or a composite 

resin increment has also been shown 

to reduce bond strength to subsequent 

increments as well as fracture tough-

ness of the final restoration. Removal 

of salivary contaminants from polym-

erized resin surfaces is thus recom-

mended. As simple drying seems to be 

inadequate, scrubbing of the con-

taminated and dried surface with adhe-

sive resin followed by resin thinning/

removal with compressed air is offered 

as an empirical recommendation.

Caries Detector Dyes
Characterization of dentinal caries 

has revealed a zone of demineralization 

at the advancing front of the lesion that 

precedes actual bacterial infection of the 

substrate. A technique for using a basic 

fuchsin red stain to differentiate between 

the infected dentin and the bacteria-free 

demineralized zone was developed in the 

late s and has given rise to several 

protein dye products marketed for caries 

detection. Designed to dye denatured 

collagen, these indicators are purport-

edly useful for facilitating thorough caries 

removal while preventing unnecessary 

removal of non-infected demineralized 

dentin. �ey also aid visualization of 

remaining caries in minimally invasive 

cavities when tooth structure is preserved 

at the expense of convenience form.

In vitro studies indicate that use of 

these dyes does not significantly af-

fect composite bonding to enamel and 

dentin., A review of caries detector 

dyes, however, cites several studies that 

call the accuracy of these agents into ques-

tion. Of particular concern is a tendency 

for the dyes to render false positives along 

the dentinoenamel junction and at 

circumpulpal sites. �is differential up-

and luting agents) if moisture control 

cannot be adequately established and 

maintained for direct resin procedures.

For resin bonding, it is recommended 

that saliva-contaminated etched enamel 

be rinsed, dried, and re-etched for  sec-

onds., Acid-etched dentin, however, 

exhibits less sensitivity to saliva contami-

nation, possibly due to the water content 

of saliva and the requirement of a moist 

dentin surface for optimum adhesion of 

many bonding resins.- A one-second 

air blast to remove excess saliva without 

dehydrating the dentin produced bond 

strengths equivalent to those obtained 

with uncontaminated dentin. �e 

long-term effect of biofilm incorporation 

at the dentin-resin interface under such 

circumstances has not been investigated.

Other reports indicate that bond 

strength to contaminated and re-etched 

dentin is similar to that for noncon-

taminated controls. In light of these 

various findings, it is the authors’ 

recommendation that etched/contami-

nated enamel and dentin both be dried 

and re-etched for a maximum of  

seconds, with selective application of 

the etchant first to enamel, if possible, 

to minimize the additional acid contact 

with dentin. �e rationale is that reap-

plication of the acid to the dentin is likely 

to solubilize salivary contaminants and 

facilitate their removal with rinsing.

Adhesion of composite resin to dentin 

is significantly reduced if saliva contami-

nation occurs after adhesive application. 

�is result was obtained for contamina-

tion of adhesive with saliva both prior 

to and after polymerization. Saliva 

contaminants were not rinsed off in this 

study. Unpolymerized adhesive resin pre-

sumably acts as at least a partial barrier to 

direct saliva contact with etched enamel 

and dentin by virtue of its hydrophobic 

properties. Removal of saliva and resin 

with a compressed air blast followed by re-

application and polymerization of the res-

in is therefore recommended. An excep-

tion, however, is the hydrophilic primer 

component of multiple-bottle adhesives. 

the preponderance of opinion in this 

regard is to the contrary.- Furthermore, 

rubber-dam isolation is not optional for 

air abrasion cavity preparation or CAD/

CAM techniques, the latter involving 

direct optical imaging of prepared teeth 

for restoration with bonded ceramic. Evi-

dence indicates that patients are generally 

not averse to rubber dam use and often 

prefer it for restorative procedures.,

Optional isolation methods include 

use of absorbent materials (cotton rolls, 

parotid shields) in conjunction with 

evacuator/retractor devices. Gingi-

val retraction cord is also used in lieu 

of specialized rubber-dam retainers to 

improve isolation and access for cervi-

cal restorations. �ese methods are less 

effective than the rubber dam but may 

provide adequate moisture control in less 

demanding situations. In any event, field 

isolation during adhesive restorative pro-

cedures must be meticulously maintained.

Dealing With Contamination
�e reality of day-to-day clinical 

practice is that saliva contamination dur-

ing adhesive procedures will occasionally 

occur despite efforts to prevent it. It is 

therefore prudent to consider strategies 

for managing these occurrences based 

on interpretation of available scien-

tific evidence. �ese strategies include 

utilizing indirect (ceramic, composite 

resin, cast gold) and/or nonresin-bonded 

alternatives (glass-ionomer restoratives 

a d j u n c t i v e

Figur e 1 .  The importance of effective 
isolation during adhesive restorative 
procedures cannot be overstated (photo 
courtesy of Dr. R.G. Stevenson, III).
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“total etching” of enamel and dentin with 

phosphoric acid during routine resin 

restorative procedures have long been 

dispelled.- �e controversy of in 

vivo total etching and resin bonding of 

exposed pulps, however, continues.- 

Data citing deleterious effects on pulp are 

in disagreement with many other stud-

ies that have reported soft-tissue heal-

ing followed by eventual dentin bridge 

formation after direct capping with total 

etch and resin bonding.,,,- 

Histologic and clinical data from these 

studies show that most adhesive sys-

tems are biologically comparable to 

Ca(OH) when placed onto exposed vital 

pulps provided that proper hemorrhage 

control, cavity disinfection, and preven-

tion of microleakage around the final 

restoration have been accomplished.

Dentin bridges have been reported to 

contain multiple tunnel defects that allow 

for the migration of Ca(OH) particles 

and bacteria into the pulp tissues., 

Persistence of these particles (along with 

microleakage) causes immediate inflam-

mation, which may eventually lead to 

necrosis and periapical pathology. Gwin-

nett and Cox likened the persistence of 

these Ca(OH) particles to the “passing of 

a bag of marbles down through successive 

generations of a family.” Additionally, 

the presence of resin globules in dentinal 

tubules and pulp tissues a few days after 

adhesive placement, and in giant cells of 

the pulp at  days, has been reported. 

TEM data from this study are similar to 

that of others that showed phagocytosis 

of Ca(OH) particles within various types 

of pulp cells subjacent to the exposure.

Studies of pulp capping with differ-

ent adhesive resin systems continue to 

convey varied findings, with some authors 

reporting poor-to-disastrous histological 

results and others reporting high rates of 

biological success with some of the same 

adhesive bonding systems. �e cause 

of these disparate findings is unclear. 

One aspect of this dilemma is clear, 

however: When analyzing results from 

the numerous in vivo studies showing 

adhesive system of choice. In spite of the 

apparent compatibility of HEMA-contain-

ing desensitizers and adhesive systems, 

isolated examples of material-specific 

incompatibility have been reported.

Cavity Disinfection
Treatment of cavity preparations with 

commercially available antibacterial solu-

tions is purported to reduce the incidence 

of postoperative sensitivity by elimination 

of viable bacteria and their toxins from 

the restorative interface. Chlorhexidine 

and benzalkonium chloride are again 

the commonly used active ingredients. 

Modes of use vary: before etching, after 

etching, rinsing off or not rinsing. �e 

obvious question of effect on resin bond 

to dentin and enamel has been addressed 

with in vitro studies. Reports reflect a 

highly material-specific nature to this 

issue with significant effects on bonding 

in some cases., Use of a chlorhexidine 

cleanser before etching was shown not 

to affect bonding to enamel or dentin. 

Another study, however, reported reduced 

dentin bond strengths when a chlorhexi-

dine cleanser was used before or after 

etching, but rinsing the cleanser off before 

bonding produced bond strengths similar 

to no-cleanser controls. Rinsing away 

cleansers prior to bonding will most likely 

prevent undesired material interactions.

Pulp Capping
Several classic direct pulp capping 

studies have reported on the biological 

success of calcium hydroxide (Ca(OH))-

containing materials to promote pulp 

healing.- Until the late-s, many 

researchers speculated on the unique 

capacity of Ca(OH) to “stimulate” 

dentin bridge formation following a pulp 

exposure. Other studies since that time, 

however, have demonstrated that in 

the absence of bacterial contamination, 

many restorative materials are biologi-

cally compatible against exposed pulps 

and can provide an environment condu-

cive to dentin bridge formation.-

Concerns over pulp injury during 

take of stain was explained by the higher 

proportion of organic matrix normally 

present in these areas. Furthermore, 

due to lack of true specificity for caries 

among these dyes, absence of stain does 

not guarantee elimination of bacteria.

In light of these findings, clinicians 

are cautioned as to the potential for un-

necessarily aggressive removal of dentin 

when a caries detector dye is used as the 

sole basis for this clinical decision. �e 

value of tactile and visual means for car-

ies detection should not be discounted. 

�is issue underscores the highly vari-

able nature of dentin as a resin bonding 

substrate, and, in the authors’ opinion, 

validates the routine use of the “sandwich 

technique” -- replacement of dentin with 

glass-ionomer -- in resin restorations 

involving deep caries excavations.,

Dentin Desensitizers
Various types of products are available 

for treatment of hypersensitivity associ-

ated with noncarious cervical lesions and 

gingival recession. Along with fluorides 

and oxalate crystal solutions, a third 

group of desensitizers can be described 

as dentin bonding derivatives. �ese typi-

cally consist of a hydrophilic resin primer 

(usually  percent HEMA) in solution 

with an antibacterial agent (chlorhexidine 

or benzalkonium chloride). In addition 

to topical application use, some of these 

derivatives are recommended by manu-

facturers for use in the total-etch dentin 

bonding protocol, typically applied to 

moist dentin between etching and prim-

ing, to reduce post-operative sensitivity. 

Anecdotal reports of their efficacy in this 

application are common, and this comes 

as no surprise. Application of these prod-

ucts to etched moist dentin is tantamount 

to priming, the additional antibacterial 

component notwithstanding. It is likely 

that a more thorough dentin hybridiza-

tion is resulting, thus highlighting the 

importance of this critical step. It is also 

likely that the same effect can be obtained 

simply by extending the application 

time for the primer component of one’s 
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successful healing and dentin bridging, 

factors of technique-sensitivity continu-

ally emerge as most significant for the 

clinician to be aware of and manage.

Presence of dentin chip fragments 

and Ca(OH) particles and persistence 

of the coagulum-clot at the exposure 

site have been shown to disturb and 

alter the healing sequence of exposed 

dental pulps. Accordingly, the impor-

tance of cleaning the wound site to 

remove inflammation-producing debris 

and bacteria has been stressed.- 

Effectiveness of a  percent to  percent 

solution of sodium hypochlorite (NaOCl) 

in this regard, as well as removing blood 

coagulum from pulp exposure sites, has 

been demonstrated.- Furthermore, 

ongoing studies by Cox and colleagues 

indicate that proper clinical placement of 

a medical-grade NaOCl solution provides 

for control of pulp hemorrhage with 

no associated damage to the normal 

underlying tissues. �e importance of 

hemorrhage control prior to adhesive 

resin bonding has been clearly shown. 

Presence of blood, pulp tissue exudates, 

or salivary proteins contaminating dentin 

will severely inhibit dentin-resin hybrid-

ization, allowing bacterial microleakage at 

the nonbonded interface, likely leading to 

pulp inflammation and eventual necrosis.

Summary
Procedural aspects of adhesive 

restoration placement can have greater 

influence on restoration longevity and 

pulp vitality than the choice of restor-

ative materials used. Clinicians are urged 

to execute common adjunctive proce-

dures such as those described here in 

an appropriate, meticulous manner to 

manage the technique-sensitivity inher-

ent in adhesive restorative dentistry.
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he glass-ionomer family of re-

storative materials has evolved 

during the past  years into a 

diverse group of products that 

includes direct restoratives, 

luting agents, liners, and bases, as well as 

pit and fissure sealants, all available in 

both the conventional and resin-modified 

varieties (Table ). Such a broad array of 

choices may pose a dilemma to the clini-

cian with respect to selecting and utiliz-

ing these materials over their composite 

resin-based counterparts. Glass ionomers 

differ from composite resins on several 

fundamental levels, including composi-

tion (water-based vs. resin-based), setting 

reaction (acid-base reaction vs. resin 

polymerization), and nature of the tooth/

restoration interface (chemical adhesion 

and ion exchange vs. micromechani-

cal attachment to acid-demineralized 

enamel and dentin). �ese and other 

attributes of glass ionomers render them 

applicable to many restorative situa-

tions, both as stand-alone restoratives 

and in conjunction with composite 

resins. �is article reviews the clinically 

relevant properties of glass ionomers, 

the aforementioned differences between 

them and composite resins, and their 

clinical applications. An understand-

ing of these concepts is essential for the 

optimal incorporation of these materials 

into common restorative procedures.

Terminology
�e use of the term “cement” in refer-

ence to glass ionomers can be confus-

ing. “Cement” as it applies to restorative 

dentistry typically connotes a luting 

agent, i.e., an intermediary material that 

serves to bind two objects together. �e 

term has also been used in reference to 

liners and bases, temporary restoratives, 

and certain permanent direct restoratives 

(silicate and glass-ionomer).- A general 

definition explains this multiple usage, 

describing cement as “any substance 

which sets to a hard mass on being mixed 

with water or other medium.” A glass 

ionomer is thus appropriately referred 

to as a dental cement in the traditional 
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sense and, like other cements, falls into 

several categories of clinical use. It is, 

however, the only dental cement currently 

represented in the permanent direct 

restorative category of available materi-

als. �e term “cement” is nonetheless 

not always necessary in common usage.

Conventional Glass Ionomers
�e first glass-ionomer material was 

introduced by Wilson and Kent in  as 

a “new translucent dental filling material” 

recommended for the restoration of cervi-

cal lesions. �is original formulation was 

the product of efforts to develop a replace-

ment for silicate cements, which had been 

used for decades in cervical restorations. 

�e components of a glass ionomer are 

a powdered fluoroaluminosilicate glass 

similar to the one used in silicate cements 

and a polyalkenoic acid. �e latter compo-

nent is a complex polymeric blend of (pri-

marily) acrylic, itaconic, and maleic acids 

chosen for their ability to form a cement 

when mixed with glass and effect ion-

exchange adhesion to tooth structure. 

Depending on the product, the liquid 

component does not necessarily contain 

all of the acid. Polyacrylic acid is often 

incorporated into the powder in its dehy-

drated form, leaving the liquid to consist 

of water or an aqueous solution of tartaric 

acid. �ese various composition charac-

teristics are reflected in the more accurate 

and scientific term for glass ionomers, 

namely “glass-polyalkenoate cements.”

Mixing of the glass-ionomer pow-

der and liquid generates an acid-base 

setting reaction (Figures  and ) com-

mencing with partial dissolution of the 

surface of the glass particles by the acid. 

Positive ions (Ca+ and Al+) released 

into solution act to crosslink the acid 

polymer chains, forming an increasingly 

rigid matrix as the crosslinked network 

becomes tighter and more complex. 

Fluoride ion (F-) is also released from the 

glass particles, becoming available for 

both uptake by adjacent tooth struc-

ture and release from the matrix into 

saliva. Fluoride neither plays a role in 

the glass-ionomer setting reaction nor 

is it incorporated into the matrix struc-

ture. Glass ionomer is thus not weak-

ened significantly by fluoride release.

Limitations of Glass Ionomers
Since the introduction of glass 

ionomers, numerous modifications have 

been made to the liquid and powder 

components to improve the handling and 

physical properties of the set material. 

As with all restorative materials, there 

are strict rules for the clinical handling 

and placement of glass ionomers. �e 

powder-to-liquid ratio is specific for each 

application, and mixing techniques are 

demanding. Consequently, the use of 

capsulated materials is strongly recom-

mended to guarantee routine success. �e 

setting reaction is not unlike amalgam in 

that there is an initial “snap” set within 

three minutes for all glass-ionomers, but 

the chemical reaction continues there-

after for a prolonged period. �ere is a 

tendency in the earliest stages for the 

material to take up additional water, but 

later the main risk becomes water loss 

leading to dehydration and cracking.

Early water sorption causes swelling 

(hygroscopic expansion) of the immature 

material and dissolution of reactive com-

ponents, while dehydration allows loss of 

some of the water critical for continuation 

of the setting reaction. Both situations 

result in disruption of the setting reaction 

and resultant nonmature cement with 

unacceptable properties such as crazing, 

cracking, and loss of translucency. �ese 

untoward occurrences can be prevented 

by sealing the restoration surface im-

mediately after removing the matrix to 

maintain the water balance using a light-

g l a s s  i o n o m e r s
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polymerized unfilled resin enamel bond.

�e problem of water balance main-

tenance was most pronounced with 

the original glass-ionomer restorative 

materials but has been largely overcome 

in recent times. In fact, for the modern 

high-viscosity autocure materials, loss of 

water through dehydration is the great-

est problem; and its prevention in the 

oral environment is not difficult. It is 

nevertheless recommended that final 

polishing of glass-ionomer restorations 

be delayed for about  hours to al-

low further maturation of the material. 

Other properties such as compressive and 

flexural strength and fracture tough-

ness will limit glass-ionomer use as a 

restorative material to areas not subject 

to occlusal stress unless well-supported 

by surrounding tooth structure. Wear 

resistance improves markedly as the 

restoration matures, and clinical results 

suggest that wear is not a problem.

Advantages of Glass Ionomers
In spite of their limitations, 

glass-ionomer restoratives possess 

several compelling characteristics 

that merit their inclusion in the ad-

hesive restorative armamentarium.

Ion Exchange
It must be noted that ion migra-

tion within or through any material 

can only occur in the presence of water. 

Since glass ionomer is water-based, it 

is not surprising that numerous stud-

ies have reported continuing release of 

fluoride from set glass ionomer over 

prolonged periods;- and higher 

levels of fluoride release from glass 

ionomers as compared to other fluoride-

containing restorative materials.-

Additionally, uptake of fluoride by 

enamel and dentin walls adjacent to 

glass-ionomer restorations has been 

demonstrated in both in vitro- and 

in vivo, studies. �e high levels of 

fluoride release observed in the days im-

mediately following restoration placement 

reflect release of fluoride from the ex-

posed glass particles at the outer surface 

of the restoration. Initial fluoride release 

levels also likely reflect dissolution of 

small amounts of the material mass from 

the surface during the minimally mature 

stage when solubility of the material is 

highest. Furthermore, a recent study also 

implicates early permeability of some 

glass ionomers as an explanation for high 

initial fluoride levels. Resin-modified 

glass ionomers exhibited significantly 

higher levels of initial fluoride release 

than their less permeable conventional 

counterparts. Fluoride release levels drop 

after the first week and stabilize after two 

to three months, with continued release 

at these lower levels for many years. 

�is phenomenon reflects slow fluoride 

release from the glass particles and slower 

diffusion of released fluoride from deeper 

areas of the matrix. It is generally ac-

cepted that both the short- and long-term 

levels of fluoride release are nonetheless 

adequate to inhibit demineralization in 

adjacent tooth structure,,- and 

to increase the fluoride concentration 

in saliva., Fluoride release levels 

have also been shown to temporarily 

rise following exposure of glass-ionomer 

restorations to topical fluoride prepara-

tions,- suggesting a “recharge-

able” quality to the fluoride release and 

giving further credence to the notion of 

glass ionomer’s inherent anticariogenic 

properties. �e aforementioned higher 

permeability of resin-modified glass 

ionomers likely accounts for the higher 

recharge potential of these materials as 

compared with the conventional types.

�ere is gathering evidence that 

caries inhibition by glass ionomers not 

only is a question of fluoride release but 

Figu re 1 .  Theoretical diagram of the initial acid-base reaction between 
the glass powder and polyacid liquid components of glass ionomers. 
Note that only the surface of each particle is a
acked by acid, releasing 
Ca, Al, and F ions (Reprinted with permission from An Atlas of Glass-
Ionomer Cements: A Clinician’s Guide, 3rd ed., Martin Dunitz Publishers, 
London, 2002).

F ig ur e 2 .  A fully set and mature glass ionomer is characterized by Ca 
and Al chains condensed onto the acidic polymer to form a rigid matrix 
surrounding the partially dissolved particles. F ions remain free and are 
not part of the matrix (Reprinted with permission from An Atlas of Glass-
Ionomer Cements: A Clinician’s Guide, 3rd ed., Martin Dunitz Publishers, 
London, 2002).
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also involves a continuing ion exchange 

among the restoration, the surrounding 

tooth structure, and the saliva. It has been 

shown that the steady improvement in 

wear resistance results from movement 

of fluoride ions out of the restoration 

surface followed by the uptake of calcium 

and phosphate ions from the saliva to 

maintain the electrolytic balance in the 

restoration. �ere is further evidence of 

the transfer of calcium, phosphate, and 

strontium ions from the glass-ionomer 

restoration deep into demineralized 

dentin and surrounding enamel. �is 

remineralization capability renders glass 

ionomer particularly useful as a long-term 

provisional restoration in the presence 

of a high-caries risk inasmuch as it will 

help to heal damaged tooth structure.

�ese properties of glass ionomers 

give rise to a variety of clinical indications 

not enjoyed by other restorative materi-

als. Of course, no material can be regarded 

as a prevention or cure for caries. Once 

the etiologic factors for caries have been 

eliminated or controlled, however, glass 

ionomer is most valuable in assisting the 

healing of remaining tooth structure that 

has been demineralized and damaged.

Adhesion to Tooth Structure
Unlike adhesive resins, which bond 

micromechanically to partially demineral-

ized enamel and dentin, glass ionomers 

bond chemically to mineralized tooth 

structure through an ion exchange 

mechanism (Figures  and ). �e cavity 

surface must first be conditioned by ap-

plying a  percent solution of polyacrylic 

acid for  seconds. A thorough wash 

of the cavity with air/water spray then 

removes the smear layer and enhances 

the wettability of the cavity surface.- 

In contrast to the aggressive demineral-

ization produced with phosphoric acid, 

the action of this milder conditioning is 

largely limited to smear layer removal 

(Figures  and ). Mineral content of 

the underlying tooth surface will remain 

relatively intact, and there will be a more 

consistent and predictable substrate for 

bonding. Following conditioning and rins-

ing, cavity surfaces should be dried but 

not dessicated. Insofar as a mineralized 

tooth substrate is essential for chemi-

cal bonding with glass ionomers, and as 

these cements are unable to infiltrate and 

“hybridize” the exposed collagen fibers 

of acid-etched dentin, conditioning with 

phosphoric acid prior to glass-ionomer 

placement is strictly contraindicated.

Ion exchange adhesion between tooth 

structure and the restoration develops be-

cause, in the presence of the polyalkenoic 

acid in the freshly mixed cement, ions 

are released from both the glass particles 

(calcium and aluminum) and the tooth 

structure (calcium and phosphate). �ese 

released ions serve to buffer the acid, ef-

fect the initiation of setting, and produce 

an ion-enriched interfacial layer firmly 

attached to both the restoration and the 

tooth. Once the material has matured, any 

failure will be cohesive within the glass 

ionomer (the weaker material), leaving 

behind the ion-enriched layer bonded to 

the dentin and enamel at the restoration/

tooth interface. One investigator has re-

ported findings suggesting some degree of 

chemical adhesion to the collagen fibers. 

If the glass ionomer is properly placed, 

microleakage between the restoration and 

the cavity walls will be decreased. �is in 

turn ensures absence of post-insertion 

sensitivity when glass ionomer is used 

as a base under composite resin.,

Glass-ionomer restoratives undergo 

a small setting shrinkage; but, provid-

ing the water balance is maintained, the 

slow progression of the setting reac-

tion combined with water uptake from 

the oral environment will counteract 

g l a s s  i o n o m e r s

Figur e 3 .  A theoretical diagram showing ion exchange adhesion between 
a glass ionomer and tooth structure. Polyacid chains penetrate enamel and 
dentin surfaces displacing phosphate and calcium ions, ultimately producing 
an ion-enriched layer at the glass-ionomer/tooth interface (Reprinted with 
permission from An Atlas of Glass-Ionomer Cements: A Clinician’s Guide, 3rd 
ed., Martin Dunitz Publishers, London, 2002).

F ig ur e 4 .  Detail of a glass-ionomer restoration placed in vitro showing 
the ion exchange layer between enamel and dentin. The specimen was 
lightly etched to remove the smear layer. The ion-exchange layer is more 
acid-resistant than both the glass ionomer and the enamel. Original 
magnification 10,000x (Reprinted with permission from An Atlas of Glass-
Ionomer Cements: A Clinician’s Guide, 3rd ed., Martin Dunitz Publishers, 
London, 2002).
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the volumetric change and minimize 

shrinkage-induced stresses at the restora-

tion/tooth interface. �ey also exhibit 

a low coefficient of thermal expansion 

that is similar to that of tooth structure.

Resin-Modified Glass Ionomers

Historically, the first significant modi-

fication to glass ionomers came through 

the addition of small quantities of light-

polymerizable resin groups. �is has prov-

en to be a successful strategy for simplify-

ing the water balance maintenance while 

preserving favorable characteristics and 

improving physical properties and trans-

lucency of glass ionomer. �e resultant 

materials have been identified by several 

terms, including “resin ionomers” and 

“hybrid ionomers,” but “resin-modified 

glass ionomer” is most commonly used to 

differentiate these materials from those 

that set solely by acid-base reaction, i.e., 

the conventional autocure glass ionomers.

“Resin-modified” specifically refers 

to the addition of polymerizable resin 

groups (usually -hydroxyethylmethac-

rylate, or HEMA) by grafting them to 

molecules of the acidic liquid component. 

�e result is a complex liquid that main-

tains acid reactivity independent of the 

newly acquired ability to be light polymer-

ized. It is important to recognize that the 

traditional acid/base setting reaction of 

the autocure glass ionomer is still pres-

ent and will continue as normal. Only 

about  percent of the mixed cement will 

be resin, and when polymerized it will im-

part strength as well as protection to the 

ongoing acid-base reaction from dehydra-

tion and water sorption (Figures  and ). 

Resin-modified glass ionomers are thus 

occasionally referred to as “dual-cure” in 

reference to these two distinct setting 

modes. Some manufacturers additionally 

include a chemical initiator for the HEMA 

that, along with the usual photoiniti-

ated and acid-base reactions, gives rise 

to the “tricure” terminology (Figure ).

Originally marketed in the form of 

cavity liners, resin-modified glass-iono-

mer product lines expanded to include 

restoratives and luting agents. All of 

these materials retain the most desirable 

qualities of conventional versions, namely 

fluoride release, ion exchange adhesion 

to conditioned enamel and dentin, and 

low interfacial shrinkage stress. �e 

enhancements over conventional types, 

particularly in the case of restoratives, in-

clude significantly improved resistance to 

microleakge, on-command hardening 

and immediate finishing as with com-

posite resins,, improved mechani-

cal properties and translucency, and 

reduced water sensitivity. Despite the 

transient resistance to water movement in 

and out of the restoration, post-finishing 

sealing of a resin-modified glass-ionomer 

restoration with light-polymerized 

unfilled resin is recommended to protect 

acid-base reactive components at the 

restoration’s outer surface., Recent 

studies additionally suggest that delayed 

finishing/polishing of these materials may 

improve resistance to microleakage.

High Viscosity Autocure Glass 
Ionomers

Other attempts at improving glass-

ionomer properties have involved metal 

reinforcement (addition of amalgam 

alloy powder) as well as sintering of 

silver particles to the glass compo-

nent to form a cermet (ceramic-metal). 

Data on improvements in physical 

properties- and clinical perfor-

mance,, however, is equivocal; 

while other reports suggest diminished 

caries resistance compared to conven-

tional glass ionomer restoratives.,

More recently, high-viscosity, high-

strength versions of conventional auto-

cure glass-ionomer restoratives have been 

introduced. Originally aimed at remote 

Figure 5 .  Scanning electron micrograph showing dentin conditioned with 
10 percent polyacrylic acid for 10 to 15 seconds. Many of the dentin tubules 
remain occluded, but the surface is relatively clean. Original magnification 
800x (Reprinted with permission from An Atlas of Glass-Ionomer Cements: 
A Clinician’s Guide, 3rd ed., Martin Dunitz Publishers, London, 2002).

F ig ur e 6 .  This scanning electron micrograph should be compared with 
Figure 5. The cavity has been etched with 37 percent orthophosphoric acid 
for 15 seconds and shows the demineralization of the collagen rendering it 
unsuitable for ion-exchange adhesion. Original magnification 12,000x.
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derived from “composite” and “glass-iono-

mer,” and it reflects the intent to produce 

a restorative that combines components 

and properties of both materials. Specifi-

cally, compomers purportedly possess the 

esthetic attributes of composite resins 

along with the fluoride-release advantage 

of glass ionomers. Unlike true glass 

ionomers, however, compomers are resin-

based materials containing no water; and 

the setting/polymerization of compomer 

restoratives involves neither mixing 

nor an acid-base reaction. Compomers 

are in fact light-polymerized composite 

resin restoratives, modified to contain 

ion-leachable glass particles and anhy-

drous (freeze-dried) polyalkenoic acid. 

�e term “polyacid-modified composite 

resins” was thus proposed by McLean 

and colleagues and is used commonly 

in the scientific literature to distinguish 

these materials from glass ionomers.

In the absence of water, the compomer 

composition prevents the aforementioned 

glass particles and anhydrous acid from 

reacting. Eventual water uptake in the 

oral environment, however, initiates an 

acid-base reaction between these com-

ponents with resultant diffusion of low 

levels of fluoride ion from the restora-

tion. Numerous in vitro studies have 

shown these fluoride release levels to be 

significantly lower than those measured 

for conventional and resin-modified glass-

ionomers.- One recent study, how-

ever, demonstrated equivalent rates of 

fluoride release for compomers and glass 

ionomers after three years. �is finding, 

though, does not take into account the 

higher fluoride recharge/re-release capac-

ity of glass ionomers compared with com-

pomers., �e resin bonding agents 

required for compomer-tooth adhesion 

act as barriers to fluoride uptake from 

compomers into cavity walls and margins.

Mechanical properties of compomers 

tend to be somewhat inferior to those 

of conventional composite resins, thus 

limiting their use to areas subjected to low 

stresses.,, Specifically, compomers 

(and microfill composite resins) are often 

recommended for restoration of non-

carious cervical lesions as their flexibility 

(relative to hybrid composite resins) 

presumably renders them more resistant 

to detachment during tooth flexure.

Clinical Applications for Glass-Ionomer 
Restoratives

Resin-modified and highly viscous ver-

g l a s s  i o n o m e r s

or underdeveloped regions lacking access 

to dental care, these materials also 

have many applications in the traditional 

restorative setting. Improved physical 

properties result from chemical modifica-

tions and alterations to the heat history 

of the glass powder that allow higher 

powder-liquid ratios than earlier conven-

tional restoratives. Characteristics include 

the adhesion and ion exchange common 

to all glass ionomers as well as fast setting 

times, and high levels of compressive and 

tensile strength, surface hardness, and 

fluoride release. �ese attributes render 

these materials an excellent choice for 

bases, emergency temporary restorations, 

long-term provisional restorations, and 

final restorations in nonstress-bearing 

areas, particularly in high-caries-risk 

patients., Contouring and finishing 

can begin five minutes after placement, 

using water spray to prevent dehydration, 

followed by surface sealing with resin to 

protect the continuing acid-base reaction.

Polyacid-Modified Composite Resins 
(Compomers)

“Compomers,” originally introduced 

in Europe, have been available since . 

�e term “compomer” is an acronym 

Figur e 7 .  A theoretical diagram showing the influence of the resin in a 
resin-modified glass ionomer. The resins are light-activated to penetration 
depth of the curing light, providing protection for the ongoing acid-base 
reaction from immediate water uptake/loss. Red chains represent fully 
polymerized resins to the depth of penetration of the curing light (Reprinted 
with permission from An Atlas of Glass-Ionomer Cements: A Clinician’s 
Guide, 3rd ed., Martin Dunitz Publishers, London, 2002).

F ig ur e 8 .  Progress of the reaction shown in Figure 7. Chemical initiators 
allow polymerization of resin chains that were not activated via photo 
polymerization. Resin polymerization is now complete, and the autocure 
(acid-base) component has matured to the same degree as that of 
conventional glass ionomers (Figure 2) (Reprinted with permission from An 
Atlas of Glass-Ionomer Cements: A Clinician’s Guide, 3rd ed., Martin Dunitz 
Publishers, London, 2002).
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sions of glass-ionomer restorative materi-

als can be used alone or in combination 

with composite resins to effectively treat 

many common restorative situations.

Sandwich Technique
�e term “sandwich technique” 

refers to a laminated restoration us-

ing glass ionomer to replace dentin and 

composite resin to replace enamel. �is 

strategy combines the most favorable 

attributes of the two materials, i.e., car-

ies resistance,,- chemical adhe-

sion to dentin, fluoride release and 

remineralization, and lower interfacial 

shrinkage stress, of glass ionomer 

with the enamel bonding, surface finish, 

durability, and esthetic superiority of 

composite resin. Additionally, compos-

ite resin bonds micromechanically to 

set glass ionomers and chemically to 

the HEMA in resin-modified versions. 

Either resin-modified or highly vis-

cous glass ionomers may be used, 

depending upon anticipated mechanical 

stresses and esthetic considerations.

�e sandwich technique is applicable 

to Class II lesions in particular using 

either the “open” or “closed” variations 

(Figures  and ). �e open sandwich 

is specifically useful for deep Class II 

proximal box forms where the cervical 

margin lacks enamel. Numerous in vitro 

studies have reported improved resis-

tance to microleakage and caries with this 

technique as opposed to resin bonding 

at dentin margins.- Additionally, 

replacement of dentin in either the open 

or closed technique with glass ionomer 

minimizes the complexity of incremen-

tal build-up with composite resin. It will 

also eliminate acid etching of dentin and 

thus has potential to reduce or elimi-

nate postoperative sensitivity caused by 

incomplete sealing of etched dentin.

Class III and Class V Lesions
Simple one-surface restorations 

that are not under occlusal load can 

be successfully restored with a glass 

ionomer alone, generally without lami-

nation. �e original autocure materials 

are very suitable, producing satisfac-

tory esthetic results provided that water 

balance is maintained at insertion.

Fissure Sealing
Long-term success with fissure seal-

ing has been demonstrated using nor-

mal restorative glass ionomers. Proper 

conditioning prior to placement will 

ensure the ion exchange adhesion, and 

maturation over time allows acceptable 

longevity. �e modern high-viscosity 

glass ionomers are now the preferred 

materials, and these can be placed 

under finger pressure to adapt the ce-

ment into the depths of the fissure.

Root Caries
Glass ionomer, given its aforemen-

tioned attributes, is clearly the material of 

choice for root caries restorations. In par-

ticular, excellent ion exchange adhesion 

to dentin, caries inhibition, and simplified 

placement protocol as compared with 

composite resin render glass ionomer 

ideally suited to these situations. Rela-

tive esthetic limitations of glass ionomer 

tend to be inconsequential in root caries 

sites, and longevity of glass-ionomer 

restorations in these sites is excellent.

High Caries Risk
High-viscosity glass-ionomer restor-

atives lend themselves well to short- and 

long-term management of patients at 

high risk for developing caries. In addi-

tion to sealing ability and ion exchange, 

these materials have abrasion resistance 

Figure 9 .  Closed sandwich technique. Missing dentin in a Class II cavity 
is replaced with either a resin-modified or high-viscosity glass ionomer. 
Composite resin is used to replace enamel and seal the enamel margins 
surrounding the cavity (Adapted from Ferrari77).

F ig ur e 10.  Open sandwich technique. This modification of the closed 
sandwich is utilized in Class II cavities lacking enamel at the cervical margin. 
A glass ionomer is used in lieu of composite resin to restore the cervical 
aspect of the proximal box, imparting optimal resistance to microleakage 
and secondary caries along dentin margins (Adapted from Ferrari77).
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adequate for provisional restoration of 

occlusal and proximal surfaces. Frequent 

fluoride recharge of such restorations 

will likely occur via the topical fluoride 

regimens typically prescribed for such 

patients, and calcium and phosphate 

ions are constantly available from the 

saliva. �ere is a glass ionomer designed 

as a lining for high-caries-risk patients 

that exhibits a very high fluoride release, 

making it useful when demineralized 

dentin is to be left on the cavity floor.

Emergency Temporary Restorations

Fractured cusps/restorations can 

be quickly and predictably stabilized 

with glass ionomers pending definitive 

restoration. Adhesion properties of glass 

ionomer impart adequate retention even 

if mechanical undercuts are absent. Cover-

age of exposed dentin and sharp margins 

to provide enduring patient comfort is 

accomplished with minimal chair time.

Summary

Glass ionomers have evolved to be-

come more user-friendly while retaining 

unique characteristics applicable to many 

contemporary restorative situations. An 

overview of glass ionomers is presented 

in an effort to acquaint the clinician with 

the material’s attributes and utilization.
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In the beginning, there was red com-

pound. It was widely used by dentists of 

the day, not because of its uncanny ability 

to raise enormous blisters on skin and 

mucosa, nor its tendency to become a 

permanent fixture on any article of cloth-

ing it contacted, but because there wasn’t 

anything else.

In a small laboratory on the outskirts 

of Peoria, Ill., amateur chemist and part-

time tarot card reader Farley Krautzmeyer 

accidentally calcined some gypsum and 

ended up with slightly hydrated calcium 

sulfate. He called it “plaster of Peoria” in 

honor of his mother, Margie, and tried to 

flog it as a cure for hemorrhagic fever. It 

was not until he was persuaded to change 

the name to a classier sounding “plaster of 

Paris” did it find a ready outlet to the den-

tal profession, strengthening the widely 

held belief that you could sell dentists 

anything.

Scores of old-time dentists who are 

now deceased or seriously deranged 

were brought up on red compound and 

plaster of Paris before they graduated to 

alginates, hydrocolloids and polyvinyl-

siloxanes. �ey have always had to take 

a lot on faith. When dentists were told 

that alginates were made out of seaweed, 

nobody questioned the patent absurdity 

of that any more than they doubted that 

polyvinylsiloxane was a real word.

Modern technology has far exceeded 

the ability of the average practitioner to 

grasp the scope and limitations of the 

materials he is offered. �e profession is 

at the mercy of people who have nothing 

to do with dentistry except to exploit the 

gullibility of its members.

Dentists make this exploitation easy 

because basic to the soul of every one of 

them is the belief that there has always 

got to be a better way of doing things -- a 

superior material, a slicker machine or 

instrument, or, when you get right down 

to it, a better way of making a living.

So when a company tells us it has a 

better product than the one we are cur-

rently using, we can’t dump the old issue 

fast enough.

�e brand loyalty that manufacturers 

are so anxious to build isn’t any more sub-

stantial than a patient’s vow to floss daily. 

Some manufacturers understand this 

fickleness very well and play up to it by 

releasing a “new” product every few weeks 

that either supplements or displaces last 

month’s offering.

Where they go wrong is offering 

the new product with a -day free trial 

period or promising to cheerfully refund 

the purchase price if you mail back the 

unused portion to them. If they would 

check more carefully, they would find that 

sort of generosity unnecessary.

Every dentist has shelves of stuff that 

he will never get around to returning. 

By the time he finds the original invoice, 

tries to imagine what he did with the box 

New and Improved
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the stuff came in, and then contemplates 

dealing with UPS or FedEx or, worse 

yet, standing in line at the post office, 

the incentive to get his money back has 

evaporated.

�e rate at which new materials are 

offered leaves him little time to reflect 

on his inability to understand the ones 

he already has. So the dentist tucks the 

material away, promising himself to use 

it some time in the future that, of course, 

never comes.

�e point is that we should all be more 

cognizant vis-à-vis the way we are being 

manipulated. Once we understand that, 

we can have more discretionary income 

and more cupboard space for the denture 

adhesives that come every month.

We picture the process something like 

this:

�e executives of Big Dental Manu-

facturing Co. are sitting around the 

boardroom table brainstorming ideas for 

increasing their pensions and perhaps 

choosing a venue for the company picnic.

Chairman: Any ideas? Anybody?

Chemist: As you know, we haven’t 

introduced a new product for two weeks. 

Our new thrixotopic, hydrophobic ENAM-

ELASTIC cross-linked monomer with 

the controlled durometer for easy mouth 

removal is doing well on the market, but 

showing early signs of faltering toward 

the end of the month.

Advertising: He’s right. Company 

espionage reports that SUPERIOR SILI-

CONES is introducing its biocompatible, 

nontoxic, self-limiting bite relaxer this 

week. It could be a tough week product-

wise.

Chemist: What if we shift the benzene 

ring counter-clockwise two points, add 

a microminum of Yellow  to ENAM-

ELASTIC, and push it as a state-of-the-art 

breakthrough in cosmetic bonding?

Chairman: Not bad, Charlie. It could 

fly, but will it have legs? What do you say, 

Art?

Advertising: Well, it worked in April, 

but Lorelei here has a better scam, I think.

Marketing: I say we go to three eight-

hour shifts, change the packaging to pre-

dominately periwinkle blue and product 

color to a contrasting cerise. If Charlie can 

give us a viscosity change of . either up 

or down, we can market it as the most 

advanced, reinforced -- ah, what is this 

stuff anyway?

Chairman: It doesn’t matter. If we can 

beat SUPERIOR’s deadline by  hours, 

we can get hot on the introduction of our 

light-cured prophy paste.

And that, friends, is how you come to 

have packages of  variations on a theme 

on your shelves. Maybe with a little bit of 

luck, we’ll come full circle and only have 

to choose between red or black compound 

again. Of course, it will come in  differ-

ent kinds of packages.


